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QA | |:| = A Section I. Device Core for Arria Il Devices

This section provides a complete overview of all features relating to the Arria® II
device family, the industry’s first cost-optimized 40 nm FPGA family. This section
includes the following chapters:

m Chapter 1, Overview for the Arria II Device Family

m Chapter 2, Logic Array Blocks and Adaptive Logic Modules in Arria II Devices
m  Chapter 3, Memory Blocks in Arria II Devices

m Chapter 4, DSP Blocks in Arria II Devices

m  Chapter 5, Clock Networks and PLLs in Arria II Devices

Revision History

Refer to each chapter for its own specific revision history. For information on when
each chapter was updated, refer to the Chapter Revision Dates section, which appears
in this volume.
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fAhl =R 1. Overview for the Arria Il Device Family

AlIGX51001-4.4

The Arria® II device family is designed specifically for ease-of-use. The
cost-optimized, 40-nm device family architecture features a low-power,
programmable logic engine and streamlined transceivers and I/Os. Common
interfaces, such as the Physical Interface for PCI Express® (PCIe®), Ethernet, and
DDR3 memory are easily implemented in your design with the Quartus®II software,
the SOPC Builder design software, and a broad library of hard and soft intellectual
property (IP) solutions from Altera. The Arria Il device family makes designing for
applications requiring transceivers operating at up to 6.375 Gbps fast and easy.

This chapter contains the following sections:
m  “Arria II Device Feature” on page 1-1
m  “Arria II Device Architecture” on page 1-6

m “Reference and Ordering Information” on page 1-14

Arria Il Device Feature

The Arria II device features consist of the following highlights:

m 40-nm, low-power FPGA engine
m Adaptive logic module (ALM) offers the highest logic efficiency in the industry
m Eight-input fracturable look-up table (LUT)

m  Memory logic array blocks (MLABs) for efficient implementation of small
FIFOs

m High-performance digital signal processing (DSP) blocks up to 550 MHz

m Configurable as 9 x 9-bit, 12 x 12-bit, 18 x 18-bit, and 36 x 36-bit full-precision
multipliers as well as 18 x 36-bit high-precision multiplier

m Hardcoded adders, subtractors, accumulators, and summation functions

m Fully-integrated design flow with the MATLAB and DSP Builder software
from Altera

B Maximum system bandwidth

m  Up to 24 full-duplex clock data recovery (CDR)-based transceivers supporting
rates between 600 Mbps and 6.375 Gbps

m Dedicated circuitry to support physical layer functionality for popular serial
protocols, including PCle Genl and PCle Gen2, Gbps Ethernet, Serial
RapidIO® (SRIO), Common Public Radio Interface (CPRI), OBSAI,
SD/HD/3G/ ASI Serial Digital Interface (SDI), XAUI and Reduced XAUI
(RXAUI), HiGig/HiGig+, SATA /Serial Attached SCSI (SAS), GPON,
SerialLite II, Fiber Channel, SONET /SDH, Interlaken, Serial Data Converter
(JESD204), and SFI-5.

© 2012 Altera Corporation. All rights reserved. ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS and STRATIX are Ref U.S. Pat. & Tm. Off.
and/or trademarks of Altera Corporation in the U.S. and other countries. All other trademarks and service marks are the property of their respective holders as described at
www.altera.com/common/legal.html. Altera warrants performance of its semiconductor products to current specifications in accordance with Altera’s standard warranty, but
reserves the right to make changes to any cfroducts and services at any time without notice. Altera assumes no responsibility or liability arising out of the application or use of any
information, product, or service described herein except as expressly agreed to in writing by Altera. Altera customers are advised to obtain the latest version of device
specifications before relying on any published information and before placing orders for products or services.

Arria |l Device Handbook Volume 1: Device Interfaces and Integration a

July 2012
Subscribe


http://www.altera.com/common/legal.html
https://www.altera.com/servlets/subscriptions/alert?id=AIIGX51001

1-2 Chapter 1: Overview for the Arria Il Device Family
Arria Il Device Feature

m Complete PIPE protocol solution with an embedded hard IP block that provides
physical interface and media access control (PHY/MAC) layer, Data Link layer,
and Transaction layer functionality

m  Optimized for high-bandwidth system interfaces

m  Up to 726 user I/O pins arranged in up to 20 modular I/O banks that support a
wide range of single-ended and differential I/O standards

m High-speed LVDS I/O support with serializer/deserializer (SERDES) and
dynamic phase alignment (DPA) circuitry at data rates from 150 Mbps to
1.25 Gbps

m Low power
m  Architectural power reduction techniques

m Typical physical medium attachment (PMA) power consumption of 100 mW at
3.125 Gbps.

m Power optimizations integrated into the Quartus II development software
m Advanced usability and security features
m Parallel and serial configuration options

m  On-chip series (Rg) and on-chip parallel (Ry) termination with auto-calibration
for single-ended I/Os and on-chip differential (Rp) termination for differential
I/0

m 256-bit advanced encryption standard (AES) programming file encryption for
design security with volatile and non-volatile key storage options

m  Robust portfolio of IP for processing, serial protocols, and memory interfaces

m  Low cost, easy-to-use development kits featuring high-speed mezzanine
connectors (HSMC)

m Emulated LVDS output support with a data rate of up to 1152 Mbps
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Table 1-1 lists the Arria IT device features.

Table 1-1. Features in Arria Il Devices

Arria Il GX Devices

Arria Il GZ Devices

(up to 1.25 Gbps) (7)

Feature EP2AGX45 | EP2AGX65 | EP2AGX95 | EP2AGX125 | EP2AGX190 | EP2AGX260 | EP2AGZ225 | EP2AGZ300 | EP2AGZ350
Total Transceivers (7) 8 8 12 12 16 16 16 or 24 16 or24 16 0r24
ALMSs 18050 | 25300 37,470 49,640 76120 | 102600 | 89,600 119,200 139,400
LEs 22,959 | 60214 89,178 118143 | 181165 | 244188 | 224,000 298,000 348,500
PCle hard IP blocks 1 1 1 1 1 1 1 1 1
MOK Blocks 319 495 612 730 840 950 1,235 1,248 1,248
M144K Blocks — — — — — — — 24 36
g‘l’;i'kgr?é’gi‘t’g)ed Memory in MK 2871 4,455 5,508 6,570 7,560 8,550 11,115 14,688 16,416
(T&tgL%”MEZEK“’lBI\”ﬂ"EE’BS) Kbt 3,435 5,246 6,679 8121 9,039 11,756 13.915 18413 20,772
Embedded Multipliers (18 x 18) (2) | 232 312 448 576 656 736 800 920 1,040
General Purpose PLLs 4 4 6 6 6 6 6or8 4,6,0r8 4,6,0r8
Transceiver TX PLLs (3), (4) 20r4 20r4 40r6 4o0r6 6or8 6or8 8ori2 8ori2 8ori2
User /0 Banks (5), (6) 6 6 8 8 12 12 160r20 | 8,16,0r20 | 8 16, 0r20
High-Speed LVDS SERDES 8 24,0128 | 8,24 0r28 | 24,28,0r32 | 24,2832 | 280r48 | 240r48 | 420r86 |0 (8),42 0r86 |0 (8),42, or 86

Notes to Table 1-1:

(1) The total number of transceivers is divided equally between the left and right side of each device, except for the devices in the F780 package. These devices have eight transceiver channels located only on

the right side of the device.
2) This is in four multiplier adder mode.

3

5

(=2)

are not included in the pin count.

Banks 3C and 8C are dedicated configuration banks and do not have user I/0 pins.
For Arria Il GZ devices, the user 1/0s count from pin-out files includes all general purpose 1/0, dedicated clock pins, and dual purpose configuration pins. Transceiver pins and dedicated configuration pins

)

) The FPGA fabric can use these phase locked-loops (PLLs) if they are not used by the transceiver.

4) The number of PLLs depends on the package. Transceiver transmitter (TX) PLL count = (number of transceiver blocks) x 2.
)
)

(7) For Arria Il GZ devices, total pairs of high-speed LVDS SERDES take the lowest channel count of RX/TX. For more information, refer to the High-Speed 1/0 Interfaces and DPA in Arria Il Devices chapter.

(8) The smallest pin package (780-pin package) does not support high-speed LVDS SERDES.

2INJea4 991A9(] || BLUY
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Table 1-2 and Table 1-3 list the Arria II device package options and user I/O pin
counts, high-speed LVDS channel counts, and transceiver channel counts for Ultra
FineLine BGA (UBGA) and FineLine BGA (FBGA) devices.

Table 1-2. Package Options and I/0 Information for Arria Il GX Devices (Note 1), (2), (3), (4), (5), (6), (7)

358-Pin Flip Chip UBGA | 572-Pin Flip Chip FBGA | 780-Pin Flip Chip FBGA | 1152-Pin Flip Chip FBGA
17 mm x 17 mm 25 mm x 25 mm 29 mm x 29 mm 35 mm x 35 mm
Device " . " "
[~ (- [~ [
| wos@ | S |vo| Wwos@ | S |0 wos@ |3 |W0| Wwosg | 3
> > > >
33(Rp 0r eTX) A SZT(Q;’ o A | 85(RyoreTx)
EP2AGX45 | (156 | +32(RX, TX, | 4 |[252 8 (364 | +84(RX,TX, | 8 | — — —
56(RX, TX,
or eTX) or eTX)
or eTX)
33(Rp or eTX) 5;%‘(;’ o 85(Rp or €TX)
EP2AGX65 | 156 | +32(RX, TX, | 4 |[252 8 364 | +84(RXTX, | 8 | — — —
or eTX) 56(RX, TX, i)
or eTX)
SZT(%’ o 85(Rp or eTX) A 1 %‘E}()(F;Dfr
EP2AGX95 | — — — 1260 | semx.7x | 8 | 372 +84(F;>T<SJX, or | 12 1[452 | 40, 08" or | 12
or eTX) eTX)
5ZT(§;’ o 85(Ry or 6TX) 1 %ﬁ%i"r
EP2AGX125 | — — — 1260 | ggaxx.or | 8 | 372 +84(|:%(),(T)X, or | 12 1452 | 404 681 or | 12
\ 6TX) 6TX)
85(Rp or €TX) 115T(><F;D+Or
EP2AGX190 | — — — | = — — | 872 | +84RX, T or | 12 [|612 |, 00’ | 16
eTX) (RX, TX, or
6TX)
85(Rp, €TX) 145(Rp, eTX) +
EP2AGX260 | — — — | = — — | 372 | +84(RX, TX,or | 12 |I612 | 144(RX, TX, or | 16
Y 6TX) 6TX)

Notes to Table 1-2:

(1) The user I/0 counts include clock pins.

(2) Thearrows indicate packages vertical migration capability. Vertical migration allows you to migrate to devices whose dedicated pins, configuration pins,

and power pins are the same for a given package across device densities.

Rp = True LVDS input buffers with on-chip differential termination (Ry OCT) support.
RX = True LVDS input buffers without Ry OCT support.
TX = True LVDS output buffers.
eTX = Emulated-LVDS output buffers, either LvDS_E 3R Or LVDS_E_1R.
The LVDS channel count does not include dedicated clock input pins and PLL clock output pins.
These numbers represent the accumulated LVDS channels supported in Arria Il GX row and column 1/0 banks.

3
4
5
6
7

(
(
(
(
(
(8

)
)
)
)
)
)
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Table 1-3. Package Options and I/0 Information for Arria Il GZ Devices (Note 1), (2), (3), (4), (5)

780-Pin Flip Chip FBGA 1152-Pin Flip Chip FBGA 1517-Pin Flip Chip FBGA

29 mm x 29 mm 35 mm x 35 mm 40 mm x 40 mm

Device » » 17}

[~ (- [~

1o LVDS (6) Slmw LvDS (7) Sl LVDS (7) £

> > >
— — — 135 (RX or €TX) + 179 (RX or eTX) +

EP2AGZ225 554 | 40 xoretxy | 18 | 34| qaa(rxoremx) |
68 (RX or eTX) + 135 (RX or 6TX) + 179 (RX or eTX) +

EP2AGZ300 | 281 72 eTX 161 954 | a0 xoretx) | 18 | 734 | 184 (Txoretx) | 2
68 (RX or eTX) + 135 (RX or eTX) + 179 (RX or eTX) +

EP2AGZ350 | 281 72 eTX 161554 | yaomxoretxy | 18 | 34| qaa(rxoremy) |

Notes to Table 1-3:

(1) The user I/0 counts include clock pins.
(2) RX =True LVDS input buffers without Ry OCT support for row I/0 banks, or true LVDS input buffers without Ry OCT support for column 1/0

banks.
3
4

6
7

(3) eTX = Emulated-LVDS output buffers, either LvDS_E 3R or LVvDS_E_1R.

(4) The LVDS RX and TX channels are equally divided between the left and right sides of the device.
(5) The LVDS channel count does not include dedicated clock input pins.
(6)
()

For Arria Il GZ 780-pin FBGA package, the LVDS channels are only supported in column 1/0 banks.
These numbers represents the accumulated LVDS channels supported in Arria 1l GZ device row and column 1/0 banks.

Arria II devices are available in up to four speed grades: -3 (fastest), -4, -5, and -6
(slowest). Table 1-4 lists the speed grades for Arria II devices.

Table 1-4. Speed Grades for Arria Il Devices

Device 358-Pin Flip Chip | 572-Pin Flip Chip | 780-Pin Flip Chip | 1152-Pin Flip Chip | 1517-Pin Flip Chip
UBGA FBGA FBGA FBGA FBGA
EP2AGX45 C4,C5,C6,13,15 | C4,C5,C6,13,15 | C4 C5 C6, 13,15 — —
EP2AGX65 C4,C5,C6,13,15 | C4,C5,C6,13,15 | C4,C5,C6, 13,15 — —
EP2AGX95 — C4,C5,C6,13,15 | C4,C5C6,13,15 | C4,C5,C6,13,15 —
EP2AGX125 — C4,C5,C6,13,15 | C4,C5,C6,13,15 | C4,05,C6, 13,15 —
EP2AGX190 — — C4,C5,C6,13,15 | C4,C5,C8, 13,15 —
EP2AGX260 — — C4,C5,C6,13,15 | C4,C5,C8, 13,15 —
EP2AGZ225 — — — C3, C4, 13, 14 C3,C4, 13, 14
EP2AGZ300 — — C3,C4, 13, 14 C3, C4, 13, 14 C3, C4, 13, 14
EP2AGZ350 — — C3,C4, 13, 14 C3, C4, 13, 14 C3, C4, 13, 14

July 2012  Altera Corporation
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Arria Il Device Architecture

Arria II devices include a customer-defined feature set optimized for cost-sensitive
applications and offer a wide range of density, memory, embedded multiplier, I/O,
and packaging options. Arria II devices support external memory interfaces and I/O
protocols required by wireless, wireline, broadcast, computer, storage, and military
markets. They inherit the 8-input ALM, M9K and M144K embedded RAM block, and
high-performance DSP blocks from the Stratix® IV device family with a
cost-optimized I/O cell and a transceiver optimized for 6.375 Gbps speeds.

Figure 1-1 and Figure 1-2 show an overview of the Arria Il GX and Arria II GZ device
architecture, respectively.

Figure 1-1. Architecture Overview for Arria Il GX Devices

DLL High-Speed Differential 1/O, High-Speed Differential 1/0,
General Purpose I/0, and General Purpose I/0, and PLL
PLL Memory Interface Memory Interface
High-Speed
Differential I/0O

with DPA,

General

Purpose

Arria Il GX FPGA Fabric 1/0, and

(Logic Elements, DSP, Memory

Embedded Memory, Clock Networks) Interface

All the blocks in this graphic are for the largest density in the
Arria Il GX family. The number of blocks can vary based on

Transceiver the density of the device.
Blocks
High-Speed
i Plug and Play PCle hard IP Differential I/O
’ x1,x2, x4, and x8 with DPA,
General
Purpose
1/0, and
Memory
Interface
High-Speed Differential 1/O, High-Speed Differential I/0,
PLL General Purpose 1/0, and General Purpose I/O, and
Memory Interface Memory Interface DLL
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Figure 1-2. Architecture Overview for Arria Il GZ Device

General Purpose General Purpose
I/0 and Memory | PLL |PLL I/0 and Memory
Interface Interface
N 3 @ 3 <o
g S B2 8,35 2Kk
2% 52268 P E 2o gk
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5% = BEELE §253%la
qE 55 & TIFM
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2 «| a (Logic Elements, DSP, 3 8
85| S [ PLL@ |  Embedded Memory £
| z [ o Clock Networks) a o
S < B3 0 17} =@
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S | % AR T 5§22 ok
23 TOLp2 TO £ o 2l
a2 0= 90 & [TlaloYali] S 0O
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General Purpose General Purpose

/0 and Memory |PLL|PLL| 1/O and Memory

Interface Interface
Transceiver Block 400 Mbps-6.375 Gbps CDR-based Transceiver

General Purpose 1/O and General Purpose 1/0 and 150 Mbps-1.25 Gbps
High-Speed LVDS 1/O LVDS interface with DPA and Soft-CDR

with DPA and Soft CDR

Notes to Figure 1-2:

(1) Not available for 780-pin FBGA package.

(2) Not available for 780-pin and 1152-pin FBGA packages.

(3) The PCle hard IP block is located on the left side of the device only (IOBANK_QL).

High-Speed Transceiver Features

Arria I GX devices integrate up to 16 transceivers and Arria II GZ devices up to
24 transceivers on a single device. The transceiver block is optimized for cost and
power consumption. Arria II transceivers support the following features:

m Configurable pre-emphasis and equalization, and adjustable output differential
voltage

m Flexible and easy-to-configure transceiver datapath to implement proprietary
protocols

m Signal integrity features

m Programmable transmitter pre-emphasis to compensate for inter-symbol
interference (ISI)

m  User-controlled receiver equalization with up to 7 dB (Arria II GX) and
16 dB (Arria II GZ) of high-frequency gain

m  On-die power supply regulators for transmitter and receiver PLL charge pump
and voltage-controlled oscillator (VCO) for superior noise immunity

m Calibration circuitry for transmitter and receiver on-chip termination (OCT)
resistors

July 2012  Altera Corporation Arria Il Device Handbook Volume 1: Device Interfaces and Integration
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m Diagnostic features

m Serial loopback from the transmitter serializer to the receiver CDR for
transceiver physical coding sublayer (PCS) and PMA diagnostics

m Parallel loopback from the transmitter PCS to the receiver PCS with built-in self
test (BIST) pattern generator and verifier

m Reverse serial loopback pre- and post-CDR to transmitter buffer for physical
link diagnostics

m Loopback master and slave capability in PCle hard IP blocks

m  Support for protocol features such as MSB-to-LSB transmission in a
SONET/SDH configuration and spread-spectrum clocking in a PCle
configuration

Table 1-5 lists common protocols and the Arria II dedicated circuitry and features for
implementing these protocols.

Table 1-5. Sample of Supported Protocols and Feature Descriptions for Arria Il Devices

Supported Protocols Feature Descriptions

m Complete PCle Gen1 and Gen2 protocol stack solution compliant to PCle Base
Specification 2.0 that includes PHY/MAG, Data Link, and Transaction layer circuitry
embedded in the PCle hard IP blocks.

m PCle Gen1 has x1, x2, x4, and x8 lane configurations. PCle Gen2 has x1, x2, and x4 lane
configurations. PCle Gen2 does not support x8 lane configurations

m Built-in circuitry for electrical idle generation and detection, receiver detect, power state
PCle transitions, lane reversal, and polarity inversion

m 8B/10B encoder and decoder, receiver synchronization state machine, and £300 parts
per million (PPM) clock compensation circuitry

m Options to use:
m Hard IP Data Link Layer and Transaction Layer
m Hard IP Data Link Layer and custom Soft IP Transaction Layer

m Compliant to IEEE P802.3ae specification

m Embedded state machine circuitry to convert XGMII idle code groups (]|I||) to and from
XAUI/HiGig/HiGig+ idle ordered sets (J|A]], |||, ||RI|) at the transmitter and receiver, respectively

m 38B/10B encoder and decoder, receiver synchronization state machine, lane deskew, and
+100 PPM clock compensation circuitry

m Compliant to IEEE 802.3 specification

m Automatic idle ordered set (/11/, /12/) generation at the transmitter, depending on the
GbE current running disparity

m 8B/10B encoder and decoder, receiver synchronization state machine, and +100 PPM
clock compensation circuitry

m Transmit bit slipper eliminates latency uncertainty to comply with CPRI/OBSAI
CPRI/OBSAI specifications
m Optimized for power and cost for remote radio heads and RF modules

L=~ For other protocols supported by Arria II devices, such as SONET/SDH, SDI, SATA
and SRIO, refer to the Transceiver Architecture in Arria 11 Devices chapter.
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'~ PCle Gen2 protocol is only available in Arria Il GZ devices.
The following sections provide an overview of the various features of the Arria II
FPGA.
PCle Hard IP Block

Every Arria Il device includes an integrated hard IP block which implements PCle
PHY/MAC, data link, and transaction layers. This PCle hard IP block is highly
configurable to meet the requirements of the majority of PCle applications. PCle
hard IP makes implementing PCle Genl and PCle Gen2 solution in your Arria I
design simple and easy.

You can instantiate PCle hard IP block using the PCI Compiler MegaWizard ™
Plug-In Manager, similar to soft IP functions, but does not consume core FPGA
resources or require placement, routing, and timing analysis to ensure correct
operation of the core. Table 1-6 lists the PCle hard IP block support for Arria II GX
and GZ devices.

Table 1-6. PCle Hard IP Block Support

Support Arria Il GX Devices Arria Il GZ Devices
PCle Gen1 x1, x4, x8 x1, x4, x8
PCle Gen2 — x1, x4
Root Port and endpoint configurations Yes Yes
Payloads 128-byte to 256-byte 128-byte to 2K-byte

Logic Array Block and Adaptive Logic Modules

m Logic array blocks (LABs) consists of 10 ALMs, carry chains, shared arithmetic

chains, LAB control signals, local interconnect, and register chain connection lines

m  ALMs expand the traditional four-input LUT architecture to eight-inputs,
increasing performance by reducing logic elements (LEs), logic levels, and
associated routing

m LABs have a derivative called MLAB, which adds SRAM-memory capability to
the LAB

m MLAB and LAB blocks always coexist as pairs, allowing up to 50% of the logic
(LABs) to be traded for memory (MLABs)

Embedded Memory Blocks

m MLABs, M9K, and M144K embedded memory blocks provide up to 20,836 Kbits

July 2012  Altera Corporation

of on-chip memory capable of up to 540-MHz performance. The embedded

memory structure consists of columns of embedded memory blocks that you can

configure as RAM, FIFO buffers, and ROM.
m  Optimized for applications such as high-throughput packet processing,

high-definition (HD) line buffers for video processing functions, and embedded

processor program and data storage.
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m The Quartus®II software allows you to take advantage of MLABs, M9K, and
M144K memory blocks by instantiating memory using a dedicated megafunction
wizard or by inferring memory directly from VHDL or Verilog source code.

Table 1-7 lists the Arria II device memory modes.

Tahle 1-7. Memory Modes for Arria Il Devices

Port Mode Port Width Configuration
Single Port x1, x2, x4, x8, x9, x16, x18, x32, x36, x64, and x72
Simple Dual Port x1, x2, x4, x8, x9, x16, x18, x32, x36, x64, and x72
True Dual Port x1, x2, x4, x8, x9, x16, x18, x32, and x36

DSP Resources

m Fulfills the DSP requirements of 3G and Long Term Evolution (LTE) wireless
infrastructure applications, video processing applications, and voice processing
applications

m  DSP block input registers efficiently implement shift registers for finite impulse
response (FIR) filter applications

m The Quartus II software includes megafunctions you can use to control the mode
of operation of the DSP blocks based on user-parameter settings

B You can directly infer multipliers from the VHDL or Verilog HDL source code

1/0 Features
m Contains up to 20 modular I/O banks

m  AllI/O banks support a wide range of single-ended and differential I/O
standards listed in Table 1-8.

Table 1-8. 1/0 Standards Support for Arria Il Devices

Type 1/0 Standard
Single-Ended 1/0 LVTTL, LVCMOS, SSTL, HSTL, PCle, and PCI-X
Differential 1/0 ggTDLS HSTL, LVPECL, LVDS, mini-LVDS, Bus LVDS (BLVDS) (1), and

Note to Table 1-8:
(1) BLVDS is only available for Arria Il GX devices.

m  Supports programmable bus hold, programmable weak pull-up resistors, and
programmable slew rate control

m For Arria II devices, calibrates OCT or driver impedance matching for
single-ended I/O standards with one OCT calibration block on the I/O banks
listed in Table 1-9.
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Table 1-9. Location of OCT Calibration Block in Arria Il Devices

Device Package Option 1/0 Bank

Arria Il GX | All pin packages Bank 3A, Bank 7A, and Bank 8A

780-pin flip chip FBGA Bank 3A, Bank 4A, Bank 7A, and Bank 8A

Arria Il GZ | 1152-pin flip chip FBGA Bank 1A, Bank 3A, Bank 4A, Bank 6A, Bank 7A, and Bank 8A

1517-pin flip chip FBGA Bank 1A, Bank 2A, Bank 3A, Bank 4A, Bank 5A, Bank 6A, Bank 7A, and Bank 8A

m Arria II GX devices have dedicated configuration banks at Bank 3C and 8C, which

support dedicated configuration pins and some of the dual-purpose pins with a
configuration scheme at 1.8, 2.5, 3.0, and 3.3 V. For Arria II GZ devices, the
dedicated configuration pins are located in Bank 1A and Bank 1C. However, these
banks are not dedicated configuration banks; therefore, user I/O pins are available
in Bank 1A and Bank 1C.

Dedicated VCCIO, VREF, and VCCPD pin per I/O bank to allow voltage-referenced
I/0 standards. Each I/O bank can operate at independent Vcjo, Vres and Vecpp
levels.

High-Speed LVDS 1/0 and DPA

Dedicated circuitry for implementing LVDS interfaces at speeds from 150 Mbps to
1.25 Gbps

Rp OCT for high-speed LVDS interfacing

DPA circuitry and soft-CDR circuitry at the receiver automatically compensates for
channel-to-channel and channel-to-clock skew in source-synchronous interfaces
and allows for implementation of asynchronous serial interfaces with embedded
clocks at up to 1.25 Gbps data rate (SGMII and GbE)

Emulated LVDS output buffers use two single-ended output buffers with an
external resistor network to support LVDS, mini-LVDS, BLVDS (only for
Arria I GZ devices), and RSDS standards.

Clock Management

July 2012  Altera Corporation

Provides dedicated global clock networks, regional clock networks, and periphery
clock networks that are organized into a hierarchical structure that provides up to
192 unique clock domains

Up to eight PLLs with 10 outputs per PLL to provide robust clock management
and synthesis

m Independently programmable PLL outputs, creating a unique and
customizable clock frequency with no fixed relation to any other clock

m Inherent jitter filtration and fine granularity control over multiply and divide
ratios

m  Supports spread-spectrum input clocking and counter cascading with PLL
input clock frequencies ranging from 5 to 500 MHz to support both low-cost
and high-end clock performance

FPGA fabric can use the unused transceiver PLLs to provide more flexibility
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Auto-Calibrating External Memory Interfaces

m [/O structure enhanced to provide flexible and cost-effective support for different
types of memory interfaces

m Contains features such as OCT and DQ/DQS pin groupings to enable rapid and
robust implementation of different memory standards

B An auto-calibrating megafunction is available in the Quartus II software for
DDR SDRAM, DDR2 SDRAM, DDR3 SDRAM, RLDRAM II memory interface
PHYs; the megafunction takes advantage of the PLL dynamic reconfiguration
feature to calibrate based on the changes of process, voltage, and temperature
(PVT).
“ e For the maximum clock rates supported in Altera's FPGA devices, refer to the
External Memory Interface Spec Estimator online tool.
“ e For more information about the external memory interfaces support, refer to the
External Memory Interfaces in Arria Il Devices chapter.

Nios Il

m Arria Il devices support all variants of the NIOS® II processor

m Nios II processors are supported by an array of software tools from Altera and
leading embedded partners and are used by more designers than any other
configurable processor

Configuration Features
m  Configuration

m Supports active serial (AS), passive serial (PS), fast passive parallel (FPP), and
JTAG configuration schemes.

m Design Security

m Supports programming file encryption using 256-bit volatile and non-volatile
security keys to protect designs from copying, reverse engineering, and
tampering in FPP configuration mode with an external host (such as a MAX®II
device or microprocessor), or when using the AS, FAS, or PS configuration
scheme

m  Decrypts an encrypted configuration bitstream using the AES algorithm, an
industry standard encryption algorithm that is FIPS-197 certified and requires
a 256-bit security key

Arria |l Device Handbook Volume 1: Device Interfaces and Integration July 2012  Altera Corporation
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m Remote System Upgrade

m  Allows error-free deployment of system upgrades from a remote location
securely and reliably without an external controller

m  Soft logic (either the Nios Il embedded processor or user logic) implementation
in the device helps download a new configuration image from a remote
location, store it in configuration memory, and direct the dedicated remote
system upgrade circuitry to start a reconfiguration cycle

m Dedicated circuitry in the remote system upgrade helps to avoid system down
time by performing error detection during and after the configuration process,
recover from an error condition by reverting back to a safe configuration
image, and provides error status information

SEU Mitigation

m Offers built-in error detection circuitry to detect data corruption due to soft errors
in the configuration random access memory (CRAM) cells

m Allows all CRAM contents to be read and verified to match a
configuration-computed cyclic redundancy check (CRC) value

® You can identify and read out the bit location and the type of soft error through the
JTAG or the core interface

JTAG Boundary Scan Testing
m Supports JTAG IEEE Std. 1149.1 and IEEE Std. 1149.6 specifications

m IEEE Std. 1149.6 supports high-speed serial interface (HSSI) transceivers and
performs boundary scan on alternating current (AC)-coupled transceiver channels

m Boundary-scan test (BST) architecture offers the capability to test pin connections
without using physical test probes and capture functional data while a device is
operating normally
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Reference and Ordering Information

Figure 1-3 shows the ordering codes for Arria II devices.

Figure 1-3. Packaging Ordering Information for Arria Il Devices

[— EP2AGX 45 C 7 17 © 4 N ﬁ

Family Signature Optional Suffix
EP2AGX Indicates specific device options
EP2AGZ ES: Engineering sample

N: Lead-free devices

Device Density

Speed Grade
GX: 45, 65, 95, 125, 190,260
GZ: 225, 300, 350 3, 4, 5, or 6, with 3 being the fastest
T Count
C: 4 Operating Temperature
D:8
E:12 C: Commercial temperature (ts = 0°C to 85°C)
F:16 I: Industrial temperature (ts = -40°C to 100°C)
H: 24
Package Type Ball Array Dimension

Corresponds to pin count
F: FineLine BGA (FBGA) 17 =358 pins
U: Ultra FineLine BGA (UBGA) 25=572 pins
H: Hybrid FineLine BGA (HBGA) 29 =780 pins

35=1152 pins

40 =1517 pins
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—

o Modules in Arria Il Devices

AlIGX51002-2.0

This chapter describes the features of the logic array block (LAB) in the Arria® II core
fabric. The LAB is composed of basic building blocks known as adaptive logic
modules (ALMs) that you can configure to implement logic functions, arithmetic
functions, and register functions.

This chapter contains the following sections:
m “Logic Array Blocks” on page 2-1
m “Adaptive Logic Modules” on page 2-5

Logic Array Blocks

Each LAB consists of ten ALMs, various carry chains, shared arithmetic chains, LAB
control signals, local interconnect, and register chain connection lines. The local
interconnect transfers signals between ALMs in the same LAB. The direct link
interconnect allows the LAB to drive into the local interconnect of its left and right
neighbors. Register chain connections transfer the output of the ALM register to the
adjacent ALM register in the LAB. The Quartus® II Compiler places associated logic in
the LAB or the adjacent LABs, allowing the use of local, shared arithmetic chain, and
register chain connections for performance and area efficiency.

Figure 2-1 shows the Arria II LAB structure and the LAB interconnects.

Figure 2-1. LAB Structure in Arria Il Devices
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Logic Array Blocks

The LAB of the Arria II device has a derivative called memory LAB (MLAB), which
adds look-up table (LUT)-based SRAM capability to the LAB. The MLAB supports a
maximum of 640 bits of simple dual-port SRAM. You can configure each ALM in an
MLAB as either a 64 x 1 or 32 x 2 block, resulting in a configuration of 64 x 10 or
32 x 20 simple dual-port SRAM blocks. MLAB and LAB blocks always coexist as pairs
in Arria II devices. MLAB is a superset of the LAB and includes all LAB features.
Figure 2-2 shows an overview of LAB and MLAB topology.

“ e For more information about MLABEs, refer to the TriMatrix Memory Blocks in Arria IT

Devices chapter.

Figure 2-2. LAB and MLAB Structure in Arria Il Devices
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Note to Figure 2-2:
(1) You can use an MLAB ALM as a regular LAB ALM or configure it as a dual-port SRAM.
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Logic Array Blocks

LAB Interconnects

The LAB local interconnect drives the ALMs in the same LAB using column and row
interconnects and the ALM outputs in the same LAB. The direct link connection
feature minimizes the use of row and column interconnects, providing higher
performance and flexibility. Adjacent LABs/MLABs, memory blocks, or DSP blocks
from the left or right can also drive the LAB’s local interconnect through the direct
link connection. Each LAB can drive 30 ALMs through fast local and direct link
interconnects. Ten ALMs are in any given LAB and ten ALMs are in each of the

adjacent LABs.

Figure 2-3 shows the direct link connection, which connects adjacent LABs, memory
blocks, DSP blocks, or I/O element (IOE) outputs.

Figure 2-3. Direct Link Connection
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LAB Control Signals

Each LAB contains dedicated logic for driving a maximum of 10 control signals to its
ALMs at a time. Control signals include three clocks, three clock enables, two
asynchronous clears, a synchronous clear, and synchronous load control signals.
Although you generally use synchronous-load and clear signals when implementing
counters, you can also use them with other functions. Each LAB has two unique clock
sources and three clock enable signals, as shown in Figure 2—4. The LAB control block
can generate up to three clocks using two clock sources and three clock enable signals.
Each clock and clock enable signals are linked. For example, any ALM in a particular
LAB using the labclk1 signal also uses the labclkenal signal. If the LAB uses both
the rising and falling edges of a clock, it also uses two LAB-wide clock signals.
De-asserting the clock enable signal turns off the corresponding LAB-wide clock. The
LAB row clocks [5..0] and LAB local interconnects generate the LAB-wide control
signals. In addition to data, the inherent low skew of the MultiTrack interconnect
allows clock and control signal distribution.

Figure 2-4. LAB-Wide Control Signals
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L [
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labelkO labclk1 labclk2 syncload labelr1
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Adaptive Logic Modules

The ALM is the basic building block of logic in the Arria II device architecture. Each
ALM contains a variety of LUT-based resources that can be divided between two
combinational adaptive LUTs (ALUTs) and two registers. With up to eight inputs for
the two combinational ALUTs, one ALM can implement various combinations of two
functions. This adaptability allows an ALM to be completely backward-compatible
with 4-input LUT architectures. One ALM can also implement any function with up
to 6-input and certain 7-input functions. In addition to the ALUT-based resources,
each ALM contains two programmable registers, two dedicated full adders, a carry
chain, a shared arithmetic chain, and a register chain. Through these dedicated
resources, an ALM can efficiently implement various arithmetic functions and shift
registers. Each ALM drives all types of interconnects: local, row, column, carry chain,
shared arithmetic chain, register chain, and direct link. Figure 2-5 shows a high-level
block diagram of the Arria Il ALM.

Figure 2-5. High-Level Block Diagram of the Arria Il ALM
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Figure 2-6 shows a detailed view of all the connections in an ALM.

Figure 2-6. Connection Details of the Arria Il ALM
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One ALM contains two programmable registers. Each register has data, clock, clock
enable, synchronous and asynchronous clear, and synchronous load and clear inputs.
Global signals, general purpose 1/O (GPIO) pins, or any internal logic can drive the
register’s clock and clear-control signals. Either GPIO pins or internal logic can drive
the clock enable. For combinational functions, the register is bypassed and the output
of the LUT drives directly to the outputs of an ALM.

Each ALM has two sets of outputs that drive the local, row, and column routing
resources. The LUT, adder, or register output can drive the ALM outputs (refer to
Figure 2-6). For each set of output drivers, two ALM outputs can drive column, row,
or direct link routing connections, and one of these ALM outputs can also drive local
interconnect resources. The LUT or adder can drive one output while the register
drives another output.
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This feature is called register packing. It improves device utilization by allowing the
device to use the register and combinational logic for unrelated functions. Another
mechanism to improve fitting is to allow the register output to feed back into the LUT
of the same ALM so that the register is packed with its own fan-out LUT. The ALM
can also drive out registered and unregistered versions of the LUT or adder output.

The Quartus II software automatically configures the ALMs for optimized
performance.

ALM Operating Modes

The Arria II ALM can operate in any of the following modes:
m Normal

m Extended LUT

®m  Arithmetic

m Shared Arithmetic

m LUT-Register

The Quartus II software and other supported third-party synthesis tools, in
conjunction with parameterized functions such as the library of parameterized
modules (LPM) functions, automatically choose the appropriate mode for common
functions such as counters, adders, subtractors, and arithmetic functions. Each mode
uses the ALM resources differently. In each mode, eleven available inputs to an
ALM—the eight data inputs from the LAB local interconnect, carry-in from the
previous ALM or LAB, the shared arithmetic chain connection from the previous
ALM or LAB, and the register chain connection—are directed to different destinations
to implement the desired logic function. LAB-wide signals provide clock,
asynchronous clear, synchronous clear, synchronous load, and clock enable control for
the register. These LAB-wide signals are available in all ALM modes. For more
information on the LAB-wide control signals, refer to “LAB Control Signals” on

page 2-4.
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Normal Mode

Normal mode is suitable for general logic applications and combinational functions.
In this mode, up to eight data inputs from the LAB local interconnect are inputs to the
combinational logic. Normal mode allows two functions to be implemented in one
Arria Il ALM, or a single function of up to six inputs. The ALM can support certain
combinations of completely independent functions and various combinations of
functions that have common inputs.

Figure 2-7 shows the supported LUT combinations in normal mode.

Figure 2-7. ALM in Normal Mode (Note 1)
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Note to Figure 2-7:

(1) Combinations of functions with fewer inputs than those shown are also supported. For example, combinations of functions with the following
number of inputs are supported: 4 and 3, 3 and 3, 3 and 2, and 5 and 2.

Normal mode provides complete backward-compatibility with 4-input LUT
architectures.

Arria |l Device Handbook Volume 1: Device Interfaces and Integration December 2010  Altera Corporation



Chapter 2: Logic Array Blocks and Adaptive Logic Modules in Arria Il Devices 2-9
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For the packing of two 5-input functions into one ALM, the functions must have at
least two common inputs. The common inputs are dataa and datab. The combination
of a 4-input function with a 5-input function requires one common input (either dataa
or datab).

In the case of implementing two 6-input functions in one ALM, four inputs must be
shared and the combinational function must be the same. In a sparsely used device,
functions that could be placed in one ALM may be implemented in separate ALMs by
the Quartus II software to achieve the best possible performance. As a device begins
to fill up, the Quartus II software automatically utilizes the full potential of the

Arria II ALM. The Quartus II Compiler automatically searches for functions using
common inputs or completely independent functions to be placed in one ALM to
make efficient use of device resources. In addition, you can manually control resource
usage by setting location assignments.

Any 6-input function can be implemented using inputs dataa, datab, datac, datad,
and either datae0 and dataf0 or datael and datafl.If datae0 and dataf0 are utilized,
the output is driven to register0, and/or register0 is bypassed and the data drives
out to the interconnect using the top set of output drivers (refer to Figure 2-8). If
datael and datafl are used, the output either drives to registerl or bypasses
registerl and drives to the interconnect using the bottom set of output drivers. The
Quartus II Compiler automatically selects the inputs to the LUT. ALMs in normal
mode support register packing.

Figure 2-8. Input Function in Normal Mode (Note 1)

Notes to Figure 2-8:
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(1) Ifdatael and datafl are used as inputs to a 6-input function, datae0 and datafO0 are available for register packing.
(2) The datafl input is available for register packing only if the 6-input function is unregistered.
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Extended LUT Mode

Use extended LUT mode to implement a specific set of 7-input functions. The set must
be a 2-to-1 multiplexer fed by two arbitrary 5-input functions sharing four inputs.
Figure 2-9 shows the template of supported 7-input functions using extended LUT
mode. In this mode, if the 7-input function is unregistered, the unused eighth input is

available for register packing.

Functions that fit into the template, as shown in Figure 2-9, often appear in designs as

“if-else” statements in Verilog HDL or VHDL code.

Figure 2-9. Template for Supported 7-Input Functions in Extended LUT Mode
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(1) Ifthe 7-input function is unregistered, the unused eighth input is available for register packing. The second register, regai, is not available.

Arria |l Device Handbook Volume 1: Device Interfaces and Integration

December 2010  Altera Corporation



Chapter 2: Logic Array Blocks and Adaptive Logic Modules in Arria Il Devices 2-1
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Arithmetic Mode

Arithmetic mode is ideal for implementing adders, counters, accumulators, wide
parity functions, and comparators. The ALM in arithmetic mode uses two sets of two
4-input LUTs along with two dedicated full adders. The dedicated adders allow the
LUTs to be available to perform pre-adder logic; therefore, each adder can add the
output of two 4-input functions. The four LUTs share dataa and datab inputs. As
shown in Figure 2-10, the carry-in signal feeds to adder0 and the carry-out from
adder0 feeds to the carry-in of adderl. The carry-out from adderl drives to adder0 of
the next ALM in the LAB. ALMs in arithmetic mode can drive out registered and
unregistered versions of the adder outputs.

Figure 2-10. ALM in Arithmetic Mode
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In arithmetic mode, the ALM supports simultaneous use of the adder’s carry output
along with combinational logic outputs. The adder output is ignored in this operation.
Using the adder with combinational logic output provides resource savings of up to
50% for functions that can use this mode.

Arithmetic mode also offers clock enable, counter enable, synchronous up and down
control, add and subtract control, synchronous clear, and synchronous load. The LAB
local interconnect data inputs generate the clock enable, counter enable, synchronous
up and down, and add and subtract control signals. These control signals are good
candidates for the inputs that share the four LUTs in the ALM. The synchronous clear
and synchronous load options are LAB-wide signals that affect all registers in the
LAB. These signals can also be individually disabled or enabled per register. The
Quartus II software automatically places any registers that are not used by the counter
into other LABs.
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Carry Chain

The carry chain provides a fast carry function between the dedicated adders in
arithmetic or shared arithmetic mode. The two-bit carry select feature in Arria II
devices halves the propagation delay of carry chains within the ALM. Carry chains
can begin in either the first ALM or the fifth ALM in a LAB. The final carry-out signal
is routed to an ALM, where it is fed to local, row, or column interconnects.

The Quartus II Compiler automatically creates carry chain logic during design
processing, or you can create it manually during design entry. Parameterized
functions such as LPM automatically take advantage of carry chains for the
appropriate functions.

The Quartus II Compiler creates carry chains longer than 20 ALMs (10 ALMs in
arithmetic or shared arithmetic mode) by linking LABs together automatically. To
enhance fitting, a long carry chain runs vertically, allowing fast horizontal connections
to TriMatrix memory and DSP blocks. A carry chain can continue as far as a full
column.

To avoid routing congestion in one small area of the device when a high fan-in
arithmetic function is implemented, the LAB can support carry chains that only use
either the top half or bottom half of the LAB before connecting to the next LAB. This
leaves the other half of the ALMs in the LAB available for implementing narrower
fan-in functions in normal mode. Carry chains that use the top five ALMs in the first
LAB carry into the top half of the ALMs in the next LAB in the column. Carry chains
that use the bottom five ALMs in the first LAB carry into the bottom half of the ALMs
in the next LAB within the column. In every alternate LAB column, the top half can be
bypassed; in the other MLAB columns, the bottom half can be bypassed.

For more information on carry chain interconnect, refer to “ALM Interconnects” on
page 2-17.

Arria |l Device Handbook Volume 1: Device Interfaces and Integration December 2010 Altera Corporation



Chapter 2: Logic Array Blocks and Adaptive Logic Modules in Arria Il Devices 2-13

Adaptive Logic Modules

Shared Arithmetic Mode

In shared arithmetic mode, the ALM can implement a 3-input add in an ALM. In this
mode, the ALM is configured with four 4-input LUTs. Each LUT either computes the
sum of three inputs or the carry of three inputs. The output of the carry computation
is fed to the next adder using a dedicated connection called the shared arithmetic
chain. This shared arithmetic chain can significantly improve the performance of an
adder tree by reducing the number of summation stages required to implement an
adder tree. Figure 2-11 shows the ALM using this feature.

Figure 2-11. ALM in Shared Arithmetic Mode
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You can find adder trees in many different applications. For example, the summation
of the partial products in a logic-based multiplier can be implemented in a tree
structure. Another example is a correlator function that can use a large adder tree to
sum filtered data samples in a given time frame to recover or de-spread data that was
transmitted using spread-spectrum technology.
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Shared Arithmetic Chain

The shared arithmetic chain available in enhanced arithmetic mode allows the ALM
to implement a 3-input add. This significantly reduces the resources necessary to
implement large adder trees or correlator functions.

The shared arithmetic chains can begin in either the first or sixth ALM in an LAB. The
Quartus II Compiler creates shared arithmetic chains longer than 20 ALMs (10 ALMs
in arithmetic or shared arithmetic mode) by linking LABs together automatically. To
enhance fitting, a long shared arithmetic chain runs vertically, allowing fast horizontal
connections to the TriMatrix memory and DSP blocks. A shared arithmetic chain can
continue as far as a full column.

Similar to the carry chains, the top and bottom half of shared arithmetic chains in
alternate LAB columns can be bypassed. This capability allows the shared arithmetic
chain to cascade through half of the ALMs in an LAB while leaving the other half
available for narrower fan-in functionality. Every other LAB column is top-half
bypassable, while the other LAB columns are bottom-half bypassable.

For more information on shared arithmetic chain interconnect, refer to “ALM
Interconnects” on page 2-17.
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LUT-Register Mode

LUT-Register mode allows third register capability in an ALM. Two internal feedback
loops allow combinational ALUT1 to implement the master latch and combinational
ALUTO to implement the slave latch needed for the third register. The LUT register
shares its clock, clock enable, and asynchronous clear sources with the top dedicated
register. Figure 2-12 shows the register constructed using two combinational blocks in
the ALM.

Figure 2-12. LUT Register from Two Comhinational Blocks
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Figure 2-13 shows the ALM in LUT-Register mode.
Figure 2-13. ALM in LUT-Register Mode with 3-Register Capability
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Register Chain

In addition to general routing outputs, the ALMs in any given LAB have register
chain outputs to allow registers in the same LAB to be cascaded together. The register
chain interconnect allows a LAB to use LUTs for a single combinational function and
the registers to be used for an unrelated shift register implementation. These resources
speed up connections between ALMs while saving local interconnect resources (refer
to Figure 2-14). The Quartus II Compiler automatically takes advantage of these
resources to improve utilization and performance.

Figure 2-14. Register Chain in an LAB (Note 1)

From previous ALM
in the LAB

reg_chain_in
labclk

|

To general or
Ll .
local routing

To general or
Ll .
local routing

reg1

To general or
local routing

w10 general or
> ;
local routing

regi

reg_chain_out \

To next ALM
in the LAB

giEREm R R

Note to Figure 2-14:
(1) You can use the combinational or adder logic to implement an unrelated, un-registered function.

For more information about register chain interconnect, refer to “ALM Interconnects”
on page 2-17.
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ALM Interconnects

There are three dedicated paths between ALMs: Register Cascade, Carry-chain, and
Shared Arithmetic chain. Arria II devices include an enhanced interconnect structure
in LABs for routing shared arithmetic chains and carry chains for efficient arithmetic
functions. The register chain connection allows the register output of one ALM to
connect directly to the register input of the next ALM in the LAB for fast shift
registers. These ALM-to-ALM connections bypass the local interconnect. Figure 2-15
shows the shared arithmetic chain, carry chain, and register chain interconnects.

Figure 2-15. Shared Arithmetic Chain, Carry Chain, and Register Chain Interconnects

Local interconnect

routing among ALMs
in the LAB
Carry chain & shared Register chain
. arithmeﬁc chain —— routing to adjacent
routing to adjacent ALM ALM's register input
Local
interconnect

<€—ALM 10

Clear and Preset Logic Control

LAB-wide signals control the logic for the register’s clear signal. The ALM directly
supports an asynchronous clear function. You can achieve the register preset through
the Quartus II software’s NOT-gate push-back logic option. Each LAB supports up to
two clears.

Arria II devices provide a device-wide reset pin (DEV_CLRn) that resets all registers in
the device. An option set before compilation in the Quartus II software enables this
pin. This device-wide reset overrides all other control signals.

LAB Power Management Techniques

The following techniques are used to manage static and dynamic power consumption
within the LAB:

m The Quartus II software forces all adder inputs low when ALM adders are not in
use to save AC power.

m Arria II LABs operate in high-performance mode or low-power mode. The
Quartus II software automatically chooses the appropriate mode for the LAB,
based on the design, to optimize speed versus leakage trade-offs.
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“ e For more information about implementing static and dynamic power consumption

m  Clocks represent a significant portion of dynamic power consumption due to their

high switching activity and long paths. The LAB clock that distributes a clock
signal to registers within an LAB is a significant contributor to overall clock power
consumption. Each LAB'’s clock and clock enable signal are linked. For example, a
combinational ALUT or register in a particular LAB using the l1abclk1 signal also
uses the labclkenal signal. To disable an LAB-wide clock power consumption
without disabling the entire clock tree, use the LAB-wide clock enable to gate the
LAB-wide clock. The Quartus II software automatically promotes register-level
clock enable signals to the LAB-level. All registers within the LAB that share a

common clock and clock enable are controlled by a shared, gated clock. To take
advantage of these clock enables, use a clock-enable construct in your HDL code

for the registered logic.

within the LAB, refer to the Power Optimization chapter in volume 2 of the Quartus II
Handbook.

Document Revision History

Table 2-1 lists the revision history for this document.

Table 2-1. Document Revision History

Date Version Changes

Updated for the Quartus Il software version 10.1 release:
m Added Arria Il GZ device information.

Decemver 2010 | 20 | L Opereting Modes', Normal ode” seotons.
m Added Figure 2—7 and Figure 2-8.
m Added “LAB Power Management Techniques” section.

June 2009 1.1 Updated Figure 2—6.

February 2009 1.0 Initial Release.
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A |:| ==/ 3. Memory Blocks in Arria Il Devices

AlIGX51003-3.2

This chapter describes the Arria® II device memory blocks that include 640-bit
memory logic array blocks (MLABs), 9-Kbit M9K blocks, and 144-Kbit M144K blocks.
MLABEs are optimized to implement filter delay lines, small FIFO buffers, and shift
registers. You can use the M9K blocks for general purpose memory applications and
the M144K blocks for processor code storage, packet buffering, and video frame
buffering.

['=~ M144K block is only available for Arria Il GZ devices.

You can configure each embedded memory block independently with the Quartus®II
MegaWizard™ Plug-In Manager to be a single- or dual-port RAM, FIFO, ROM, or shift
register. You can stitch together multiple blocks of the same type to produce larger
memories with a minimal timing penalty.

This chapter contains the following sections:
m “Memory Features” on page 3-2
m “Memory Modes” on page 3-10
m “Clocking Modes” on page 3-19

m “Design Considerations” on page 3—20

© 2011 Altera Corporation. All rights reserved. ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS and STRATIX are Reg. U.S. Pat. & Tm. Off.
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reserves the right to make changes to any products and services at any time without notice. Altera assumes no responsibility or liability arising out of the application or use of any
information, product, or service described herein except as expressly agreed to in writing by Altera. Altera customers are advised to obtain the latest version of device
specifications before relying on any published information and before placing orders for products or services.
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Memory Features
Table 3-1 lists the features supported by the embedded memory blocks.

Table 3—1. Summary of Memory Features in Arria Il Devices (Part 1 of 2)

MLABs M9K Blocks M144K Blocks
Feature
Arria Il GX Arria Il GZ Arria Il GX Arria Il GZ Arria Il GZ
Maximum performance 500 MHz 500 MHz 390 MHz 540 MHz 500 MHz
E‘I)tf)' RAM bits (including parity 640 640 9,216 9,216 147,456
8K x 1 8K x 1
16K x 8
4K x 2 4K x 2
64 x8 64 x8 16K x 9
2K x 4 2K x 4
64 x9 64 x9 8K x 16
1K x 8 1K x 8
i . , 64 x 10 64 x 10 8K x 18
Configurations (depth x width) 1Kx 9 1Kx 9
32x16 32x16 4K x 32
512 x 16 512 x 16
32x18 32x18 4K x 36
512 x 18 512 x18
32x20 32x20 2K x 64
256 x 32 256 x 32
2K x 72
256 x 36 256 x 36
Parity bits v v v v v
Byte enable v v v v v
Packed mode — — v v/ v
Address clock enable v v v v v
Single-port memory v v v v v
Simple dual-port memory v v v v v
True dual-port memory — — v v v
Embedded shift register v v v v v
ROM v v v v v
FIFO buffer v v v v v
Simple dual-port mixed width . . v v v
support
True dual-port mixed width . . v v v
support
Memory initialization file (.mif) v v v v v
Mixed-clock mode v v v v v
Outputs cleared if registered,
Power-up condition otherwise reads memory Outputs cleared Outputs cleared
contents.
Register clears Output registers Output registers Output registers
. . . . Write: Falling clock edges. Write and Read: Rising clock Write and Read: Rising
Write/Read operation triggering Read: Rising clock edges edges clock edges
Same-port read-during-write Outputs setto | Outputs set Outputs set to old data or Outputs set to old data or
P g old data to don’t care new data new data
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Table 3—1. Summary of Memory Features in Arria Il Devices (Part 2 of 2)

MLABs M9IK Blocks M144K Blocks
Feature
Arria Il GX Arria Il GZ Arria Il GX Arria Il GZ Arria Il GZ
Outputs set to old data, Outputs set to
Mixed-port read-during-write new data, or Outputsdse;’io old data or old data or
don’t care on't care don’t care
Built-in support in
Soft IP support using the Soft IP support using the xB4-wide simple dual-port
ECC Support Q mode or soft IP support
uartus Il software Quartus Il software .
using the Quartus Il
software

Table 3-2 lists the capacity and distribution of the memory blocks in each Arria II
device.

Table 3-2. Memory Capacity and Distribution in Arria Il Devices

Device MLABs M9K Blocks M144K Total RAM Bits (including MLABs) (Kbits)

EP2AGX45 903 319 — 3,435

EP2AGX65 1,265 495 — 5,246
EP2AGX95 1,874 612 — 6,679
EP2AGX125 2,482 730 — 8,121

EP2AGX190 3,806 840 — 9,939
EP2AGX260 5,130 950 — 11,756
EP2AGZ225 4,480 1,235 — 13,915
EP2AGZ300 5,960 1,248 24 18,413
EP2AGZ350 6,970 1,248 36 20,772

Memory Block Types

MO9K and M144K memory blocks are dedicated resources. MLABs are dual-purpose
blocks. You can configure the MLABs as regular logic array blocks (LABs) or as
MLABs. Ten ALMs make up one MLAB. You can configure each ALM in an MLAB as
either a 64 x 1 or a 32 x 2 block, resulting in a 64 x 10 or 32 x 20 simple dual-port
SRAM block in a single MLAB.

Parity Bit Support

All memory blocks have built-in parity bit support. The ninth bit associated with each
byte can store a parity bit or serve as an additional data bit. No parity function is
actually performed on the ninth bit.

Byte Enahle Support

All memory blocks support byte enables that mask the input data so that only specific
bytes of data are written. The unwritten bytes retain the previous written value. The
write enable (wren) signals, along with the byte enable (byteena) signals, control the
write operations of the RAM blocks.
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The default value for the byte enable signals is high (enabled), in which case writing is
controlled only by the write enable signals. The byte enable registers have no clear
port. When using parity bits on the M9K and M144K blocks, the byte enable controls
all 9 bits (8 bits of data plus 1 parity bit). When using parity bits on the MLAB, the
byte-enable controls all 10 bits in the widest mode.

Byte enables are only supported for true dual-port memory configurations when both
the PortA and PortB data widths of the individual M9K memory blocks are multiples
of 8 or 9 bits. For example, you cannot use byte enable for a mixed data width
memory configured with portA=32 and portB=8 because the mixed data width
memory is implemented as 2 separate 16 x 4 bit memories.

Byte enables operate in a one-hot fashion, with the LSB of the byteena signal
corresponding to the LSB of the data bus. For example, if you use a RAM block in x18
mode, byteena = 01,datal[8..0] is enabled and data[17..9] is disabled. Similarly, if
byteena = 11, both data[8..0] and data[17..9] are enabled. Byte enables are active
high.

['=”  You cannot use the byte enable feature when using the error correction coding (ECC)
feature on M144K blocks.

Figure 3-1 shows how the write enable (wren) and byte enable (byteena) signals
control the operations of the M9K and M144K memory blocks.

When a byte-enable bit is deasserted during a write cycle, the corresponding data byte
output can appear as either a “don’t care” value or the current data at that location.
The output value for the masked byte is controllable using the Quartus II software.
When a byte-enable bit is asserted during a write cycle, the corresponding data byte
output also depends on the setting chosen in the Quartus II software.

Figure 3-1. Byte Enable Functional Waveform for M9K and M144K

inclock
wren
address an >< a0 >< al >< a2 >< a0 >< al >< a2 ><
data XXXX >< ABCD >< XXXX
byteena XX >< 10 >< 01 >< 11 >< XX
contents at a0 FFFF >< ABFF
contents at a1 FFFF >< FFCD
contents at a2 FFFF >< ABCD

don't care: q (asynch) X doutn >< ABXX >< XXCD >< ABCD >< ABFF >< FFCD >< ABCD

current data: q (asynch) >< doutn >< ABFF >< FFCD >< ABCD >< ABFF >< FFCD >< ABCD
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Figure 3-2 shows how the wren and byteena signals control the operations of the
MLABs. Falling clock edges triggers the write operation in MLABs.

Figure 3-2. Byte Enable Functional Waveform for MLABs

inclock /_\_/_\_/_\_/_\_/_\_/_\_/_\_

wren
address an >< a0 >< ai >< a2 >< a0 >< ai >< a2 ><:
data XXXX >< ABCD >< XXXX
byteena XX >< 10 >< 01 >< 11 >< XX
contents at a0 FFFF >< ABFF
contents at al FFFF >< FFCD
contents at a2 FFFF >< ABCD

current data: g (asynch) doutn ><FFFF><ABFF><FFFF><FFCD><FFFF><ABCD>< ABFF >< FFCD >< FFCD

Packed Mode Support

Arria II M9K and M144K blocks support packed mode. The packed mode feature
packs two independent single-port RAMs into one memory block. The Quartus II
software automatically implements the packed mode where appropriate by placing
the physical RAM block into true dual-port mode and using the MSB of the address to
distinguish between the two logical RAMs. The size of each independent single-port
RAM must not exceed half of the target block size.

Address Clock Enable Support

Arria II memory blocks support address clock enable, which holds the previous
address value for as long as the signal is enabled (addressstall = 1). When you
configure the memory blocks in dual-port mode, each port has its own independent
address clock enable. The default value for the address clock enable signal is low
(disabled).
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Figure 3-3 shows an address clock enable block diagram. The port name
addressstall refers to the address clock enable.

Figure 3-3. Address Clock Enable

address[0] -
address|[0] B register »| address[0]

L] ° °

L] Y o

L] Y O

; 1 addressIN]l ¢y, | address[N
address[N] o register (N]
addressstall
*—]
clock

Figure 3-4 shows the address clock enable waveform during the read cycle.

Figure 3-4. Address Clock Enable During Read Cycle Waveform

rdaddress >< a0 X ai X a2 >< a3 >< a4 >< a5 X a6

rden

addressstall \

latched add

(nsice memary) 21 X0 X a X2t Y= X
g (synch) doutn-1>< doutn >< dout0 >< doutt >< dout4 ><
g (asynch) doutn >< dout0 >< dout1 >< dout4>< dout5
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Figure 3-5 shows the address clock enable waveform during write cycle for M9K and
M144K blocks.

Figure 3-5. Address Clock Enable During Write Cycle Waveform for M9K and M144K Blocks

inclock _/_\_/_\_/_\_/_\_/_\_/_\_/_
wraddress >< a0 >< al >< a2 >< a3 >< a4 >< ab >< ab
data X 00 X ot X 02 X o3 X o4 X 05 X o6

wren

addressstall /
(naide memary) 21 X__20_ X af X_aa X X

contents at a0 XX >< 00

contents at a1 XX X ot X 02 X 03

contents at a2 XX

contents at a3 XX

contents at a4 XX X 04

contents at a5 XX X 05

Figure 3-6 shows the address clock enable waveform during the write cycle for
MLABs.

Figure 3-6. Address Clock Enable During Write Cycle Waveform for MLABs

inclock _/_\_/_\_/_\_/_\_/_\_/_\_/_
wraddress >< a0 X a1t ¥ a2 X a3 X a4 X a5 X a6
daa X 00 X ot X 02 X o3 X 04 X 05 X o6

wren

addressstall
latched address
0 al a4 a5
(inside memory) an a X X X ><:
contents at a0 XX >< 00

contents at a1l XX >< 01 >< 02 >< 03

contents at a2 XX

contents at a3 XX

contents at a4 XX >< 04

contents at a5 XX X 05
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Mixed Width Support

I =

MO9K and M144K blocks support mixed data widths inherently. MLABs can support
mixed data widths through emulation with the Quartus II software. When using
simple dual-port, true dual-port, or FIFO modes, mixed width support allows you to
read and write different data widths to a memory block. For more information about
the different widths supported per memory mode, refer to “Memory Modes” on
page 3-10.

MLABs do not support mixed-width FIFO mode.

Asynchronous Clear

Arria Il memory blocks support asynchronous clears on the output latches and output
registers. Therefore, if your RAM is not using output registers, you can still clear the
RAM outputs using the output latch asynchronous clear. Figure 3-7 shows a
functional waveform showing this functionality.

Figure 3-7. Output Latch Asynchronous Clear Waveform

outclk

aclr

aclr at latch

q

X K

You can selectively enable asynchronous clears per logical memory using the RAM
MegaWizard Plug-In Manager.

e For more information about the RAM MegaWizard Plug-In Manager, refer to the

Internal Memory (RAM and ROM) Megafunction User Guide.

Error Correction Code Support

Arria II GZ M144K blocks have built-in support for ECC when in x64-wide simple
dual-port mode. ECC allows you to detect and correct data errors in the memory
array. The M144K blocks have a single-error-correction double-error-detection
(SECDED) implementation. SECDED can detect and fix a single bit error in a 64-bit
word, or detect two bit errors in a 64-bit word. It cannot detect three or more errors.

The M144K ECC status is communicated using a three-bit status flag
(eccstatus[2..0]). The status flag can be either registered or unregistered. When
registered, it uses the same clock and asynchronous clear signals as the output
registers. When unregistered, it cannot be asynchronously cleared.
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Table 3-3 lists the truth table for the ECC status flags.

Table 3-3. Truth Table for ECC Status Flags in Arria Il Devices

Status eccstatus[2] eccstatus[1] eccstatus|0]
No error 0 0 0
Single error and fixed 0 1 1
Double error and no fix 1 0 1
lllegal 0 0 1
lllegal 0 1 0
lllegal 1 0 0
lllegal 1 1 X

I'=" You cannot use the byte enable feature when ECC is engaged.
[~ Read-during-write old data mode is not supported when ECC is engaged.
Figure 3-8 shows a diagram of the ECC block of the M144K block.

Figure 3-8. ECC Block Diagram of the M144K Block

8
64 64 8 72 72
Data Input > SECDED > i & £ SECDED Comparator
Encoder Array Encoder )
64 8
8
64
 / \ 4
Error Flag
Locator Generator
64 3
\ 4  /
Error Status Flags
Correction
Block
64
Data Output
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Memory Modes

Arria Il memory blocks allow you to implement fully synchronous SRAM memory in
multiple modes of operation. M9K and M144K blocks do not support asynchronous
memory (unregistered inputs). MLABs support asynchronous (flow-through) read
operations.

Depending on which memory block you target, you can use the following modes:
m “Single-Port RAM Mode” on page 3-10
m “Simple Dual-Port Mode” on page 3-12
m “True Dual-Port Mode” on page 3-15
m “Shift-Register Mode” on page 3-17
m “ROM Mode” on page 3-18
m “FIFO Mode” on page 3-18
'~ To choose the desired read-during-write behavior, set the read-during-write behavior
to either new data, old data, or don't care in the RAM MegaWizard Plug-In Manager

in the Quartus II software. For more information about this behavior, refer to
“Read-During-Write Behavior” on page 3-21.

['=~ When using the memory blocks in ROM, single-port, simple dual-port, or true
dual-port mode, you can corrupt the memory contents if you violate the setup or hold
time on any of the memory block input registers. This applies to both read and write
operations.

Single-Port RAM Mode

All memory blocks support single-port mode. Single-port mode allows you to do
either a one-read or a one-write operation at a time. Simultaneous reads and writes
are not supported in single-port mode. Figure 3-9 shows the single-port RAM
configuration.

Figure 3-9. Single-Port Memory (Noie 1)

—p-| data[]
——p-| address|[]
—P|wren
—- | hyteenal]
— | addressstall q[] f——>
— D> inclock outclock <l€—
——p|clockena
—p{rden
— p|aclr

Note to Figure 3-9:

(1) You can implement two single-port memory blocks in a single M9K and M144K blocks. For more information, refer
to “Packed Mode Support” on page 3-5.

Arria |l Device Handbook Volume 1: Device Interfaces and Integration December 2011  Altera Corporation



Chapter 3: Memory Blocks in Arria Il Devices 3-11
Memory Modes

During a write operation, the RAM output behavior is configurable. If you use the
read-enable signal and perform a write operation with the read enable deactivated,
the RAM outputs retain the values they held during the most recent active read
enable. If you activate read enable during a write operation, or if you do not use the
read-enable signal at all, the RAM outputs show the “new data” being written, the
“old data” at that address, or a “don’t care” value.

Table 34 lists the possible port width configurations for memory blocks in single-port
mode.

Tahle 3-4. Port Width Configurations for MLABs, M9IK, and M144K Blocks (Single-Port Mode)

Port Width Configurations
MLABs MIK Blocks M144K Blocks
8K x 1
16K x 8
4K x 2
64 x 8 16K x 9
2K x 4
64 x9 8K x 16
1K x 8
64 x 10 8K x 18
1Kx9
32x16 4K x 32
512 x 16
32 x18 4K x 36
512x 18
32 x20 2K x 64
256 x 32
2K x 72
256 x 36

Figure 3-10 shows timing waveforms for read and write operations in single-port
mode with unregistered outputs for MIK and M144K blocks. Registering the MK
and M144K block outputs delay the g output by one clock cycle.

Figure 3-10. Timing Waveform for Read-Write Operations for MIK and M144K Blocks (Single-Port Mode)

Clk—a J\I\I\—/_\_/_\_ﬂ_/

wrena J
rdena /

address_a a0 >< at
s a0 e XX
g_a (asynch) ><10(old data>< A >< B ><11(old data)>< D >< E
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Figure 3-11 shows the timing waveforms for read and write operations in single-port
mode with unregistered outputs for the MLAB. The rising clock edges trigger the read
operation whereas the falling clock edges triggers the write operation.

Figure 3-11. Timing Waveform for Read-Write Operations for MLABs (Single-Port Mode)

wa /NN NS S S\
wrena J

rdena

address_a >< ao >< at ><
data_a >< A >< B >< c D >< E F ><
watemnan gyl 2 X e X ok o X = X

Simple Dual-Port Mode

All memory blocks support simple dual-port mode. Simple dual-port mode allows
you to perform one-read and one-write operation to different locations at the same
time. The write operation occurs on port A; the read operation occurs on port B.

DN/

Figure 3-12 shows a simple dual-port configuration. Simple dual-port RAM supports
input and output clock mode in addition to the read and write clock mode.

Figure 3-12. Arria Il Simple Dual-Port Memory

—pp data[] rdaddress[] |<——m
—pp| Wraddress|] rden |€¢—
—— wren ql] f—>
—p byteenal] rd_addressstall ¢———
—— | wr_addressstall rdclock <l———
——— P> wrclock rdclocken |€——
— | wrclocken ecc_status (1)  (f——p
— | aclr

Note to Figure 3-12:
(1) Only available for Arria Il GZ devices.
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Simple dual-port mode supports different read and write data widths (mixed width
support). Table 3-5 lists the mixed width configurations for the M9K blocks in simple
dual-port mode. MLABs do not have native support for mixed width operations. The
Quartus II software can implement mixed width memories in MLABs with more than
one MLAB.

Table 3-5. M9K Block Mixed-Width Configurations (Simple Dual-Port Mode)

Write Port
Read Port
8Kx1 | 4Kx2 | 2Kx4 | 1Kx8 | 512x16 | 256x32 | 1Kx9 | 512x 18 | 256 x 36
8K x 1 v v v v v v — — —
4K x 2 v v v v v v — — —
2K x 4 v v v v v v — — —
1Kx 8 v v v v v v — — —
512 x 16 v v v v v v — — —
256 x 32 v v v v v v — — —
1K= 9 — — — — — — v v v
512x18 — — — — — — v v v
256 x 36 — — — — — — v v v

Table 3-6 lists the mixed-width configurations for M144K blocks in simple dual-port
mode.

Table 3-6. M144K Block Mixed-Width Configurations (Simple Dual-Port Mode)

Write Port
Read Port
16Kx8 | 8Kx16 | 4Kx32 | 2Kx64 | 16Kx9 | 8Kx18 | 4Kx36 | 2K=x72
16K x 8 v v v v — — — —
8K x 16 v v v v — — — —
4K x 32 v v v v — — — —
2K x 64 v v v v — — — —
16K x 9 — — — — v v v v
8K x 18 — — — — v v v v
4K x 36 — — — — v v v v
2K x 72 — — — — v v v v

In simple dual-port mode, M9K and M144K blocks support separate write-enable and
read-enable signals. Read-during-write operations to the same address can either
output a “don’t care” or “old data” value.

MLABs only support a write-enable signal. Read-during-write behavior for the
MLABSs can be either a “don’t care” or “old data” value. The available choices depend
on the configuration of the MLAB.
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Figure 3-13 shows timing waveforms for read and write operations in simple
dual-port mode with unregistered outputs for MOK and M144K blocks. Registering
the M9K and M144K block outputs delay the g output by one clock cycle.

Figure 3-13. Simple Dual-Port Timing Waveforms for M9K and M144K Blocks

wrelock _/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/—

wren

wraddress an-1 >< an >< a0 >< at >< a2 >< a3 >< a4 >< a5 >< a6
data  din-1 X din X X X X X X X X X X X X X dina X din5 X din6

rden
rdaddress bn >< bo >< b1 >< b2 >< b3
g(asynch) doutn-1 X doutn X douto

Figure 3-14 shows the timing waveforms for read and write operations in simple
dual-port mode with unregistered outputs in the MLAB. The write operation is
triggered by the falling clock edges.

Figure 3—14. Simple Dual-Port Timing Waveforms for MLABs

wren

wraddress an-1 X an ¥ a0 X at X a2 X a3 ¥ a4 ¥ a5 X a6
data  din-1 X din X X X X X X X X X X X X X dina X din5 X ding
rden \

rdaddress bn X b0 >< b1 X b2 X b3

g (asynch)  doutn-1 X doutn X dout0
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Figure 3-15 shows timing waveforms for read and write operations in mixed-port

mode with unregistered outputs.

Figure 3-15. Mixed-Port Read-During-Write Timing Waveforms

wo /NS S S\

address ><

AO X

A1

X

rdena /

wrena /

byteena ><

o1 X

10 X o0 X

11

X

data_a

X a123 X B4s6 ¥ c7s9 X ppDD X EEEE X FFFF X

q_a (asynch)

X0 (old date)) DoieDoic23 X B423 X At(olddata) DDDD X EEEE )

True Dual-Port Mode

Arria II M9K and M144K blocks support true dual-port mode. Sometimes called

bidirectional dual-port, this mode allows you to perform any combination of two-port

operations: two reads, two writes, or one read and one write at two different clock
frequencies. True dual-port memory supports input and output clock mode in

addition to the independent clock mode.

Figure 3-16 shows the true dual-port RAM configuration.

Figure 3-16. Arria Il True Dual-Port Memory

data_a[]
address_a[]
wren_a
byteena_a[]
addressstall_a
>clock_a
enable_a
rden_a

aclr_a

q_af]

data_Db[]
address_Db[]
wren_b
byteena_bl]
addressstall_b
clock_b <
enable_b
rden_b

aclr_b

q_bl[]

The widest bit configuration of the M9K and M144K blocks in true dual-port mode

are:

December 2011

B MOIK: 512 x 16-bit (or 512 x 18-bit with parity)
B M144K: 4K x 32-bit (or 4K x 36-bit with parity)

Wider configurations are unavailable because the number of output drivers is

equivalent to the maximum bit width of the respective memory block. Because true
dual-port RAM has outputs on two ports, its maximum width equals half of the total

number of output drivers.
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Table 37 lists the possible MIK block mixed-port width configurations in true

dual-port mode.

Table 3-7. M9K Block Mixed-Width Configuration (True-Dual Port Mode)

Write Port

Read Port
8

o
X
Y

4K x 2

=
x

4 1K x 8

512 x 16

1Kx9 | 512x18

8K x 1

4K x 2

2K x 4

1K x 8

ANENANANAY

512 x 16

ANENANENAN

ANENANENAN

ANENANANAY

ANENANENAN

1Kx9

512 x 18

v
v v

Table 3-8 lists the possible M144K block mixed-port width configurations in true

dual-port mode.

Tahle 3-8. M144K Block Mixed-Width Configurations (True Dual-Port Mode)

Write Port
Read Port
16Kx8 | 8Kx16 | 4Kx32 | 16Kx9 | 8Kx18 | 4K x 36
16K x 8 v v v — — —
8K x 16 v v v — — —
4K x 32 v v v — — —
16K x 9 — — — v v v
8K x 18 — — — v v v
4K x 36 — — — v v v

In true dual-port mode, M9K and M144K blocks support separate write-enable and
read-enable signals. You can save power by keeping the read-enable signal low

(inactive) when not reading. Read-during-write operations to the same address can
either output “new data” at that location or “old data”.

In true dual-port mode, you can access any memory location at any time from either
port. When accessing the same memory location from both ports, you must avoid
possible write conflicts. A write conflict happens when you attempt to write to the
same address location from both ports at the same time. This results in unknown data
being stored to that address location. Conflict resolution circuitry is not built into the
Arria II memory blocks. You must handle address conflicts external to the RAM block.
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Figure 3-17 shows true dual-port timing waveforms for the write operation at port A
and the read operation at port B with the read-during-write behavior set to new data.
Registering the RAM outputs delay the g outputs by one clock cycle.

Figure 3-17. True Dual-Port Timing Waveform

awa /N S S S
address_a an-1 >< an >< a0 >< ail >< a2 >< a3 >< a4 >< a5 X a6
data_a din-t X din XX X X X X X X X X X X X dina X dins X din6
q_a (asynch) X din-t X din X douto X doutt X doutz X doutd X din4 X din5

wren_b
address_b bn X bo X b1 X b2 X b3
g_b (asynch) doutn-1 >< doutn >< dout0 >< dout1 X dout2

Shift-Register Mode

All Arria II memory blocks support shift register mode. Embedded memory block
configurations can implement shift registers for digital signal processing (DSP)
applications, such as finite impulse response (FIR) filters, pseudo-random number
generators, multi-channel filtering, and auto- and cross-correlation functions. These
and other DSP applications require local data storage, traditionally implemented with
standard flipflops that quickly exhaust many logic cells for large shift registers. A
more efficient alternative is to use embedded memory as a shift-register block, which
saves logic cell and routing resources.

The size of a shift register (w x m x n) is determined by the input data width (w), the
length of the taps (m), and the number of taps (n). You can cascade memory blocks to
implement larger shift registers.
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Figure 3-18 shows the memory block in shift-register mode.

Figure 3-18. Shift-Register Memory Configuration

w x m x n Shift Register

m-Bit Shift Register
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°
°
°
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m-Bit Shift Register
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°
°
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°
°
°

\ 4
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Y

All Arria II memory blocks support ROM mode. A .mif initializes the ROM contents
of these blocks. The address lines of the ROM are registered on M9K and M144K
blocks; however, they can be unregistered on MLABs. The outputs can be registered
or unregistered. Output registers can be asynchronously cleared. The ROM read
operation is identical to the read operation in the single-port RAM configuration.

FIFO Mode

All memory blocks support FIFO mode. MLABs are ideal for designs with many
small, shallow FIFO buffers. To implement FIFO buffers in your design, you can use
the FIFO MegaWizard Plug-In Manager in the Quartus II software. Both single- and
dual-clock (asynchronous) FIFOs are supported.
“ e For more information about implementing FIFO bulffers, refer to the SCFIFO and
DCFIFO Megafunctions User Guide.

"=~ MLABs do not support mixed-width FIFO mode.
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Clocking Modes

Arria II memory blocks support the following clocking modes:
m “Independent Clock Mode” on page 3-19

m “Input and Output Clock Mode” on page 3-19

m “Read and Write Clock Mode” on page 3-19

m “Single Clock Mode” on page 3-20

A Violating the setup or hold time on the memory block address registers could corrupt

CAUTION

the memory contents. This applies to both read and write operations.

Table 3-9 lists the supported clocking mode/memory mode combinations.

Table 3-9. Internal Memory Clock Modes for Arria Il Devices

Clocking Mode | True Dual-Port Mode | Simple Dual-Port Mode | Single-Port Mode | ROM Mode | FIFO Mode
Independent v — — v —
Input and output v v v v —
Read and write — v — — v
Single clock v v v v v

Independent Clock Mode

Arria II memory blocks can implement independent clock mode for true dual-port
memories. In this mode, a separate clock is available for each port (clock A and

clock B). Clock A controls all registers on the port A side; clock B controls all registers
on the port B side. Each port also supports independent clock enables for both port A
and port B registers, respectively. Asynchronous clears are supported only for output
latches and output registers on both ports.

Input and Output Clock Mode

Arria II memory blocks can implement input and output clock mode for true and
simple dual-port memories. In this mode, an input clock controls all registers related
to the data input to the memory block including data, address, byte enables, read
enables, and write enables. An output clock controls the data output registers.
Asynchronous clears are available on output latches and output registers only.

Read and Write Clock Mode

Arria II memory blocks can implement read and write clock mode for simple
dual-port memories. In this mode, a write clock controls the data-input,
write-address, and write-enable registers. Similarly, a read clock controls the
data-output, read-address, and read-enable registers. The memory blocks support
independent clock enables for both the read and write clocks. Asynchronous clears
are available on data output latches and registers only.
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When using read and write clock mode, the output read data is unknown if you
perform a simultaneous read and write to the same address location. If you require
the output data to be a known value, use either single clock mode or input and output
clock mode, and choose the appropriate read-during-write behavior in the
MegaWizard Plug-In Manager.

Single Clock Mode

Arria Il memory blocks can implement single clock mode for true dual-port, simple
dual-port, and single-port memories. In this mode, a single clock, together with a
clock enable, is used to control all registers of the memory block. Asynchronous clears
are available on output latches and output registers only.

Design Considerations

This section describes guidelines for designing with memory blocks.

Selecting Memory Block

The Quartus II software automatically partitions user-defined memory into
embedded memory blocks by taking into account both speed and size constraints
placed on your design. For example, the Quartus II software may spread out memory
across multiple memory blocks when resources are available to increase the
performance of your design. You can manually assign memory to a specific block size
using the RAM MegaWizard Plug-In Manager.

MLABs can implement single-port SRAM through emulation with the Quartus II
software. Emulation results in minimal additional logic resources used. Because of the
dual-purpose architecture of the MLAB, it only has data input registers and output
registers in the block. MLABs gain input address registers and additional optional
data output registers from adjacent ALMs with register packing.

For more information about register packing, refer to the Logic Array Blocks and
Adaptive Logic Modules in Arria 1l Devices chapter.

Conflict Resolution

When using the memory blocks in true dual-port mode, it is possible to attempt two
write operations to the same memory location (address). Because there is no conflict
resolution circuitry built into the memory blocks, this results in unknown data being
written to that location. Therefore, you must implement conflict resolution logic,
external to the memory block, to avoid address conflicts.
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Read-During-Write Behavior

You can customize the read-during-write behavior of the Arria II memory blocks to
suit your design requirements. The two types of read-during-write operations are
same port and mixed port. Figure 3-19 shows the difference between the same port
and mixed port.

Figure 3-19. Read-During-Write Data Flow

> Port A Port B -
data in data in
; ; —— Mixed-port
i : data flow
E : ---- Same-port
; ; data flow
v v
Port A Port B
<+
data out data out
>

Same-Port Read-During-Write Mode

This mode applies to either a single-port RAM or the same port of a true dual-port
RAM. In same-port read-during-write mode, three output choices are available: new
data mode (or flow-through), old data mode, or don’t care mode. In new data mode,
the new data is available on the rising edge of the same clock cycle on which it was
written. In old data mode, the RAM outputs reflect the old data at that address before
the write operation proceeds. In don’t care mode, the RAM outputs “don’t care”
values for a read-during-write operation.

Figure 3-20 shows sample functional waveforms of same-port read-during-write
behavior in don’t care mode for MLABs.

Figure 3-20. MLABs Blocks Same Port Read-During Write: Don’t Care Mode

ck_a w
address XX X AO >< A1 X A2

data_in XX X FFFF X AAAA X XXxx
wrena /

g(unregistered) XX Xao(l dalax FFFF >€\1 (old data)X AAAA ><\2(old data) K

q(registered) XX >< FFFF >< AAAA >

December 2011  Altera Corporation Arria Il Device Handbook Volume 1: Device Interfaces and Integration



3-22 Chapter 3: Memory Blocks in Arria Il Devices
Design Considerations

Figure 3-21 shows sample functional waveforms of same-port read-during-write
behavior in new data mode.

Figure 3-21. M9K and M144K Blocks Same Port Read-During Write: New Data Mode

wa NS NSNS S\
address >< 0A >< 0B >C

rdena /
wrena #
byteena >< 01 >< 10 >< 00 >< 11 X

data_a X A123 X B456 X C789 X DDDD X EEEE X FFFF )C

q_a (asynch) X xx23 X B4axx X Xxxx X DDDD X EEEE X FFFF )

Figure 3-22 shows sample functional waveforms of same-port read-during-write
behavior in old data mode.

Figure 3-22. M9K and M144K Blocks Same Port Read-During-Write: Old Data Mode

wa NSNS NS NSNS\
address < >< A0 >< A1 X
rdena 4

wrena /
byteena< >< 01 >< 10 >< 00 >< 11 ><:
data_a ( X 123 X Base X c789 X ppDD X EEEE X FFFF X

q_a (asynch) ( X A0 (old data) DoiaDoic28 X B423 X A1(old data) DDDD X EEEE )

For MLABs, the output of the MLABs can only be set to don’t care in same-port
read-during-write mode. In this mode, the output of the MLABs is unknown during a
write cycle. There is a window near the falling edge of the clock during which the
output is unknown. Prior to that window, “old data” is read out; after that window,
“new data” is seen at the output.
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Mixed-Port Read-During-Write Mode

This mode applies to a RAM in simple or true dual-port mode that has one port
reading from and the other port writing to the same address location with the same
clock. In this mode, you can choose “old data”, “new data” or “don’t care” values as
the output.

For old data mode, a read-during-write operation to different ports causes the RAM
outputs to reflect the “old data” value at that address location.

For new data mode, a read-during-write operation to different ports causes the MLAB
registered output to reflect the “new data” value on the next rising edge after the data
is written to the MLAB memory.

For don’t care mode, the same operation results in a “don’t care” or “unknown” value
on the RAM outputs.

Read-during-write behavior is controlled using the RAM MegaWizard Plug-In
Manager. For more information about how to implement the desired behavior, refer to
the Internal Memory (RAM and ROM) Megafunction User Guide.

Figure 3-23 shows a sample functional waveform of mixed-port read-during-write
behavior for old data mode in MLABs.

Figure 3-23. MLABs Mixed-Port Read-During-Write: Old Data Mode

wraddress X A0 >< Al ><
rdaddress X A0 >< Al ><

gatain X Aaaa X BBBB Y cccc) DDDD Y EEEE X FRFF X

wrena /

byeenaa %11 W o1 X 10 X 11 ¥ or Y 10 ¥

q_b(registered) ><A0 (oldcata)  AAAA X' AABB X At(old data)){ DDDD>< DDEE
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Figure 3-24 shows a sample functional waveform of mixed-port read-during-write
behavior for new data mode in MLABs.

Figure 3-24. MLABs Mixed-Port Read-During-Write: New Data Mode

wren_a /

address_a X ) X At X

data_a X_AAAA X BBBB X CCCC X DDDD X EEEE X FFFF X

byteena_a X i X
a_b (registered) XXXX X asan X BBBB X cccc X DDDD X EEEE X FFFF )

Figure 3-25 shows a sample functional waveform of mixed-port read-during-write
behavior for don’t care mode in MLABs.

Figure 3-25. MLABs Mixed-Port Read-During-Write: Don’t Care Mode

clk_a m

wraddress X A0 >< Al ><
rdaddress X AO >< Al ><

data_in X _aaaa X BBBB X cccc X popp ¥ EEee X FFFF Y

wrena /
byteena_a X 11 X ot X 10 X 11t X ot X 10 ¥

q_b(registered) }( AAAA X AABB X CCBB X DDDD X DDEE ¥ FFEE
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Figure 3-26 shows a sample functional waveform of mixed-port read-during-write
behavior in old data mode.

Figure 3-26. M9K and M144K Mixed Port Read During Write: Old Data Mode

ey AW AW W WA
wrena /

address_a >< AO >< A1 ><:
data_a X AAAA X BBBB X cccC X DDDD X EEEE X FFFF X
byteena >< 11 >< 01 >< 10 >< 11
rdenb —/
address_b A0 >< A1 ><:

q_b_(asynch) X A0 (old data)  AAAA X AABB X Al(olddata) DDDD X EEEE )

Figure 3-27 shows a sample functional waveform of mixed-port read-during-write
behavior for don’t care mode in M9K and M144K blocks.

Figure 3-27. M9K and M144K Mixed-Port Read-During-Write: Don’t Care Mode

clk_a&b J\I\_/_\_/—\m
i

wrena

address_a >< AO >< Al ><:
data_a X AAAA X BBBB X cccC X DDDD X EEEE X FFFF X
byteena >< 11 >< 01 >< 10 >< 1

rdenb /
address_b >< A0 X Al ><:

q_b_(asynch) >< XXXX (unknown data) X

Mixed-port read-during-write is not supported when two different clocks are used in
a dual-port RAM. The output value is unknown during a dual-clock mixed-port
read-during-write operation.
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Power-Up Conditions and Memory Initialization

MOIK and M144K block outputs power up to zero (cleared), regardless of whether the
output registers are used or bypassed. MLABs power up to zero if the output registers
are used and power up reading the memory contents if the output registers are not
used. You must take this into consideration when designing logic that might evaluate
the initial power-up values of the MLAB memory block. For Arria II devices, the
Quartus II software initializes the RAM cells to zero unless there is a .mif file
specified.

All memory blocks support initialization using a .mif. You can create .mif files in the
Quartus II software and specify their use with the RAM MegaWizard Plug-In
Manager when instantiating a memory in your design. Even if a memory is
pre-initialized (for example, using a .mif), it still powers up with its outputs cleared.
“ e For more information about .mif files, refer to the Internal Memory (RAM and ROM)
Megafunction User Guide and the Quartus I Handbook.

Power Management

Arria II memory block clock enables allow you to control clocking of each memory
block to reduce AC-power consumption. Use the read-enable signal to ensure that
read operations only occur when you need them to. If your design does not require
read-during-write, you can reduce your power consumption by deasserting the
read-enable signal during write operations or any period when no memory
operations occur.

The Quartus Il software automatically places any unused memory block in low power
mode to reduce static power.
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Document Revision History

Table 3-10 lists the revision history for this chapter.

Tahle 3-10. Document Revision History

Date Version Changes
m Updated Table 3—1.
m Updated “Byte Enable Support” and “Mixed-Port Read-During-Write Mode” sections.

December 2011 3.2

m Updated Table 3-1.
June 2011 3.1 m Updated the “Mixed-Port Read-During-Write Mode” section.
m Minor text edits.

m Updated for the Quartus Il software version 10.1 release.

m Added Arria Il GZ devices information.

m Updated Table 3—1 and Table 3-2.

m Updated Figure 3—10, Figure 3—12, and Figure 3-16.

m Added Table 3—-6 and Table 3-8.

m Added Figure 3-10, Figure 3—15, Figure 3-21, Figure 3—23, and Figure 3—-24.
m Added “Error Correction Code Support” section.

= Minor text edit.

December 2010 3.0

Updated for Arria Il GX v9.1 release:
m Updated Table 3-2

m Updated Figure 3-16

m Minor text edit

November 2009 2.0

m Updated Table 3—1

m Updated “Byte Enable Support”, “Simple Dual-Port Mode”, and “Read and Write Clock
Mode” sections

June 2009 1.1 , , , , , ,
m Updated Figure 3—1, Figure 3-2, Figure 3-5, Figure 3-9, Figure 3-12, Figure 3-18,
Figure 3-19, and Figure 3-20
m Added Figure 3-2, Figure 3-6, Figure 3-10, and Figure 3-13
February 2009 1.0 Initial release
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This chapter describes how the dedicated high-performance digital signal processing
(DSP) blocks in Arria® II device are optimized to support DSP applications requiring
high data throughput, such as finite impulse response (FIR) filters, infinite impulse
response (IIR) filters, fast Fourier transform (FFT) functions, and encoders. You can
configure the DSP blocks to implement one of several operational modes to suit your
application. The built-in shift register chain, multipliers, and adders/subtractors
minimize the amount of external logic to implement these functions, resulting in
efficient resource utilization and improved performance and data throughput for DSP
applications.

These DSP blocks are the fourth generation of hardwired, fixed-function silicon blocks
dedicated to maximizing signal processing capability and ease-of-use at the lowest
silicon cost.

Many complex systems, such as WiMAX, 3GPP WCDMA, high-performance
computing (HPC), voice over Internet protocol (VoIP), H.264 video compression,
medical imaging, and HDTV, use sophisticated DSP techniques. Arria II devices are
ideally suited for these systems because the DSP blocks consist of a combination of
dedicated elements that perform multiplication, addition, subtraction, accumulation,
summation, and dynamic shift operations.

Along with the high-performance Arria II soft logic fabric and memory structures,
you can configure DSP blocks to build sophisticated fixed-point and floating-point
arithmetic functions. These can be manipulated easily to implement common, larger
computationally intensive subsystems such as FIR filters, complex FIR filters, IIR
filters, FFT functions, and discrete cosine transform (DCT) functions.

This chapter contains the following sections:

m  “DSP Block Overview” on page 4-2

m “Simplified DSP Operation” on page 44

m “Operational Modes Overview” on page 4-7
|

“DSP Block Resource Descriptions” on page 4-8

“Arria II Operational Mode Descriptions” on page 4-14
m “Software Support for Arria II Devices” on page 4-31
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DSP Block Overview

Arria II GX devices have two to four columns of DSP blocks, while Arria II GZ
devices have two to seven columns of DSP blocks. These DSP blocks implement
multiplication, multiply-add, multiply-accumulate (MAC), and dynamic shift
functions. Architectural highlights of the Arria II DSP block include:

High-performance, power-optimized, fully registered, and pipelined
multiplication operations

Natively supported 9-bit, 12-bit, 18-bit, and 36-bit word lengths
Natively supported 18-bit complex multiplications

Efficiently supported floating-point arithmetic formats (24 bits for single precision
and 53 bits for double precision)

Signed and unsigned input support

Built-in addition, subtraction, and accumulation units to efficiently combine
multiplication results

Cascading 18-bit input bus to form tap-delay line for filtering applications

Cascading 44-bit output bus to propagate output results from one block to the next
block without external logic support

Rich and flexible arithmetic rounding and saturation units
Efficient barrel shifter support
Loopback capability to support adaptive filtering

Arria |l Device Handbook Volume 1: Device Interfaces and Integration December 2010 Altera Corporation



Chapter 4: DSP Blocks in Arria Il Devices

DSP Block Overview

4-3

Table 4-1 lists the number of DSP blocks in Arria II devices.

Table 4-1. Number of DSP Blocks in Arria Il Devices (Note 1)

. . pocion | PO
- - E, Independent Input and Output Multiplication Operators Mt;\ljg;l:er Adder
Family Device ; Mode Mode
® | 9x9 | 12x12 | 18x18 | 18x18 | 36x36 | 18x36 | 18x18
Multipliers | Multipliers | Multipliers | Complex | Multipliers | Multipliers | Multipliers
EP2AGX45 29 232 174 116 58 58 116 232
EP2AGX65 39 312 234 156 78 78 156 312
Artia 1l GX EP2AGX95 56 443 336 224 112 112 224 448
EP2AGX125 | 72 576 432 288 144 144 288 576
EP2AGX190 | 82 656 492 328 164 164 328 656
EP2AGX260 | 92 736 552 368 184 184 368 736
EP2AGZ225 | 100 800 600 400 200 200 400 800
Arria Il GZ | EP2AGZ300 | 115 920 690 460 230 230 460 920
EP2AGZ350 | 130 1,040 780 520 260 260 520 1,040

Note to Table 4-1:

(1) The numbers in this table represents the numbers of multipliers in their respective mode.

Each DSP block occupies four logic array blocks (LABs) in height and you can divide
further into two half blocks that share some common clocks signals, but are for all

common purposes identical in functionality. Figure 4-1 shows the layout of each

block.

Figure 4-1. Overview of DSP Block Signals
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Simplified DSP Operation

In Arria II devices, the fundamental building block is a pair of 18 x 18-bit multipliers
followed by a first-stage 37-bit addition and subtraction unit shown in Equation 4-1
and Figure 4-2. For all signed numbers, input and output data is represented in
2’s-complement format only.

Equation 4-1. Multiplier Equation
P[36..0] = Ag[17..0] x By[17..0] + A4[17..0] x B;[17..0]

Figure 4-2. Basic Two-Multiplier Adder Building Block
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The structure shown in Figure 4-2 is useful for building more complex structures,
such as complex multipliers and 36 x 36 multipliers, as described in later sections.

Each Arria II DSP block contains four two-multiplier adder units

(2 two-multiplier adder units per half block). Therefore, there are eight 18 x 18
multiplier functionalities per DSP block. For a detailed diagram of the DSP block,
refer to Figure 4-5 on page 4-8.

Following the two-multiplier adder units are the pipeline registers, the second-stage
adders, and an output register stage. You can configure the second-stage adders to
provide the alternative functions shown in Equation 4-1 and Equation 4-2 per half
block.

Equation 4-2. Four-Multiplier Adder Equation
Z[37..0] = Py[36..0] + P4[36..0]
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Equation 4-3. Four-Multiplier Adder Equation (44-Bit Accumulation)
W, [43..0] = W, 41[43..0] + Z,[37..0]

In these equations, n denotes sample time and P[36..0] are the results from the
two-multiplier adder units.

Equation 4-2 provides a sum of four 18 x 18-bit multiplication operations
(four-multiplier adder), and Equation 4-3 provides a four 18 x 18-bit multiplication
operation, but with a maximum of a 44-bit accumulation capability by feeding the
output from the output register bank back to the adder/accumulator block, as shown
in Figure 4-3.

You can bypass all register stages depending on which mode you select, except
accumulation and loopback mode. In these two modes, you must enable at least one
set of the registers. If the register is not enabled, an infinite loop occurs.

Figure 4-3. Four-Multiplier Adder and Accumulation Capability
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Half-DSP Block

To support FIR-like structures efficiently, a major addition to the DSP block in Arria II
devices is the ability to propagate the result of one half block to the next half block
completely in the DSP block without additional soft logic overhead. This is achieved
by the inclusion of a dedicated addition unit and routing that adds the 44-bit result of
a previous half block with the 44-bit result of the current block. The 44-bit result is
either fed to the next half block or out of the DSP block with the output register stage
shown in Figure 4—4. Detailed examples are described in later sections.
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The combination of a fast, low-latency four-multiplier adder unit and the “chained
cascade” capability of the output chaining adder provides the optimal FIR and vector
multiplication capability.

To support single-channel type FIR filters efficiently, you can configure one of the
multiplier input registers to form a tap delay line input, saving resources and
providing higher system performance.

Figure 4-4. Output Cascading Feature for FIR Structures
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Figure 4-4 shows the optional rounding and saturation unit. This unit provides a set
of commonly found arithmetic rounding and saturation functions in signal
processing.

In addition to the independent multipliers and sum modes, you can use DSP blocks to
perform shift operations. DSP blocks can dynamically switch between logical shift
left/right, arithmetic shift left/right, and rotation operation in one clock cycle.
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Operational Modes Overview

You can use each Arria I DSP block in one of six basic operational modes. Table 4-2
lists the six basic operational modes and the number of multipliers that you can
implement in a single DSP block.

Table 4-2. DSP Block Operational Modes for Arria Il Devices

Mode Multiplier | Number of | #per | Signed or RND, In Shift | Chainout | 1stStage | 2nd Stage
in Width | Multiplier | Block | Unsigned SAT Register Adder Add/Sub | Add/Acc
9 bits 1 8 Both No No No — —
12 bits 1 6 Both No No No — —
Independent ™27 b 1 4 Both Yes Yes No — —
Multiplier
36 bits 1 2 Both No No No — —
Double 1 2 Both No No No — —
Two-Multiplier . . .
Adder (1) 18 bits 2 4 Signed (2) Yes No No Both
Four-Multiplier | a1 4 2 Both Yes Yes Yes Both | Add Only
Adder
Multiply 18 bits 4 2 Both Yes Yes Yes Both Both
Accumulate
Shift (3) 36 bits (4) 1 2 Both No No — — —
High Precision .
Multiplier Adder 18 x 36 2 2 Both No No No Add Only

Notes to Tahle 4-2:

(1) This mode also supports loopback mode. In loopback mode, the number of loopback multipliers per DSP block is two. You can use the remaining
multipliers in regular two-multiplier adder mode.

(2) Unsigned value is also supported, but you must ensure that the result can be contained in 36 bits.
(3) Dynamic shift mode supports arithmetic shift left, arithmetic shift right, logical shift left, logical shift right, and rotation operation.
(4) Dynamic shift mode operates on a 32-bit input vector, but the multiplier width is configured as 36 bits.

The DSP block consists of two identical halves (top-half and bottom-half). Each half
has four 18 x 18 multipliers.

The Quartus® II software includes megafunctions that control the mode of operation
of the multipliers. After making the appropriate parameter settings with the
megafunction’s MegaWizard™ Plug-In Manager, the Quartus II software
automatically configures the DSP block.

Arria II DSP blocks can operate in different modes simultaneously. Each half block is
fully independent except for the sharing of the clock, ena, and the aclr signals. For
example, you can break down a single DSP block to operate a 9 x 9 multiplier in one
half block and an 18 x 18 two-multiplier adder in the other half block. This increases
DSP block resource efficiency and allows you to implement more multipliers in an
Arria II device. The Quartus II software automatically places multipliers that can
share the same DSP block resources in the same block.
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DSP Block Resource Descriptions

The DSP block consists of the following elements:
m Input register bank

m Four two-multiplier adders

m Pipeline register bank

m Second-stage adders

m Four rounding and saturation logic units

m Second adder register and output register bank

Figure 4-5 shows a detailed illustration of the overall architecture of the top half of the
DSP block. Table 4-9 on page 4-30 lists the DSP block dynamic signals.

Figure 4-5. Half-DSP Block Architecture
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Notes to Figure 4-5:

(1) Block output for accumulator overflow and saturate overflow.

(2) Block output for saturation overflow of chainout.

(3) When the chainout adder is not in use, the second adder register banks are known as output register banks.

(4) You must connect the chainin port to the chainout port of the previous DSP blocks; it must not be connected to general routings.
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Input Registers
Figure 4-6 shows the input register of a half-DSP block.

Figure 4-6. Input Register of Half-DSP Block (Note 1)

clock[3..0]
ena[3..0] signa
aclr(3..0] =— signb
scanina[17..0]
| Yyvy vy
Bl =g
dataa_0[17..0] > j ;
loopback > ] | - -
=
datab_0[17..0] >
L — - >
dataa_1[17..0] > j ?
datab_1[17..0] ——l->—_> N
% g
dataa_2[17..0] == ;
datab_2[17..0] —ﬁ a
— - >
)—E_—P
dataa_3[17..0] =
e 517,01 s E
Delay
Register

v

scanouta

Note to Figure 4-6:
(1) The scanina signal originates from the previous DSP block, while the scanouta signal goes to the next DSP block.
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All DSP block registers are triggered by the positive edge of the clock signal and are
cleared after power up. Each multiplier operand can feed an input register or feed
directly to the multiplier, bypassing the input registers. The clock[3..0], ena[3..0],
and aclr[3..0]DSP block signals control the input registers in the DSP block.

Every DSP block has nine 18-bit data input register banks per half-DSP block. Every
half-DSP block has the option to use the eight data register banks as inputs to the four
multipliers. The special ninth register bank is a delay register required by modes that
use both the cascade and chainout features of the DSP block to balance the latency
requirements when using the chained cascade feature. A feature of the input register
bank is to support a tap delay line. Therefore, you can drive the top leg of the
multiplier input (A) from general routing or from the cascade chain, as shown in
Figure 4-6.

At compile time, you must select the incoming data for multiplier input (A) from
either general routing or from the cascade chain. In cascade mode, the dedicated shift
outputs from one multiplier block directly feeds input registers of the adjacent
multiplier below it (in the same half-DSP block) or the first multiplier in the next
half-DSP block, to form an 8-tap shift register chain per DSP block. The DSP block can
increase the length of the shift register chain by cascading to the lower DSP blocks.
The dedicated shift register chain spans a single column, but you can implement
longer shift register chains requiring multiple columns with the regular FPGA routing
resources.

Shift registers are useful in DSP functions such as FIR filters. When implementing an
18 x 18 or smaller width multiplier, you do not require external logic to create the shift
register chain because the input shift registers are internal to the DSP block. This
implementation significantly reduces the logical element (LE) resources required,
avoids routing congestion, and results in predictable timing.

The first multiplier in every half-DSP block (top- and bottom-half) has a multiplexer
for the first multiplier B-input (lower-leg input) register to select between general
routing and loopback, as shown in Figure 4-5 on page 4-8. In loopback mode, the
most significant 18-bit registered outputs are connected as feedback to the multiplier
input of the first top multiplier in each half-DSP block. Loopback modes are used by
recursive filters where the previous output is required to compute the current output.

Loopback mode is described in detail in “Two-Multiplier Adder Sum Mode” on
page 4-20.

Table 4-3 lists the summary of input register modes for the DSP block.

Table 4-3. Input Register Modes for Arria Il Devices

Register Input Mode (7) 9x9 12x12 18 x 18 36 x 36 Double
Parallel input v v v v v
Shift register input (2) — — v — —
Loopback input (3) — — v — —
Notes to Table 4-3:
(1) The multiplier operand input word lengths are statically configured at compile time.
(2) Available only on the A-operand.
(3) Only one loopback input is allowed per half block. For details, refer to Figure 4-14 on page 4-21.
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Multiplier and First-Stage Adder

The multiplier stage supports 9 x 9,12 x 12, 18 x 18, or 36 x 36 multipliers. Other
word lengths are padded up to the nearest appropriate native wordlength; for
example, 16 x 16 is padded up to use 18 x 18. For more information, refer to
“Independent Multiplier Modes” on page 4-14. Depending on the data width of the
multiplier, a single DSP block can perform many multiplications in parallel.

Each multiplier operand can be a unique signed or unsigned number. Two dynamic
signals, signa and signb, control the representation of each operand, respectively. A
logic 1 value on the signa/signb signal indicates that data A/data Bis a signed
number; a logic 0 value indicates an unsigned number.

Table 44 lists the sign of the multiplication result for the various operand sign
representations. If any one of the operands is a signed value, the result of the
multiplication is signed.

Table 4-4. Multiplier Sign Representation for Arria Il Devices

Data A (signa Value) Data B (signb Value) Result
Unsigned (logic 0) Unsigned (logic 0) Unsigned
Unsigned (logic 0) Signed (logic 1) Signed

Signed (logic 1) Unsigned (logic 0) Signed
Signed (logic 1) Signed (logic 1) Signed

Each half block has its own signa and signb signal. Therefore, all data A inputs
feeding the same half-DSP block must have the same sign representation. Similarly, all
data B inputs feeding the same half-DSP block must have the same sign
representation. The multiplier offers full precision regardless of the sign
representation in all operational modes except for full precision 18 x 18 loopback and
two-multiplier adder modes. For more information, refer to “Two-Multiplier Adder
Sum Mode” on page 4-20.

By default, when the signa and signb signals are unused, the Quartus II software sets
the multiplier to perform unsigned multiplication.

Figure 4-5 on page 4-8 shows that the outputs of the multipliers are the only outputs
that can feed into the first-stage adder. There are four first-stage adders in a DSP block
(two adders per half-DSP block). The first-stage adder block has the ability to perform
addition and subtraction. The control signal for addition or subtraction is static and
you must configure after compilation. The first-stage adders are used by the sum
modes to compute the sum of two multipliers, 18 x 18-complex multipliers, and to
perform the first stage of a 36 x 36 multiply and shift operation.

Depending on your specifications, the output of the first-stage adder has the option to
feed into the pipeline registers, second-stage adder, rounding and saturation unit, or
the output registers.
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Pipeline Register Stage

Figure 4-5 on page 4-8 shows that the output from the first-stage adder can either
feed or bypass the pipeline registers. Pipeline registers increase the maximum
performance (at the expense of extra cycles of latency) of the DSP block, especially
when using the subsequent DSP block stages. Pipeline registers split up the long
signal path between the input-registers/multiplier/first-stage adder and the
second-stage adder/round-and-saturation/output-registers, creating two shorter
paths.

Second-Stage Adder

=

There are four individual 44-bit second-stage adders per DSP block (two adders per
half-DSP block). You can configure the second-stage adders as either:

m  The final stage of a 36-bit multiplier

B A sum of four (18 x 18)

B An accumulator (44-bits maximum)

B A chained output summation (44-bits maximum)

You can use the chained-output adder at the same time as a second-level adder in
chained output summation mode.

The output of the second-stage adder has the option to go into the rounding and
saturation logic unit or the output register.

You cannot use the second-stage adder independently from the multiplier and
first-stage adder.

Rounding and Saturation Stage

Rounding and saturation logic units are located at the output of the 44-bit
second-stage adder (the rounding logic unit followed by the saturation logic unit).
There are two rounding and saturation logic units per half-DSP block. The input to
the rounding and saturation logic unit can come from one of the following stages:

m  Output of the multiplier (independent multiply mode in 18 x 18)
m Output of the first-stage adder (two-multiplier adder)
m  Output of the pipeline registers

m  Output of the second-stage adder (four-multiplier adder, multiply-accumulate
mode in 18 x 18)

These stages are described in “Arria II Operational Mode Descriptions” on page 4-14.

The dynamic rounding and saturation signals control the rounding and saturation
logic unit, respectively. A logic 1 value on the round signal, saturate signal, or both
enables the round logic unit, saturate logic unit, or both.
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I'=" You can use the rounding and saturation logic units together or independently.

Second Adder and Output Registers

The second adder register and output register banks are two banks of 44-bit registers
that you can combine to form larger 72-bit banks to support 36 x 36 output results.

The outputs of the different stages in the Arria II devices are routed to the output
registers through an output selection unit. Depending on the operational mode of the
DSP block, the output selection unit selects whether the outputs of the DSP blocks
come from the outputs of the multiplier block, first-stage adder, pipeline registers,
second-stage adder, or the rounding and saturation logic unit. Based on the DSP block
operational mode you specify, the output selection unit is automatically set by the
software, and has the option to either drive or bypass the output registers. The
exception is when the block is used in shift mode, where you dynamically control the
output-select multiplexer directly.

When the DSP block is configured in chained cascaded output mode, both of the
second-stage adders are used. The first adder is for performing a four-multiplier
adder and the second is for the chainout adder. The outputs of the four-multiplier
adder are routed to the second-stage adder registers before enters the chainout adder.
The output of the chainout adder goes to the regular output register bank. Depending
on the configuration, you can route the chainout results to the input of the next half
block’s chainout adder input or to the general fabric (functioning as regular output
registers).

You can only connect the chainin port to the chainout port of the previous DSP block
and must not be connected to general routings.

The second-stage and output registers are triggered by the positive edge of the clock
signal and are cleared on power up. The clock[3..0], ena[3..0],and aclr[3..0]
DSP block signals control the output registers in the DSP block.
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Arria Il Operational Mode Descriptions

This section describes the operation modes of Arria II devices.

Independent Multiplier Modes

In the independent input and output multiplier mode, the DSP block performs
individual multiplication operations for general-purpose multipliers.

9-Bit, 12-Bit, and 18-Bit Multiplier

You can configure each DSP block multiplier for 9-bit, 12-bit, or 18-bit multiplication.
A single DSP block can support up to eight individual 9 x 9 multipliers, six 12 x 12
multipliers, or up to four individual 18 x 18 multipliers. For operand widths up to

9 bits, a 9 x 9 multiplier is implemented. For operand widths from 10 to 12 bits, a

12 x 12 multiplier is implemented and for operand widths from 13 to 18 bits, an

18 x 18 multiplier is implemented. This is done by the Quartus II software by zero
padding the LSBs.

Figure 4-7, Figure 4-8, and Figure 4-9 show the DSP block in the independent
multiplier operation mode. Table 4-9 on page 4-30 lists the DSP block dynamic
signals.

Figure 4-7. 18-Bit Independent Multiplier Mode Shown for Half-DSP Block
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(1) Block output for accumulator overflow and saturate overflow.
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Figure 4-8. 12-Bit Independent Multiplier Mode Shown for Half-DSP Block
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Figure 4-9. 9-Bit Independent Multiplier Mode Shown for Half-DSP Block
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The multiplier operands can accept signed integers, unsigned integers, or a
combination of both. You can change the signa and signb signals dynamically and
register these signals in the DSP block. Additionally, you can register the multiplier
inputs and results independently. You can use the pipeline registers in the DSP block
to pipeline the multiplier result, increasing the performance of the DSP block.

L=~ The rounding and saturation logic unit is supported for 18-bit independent multiplier
mode only.
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36-Bit Multiplier

You can construct a 36 x 36 multiplier with four 18 x 18 multipliers. This
simplification fits into one half-DSP block and is implemented in the DSP block
automatically by selecting 36 x 36 mode. Arria II devices can have up to two 36-bit
multipliers per DSP block (one 36-bit multiplier per half DSP block). The 36-bit
multiplier is also under the independent multiplier mode but uses the entire half-DSP
block, including the dedicated hardware logic after the pipeline registers to
implement the 36 x 36-bit multiplication operation, as shown in Figure 4-10.

The 36-bit multiplier is useful for applications requiring more than 18-bit precision;
for example, for the mantissa multiplication portion of single precision and extended
single precision floating-point arithmetic applications.

Figure 4-10. 36-Bit Independent Multiplier Mode Shown for Half-DSP Block
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Double Multiplier

You can configure the Arria I DSP block to support an unsigned 54 x 54-bit multiplier
that is required to compute the mantissa portion of an IEEE double precision floating
point multiplication. You can build a 54 x 54-bit multiplier with basic 18 x 18
multipliers, shifters, and adders. To efficiently use built-in shifters and adders in the
Arria II DSP block, a special double mode (partial 54 x 54 multiplier) is available that
is a slight modification to the basic 36 x 36 multiplier mode, as shown in Figure 4-11
and Figure 4-12.

Figure 4-11. Double Mode Shown for a Half DSP Block
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Figure 4-12. Unsigned 54 x 54-Bit Multiplier
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Two-Multiplier Adder Sum Mode

In the two-multiplier adder configuration, the DSP block can implement four 18-bit
two-multiplier adders (2 two-multiplier adders per half-DSP block). You can
configure the adders to take the sum or difference of two multiplier outputs.
Summation or subtraction must be selected at compile time. The two-multiplier adder
function is useful for applications such as FFTs, complex FIR, and IIR filters.

Figure 4-13 shows the DSP block configured in the two-multiplier adder mode.

Figure 4-13. Two-Multiplier Adder Mode Shown for Half-DSP Block (Note 1)
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Notes to Figure 4-13:

(1) Inahalf-DSP block, you can implement 2 two-multiplier adders.
(2) Block output for accumulator overflow and saturate overflow.

The loopback mode is a sub-feature of the two-multiplier adder mode. Figure 4-14
shows the DSP block configured in the loopback mode. This mode takes the 36-bit
summation result of the two multipliers and feeds back the most significant 18-bits to
the input. The lower 18-bits are discarded. You have the option to disable or zero-out
the loopback data with the dynamic zero_loopback signal. A logic 1 value on the
zero_loopback signal selects the zeroed data or disables the looped back data, and a
logic 0 selects the looped back data.
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L=~ At compile time, you must select the option to use the loopback mode or the general
two-multiplier adder mode.

Figure 4-14. Loopback Mode for Half-DSP Block

signa
signb
output_round
output_saturate ——
clock[3..0]
ena[3..0]
aclr[3..0] ==
zero_loopback — — overflow (1)
YVY YVvYyy
A
dataa_0[17..0] =
X
loopback | < S <
o © m 2 o
> m T ®© .
R s B 2 %
datab_0[17..0] > 2 + 5 %) k) P result] ]
g | | B |
dataa_1[17..0] > 2 3 5
=) = o
g g < S
£ ~ (e}
datab_1[17..0] > ?
Half-DSP Block

Note to Figure 4-14:
(1) Block output for accumulator overflow and saturate overflow.

If all the inputs are full 18 bits and unsigned, the result requires 37 bits for
two-muliplier adder mode. Because the output data width in two-multiplier adder
mode is limited to 36 bits, this 37-bit output requirement is not allowed. Any other
combination that does not violate the 36-bit maximum result is permitted; for
example, two 16 x 16 signed two-multiplier adders is valid.

[~ Two-multiplier adder mode supports the rounding and saturation logic unit. You can

use pipeline registers and output registers in the DSP block to pipeline the
multiplier-adder result, increasing the performance of the DSP block.

December 2010 Altera Corporation Arria Il Device Handbook Volume 1: Device Interfaces and Integration



4-22 Chapter 4: DSP Blocks in Arria Il Devices
Arria Il Operational Mode Descriptions

18 x 18 Complex Multiplier

You can configure the DSP block to implement complex multipliers with the
two-multiplier adder mode. A single half-DSP block can implement one 18-bit
complex multiplier.

Equation 4—4 shows how you can write a complex multiplication.

Equation 4-4. Complex Multiplication Equation
(a+ijb) x(c+jd)=[(axc)—(bxd)] +j[(axd)+ (bxc)]

To implement this complex multiplication in the DSP block, the real part

[(a x ) = (b x d)] is implemented with two multipliers feeding one subtractor block,
and the imaginary part [(a x d) + (b x ¢)] is implemented with another two multipliers
feeding an adder block. This mode automatically assumes all inputs are using signed
numbers.

Figure 4-15 shows an 18-bit complex multiplication. This mode automatically
assumes all inputs are using signed numbers.

Figure 4-15. Complex Multiplier Using Two-Multiplier Adder Mode
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Four-Multiplier Adder

In the four-multiplier adder configuration shown in Figure 4-16, the DSP block can
implement 2 four-multiplier adders (1 four-multiplier adder per half-DSP block).
These modes are useful for implementing one-dimensional and two-dimensional
filtering applications. The four-multiplier adder is performed in two addition stages.
The outputs of two of the four multipliers are initially summed in the two first-stage
adder blocks. The results of these two adder blocks are then summed in the
second-stage adder block to produce the final four-multiplier adder result, as shown
in Equation 4-2 on page 4—4 and Equation 4-3 on page 4-5.

Figure 4-16. Four-Multiplier Adder Mode Shown for Half-DSP Block
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Note to Figure 4-16:
(1) Block output for accumulator overflow and saturate overflow.

Four-multiplier adder mode supports the rounding and saturation logic unit. You can
use the pipeline registers and output registers within the DSP block to pipeline the
multiplier-adder result, increasing the performance of the DSP block.
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High-Precision Multiplier Adder Mode

In the high-precision multiplier adder, the DSP block can implement 2 two-multiplier
adders, with a multiplier precision of 18 x 36 (one two-multiplier adder per half-DSP
block). This mode is useful in filtering or FFT applications where a datapath greater
than 18 bits is required, yet 18 bits is sufficient for coefficient precision. This can occur
if data has a high dynamic range. If the coefficients are fixed, as in FFT and most filter
applications, the precision of 18 bits provides a dynamic range over 100 dB, if the
largest coefficient is normalized to the maximum 18-bit representation.

In these situations, the datapath can be up to 36 bits, allowing sufficient capacity for
bit growth or gain changes in the signal source without loss of precision, which is
useful in single precision block floating point applications. Figure 4-17 shows the
high-precision multiplier is performed in two stages. The sum of the results of the two
adders produce the final result:

Z[54..0] = Py[53..0] + P;[53..0]
where Py = A[17..0] x B[35..0] and P; = C[17..0] x D[35..0]

Figure 4-17. High-Precision Multiplier Adder Configuration for Half-DSP Block
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(1) Block output for accumulator overflow and saturate overflow.
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Multiply Accumulate Mode

In multiply accumulate mode, the second-stage adder is configured as a 44-bit
accumulator or subtractor. The output of the DSP block is looped back to the
second-stage adder and added or subtracted with the two outputs of the first-stage
adder block according to Equation 4-3 on page 4-5.

Figure 4-18 shows the DSP block configured to operate in multiply accumulate mode.

Figure 4-18. Multiply Accumulate Mode Shown for Half-DSP Block
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(1) Block output for saturation overflow of chainout.

A single DSP block can implement up to two independent 44-bit accumulators.

Use the dynamic accum_sload control signal to clear the accumulation. A logic 1
value on the accum_sload signal synchronously loads the accumulator with the
multiplier result only, and a logic 0 enables accumulation by adding or subtracting
the output of the DSP block (accumulator feedback) to the output of the multiplier
and first-stage adder.
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The control signal for the accumulator and subtractor is static and therefore you can
configure it at compilation.

The multiply accumulate mode supports the rounding and saturation logic unit
because it is configured as an 18-bit multiplier accumulator. You can use the pipeline
registers and output registers within the DSP block to increase the performance of the
DSP block.

Shift Modes

=

Arria II devices support the following shift modes for 32-bit input only:
m Arithmetic shift left, ASL [N]

m  Arithmetic shift right, ASR [32-N]

m Logical shift left, LSL[N]

m Logical shift right, LSR[32-N]

m 32-bit rotator or Barrel shifter, ROT [N]

You can switch the shift mode between these modes with the dynamic rotate and shift
control signals.

You can easily use the shift mode in an Arria II device with a soft embedded processor
such as the Nios® II processor to perform the dynamic shift and rotate operation.

Shift mode makes use of the available multipliers to logically or arithmetically shift
left, right, or rotate the desired 32-bit data. The DSP block is configured like the
independent 36-bit multiplier mode to perform the shift mode operations.

Arithmetic shift right requires a signed input vector. During arithmetic shift right, the
sign is extended to fill the MSB of the 32-bit vector. The logical shift right uses an
unsigned input vector. During logical shift right, zeros are padded in the most
significant bits shifting the 32-bit vector to the right. The barrel shifter uses an
unsigned input vector and implements a rotation function on a 32-bit word length.

Two control signals, rotate and shift_right, together with the signa and signb
signals, determine the shifting operation.

Arria |l Device Handbook Volume 1: Device Interfaces and Integration December 2010 Altera Corporation



Chapter 4: DSP Blocks in Arria Il Devices 4-27
Arria Il Operational Mode Descriptions

Figure 4-19 shows the shift mode configuration.

Figure 4-19. Shift Operation Mode Shown for Half-DSP Block
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Table 4-5 lists examples of shift operations.
Table 4-5. Examples of Shift Operations
Example Signa Signb Shift | Rotate A-input B-input Result
Log'iﬂf[';q”;t Left | Unsigned | Unsigned | 0 0 | 0xAABBCCDD | 0x0000100 | OxBBCCDDOO
Logical Sift Right | - cioned | Unsigned | 1 0 | OxAABBCCDD | 0x0000100 | O0x000000AA
LSR[32-N]
A”thm:;'f[i?'ft Left | Signed | Unsigned | 0 0 | 0xAABBCCDD | 0x0000100 | OxBBCCDDOO
Arithmetic STt RION | gigneq | unsigned | 1 0 | O<AABBOCDD | 0x0000100 | OxFFFFFFAA
ASR[32-N]
Rotation ROT [N] Unsigned | Unsigned 0 1 0xAABBCCDD | 0x0000100 | 0xBBCCDDAA
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Rounding and Saturation Mode

Rounding and saturation functions are often required in DSP arithmetic. Rounding is
to limit bit growth and its side effects; saturation is to reduce overflow and underflow
side effects.

Two rounding modes are supported in Arria II devices:
B Round-to-nearest-integer mode

m Round-to-nearest-even mode

You must select one of the two options at compile time.

The round-to-nearest-integer provides the biased rounding support and is the
simplest form of rounding commonly used in DSP arithmetic. The
round-to-nearest-even mode provides unbiased rounding support and is used where
DC offsets are a concern. Table 4-6 lists an example of how round-to-nearest-even
mode. Examples of the difference between the two modes are shown in Table 4-7. In
this example, a 6-bit input is rounded to 4 bits. You can observe from Table 4-7 that
the main difference between the two rounding options is when the residue bits are
exactly half way between its nearest two integers and the LSB is zero (even).

Tahle 4-6. Example of Round-To-Nearest-Even Mode

6- to 4-hits Rounding 0dd/Even (Integer) Fractional Add to Integer Result
010111 x > 0.5 (11) 1 0110
001101 x <0.5(01) 0 0011
001010 Even (0010) =0.5(10) 0 0010
001110 0dd (0011) =0.5(10) 1 0100
110111 x > 0.5 (11) 1 1110
101101 x <0.5(01) 0 1011
110110 Odd (1101) =0.5(10) 1 1110
110010 Even (1100) =0.5(10) 0 1100

Table 4-7. Comparison of Round-to-Nearest-Integer and Round-to-Nearest-Even

Round-To-Nearest-Integer Round-To-Nearest-Even
010111 = 0110 010111 = 0110
001101 = 0011 001101 = 0011
001010 =~ 0011 001010 =~ 0010
001110 =~ 0100 001110 =~ 0100
110111 = 1110 110111 = 1110
101101 = 1011 101101 = 1011
110110 =~ 1110 110110 » 1110
110010 = 1101 110010 » 1100
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Two saturation modes are supported in Arria II devices:
m Asymmetric saturation mode

m Symmetric saturation mode

You must select one of the two options at compile time.

In 2’s complement format, the maximum negative number that can be represented is
-2 D and the maximum positive number is 20D — 1. Symmetrical saturation limits
the maximum negative number to —2(™1) + 1. For example, for 32 bits:

m  Asymmetric 32-bit saturation: Max = Ox7FFFFFFF, Min = 0x80000000
m Symmetric 32-bit saturation: Max = 0x7FFFFFFF, Min = 0x80000001
Table 4-8 lists how the saturation works. In this example, a 44-bit input is saturated to

36-bits.

Table 4-8. Examples of Saturation

44 to 36 Bits Saturation Symmetric SAT Result Asymmetric SAT Result
5926AC01342h 7FFFFFFFFh 7FFFFFFFFh
ADA38D2210h 800000001h 800000000h

Arria II devices have up to 16 configurable bit positions out of the 44-bit bus ([43:0])
for the rounding and saturate logic unit, providing higher flexibility. You must select
the 16 configurable bit positions at compile time. These 16-bit positions are located at
bits [21:6] for rounding and [43:28] for saturation, as shown in Figure 4-20.

Figure 4-20. Rounding and Saturation Locations
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16 User defined RND Positions (bit 21-6)

—
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[l=~ For symmetric saturation, the RND bit position is to determine where the LSP for the
saturated data is located.

You can use the rounding and saturation function as described in regular supported
multiplication operations shown in Table 4-2 on page 4-7. However, for accumulation
type operations, the following convention is used.

The functionality of the rounding logic unit is in the format of:
Result = RND[ (A x B)], when used for an accumulation type of operation.
Likewise, the functionality of the saturation logic unit is in the format of:

Result = SAT[Y (A x B)], when used for an accumulation type of operation.
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If both the rounding and saturation logic units are used for an accumulation type of
operation, the format is:

Result = SAT[RND[Y (A x B)]]

DSP Block Control Signals

You can configure the Arria II DSP block with a set of static and dynamic signals. At
run time, you can configure the DSP block dynamic signals to toggle or not.

Table 4-9 shows a list of dynamic signals for the DSP block. Table 4-9 lists the DSP
block dynamic signals.

Table 4-9. DSP Block Dynamic Signals for DSP Block in Arria Il Devices (Part 1 of 2)

Signal Name Function Count

DSP Block Dynamic Signals per Half-DSP Block

Signed/unsigned control for all multipliers and adders.

signa for “multiplicand” input bus to dataa[17:0] each multiplier.
signb for “multiplier” input bus datab[17:0] to each multiplier.

S%gna m signa=1, signb =1 for signed-signed multiplication 2
SAgmo m signa =1, signb = 0 for signed-unsigned multiplication

m signa =0, signb =1 for unsigned-signed multiplication

m signa =0, signb = 0 for unsigned-unsigned multiplication
Round control for first stage round/saturation block.

m output_round =1 for rounding on multiply output 1

output_round
m output_round = 0 for normal multiply output

Round control for second stage round/saturation block.
® chainout round =1 for rounding on multiply output 1

chainout_round
m chainout round = 0 for normal multiply output

Saturation control for first stage round/saturation block for Q-format
multiply. If both rounding and saturation is enabled, saturation is done

output_saturate on the rounded result. 1

m output saturate =1 for saturation support

m output_ saturate =0 for no saturation support

Saturation control for second stage round/saturation block for
Q-format multiply. If both rounding and saturation is enabled,
saturation is done on the rounded result. 1

m chainout saturate =1 for saturation support

chainout_saturate

m chainout saturate =0 for no saturation support

Dynamically specifies whether the accumulator value is zero.

accum_sload m accum_sload =0, accumulation input is from the output registers 1
m accum_sload =1, accumulation input is set to be zero

zero_chainout Dynamically specifies whether the chainout value is zero. 1

zero_loopback Dynamically specifies whether the loopback value is zero. 1

rotate rotation = 1, rotation feature is enabled 1
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Table 4-9. DSP Block Dynamic Signals for DSP Block in Arria Il Devices (Part 2 of 2)

Signal Name

Function Count

shift_right

shift right =1, shift right feature is enabled 1

DSP Block Dynamic Signals per Full-DSP Block

clock0
clockl
clock2
clock3

DSP-block-wide clock signals 4

enal
enal
ena2

enas’

Input and Pipeline Register enable signals 4

aclro0
aclrl
aclr2

aclr3i

DSP block-wide asynchronous clear signals (active low) 4

Total Count per Half- and Full-DSP Blocks 33

Software Support for Arria Il Devices

Altera provides two distinct methods for implementing various modes of the DSP
block in a design: instantiation and inference. Both methods use the following
Quartus II megafunctions:

m LPM_MULT

m ALTMULT_ADD

m ALTMULT_ACCUM
m ALTFP_ MULT

You can instantiate the megafunctions in the Quartus II software to use the DSP block.
Alternatively, with inference, you can create an HDL design and synthesize it with a
third-party synthesis tool (such as LeonardoSpectrum, Synplify, or Quartus II Native
Synthesis) that infers the appropriate megafunction by recognizing multipliers,
multiplier adders, multiplier accumulators, and shift functions. With either method,
the Quartus II software maps the functionality to the DSP blocks during compilation.

For instructions about using the megafunctions and the MegaWizard Plug-In
Manager, refer to the Quartus II Software Help.

For more information, refer to Section III: Synthesis in volume 1 of the Quartus 11
Handbook.
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Document Revision History

Table 4-10 shows the revision history for this document.

Tahle 4-10. Document Revision History

Date Version Changes
m Updated for the Quartus Il software version 10.1 release.
m Added Arria Il GZ devices information.
m Updated “DSP Block Overview”, “Operational Modes Overview”, and “DSP Block
December 2010 4.0 Resource Descriptions” sections.
m Updated Table 4-1
m Added Figure 4-3, Figure 4-7, Figure 4-11, and Figure 4-15
m Minor text edits
Updated for the Arria Il GX v10.0 release:
July 2010 3.0 |m Updated “DSP Block Resource Descriptions” and “Second-Stage Adder” sections
m Minor text edits
Updated for Arria Il GX v9.1 release:
m Updated Table 4—1 and Table 4-9
November 2009 2.0 :
m Updated Figure 4-9
m Minor text edit
June 2009 1.1 Updated Table 4-1
February 2009 1.0 Initial release
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This chapter describes the hierarchical clock networks and phase-locked loops (PLLs)
which have advanced features in Arria® II devices that provide dedicated global clock
networks (GCLKSs), regional clock networks (RCLKs), and periphery clock networks
(PCLKSs). This chapter also includes details reconfiguring the PLL counter clock
frequency and phase shift in real time, allowing you to sweep PLL output frequencies
and dynamically adjust the output clock phase shift.

This chapter contains the following sections:
m “Clock Networks in Arria II Devices” on page 5-1

m “PLLs in Arria II Devices” on page 5-21

Clock Networks in Arria Il Devices

The GCLKs, RCLKs, and PCLKs available in Arria II devices are organized into
hierarchical clock structures that provide up to 192 unique clock domains

(16 GCLK + 88 RCLK + 88 PCLK) and allow up to 60 unique GCLK, RCLK, and PCLK
clock sources (16 GCLK + 22 RCLK + 22 PCLK) per device quadrant.
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Clock Networks in Arria Il Devices

Table 5-1 lists the clock resources available in Arria II devices.

Table 5-1. Clock Resources in Arria Il Devices

Clock Resource
and Device

Number of Resources Available

Source of Clock Resource

Arria Il GX Arria Il GZ Arria Il GX Arria Il GZ
12 32
Clock input pins Single-ended Single-ended DIFFCE}EK[[;L 51]5]/ ins andcﬁl{[go‘ 1155]];) ins
(6 Differential) | (16 Differential) _10..5lp/np - p
CLK[4..15] pins, PLL
clock outputs, CLK[0..15]p and
GCLK networks 16 16 programmable logic device | CLK[0..15]1n pins, PLL
(PLD)-transceiver interface | clock outputs, and logic array
clocks, and logic array
CLK E:Tdéklésjtghqz, PLL CLK[0..15]p and
RCLK networks 48 64/88 (1) AN CLK[0..15]n pins, PLL
PLD-transceiver interface clock outouts. and logio arra
clocks, and logic array puts, g v
Dynamic phase alignment
84 88 (DPA) clock outputs, DPA clock outputs,
. . o PLD-transceiver interface
PCLK networks (24 per device (22 per device PLD-transceiver interface X !
. : clocks, horizontal 1/0 pins,
quadrant) (2) quadrant) clocks, harizontal I/0 pins, .
. and logic array
and logic array
GCLKs/RCLKs per 16 GCLKs + 16 RCLKs
quadrant 28 32/38 (3) 16 GCLKs + 12 RCLKs 16 GCLKs + 22 RCLKs
GCLKs/RCLKs per 16 GCLKs + 64 RCLKs
device 64 80/104 (4) 16 GCLKs + 48 RCLKs 16 GCLKs + 88 RCLKs

Notes to Table 5-1:

(1) There are 64 RCLKs in the EP2AGZ225 devices. There are 88 RCLKs in the EP2AGZ300 and EP2AGZ350 devices.

(2) There are 50 PCLKs in EP2AGX45 and EP2AGX65 devices, where 18 are on the left side and 32 on the right side. There are 59 PCLKs in
EP2AGX95 and EP2AGX125 device, where 27 are on the left side and 32 on the right side. There are 84 PCLKs in EP2AGX190 and EP2AGX260
devices, where 36 are on the left side and 48 on the right side.

(3) There are 32 GCLKS/RCLKs per quadrant in the EP2AGZ225 devices. There are 38 GCLKS/RCLKs per quadrant in the EP2AGZ300 and
EP2AGZ350 devices.

(4) There are 80 GCLKs/RCLKs per entire device in the EP2AGZ225 devices. There are 104 GCLKs/RCLKS per entire device in the EP2AGZ300 and
EP2AGZ350 devices.

Arria II GX devices have up to 12 dedicated single-ended clock pins or six dedicated
differential clock pins (DIFFCLK [0..5]p and DIFFCLK [0..5]n) that can drive either
the GCLK or RCLK networks. These clock pins are arranged on the three sides (top,
bottom, and right sides) of the Arria II GX device, as shown in Figure 5-1 on page 5-3
and Figure 5-3 on page 5-5.

Arria II GZ devices have up to 32 dedicated single-ended clock pins or 16 dedicated
differential clock pins (CLK[0..15]p and CLK[0..15]n) that can drive either the GCLK
or RCLK networks. These clock pins are arranged on the four sides of the Arria Il GZ
device, as shown in Figure 5-2 on page 5-4 and Figure 5-4 on page 5-5.
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Global Clock Networks

Arria II devices provide up to 16 GCLKSs that can drive throughout the device, serving
as low-skew clock sources for functional blocks such as adaptive logic modules
(ALMSs), digital signal processing (DSP) blocks, embedded memory blocks, and PLLs.
Arria I1I/0 elements (IOEs) and internal logic can drive GCLKs to create internally
generated GCLKSs and other high fan-out control signals; for example, synchronous or
asynchronous clears and clock enables. Figure 5-1 and Figure 5-2 show CLK pins and
PLLs that can drive GCLK networks in Arria II devices.

Figure 5-1. GCLK Networks in Arria Il GX Devices

Top Left PLL CLK[12..15] Top Right PLL

| | =

’

GCLK[12..15]
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A
Y

\j Y
GCLK[O§1 @ GCLK[SQH PLL 5| (1) Center PLLs
PLL_6 1) CLK[8..11]
A A
GCLK[4..7]
h y
[P || |Ps|
CLK[4..7]
Bottom Left PLL Bottom Right PLL

Notes to Figure 5-1:
(1) pLL 5and PLL_6 are only available in EP2AGX95, EP2AGX125, EP2AGX190, and EP2AGX260 devices.
(2) Because there are no dedicated clock pins on the left side of an Arria Il GX device, GCLK [0. .3] are not driven by any clock pins.
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Figure 5-2. GCLK Networks in Arria Il GZ Devices
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Regional Clock Networks

For Arria II devices, the RCLK networks only pertain to the quadrant they drive into.
RCLK networks provide the lowest clock delay and skew for logic contained in a
single device quadrant. Arria II IOEs and internal logic in a given quadrant can also
drive RCLKs to create internally generated RCLKSs and other high fan-out control
signals; for example, synchronous or asynchronous clears and clock enables.

Figure 5-3 and Figure 5-4 show CLK pins and PLLs that can drive RCLK networks in
Arria II devices.
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Figure 5-3. RCLK Networks in Arria Il GX Devices
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Notes to Figure 5-3:

(1) pLL_5and pLL_é are only available in EP2AGX95, EP2AGX125, EP2AGX190, and EP2AGX260 devices.
(2) RrcLk[o..5] is not driven by any clock pins because there are no dedicated clock pins on the left side of the Arria Il GX devices.

Figure 5-4. RCLK Networks in Arria Il GZ Devices (Note 1)
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Note to Figure 5-4:

(1) A maximum of four signals from the core can drive into each group of RCLKs. For example, only four core signals can drive into RCLK [0. . 5] and
another four core signals can drive into RCLK [54..63] at any one time.
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Periphery Clock Networks

PCLK networks are a collection of individual clock networks driven from the
periphery of the Arria II device. Clock outputs from the DPA block, PLD-transceiver
interface clocks, I/O pins, and internal logic can drive the PCLK networks. Figure 5-5
through Figure 5-8 show CLK pins and PLLs that can drive PCLK networks in

Arria II devices.

The number of PCLKSs for each Arria II device are as follows:

EP2AGX45 and EP2AGX65 devices contain 50 PCLKs

EP2AGX95 and EP2AGX125 devices contain 59 PCLKs

EP2AGX190 and EP2AGX260 devices contain 84 PCLKs

EP2AGZ225, EP2AGZ300, and EP2AGZ350 devices contain 88 PCLKs

PCLKs have higher skew when compared with the GCLK and RCLK networks. You
can use PCLKs instead of general purpose routing to drive signals into the Arria II
device.

Figure 5-5. PCLK Networks (EP2AGX45 and EP2AGX65 Devices)
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Figure 5-6. PCLK Networks in (EP2AGX95 and EP2AGX125 Devices)
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Figure 5-7. PCLK Networks in (EP2AGX190 and EP2AGX260 Devices)
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Figure 5-8. PCLK Networks in Arria Il GZ Devices
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Clock Sources Per Quadrant

There are 26 section clock (SCLK) networks available in each spine clock that can
drive six row clocks in each logic array block (LAB) row, nine column I/O clocks, and
three core reference clocks. SCLKs are the clock resources to the core functional
blocks, PLLs, and I/O interfaces of the device.

Figure 5-9 shows that the GCLK, RCLK, PCLK, or PLL feedback clock networks in

each spine clock can drive the SCLKs.

Figure 5-9. Hierarchical Clock Networks per Spine Clock in Arria Il Devices (Note 1)
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Notes to Figure 5-9:

SCLK 26
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clock (6)
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(1) The GCLK, RCLK, PCLK, and PLL feedback clocks share the same routing to the SCLKs. The total number of clock
resources must not exceed the SCLK limits in each region to ensure successful design fitting in the Quartus® Il

software.

—_— =
e

largest device.

—
(33}
-

—_—
~N O
—_ =

There are up to three PLL feedback clocks which are from the PLL that drives into the SCLKs.
There are up to 16 PCLKs that can drive the SCLKs in each spine clock in the largest device.
There are up to 22 RCLKs (Arria Il GZ) or 12 RCLKs (Arria Il GX) that can drive the SCLKs in each spine clock in the

The column 1/0 clock drives the column I/0 core registers and 1/0 interfaces.
The core reference clock feeds into the PLL as the PLL reference clock.
The row clock is the clock source to the LAB, memory blocks, and row I/0 interfaces in the core row.
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= A spine clock is another layer of routing below the GCLKs, RCLKs, and PCLKs before
each clock is connected to the clock routing for each LAB row. The settings for spine
clocks are transparent. The Quartus II software automatically routes the spine clock
based on the GCLK, RCLK, and PCLKs.
Clock Regions

Arria II GX devices provide up to 64 distinct clock domains (16 GCLKs + 48 RCLKSs)
in the entire device, while Arria II GZ devices provide up to 104 distinct clock
domains (16 GCLKs + 88 RCLKs). Use these clock resources to form the following
three types of clock regions:

m Entire device
m Regional
m Dual regional

To form the entire device clock region, a source (not necessarily a clock signal) drives a
GCLK network that can be routed through the entire device. This clock region has a
higher skew when compared with other clock regions, but allows the signal to reach
every destination in the device. This is a good option for routing global reset and clear
signals or routing clocks throughout the device.

To form a regional clock region, a source drives a single-quadrant of the device. This
clock region provides the lowest skew in a quadrant and is a good option if all
destinations are in a single device quadrant.

To form a dual-regional region, a single source (a clock pin or PLL output) generates a
dual-regional clock by driving two regional clock networks (one from each quadrant).
This technique allows destinations across two device quadrants to use the same
low-skew clock. The routing of this signal on an entire side has approximately the
same delay as in a regional clock region. Internal logic can also drive a dual-regional
clock network. For Arria I GX devices, corner PLL outputs generate a dual-regional
clock network through clock multiplexers that serve the two immediate quadrants of
the device. For Arria Il GZ devices, corner PLL outputs only span one quadrant, they
cannot generate a dual-regional clock network.
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Figure 5-10 and Figure 5-11 show the dual-regional clock region for Arria II devices.

Figure 5-10. Device Dual-Regional Clock Region for Arria Il GX Devices
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Figure 5-11. Device Dual-Regional Clock Region for Arria Il GZ Devices
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Clock Network Sources

In Arria II GX devices, clock input pins, internal logic, transceiver clocks, and PLL
outputs can drive the GCLK and RCLK networks, while in Arria II GZ devices, clock
input pins, PLL outputs, and internal logic can drive the GCLK and RCLK networks.
Table 5-2 through Table 5-5 on page 5-12 list the connectivity between the dedicated
clock pins and the GCLK and RCLK networks.

Dedicated Clock Inputs Pins

CLK pins can either be differential clocks or single-ended clocks. Arria II GX devices
support six differential clock inputs or 12 single-ended clock inputs, while Arria Il GZ
devices support 16 differential clock inputs or 32 single-ended clock inputs. You can
also use the dedicated clock input pins CLK [4. .15] (for Arria II GX devices) and
CLK[15..0] (for Arria Il GZ devices) for high fan-out control signals such as
asynchronous clears, presets, and clock enables for protocol signals such as TRDY and
IRDY for PCI Express® (PClIe®) through GCLK or RCLK networks.

Logic Array Blocks

You can drive up to four signals into each GCLK and RCLK network with logic array
block (LAB)-routing to allow internal logic to drive a high fan-out, low-skew signal.

You cannot drive Arria II PLLs by internally generated GCLKs or RCLKSs. The input
clock to the PLL has to come from dedicated clock input pins or PLL-fed GCLKs and
RCLKSs only.

PLL Clock Outputs

Table 5-2 and Table 5-3 list the connection between the dedicated clock input pins
and GCLKs.

Table 5-2. Clock Input Pin Connectivity to GCLK Networks for Arria Il GX Devices

Clock Resources

CLK (p/n Pins)

4 5 6 7 8 9 10 11 12 13 14 15

GCLK[0..3] (1)

GCLK[4..7]

vIivI]ivI]i vl === =1=71=71-=

GCLK[8..11]

— = =T =1 v v]iv]v]i=1T=1=71=

GCLK[12..15]

— = =17 =1 =1T=1T=1T=7Tv] v v v

Note to Table 5-2:

(1) ccrLk[o..3] is not driven by any clock pins because there are no dedicated clock pins on the left side of the Arria Il GX device.

Table 5-3. Clock Input Pin Connectivity to the GCLK Networks for Arria Il GZ Devices (Part 1 of 2)

Clock Resources

CLK (p/n Pins)

(]
-t
N
W
=
ol
(-]

7 8 9 |10 | 11 |12 | 13 |14 | 15

GCLK[0..3]

VIV == ===T=T=1T=1=T=1=1T-=

GCLK[4..7]

— = =T=Tv|v]vivi==]=]=1=1=1=1T=
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Table 5-3. Clock Input Pin Connectivity to the GCLK Networks for Arria Il GZ Devices (Part 2 of 2)

CLK (p/n Pins)
Clock Resources
0 1 2 3 4 7 8 9 10 | 11 12 | 13 | 14 | 15
GCLK[8..11] — = = = | — | — — | V| V| V| V= =] — | =
GCLK[12..15] — | === | — | — — == | = | = | V| V| V| Vv

Table 5-4 and Table 5-5 list the connectivity between the dedicated clock input pins
and RCLKs in Arria II devices. A given clock input pin can drive two adjacent RCLK
networks to create a dual-RCLK network.

Tahle 5-4. Clock Input Pin Connectivity to RCLK Networks for Arria Il GX Devices

CLK (p/n Pins)

Clock Resource

-3

8 9 10 M1

12

13

14

15

RCLK [12, 14, 16, 18, 20, 22] v

RCLK [13, 15, 17, 19, 21, 23] —

RCLK [24..35] -

Vi vV vV

RCLK [36, 38, 40, 42, 44, 46] —

RCLK [37, 39, 41, 43, 45, 47] —

Table 5-5. Clock Input Pin Connectivity to the RCLK Networks for Arria Il GZ Devices (Part 1 of 2)

CLK (p/n Pins)

Clock Resource

[—]
-
N
w
-

7

8 | 9 (10 1

12

13

14

15

RCLK [0, 4, 6, 10] V] — | — | — | —

RCLK [1, 5, 7, 11] V2 e e

RCLK [2, 8] — | — N

RCLK [3, 9] — | — | — —

RCLK [13, 17, 21, 23,
27, 31]

RCLK [12, 16, 20, 22,
26, 30]

RCLK [15, 19, 25, 29] | — | — | — | — | —

RCLK [14, 18, 24, 28] — | — | — | — | —

RCLK [35, 41] — =1 =1=1=

RCLK [34, 40] — =1 =1=1=

RCLK [33, 37, 39, 43

RCLK [32, 36, 38,

RCLK [47, 51, 57,

(o))
=

I
[\
Pl I ehl B

RCLK [46, 50, 56, 60
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Table 5-5. Clock Input Pin Connectivity to the RCLK Networks for Arria Il GZ Devices (Part 2 of 2)

Clock Resource

CLK (p/n Pins)

7

10

1

12

13

14

15

RCLK [45, 49, 53, 55,
59, 63]

RCLK [44, 48, 52, 54,
58, 62]

Clock Input Connections to PLLs

Table 5-6 and Table 5-7 list dedicated clock input pin connectivity to Arria II PLLs.

Table 5-6. PLLs and PLL Clock Pin Drivers for Arria Il GX Devices (Note 1)

PLL Number
Dedicated Clock Input Pin GLK (p/n Pins)
2 3 5 6
CLK[4..7] — v v — —
CLK[8..11] v v — v v
CLK[12..15] v — — _ _

Note to Table 5-6:

(1) PpLL_5and PLL_6 are connected directly to CLK[8..11]. PLL_1, PLL_2, PLL_3 and PLL_4 are driven by the clock input pins through a 4:1

multiplexer.

Table 5-7. PLLs and PLL Clock Pin Drivers for Arria Il GZ Devices (Note 1), (2)

Dedicated Clock Input Pin CLK PLL Number
(n/n Pins) 12 | 13 | B1 | B2 | R2 R3 T 12
CLK[0..3] v v — — — — — —
CLK[4..7] — — v v _ — — —
CLKI[8..11] — — _ _ v v — _
CLK[12..15] — — — _ _ — v v

Notes to Table 5-7:

(1) For single-ended clock inputs, only the cLk<#>p pin has a dedicated connection to the PLL. If you use the cLK<#>n pin, a GCLK is used.
(2) For the availability of the clock input pins in each device density, refer to the “Arria Il Device Pin-Out Files” section of the Pin-Out Files for Altera

Devices.

July 2012  Altera Corporation
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Clock Output Connections

PLLs in Arria II GX devices can drive up to 24 RCLK networks and eight GCLK
networks, while PLLs in Arria II GZ devices can drive up to 20 RCLK networks and
four GCLK networks. The Quartus II software automatically assigns PLL clock
outputs to RCLK or GCLK networks.

Table 5-8 and Table 5-9 list the Arria II PLL connectivity to GCLK networks.

Table 5-8. PLL Connectivity to GCLKs for Arria Il GX Devices

PLL Number
Clock Network
1 2 3 4 5 6
GCLK[0. .3] v — — v _ —
GCLK[4..7] — — v v _ _
GCLK[8..11] — v v — v v
GCLK[12..15] v v — — — _

Table 5-9. PLL Connectivity to the GCLK Networks for Arria Il GZ Devices (Note 1)

PLL Number
Clock Network
L2 L3 B1 B2 R2 R3 ™ T2
GCLK[0..3] v Vv —_ — — — — _
GCLK[4..7] — — v v — — _ _
GCLK[8..11] — — — — v v _ _
GCLK[12..15] — — — — — — N v

Note to Table 5-9:
(1) Only PLL counter outputs CO - C3 can drive the GCLK networks.

Table 5-10 and Table 5-11 list how the PLL clock outputs connect to RCLK networks.

Table 5-10. RCLK Outputs from PLLs for Arria Il GX Devices

PLL Number
Clock Resource
1 2 3 4 5 6
RCLK[0..11] v — — N4 — —
RCLK[12..23] — — v v — _
RCLK[24..35] — v v — v v
RCLK[36..47] v v — — — —

Table 5-11. RCLK Outputs From the PLL Clock Outputs for Arria Il GZ Device (Part 1 of 2)

PLL Number
Clock Resource
L2 L3 B1 B2 R2 R3 T T2
RCLK[0..11] v Vv — — — — — _
RCLK[12..31] — — v v — — _ _
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Table 5-11. RCLK Outputs From the PLL Clock Outputs for Arria Il GZ Device (Part 2 of 2)
PLL Number
Clock Resource
L2 L3 B1 B2 R2 R3 T T2
RCLK[32..43] — — — — v v — —
RCLK [44..63] — — — — — — v v
Clock Control Block

Every GCLK and RCLK network has its own clock control block. The control block

provides the following features:

m Clock source selection (dynamic selection for GCLKSs)

m  GCLK multiplexing

m Clock power down (static or dynamic clock enable or disable)

Figure 5-12 shows the GCLK select blocks for Arria II devices.

Figure 5-12. GCLK Control Block for Arria Il Devices
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Notes to Figure 5-12:

(1) Youcan only dynamically control these clock select signals through internal logic when the device is operating in user

mode.

(2) These clock select signals can only be set through a configuration file (.sof or .pof) and cannot be dynamically

controlled during user mode operation.

(3) The left side of the Arria Il GX device only allows PLL counter outputs as the dynamic clock source selection to the

GCLK network.
(4) This is only available on the left side of the Arria Il GX device.

Select the clock source for the GCLK control block either statically with a setting in the
Quartus II software or dynamically with an internal logic to drive the multiplexer
select inputs. When selecting the clock source dynamically, you can either select two

PLL outputs (such as C0 or C1), or a combination of clock pins or PLL outputs.
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Table 5-12 lists the mapping between the input clock pins, PLL counter outputs, and
clock control block inputs.

Table 5-12. Mapping Between Input Clock Pins, PLL Counter Outputs, and Clock Gontrol Block Inputs for Arria Il

Devices
Clock Control Block Inputs Description
inclk[0], inclk[1] (7) Can be fed by any of the four dedicated clock pins on the same side.
m For Arria Il GX device—can be fed by PLL counters co and c2 from the two corner PLLs
on the same side.
inclk[2] . .
m For Arria Il GZ device—can be fed by PLL counters CO and C2 from the two center PLLs
on the same side.
m For Arria Il GX device—can be fed by PLL counters c1 and ¢3 from the two corner PLLS
on the same side.
inclk[3] . .
m For Arria Il GZ device—can be fed by PLL counters c1 and ¢3 from the two center PLLs
on the same side.

Note to Table 5-12:

(1) The left side of the Arria Il GX device only allows PLL counter outputs as the dynamic clock source selection to the GCLK network. Therefore,
inclk[0] can be fed by PLL counters c4 or c6, while inc1k [1] can only be fed by PLL counter c5.

1=

When combining the PLL outputs and clock pins in the same clock control block,
ensure that these clock sources are implemented on the same side of the device.

For all possible legal inclk sources for each GCLK and RCLK network, refer to
Table 5-2 on page 5-11 through Table 5-10 on page 5-14.

You can statically control the clock source selection for the RCLK select block with
configuration bit settings in the configuration file generated by the Quartus II
software.

You can power down the Arria II clock networks both statically and dynamically.
When a clock network is powered down, all the logic fed by the clock network is in an
off-state, thereby reducing the overall power consumption of the device. The unused
GCLK and RCLK networks are automatically powered down through configuration
bit settings in the configuration file generated by the Quartus II software. The
dynamic clock enable or disable feature allows the internal logic to control power-up
or power-down synchronously on GCLK and RCLK networks. This function is
independent of the PLL and is applied directly on the clock network, as shown in
Figure 5-12 on page 5-15 through Figure 5-14 on page 5-17.

You can set the input clock sources and the clkena signals for the GCLK and RCLK
clock network multiplexers through the Quartus II software with the ALTCLKCTRL
megafunction. You can also enable or disable the dedicated external clock output pins
with the ALTCLKCTRL megafunction.

When you use the ALTCLKCTRL megafunction to implement dynamic clock source
selection in Arria II devices, the inputs from the clock pins, except for the left side of
the Arria II GX device, feed the inclk[0..1] ports of the multiplexer, and the PLL
outputs feed the inclk [2. .3] ports. You can choose from among these inputs with the
CLKSELECT[1. .0]signal. For the connections between the PLL counter outputs to the
clock control block, refer to Table 5-12 on page 5-16.
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e For more information, refer to the Clock Control Block (ALTCLKCTRL) Megafunction
User Guide.

Figure 5-13 and Figure 5-14 show the RCLK select blocks.

Figure 5-13. RCLK Control Block for Arria Il GX Devices

CLK
Pin
PLL Counter 2 Internal
Outputs Logic
Static Clock Select (1)
Enable/
Disable
Internal
Logic
RCLK

Note to Figure 5-13:

(1) This clock select signal can only be statically controlled through a configuration file (.sof or .pof) and cannot be
dynamically controlled during user mode operation.

Figure 5-14. RCLK Control Block for Arria Il GZ Devices

CLKp CLKn
Pin  Pin (2)
PLL Counter 2 Internal
Outputs Logic
Static Clock Select (1)
Enable/

Disable _|

Internal
Logic

RCLK

Notes to Figure 5-14:

(1) When the device is in user mode, you can only set the clock select signals through a configuration file
(.sof or .pof). You cannot dynamically control the clock.

(2) The cLkn pin is not a dedicated clock input when used as a single-ended PLL clock input.
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Figure 5-15 shows the external PLL output clock control block.

Figure 5-15. External PLL Output Clock Control Block Arria Il Devices

PLL Counter
QOutputs and m Counter

n(1)
Static Clock Select (2)
Enable/
Disable
Internal
Logic
I0E (3)
Internal
Logic
Static Clock
Select (2)
PLL<#>_CLKOUT pin

Notes to Figure 5-15:

(1) For Arria Il GX devices, n = 8; for Arria Il GZ devices, n =8 or 11.

(2) When the device is in user mode, you can only set the clock select signals through a configuration file
(-sof or .pof). You cannot dynamically control the clock.

(3) The clock control block feeds a multiplexer in the PLL<#>_CLKOUT pin’s IOE. The PLL<#>_CLKOUT pinis a
dual-purpose pin. Therefore, this multiplexer selects either an internal signal or the output of the clock control block.

Clock Enable Signals

Figure 5-16 shows how the clock enable/disable circuit of the clock control block is
implemented in Arria II devices.

Figure 5-16. clkena Implementation for Arria Il Devices

(1)
1
(1) 2

clkena D Q I D Q GOLK/
output of clock > — RCLK/
select multiplexer R1 R2 PLL_<#>_CLKOUT (1)

Notes to Figure 5-16:
(1) The R1 and R2 bypass paths are not available for PLL external clock outputs.
(2) The select line is statically controlled by a bit setting in the configuration file (.sof or .pof).
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Figure 5-17. clkena Si

In Arria II devices, the clkena signals are supported at the clock network level instead
of at the PLL output counter level. This allows you to gate off the clock even when a
PLL is not used. You can also use the clkena signals to control the dedicated external
clocks from the PLLs. Arria II devices also have an additional metastability register
that aids in asynchronous enable or disable of the GCLK and RCLK networks. You
can optionally bypass this register in the Quartus II software.

Figure 5-17 shows a waveform example for the clock output enable. The clkena
signal is synchronous to the falling edge of the clock output.

gnals for Arria Il Devices

output o
clock
select multiplexe

clkena

output of AND
gate with R2 bypassed

output of AND

f

r

jas UL

gate with R2 not bypassed

Note to Figure 5-17:

(1) You can use the clkena signals to enable or disable the GCLK and RCLK networks or the PLL<#>_CLKOUT pins.

The PLL can remain locked independent of the clkena signals because the
loop-related counters are not affected. This feature is useful for applications that
require a low power or sleep mode. The clkena signal can also disable clock outputs if
the system is not tolerant of frequency over-shoot during resynchronization.

Clock Source Control for PLLs

The clock input to Arria II PLLs comes from clock input multiplexers. The clock
multiplexer inputs come from dedicated clock input pins, PLLs through the GCLK
and RCLK networks, or from dedicated connections between adjacent corner and
center PLLs (Arria II GX devices) or from dedicated connections between adjacent
top/bottom and left/right PLLs (Arria II GZ devices). For Arria II GX devices, the
clock input sources to corner (PLL_1, PLL_2, PLL_3, PLL_4) and center PLLs (PLL_5 and
PLL_6) are shown in Figure 5-18. For Arria Il GZ devices, the clock input sources to
top/bottom and left/right PLLs (L2, L3, T1, T2, B1, B2, R2, and R3) are shown in
Figure 5-19.

The multiplexer select lines are set in the configuration file only. When configured,
you cannot change this block without loading a new .sof or .pof. The Quartus II
software automatically sets the multiplexer select signals depending on the clock
sources selected in your design.
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e For more information about the clock control block and its supported features in the

Quartus II software, refer to the Clock Control Block (ALTCLKCTRL) Megafunction User

Guide.

Figure 5-18. Clock Input Multiplexer Logic for Arria Il GX PLLs

CLK[n+3..n] (2) 4

GCLK/RCLK input (3)

:

Adjacent PLL output

Notes to Figure 5-18:

(1)

j— inclko
To the clock
switchover block
(1) /

inclk1

(1) Input clock multiplexing is controlled through a configuration file (.sof or .pof) only; it cannot be dynamically controlled when the device is

operating in user mode.

(2) Dedicated clock input pins to the PLLs: n =4 for PLL_4; n =4 or 8 for pPLL_3;n =8 or 12 for PLL._2; and n =12 for PLL 1.

(3) You can drive the GCLK or RCLK clock input with an output from another PLL, a pin-driven GCLK or RCLK, or through a clock control block,
provided the clock control block is fed by an output from another PLL or a pin-driven dedicated GCLK or RCLK. An internally generated global

signal or general purpose I/0 pin cannot drive the PLL.

Figure 5-19. Clock Input Multiplexer Logic for Arria Il GZ devices

clkn+3..n] (2) 4

GCLK / RCLK input (3)

Adjacent PLL output

-

Notes to Figure 5-19:

(1)

inclk0

To the clock

switchover block
(1) /

inclk1

(1) When the device is operating in user mode, input clock multiplexing is controlled through a configuration file (.sof or .pef) only and cannot be

dynamically controlled.

(2) n=0forL2and L3 PLLs; n=4for B1 and B2 PLLs; n = 8 for R2 and R3 PLLs, and n =12 for T1 and T2 PLLs.

(3) You can drive the GCLK or RCLK input using an output from another PLL, a pin-driven GCLK or RCLK, or through a clock control block provided
the clock control block is fed by an output from another PLL or a pin-driven dedicated GCLK or RCLK. An internally generated global signal or

general purpose I/0 pin cannot drive the PLL.
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Cascading PLLs

You can cascade the corner and center PLLs through the GCLK and RCLK networks
(Arria II GX devices) or left/right and top /bottom PLLs through the GCLK and
RCLK networks (Arria IT GZ devices). In addition, where two PLLs exist next to each
other, there is a direct connection between them that does not require the GCLK and
RCLK network. By cascading PLLs, you can use this path to reduce clock jitter. For
Arria II GX devices, the direct PLL cascading feature is available in PLL_5 and PLL_6
on the right side of EP2AGX95, EP2AGX125, EP2AGX190, and EP2AGX260 devices.
Arria II GX devices allow cascading of PLL_1 and PLL_4 to the transceiver PLLs (clock
management unit PLLs and receiver clock data recoveries [CDRs]). Arria Il GZ
devices allows cascading the left and right PLLs to transceiver PLLs (CMU PLLs and
receiver CDRs).

If your design cascades PLLs, the source (upstream) PLL must have a low-bandwidth
setting, while the destination (downstream) PLL must have a high-bandwidth setting.
Ensure that there is no overlap of the bandwidth ranges of the two PLLs.
“ e For more information, refer to the “FPGA Fabric PLLs-Transceiver PLLs Cascading”
section in the Transceiver Clocking in Arria II Devices chapter.
“ e For more information about PLL cascading in external memory interfaces designs,
refer to the External Memory PHY Interface (ALTMEMPHY) (nonAFI) Megafunction User
Guide.

PLLs in Arria Il Devices

Arria II GX devices offer up to six PLLs per device and seven outputs per PLL, while
Arria II GZ devices offer up to eight PLLs that provide robust clock management and
synthesis for device clock management, external system clock management, and
high-speed I/0 interfaces. The nomenclature for the PLLs follows their geographical
location in the device floor plan. For the location and number of PLLs in Arria II
devices, refer to Figure 5-1 on page 5-3 through Figure 5-4 on page 5-5.

[l =~ Depending on the package, Arria Il GX devices offer up to eight transceiver
transmitter (TX) PLLs per device that can be used by the FPGA fabric if they are not
used by the transceiver.

“ e For more information about the number of general-purpose and transceiver TX PLLs
in each device density, refer to the Overview for Arria II Device Family chapter. For more
information about using the transceiver TX PLLs in the transceiver block, refer to the
Transceiver Clocking in Arria I Devices chapter.

All Arria I PLLs have the same core analog structure and support features with
minor differences in the features that are supported for Arria Il GZ devices.
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Table 5-13 lists the PLL features in Arria II devices.

Table 5-13. PLL Features in Arria Il Devices

Dedicated clock outputs

3 single-ended or 3 differential
pairs (1), (2)

4 single-ended and
1 differential pair

Arria Il GZ PLLs
Feature Arria Il GX PLLs
Top/Bottom PLLs Left/Right PLLs
¢ (output) counters 7 10 7
M, N, C counter sizes 110512 1t0512 1t0512
1 single-ended or 1 differential 6 sinale-ended or
pair g 2 single-ended or 1 differential

pair

Clock input pins

4 single-ended or 2 differential

4 single-ended or 2

4 single-ended or 2 differential

tracking

pin pairs differential pin pairs pin pairs
External feedback input pin No Single-ended or differential Single-ended only
Spread-spectrum input clock Yes (3) Yes (3) Yes (3)

PLL cascading

Through GCLK and RCLK and
dedicated path between
adjacent PLLs. Cascading
between the general-purpose
PLL and transceiver PLL is
supported in PLL 1 and
PLL 4.

Through GCLK and RCLK
and a dedicated path
between adjacent PLLs

Through GCLK and RCLK and
dedicated path between
adjacent PLLs (4)

Compensation modes

All except external feedback
mode when you use
differential I/0s

All except LVDS clock
network compensation

All except external feedback
mode when you use
differential 1/0s

PLL drives DIFFCLK and

LOADEN Yes No Yes
VCO output drives DPA clock Yes No Yes
Phase shift resolution Down t0 96.125 ps (5) Down to 96.125 ps (5) Down t0 96.125 ps (5)
Programmable duty cycle Yes Yes Yes
Output counter cascading Yes Yes Yes
Input clock switchover Yes Yes Yes

Notes to Table 5-13:

(1) prn_sand pLL 6 do not have dedicated clock outputs.

(2) The same PLL clock output drives three single-ended or three differential 1/0 pairs. This is only supported in pLL_1 and PLL_3 of EP2AGX95,
EP2AGX125, EP2AGX190, and EP2AGX260 devices.

(3) This is applicable only if the input clock jitter is within the input jitter tolerance specifications.
(4) The dedicated path between adjacent PLLs is not available on L1, L4, R1, and R4 PLLs.

(5) The smallest phase shift is determined by the voltage-controlled oscillator (VCO) period divided by eight. For degree increments, the Arria Il device
can shift all output frequencies in increments of at least 45°. Smaller degree increments are possible depending on the frequency and ¢ counter

value.
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PLL Hardware Overview in Arria Il Devices

Figure 5-20 shows a simplified block diagram of the major components of the
Arria II PLL.

Figure 5-20. PLL Block Diagram for Arria Il Devices

To DPA block on
Left/Right PLLs

— Casade output
Lock = to adjacent PLL

Circuit ——— locked

pfdena =

X 4
Dedicated Dﬁl—'\‘ inclk0

clock inputs

GCLK/RCLK

Cascade input
from adjacent PLL

Clock
Switchover
Block

=i
— _—1\‘ inclk1
L1

o

Notes to Figure 5-20:
(1) The number of post-scale counters is seven for left and right PLLs and ten for top and bottom PLLs.
(2) This is the VCO post-scale counter K.
(3) The FBOUT port is fed by the M counter in Arria Il PLLs. The FBOUT port is only available in Arria Il GZ devices.

—<clkswitch
—L—>clkbad0
—L{—>clkbad1
—{—>activeclock

—T> GCLKs

—> RCLKs

External clock
outputs

— DIFFIOCLK from
Left/Right PLLs

PLL Output Mux

LOAD_EN from
Left/Right PLLs
> FBOUT (3)
External

—T=> memory
— interface DLL

no compensation mode

ZDB, External feedback modes

: <1 FBIN
LVDS Compensation mode <1 DIFFIOCLK network
Source Synchronous, normal modes < GCLK/RCLK network

"=~ You can drive the GCLK or RCLK clock input with an output from another PLL, a
pin-driven GCLK or RCLK, or through a clock control block, provided the clock
control block is fed by an output from another PLL, or a pin driven dedicated GCLK
or RCLK. An internally-generated global signal or general purpose I/O (GPIO) pin

cannot drive the PLL.

PLL Clock 1/0 Pins

For Arria II GX devices, each PLL supports one of the following clock I/O pin
configurations:

B One single-ended I/O or one differential /O pair.

m Three single-ended I/O or three differential I/O pairs (this is only supported in
PLL_1 and PLL_3 of EP2AGX95, EP2AGX125, EP2AGX190, and EP2AGX260
devices). You can only access one differential I/O pair or one single-ended pin at a
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Figure 5-21 shows the clock I/O pins associated with Arria II GX PLLs.

Figure 5-21. External Clock Outputs for Arria Il GX PLLs

Internal Logic

Co
C1
c2

Arria [l GX C3
PLLs

C4
Cs5
Cé

clkena0 (3)

clkenat (3)

PLL<#>_CLKOUT<#>p (1), (2)

PLL<#>_CLKOUT<#>n (1), (2)

Notes to Figure 5-21:
(1) You can feed these clock output pins with any one of the c[6. .01, or m counters.

(2) The PLL<#> CLKOUT<#>p and PLL<#> CLKOUT<#>n pins can be either single-ended or pseudo-differential clock outputs. The Arria Il GX PLL
only routes single-ended I/0s to PLL<#>CLKOUT<#>p pins, while you can use PLL<#> CLKOUT<#>n pins as user I/0s.

(3) These external clock enable signals are available only when you use the ALTCLKCTRL megafunction.

For Arria I GX devices, any of the output counters (C[6..0]) or the M counter can feed
the dedicated external clock outputs, as shown in Figure 5-21. Therefore, one counter
or frequency can drive all the output pins available from a given PLL.

For Arria II GZ devices, each top and bottom PLL supports six clock I/O pins,
organized as three pairs of pins:

m 1st pair—two single-ended I/O or one differential I/O

®m 2nd pair—two single-ended I/O or one differential external feedback input
(FBp/FBn)

m 3rd pair—two single-ended I/O or one differential input
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Figure 5-22 shows the clock I/O pins associated with the top and bottom PLLs.

Figure 5-22. External Clock Outputs for Top and Bottom PLLs in Arria Il GZ Devices

Internal Logic

Co
C1
c2

C3

Top/Bottom
PLLs C4

C5
C6
Cc7
Cc8
C9
m(fbout)

clkena0 (3) —| clkena2 (3) clkena4 (3)

clkenat (3) clkena3 (3) clkena5 (3)

PLL_<#>_CLKOUTOp (1), (2) | PLL_<#>_FBp/CLKOUT1 (1), (2 PLL—<#(7)—<;2L)K°UT3

PLL_<#>_CLKOUTON (1), (2) PLL_<#>_FBn/CLKOUT2 (1), (2)

PLL_<#>_CLKOUT4
(1), 2)

Notes to Figure 5-22:

(1) You can feed these clock output pins using any one of the C[9. . 0], or m counters.

(2) The CLKOUTOp and CLKOUTON pins can be either single-ended or differential clock outputs. The CLKOUT1 and CLKOUT2 pins are
dual-purpose 1/0 pins that you can use as two single-ended outputs or one differential external feedback input pin. The CLKOUT3 and CLKOUT4
pins are two single-ended output pins.

(3) These external clock enable signals are available only when you use the ALTCLKCTRL megafunction.

For Arria II GZ devices, any of the output counters (C[9..0] on the top and bottom
PLLs and C[6..0] on the left and right PLLs) or the M counter can feed the dedicated
external clock outputs, as shown in Figure 5-22 and Figure 5-23. Therefore, one
counter or frequency can drive all the output pins available from a given PLL. Each
left and right PLL supports two clock I/O pins, configured as either two single-ended
1/0Os or one differential I/O pair. When using both pins as single-ended 1/Os, one of
them can be the clock output while the other pin is the external feedback input (FB)
pin. Therefore, for single-ended I/O standards, the left and right PLLs only support
external feedback mode.
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Figure 5-23. External Clock Outputs for Left and Right PLLs in Arria Il GZ Devices

Internal Logic

Co
C1
C2

Left/Right C3
PLLs

C4
C5
Cé
m(fbout)

clkena0 (3)

clkenat (3)

PLL_<L2, L3, R2, R3>_CLKOUTON/FB_CLKOUTOp (1), (2)

PLL_<L2, L3, R2, R3>_FB_CLKOUTOp/CLKOUTON (1), (2)

Notes to Figure 5-23:
(1) You can feed these clock output pins using any one of the C[6. . 0], or m counters.

(2) The CLKOUTOp and CLKOUTON pins are dual-purpose 1/0 pins that you can use as two single-ended outputs or one single-ended output and
one external feedback input pin.

(3) These external clock enable signals are available only when using the ALTCLKCTRL megafunction.

Each pin of a single-ended output pair can either be in-phase or 180° out-of-phase.
The Quartus II software places the NOT gate in your design into the IOE to
implement a 180° phase with respect to the other pin in the pair. The clock output pin
pairs support the same I/O standards as standard output pins, as well as LVDS_E_3R,
LVPECL, differential high-speed transceiver logic (HSTL), and differential SSTL.
“ %@ To determine which I/O standards are supported by the PLL clock input and output
pins, refer to the /O Features in Arria 1I Devices chapter.

Arria Il PLLs can also drive out to any regular I/O pin through the GCLK or RCLK
network. You can also use the external clock output pins as user I/O pins if you do
not require external PLL clocking. However, external clock output pins can support a
differential I/O standard that is only driven by a PLL.

['=~ Regular I/O pins cannot drive the PLL clock input pins.

Arria |l Device Handbook Volume 1: Device Interfaces and Integration July 2012  Altera Corporation


http://www.altera.com/literature/hb/arria-ii-gx/aiigx_51006.pdf

Chapter 5: Clock Networks and PLLs in Arria Il Devices 5-27
PLLs in Arria Il Devices

PLL Control Signals

You can use the pfdena, areset, and locked signals to observe and control PLL
operation and resynchronization.

pfdena

Use the pfdena signal to maintain the most recent locked frequency to allow your
system to store its current settings before shutting down. The pfdena signal controls
the phase frequency detector (PFD) output with a programmable gate. If you disable
the PFD, the VCO operates at its most recent set value of control voltage and
frequency with some long-term drift to a lower frequency.

areset

The areset signal is the reset or resynchronization input for each PLL. The device
input pins or internal logic can drive these input signals. When areset is driven high,
the PLL counters reset, clearing the PLL output and placing the PLL out-of-lock. The
VCO is then set back to its nominal setting. When areset is driven low again, the PLL
resynchronizes to its input as it relocks.

You must include the areset signal in designs if any of the following conditions are
true:

m PLL reconfiguration or clock switchover is enabled in your design.
m Phase relationships between the PLL input and output clocks must be maintained

after a loss-of-lock condition.

['=" If the input clock to the PLL is not toggling or is unstable after power up, assert the
areset signal after the input clock is stable and in specifications.

locked

The locked signal indicates that the PLL has locked onto the reference clock and the
PLL clock outputs are operating at the desired phase and frequency set in the
Quartus II software.

['=" Altera recommends using the areset and locked signals in your designs to control
and observe the status of your PLL.

“ e For more information about the PLL control signals, refer to the ALTPLL Megafunction

User Guide.
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Clock Feedback Modes

Arria II PLLs support up to six different clock feedback modes. Each mode allows
clock multiplication and division, phase shifting, and programmable duty cycle.

Table 5-14 lists the clock feedback modes supported by the Arria II PLLs.

Table 5-14. Clock Feedback Mode Availability for Arria Il Devices

Availability in Arria Il GZ Devices

Clock Feedback Mode Availability in Arria Il GX Devices
Top/Bottom PLLs Left/Right PLLs
Source-synchronous mode Yes Yes Yes
No-compensation mode Yes Yes Yes
Normal mode Yes Yes Yes
Zero-delay buffer (ZDB) mode (7) Yes Yes Yes
External Feedback (2) No Yes Yes (3)
LVDS compensation Yes (4) No Yes

Notes to Tahle 5-14:

(1) ZDB mode uses 8 ns delay for compensation in Arria Il GX devices.

2

4

(2) The high-bandwidth PLL setting is not supported in the external feedback mode.
(3) External feedback mode is supported for single-ended inputs and outputs only on the left and right PLLs.
(4) LVDS compensation mode is only supported on PLL_2, PLL_3, PLL_5, and PLL_6.

['=~ Inputand output delays are fully compensated by a PLL only when you use the
dedicated clock input pins associated with a given PLL as clock sources. For example,
when you use PLL_1 (Arria II GX devices) or PLL_T1 (Arria Il GZ devices) in normal
mode, the clock delays from the input pin to the PLL clock output-to-destination
register are fully compensated, provided the clock input pin is one of the following
four pins: CLK12, CLK13, CLK14, or CLK15. When an RCLK or GCLK network drives the
PLL, the input and output delays may not be fully compensated in the Quartus II
software. Another example is when PLL_1 (Arria II GX devices) or PLL_T2 (Arria II GZ
devices) is configured in zero delay buffer mode and the PLL input is driven by a
dedicated clock input pin, a fully compensated clock path results in zero delay
between the clock input and one of the output clocks from the PLL. If the PLL input is
instead fed by a non-dedicated input (using the GCLK network), the output clock
may not be perfectly aligned with the input clock.
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Source-Synchronous Mode

If data and clock arrive at the same time on the input pins, the same phase
relationship is maintained at the clock and data ports of any IOE input register.
Figure 5-24 shows an example waveform of the clock and data in source-synchronous
mode. This mode is recommended for source-synchronous data transfers. Data and
clock signals at the IOE experience similar buffer delays as long as you use the same
I/0 standard.

Figure 5-24. Phase Relationship Between Clock and Data in Source-Synchronous Mode in Arria Il Devices

Data pin :>< >< >< X
PLL i
reference clock J
at input pin
Data at register :>< >< >< X

Clock at register J

Source-synchronous mode compensates for the delay of the clock network used plus
any difference in the delay between these two paths:

m Data pin-to-IOE register input
m Clock input pin-to-the PLL PFD input

You can use the PLL Compensation assignment in the Quartus II software
Assignment Editor to select which input pins are used as the PLL compensation
targets. You can include your entire data bus, provided the input registers are clocked
by the same output of a source-synchronous compensated PLL. All input pins must
be on the same side of the device for the clock delay to be properly compensated. The
PLL compensates for the input pin with the longest pad-to-register delay among all
input pins in the compensated bus.

If you do not assign the PLL Compensation assignment, the Quartus II software
automatically selects all pins driven by the compensated output of the PLL as the
compensation target.
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Source-Synchronous Mode for LVDS Compensation

The goal of source-synchronous mode for LVDS compensation is to maintain the same
data and clock timing relationship seen at the pins at the internal

serializer /deserializer (SERDES) capture register, except that the clock is inverted
(180° phase shift), as shown in Figure 5-25. Thus, this mode ideally compensates for
the delay of the LVDS clock network plus any difference in the delay between these
two paths:

m Data pin-to-SERDES capture register
m  Clock input pin-to-SERDES capture register. In addition, the output counter must
provide the 180° phase shift.

Figure 5-25. Source-Synchronous Mode for LVDS Compensation for Arria Il Devices

PLL

reference clock J
at input pin
Data at register :>< >< >< X

Clock at register J

No-Compensation Mode

In no-compensation mode, the PLL does not compensate for the clock networks. This
mode provides better jitter performance because the clock feedback into the PFD
passes through less circuitry. Both the PLL internal and external clock outputs are
phase-shifted with respect to the PLL clock input. Figure 5-26 shows an example
waveform of the PLL clocks” phase relationship in no-compensation mode.
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Figure 5-26. Phase Relationship Between PLL Clocks in No-Compensation Mode for Arria Il Devices

Phase Aligned

PLL Reference
Clock at the
Input Pin

PLL Clock at the
Register Clock Port (1) _‘

External PLL Clock Outputs (7) L

Note to Figure 5-26:
(1) The PLL clock outputs can lag the PLL input clocks depending on routine delays.

Normal Mode

An internal clock in normal mode is phase-aligned to the input clock pin. The external
clock output pin has a phase delay relative to the clock input pin if connected in this
mode. The Quartus II software TimeQuest Timing Analyzer reports any phase
difference between the two. In normal mode, the delay introduced by the GCLK or
RCLK network is fully compensated. Figure 5-27 shows an example waveform of the
phase relationship of the PLL clocks in normal mode.

Figure 5-27. Phase Relationship Between PLL Clocks in Normal Mode for Arria Il Devices
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Note to Figure 5-27:
(1) The external clock output can lead or lag the PLL internal clock signals.
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Zero-Delay Buffer Mode

In ZDB mode, the external clock output pin is phase-aligned with the clock input pin
for zero delay through the device. You must use the same I/O standard on the input
and output clocks to guarantee clock alignment at the input and output pins.
Zero-delay buffer mode is supported on all Arria I PLLs.

You must instantiate a bidirectional I/O pin in the design to serve as the feedback
path connecting the FBOUT and FBIN ports of the PLL when using Arria I GZ PLLs in
ZDB mode, along with single-ended 1/O standards, to ensure phase alignment
between the CLK pin and the external clock output (CLKOUT) pin. The PLL uses this
bidirectional I/O pin to mimic and compensate for the output delay from the clock
output port of the PLL to the external clock output pin.

'~ The bidirectional I/O pin that you instantiate in your design must always be assigned
a single-ended I/0 standard.

L=~ Do not place board traces on the bidirectional I/O pin when using ZDB mode, to
avoid signal reflection.

Figure 5-28 shows ZDB mode in Arria II GZ PLLs. You cannot use differential I/O
standards on the PLL clock input or output pins.

Figure 5-28. ZDB Mode in PLLs for Arria Il GZ Devices
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Figure 5-29 shows an example waveform of the PLL clocks’ phase relationship in
ZDB mode.

Figure 5-29. Phase Relationship Between PLL Clocks in Zero Delay Buffer Mode for Arria Il Devices
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Note to Figure 5-29:
(1) The internal PLL clock output can lead or lag the external PLL clock outputs.

External Feedback Mode

In external feedback mode, the external feedback input pin (fbin) is phase-aligned
with the clock input pin, as shown in Figure 5-30. Aligning these clocks allows you to
remove clock delay and skew between devices. This mode is supported on all

Arria II GZ PLLs.

In external feedback mode, the output of the M counter (FBOUT) feeds back to the PLL
fbin input (using a trace on the board) becoming part of the feedback loop. Also, use
one of the dual-purpose external clock outputs as the fbin input pin in this mode.

You must use the same I/0O standard on the input clock, feedback input, and output
clocks. Left and right PLLs support this mode when using single-ended I/O
standards only.
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Figure 5-30 shows an example waveform of the phase relationship between the PLL
clocks in external feedback mode.

Figure 5-30. Phase Relationship Between the PLL Clocks in External Feedback Mode for Arria Il Devices
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Note to Figure 5-30:
(1) The PLL clock outputs can lead or lag the £bin clock input.

Figure 5-31 shows external feedback mode implementation in Arria II GZ devices.

Figure 5-31. External Feedback Mode in Arria Il GZ Devices
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Clock Multiplication and Division

Each Arria II PLL provides clock synthesis for PLL output ports with

M/ (N x post-scale counter) scaling factors. The input clock is divided by a pre-scale
factor (n) and is then multiplied by the m feedback factor. The control loop drives the
VCO to match f;;, (M/N). Each output port has a unique post-scale counter that
divides down the high-frequency VCO. For multiple PLL outputs with different
frequencies, the VCO is set to the least common multiple of the output frequencies
that meets its frequency specifications. For example, if output frequencies required
from one PLL are 33 and 66 MHz, the Quartus II software sets the VCO to 660 MHz
(the least common multiple of 33 and 66 MHz in the VCO range). Then the post-scale
counters scale down the VCO frequency for each output port.
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The VCO frequency reported by the Quartus II software is the value after the
post-scale counter divider (X).

Each PLL has one pre-scale counter (N) and one multiply counter (M) with a range of
1 to 512 for both M and N. The n counter does not use duty-cycle control because the
only purpose of this counter is to calculate frequency division. There are seven generic
post-scale counters in each PLL that can feed GCLKs, RCLKs, or external clock
outputs. These post-scale counters range from 1 to 512 with a 50% duty cycle setting.
The high- and low-count values for each counter ranges from 1 to 256. The sum of the
high- and low-count values chosen for a design selects the divide value for a given
counter.

The Quartus II software automatically chooses the appropriate scaling factors
according to the input frequency, multiplication, and division values entered into the
ALTPLL megafunction.

Post-Scale Counter Cascading

Arria II PLLs support post-scale counter cascading to create counters larger than 512.
This is automatically implemented in the Quartus II software by feeding the output of
one C counter into the input of the next C counter, as shown in Figure 5-32.

Figure 5-32. Counter Cascading for Arria Il Devices
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Note to Figure 5-32:
(1) For Arria Il GX devices, n = 6. For Arria Il GZ devices, n =6 or 9.

When cascading post-scale counters to implement a larger division of the
high-frequency VCO clock, the cascaded counters behave as one counter with the
product of the individual counter settings. For example, if CO = 40 and C1 = 20, the
cascaded value is CO x C1 = 800.

Post-scale counter cascading is set in the configuration file. You cannot accomplish
post-scale counter cascading with PLL reconfiguration.
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Programmable Duty Cycle

The programmable duty cycle allows the PLLs to generate clock outputs with a
variable duty cycle. This feature is supported on the PLL post-scale counters. The
duty-cycle setting is achieved by a low and high time-count setting for the post-scale
counters. The Quartus II software uses the frequency input and the required multiply
or divide rate to determine the duty cycle choices. The post-scale counter value
determines the precision of the duty cycle. The precision is defined by 50% divided by
the post-scale counter value. For example, if the C0 counter is 10, steps of 5% are
possible for duty-cycle choices between 5% to 90%.

Combining the programmable duty cycle with programmable phase shift allows the
generation of precise non-overlapping clocks.

For Arria II GZ devices, if the PLL is in external feedback mode, set the duty cycle for
the counter driving the fbin pin to 50%.

Programmable Phase Shift

Use phase shift to implement a robust solution for clock delays in Arria II devices.
Implement phase shift with a combination of the VCO phase output and the counter
starting time. A combination of the VCO phase output and counter starting time is the
most accurate method of inserting delays because it is purely based on counter
settings, which are independent of process, voltage, and temperature (PVT).

You can phase-shift the output clocks from the Arria II PLLs in either of these two
resolutions:

m Fine resolution with VCO phase taps
m  Coarse resolution with counter starting time

Fine-resolution phase shifts are implemented by allowing any of the output counters
(C[n..0]) or the m counter to use any of the eight phases of the VCO as the reference
clock. This allows you to adjust the delay time with a fine resolution. The minimum
delay time that you can insert with this method is defined in Equation 5-1.

Equation 5-1. Fine-Resolution Phase Shifts for Arria Il Devices

1 1 N
Pine = g Tveo= 5, = 8Mfmr

where frgp is the input reference clock frequency.

For example, if frgr is 100 MHz, n is 1, and m is 8, then fyco is 800 MHz and @,
equals 156.25 ps. The PLL operating frequency, which is governed by the reference
clock frequency and the counter settings, defines this phase shift.
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Equation 5-2 shows the coarse-resolution phase shifts are implemented by delaying
the start of the counters for a predetermined number of counter clocks.

Equation 5-2. Coarse-Resolution Phase Shifts for Arria Il Devices

o)

coarse —
f vco Mf REF

where C is the count value set for the counter delay time, (this is the initial setting in
the “PLL usage” section of the compilation report in the Quartus II software). If the
initial value is 1, C — 1 = 0° phase shift.

Figure 5-33 shows an example of a phase-shift insertion with the fine resolution with
the VCO phase taps method. The eight phases from the VCO are shown and labeled
for reference. For this example, CLKO is based off the Ophase from the VCO and has the
C value for the counter set to one. The CLK1 signal is divided by four, two VCO clocks
for high time and two VCO clocks for low time. CLK1 is based off the 135x phase tap
from the VCO and also has the C value for the counter set to one. The CLK1 signal is
also divided by four. In this case, the two clocks are offset by 3 ®g,,.. CLK2 is based off
the 0phase from the VCO but has the C value for the counter set to three. This
arrangement creates a delay of 2 ®coarsg (two complete VCO periods).

Figure 5-33. Delay Insertion with VCO Phase Output and Counter Delay Time for Arria Il Devices
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Use the coarse- and fine-phase shifts to implement clock delays in Arria II devices.
The ALTPLL megafunction allows you to enter the desired VCO phase taps and initial
counter value settings through the MegaWizard™ Plug-In Manager in the Quartus II
software.

Arria II devices support dynamic phase-shifting of VCO phase taps only. The phase
shift is reconfigurable any number of times and each phase shift takes about one
SCANCLK cycle, allowing you to implement large phase shifts quickly.
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Programmable Bandwidth

PLL bandwidth is the measure of the ability of the PLL to track the input clock and its
associated jitter. Arria II PLLs provide advanced control of the PLL bandwidth with
the PLL loop’s programmable characteristics, including loop filter and charge pump.
The closed-loop gain 3-dB frequency in the PLL determines the PLL bandwidth. The
bandwidth is approximately the unity gain point for open loop PLL response.

Spread-Spectrum Tracking

Arria II devices can accept a spread-spectrum input with typical modulation
frequencies. However, the device cannot automatically detect that the input is a
spread-spectrum signal. Instead, the input signal looks like deterministic jitter at the
input of the PLL. Arria II PLLs can track a spread-spectrum input clock as long as the
input jitter is in the PLL input jitter tolerance specification. Arria II devices cannot
internally generate spread-spectrum clocks.

Clock Switchover

The clock switchover feature allows the PLL to switch between two reference input
clocks. Use this feature for clock redundancy or for a dual-clock domain application
such as in a system that turns on the redundant clock if the previous clock stops
running. Your design can perform clock switchover automatically, when the clock is
no longer toggling or based on a user control signal (clkswitch).

The following clock switchover modes are supported in Arria II PLLs:

m Automatic switchover—The clock sense circuit monitors the current reference
clock and if it stops toggling, automatically switches to the other clock (inc1k0 or
inclkl).

m  Manual clock switchover—Clock switchover is controlled with the clkswitch
signal in this mode. When the clkswitch signal goes from logic low to logic high,
and stays high for at least three clock cycles, the reference clock to the PLL is
switched from inclko0 to inclkl, or vice-versa.

m  Automatic switchover with manual override—This mode combines modes 1 and
2. When clkswitch = 1, it overrides automatic clock switchover function. As long
as the clkswitch signal is high, further switchover action is blocked.
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Arria II PLLs support a fully configurable clock switchover capability. Figure 5-34
shows the block diagram of the switchover circuit built into the PLL. When the
current reference clock is not present, the clock sense block automatically switches to
the backup clock for PLL reference. The clock switchover circuit also sends out three
status signals—clkbad [0], clkbad[1], and activeclock—from the PLL to implement
a custom switchover circuit in the logic array. You can select a clock source as the
backup clock by connecting it to the inclkl port of the PLL in your design.

Figure 5-34. Automatic Clock Switchover Circuit Block Diagram for Arria Il Devices
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Automatic Clock Switchover Mode

Use the switchover circuitry to automatically switch between inclk0 and inclkl
when the current reference clock to the PLL stops toggling. For example, in
applications that require a redundant clock with the same frequency as the reference
clock, the switchover state machine generates a signal (clksw) that controls the
multiplexer select input, as shown in Figure 5-34. In this case, inclkl becomes the
reference clock for the PLL. When you use automatic switchover mode, you can
switch back and forth between the inclk0 and inclkl clocks any number of times,
when one of the two clocks fails and the other clock is available.

When you use automatic clock switchover mode, the following requirements must be
satisfied:

m Both clock inputs must be running.
m The period of the two clock inputs can differ by no more than 100% (2x).

If the current clock input stops toggling while the other clock is also not toggling,
switchover is not initiated and the clkbad[0:1] signals are not valid. Also, if both
clock inputs are not the same frequency, but their period difference is 100%, the clock
sense block detects when a clock stops toggling, but the PLL may lose lock after the
switchover is completed and requires time to relock.

Altera recommends resetting the PLL with the areset signal to maintain the phase
relationships between the PLL input and output clocks when you use clock
switchover.
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When you use automatic switchover mode, the clkbad[0] and clkbad[1] signals
indicate the status of the two clock inputs. When they are asserted, the clock sense
block has detected that the corresponding clock input has stopped toggling. These
two signals are not valid if the frequency difference between inclk0 and inclkl is
greater than 20%.

The activeclock signal indicates which of the two clock inputs (inclk0 or inclkl) is
being selected as the reference clock to the PLL. When the frequency difference
between the two clock inputs is more than 20%, the activeclock signal is the only
valid status signal.

Figure 5-35 shows an example waveform of the switchover feature with automatic
switchover mode. In this example, the inclko0 signal is stuck low. After the inclk0
signal is stuck at low for approximately two clock cycles, the clock sense circuitry
drives the clkbad [0] signal high. Also, because the reference clock signal is not
toggling, the switchover state machine controls the multiplexer through the clksw
signal to switch to the backup clock, inclki.

Figure 5-35. Automatic Switchover Upon Loss of Clock Detection for Arria Il Devices
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Note to Figure 5-35:

(1) Switchover is enabled on the falling edge of inc1ko0 or inc1k1, depending on which clock is available. In this figure, switchover is enabled on
the falling edge of inclki.

Manual Override Mode

In automatic switchover with manual override mode, you can use the clkswitch
input for user- or system-controlled switch conditions. You can use this mode for
same-frequency switchover or to switch between inputs of different frequencies. For
example, if inc1k0 is 66 MHz and inclk1l is 200 MHz, you must control the
switchover when you use clkswitch because the automatic clock-sense circuitry
cannot monitor clock input (inclk0 and inclkl) frequencies with a frequency
difference of more than 100% (2x). This feature is useful when the clock sources
originate from multiple cards on the backplane, requiring a system-controlled
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switchover between the frequencies of operation. You must choose the backup clock
frequency and set the m, n, ¢, and k counters accordingly so the VCO operates in the
recommended operating frequency range of 600 to 1,600 MHz. The ALTPLL
MegaWizard Plug-In Manager interface notifies you if a given combination of inc1k0
and inclkl frequencies cannot meet this requirement.

Figure 5-36 shows an example waveform of the switchover feature when controlled
by the clkswitch signal. In this case, both clock sources are functional and inclk0 is
selected as the reference clock. The clkswitch signal goes high, which starts the
switchover sequence. On the falling edge of inc1k0, the counter’s reference clock
(muxout) is gated off to prevent clock glitching. On the falling edge of inclkl, the
reference clock multiplexer switches from inclko0 to inclkl as the PLL reference and
the activeclock signal changes to indicate which clock is currently feeding the PLL.

Figure 5-36. Clock Switchover with the clkswitch (Manual) Gontrol for Arria Il Devices (Note 1)
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Note to Figure 5-36:
(1) To start a manual clock switchover event, both inc1ko and inclk1 must be running when the clkswitch signal goes high.

In automatic switchover with manual override mode, the activeclock signal mirrors
the clkswitch signal. As both clocks are still functional during the manual switch,
neither clkbad signal goes high. Because the switchover circuit is positive-edge
sensitive, the falling edge of the clkswitch signal does not cause the circuit to switch
back from inclkl to inclk0. When the clkswitch signal goes high again, the process
repeats. The clkswitch signal and automatic switch only work if the clock being
switched to is available. If the clock is not available, the state machine waits until the
clock is available.
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Manual Clock Switchover Mode

In manual clock switchover mode, the clkswitch signal controls whether inc1k0 or
inclkl is selected as the input clock to the PLL. By default, inc1k0 is selected. A
low-to-high transition on clkswitch and being held high for at least three inclk cycles
begins a clock switchover event. You must bring the clkswitch signal back low again
to perform another switchover event in the future. If you do not require another
switchover event in the future, you can leave clkswitch in a logic high state after the
initial switch. Pulsing clkswitch high for at least three inclk cycles performs another
switchover event. If inclk0 and inclkl are different frequencies and are always
running, the clkswitch minimum high time must be greater than or equal to three of
the slower frequency inclk0 and inclkl cycles.

Figure 5-37 shows a block diagram of the manual switchover circuit.

Figure 5-37. Manual Clock Switchover Gircuitry in PLLs for Arria Il Devices
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Clock Switchover Guidelines

Use the following guidelines when implementing clock switchover in Arria II PLLs.

B Automatic clock switchover requires that the inclk0 and inclkl frequencies be in
100% (2x) of each other. Failing to meet this requirement causes the clkbad [0] and
clkbad[1] signals to not function properly.

®  When you use manual clock switchover mode, the difference between inclk0 and
inclkl can be more than 100% (2x). However, differences in frequency, or phase of
the two clock sources, or both, are likely to cause the PLL to lose lock. Resetting the
PLL ensures that the correct phase relationships are maintained between the input
and output clocks.

=~ Both inclk0 and inclkl must be running when the clkswitch signal goes
high to start the manual clock switchover event. Failing to meet this
requirement causes the clock switchover to not function properly.

m  Applications that require a clock switchover feature and a small frequency drift
must use a low-bandwidth PLL. The low-bandwidth PLL reacts more slowly than
the high-bandwidth PLL to reference the input clock changes. When the
switchover event occurs, a low-bandwidth PLL propagates the stopping of the
clock to the output more slowly than the high-bandwidth PLL. However, be aware
that the low-bandwidth PLL also increases lock time.
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m After a switchover event occurs, there may be a finite resynchronization period for
the PLL to lock onto a new clock. The exact amount of time it takes for the PLL to
relock depends on the PLL configuration.

m If the phase relationship between the input clock to the PLL and the output clock
from the PLL is important in your design, assert areset for at least 10 ns after
performing a clock switchover.

m To prevent clock glitches from propagating through your design during PLL
resynchronization or after areset is applied, use the clock enable feature of the
clock control block to disable the clock network. Wait for the locked signal to assert
and become stable before re-enabling the output clocks from the PLL at the clock
control block.

m Figure 5-38 shows how the VCO frequency gradually decreases when the current
clock is lost and then increases as the VCO locks on to the backup clock.

Figure 5-38. VGO Switchover Operating Frequency for Arria Il Devices
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m Disable the system during clock switchover if it is not tolerant of frequency
variations during the PLL resynchronization period. You can use the clkbad [0]
and clkbad[1] status signals to turn off the PFD (PFDENA = 0) so the VCO
maintains its most recent frequency. You can also use the state machine to switch
over to the secondary clock. When the PFD is re-enabled, the output clock-enable
signals (clkena) can disable the clock outputs during the switchover and
resynchronization period. After the lock indication is stable, the system can
re-enable the output clocks.

PLL Reconfiguration

PLLs use several divide counters and different VCO phase taps to perform frequency
synthesis and phase shifts. In Arria Il PLLs, you can reconfigure both the counter
settings and phase-shift the PLL output clock in real time. You can also change the
charge pump and loop filter components, which dynamically affect the PLL
bandwidth. You can use these PLL components to update the output-clock frequency
and the PLL bandwidth and to phase shift in real time, without reconfiguring the
entire Arria I device.

The ability to reconfigure the PLL in real time is useful in applications that operate at
multiple frequencies. It is also useful in prototyping environments, allowing you to
sweep PLL output frequencies and adjust the output-clock phase dynamically. For
instance, a system generating test patterns is required to generate and transmit
patterns at 75 or 150 MHz, depending on the requirements of the device under test.
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Reconfiguring the PLL components in real time allows you to switch between two
such output frequencies in a few microseconds. You can also use this feature to adjust
the clock-to-out (tcp) delays in real time by changing the PLL output clock phase shift.
This approach eliminates the requirement to regenerate a configuration file with the
new PLL settings.

PLL Reconfiguration Hardware Implementation

The following PLL components are reconfigurable in real time:
m Pre-scale counter (N)
m Feedback counter (M)

m Post-scale output counters (C0 to C6 for Arria II GX devices and €0 to 9 for
Arria II GZ devices)

m Post VCO divider (k)

m Dynamically adjust the charge pump current (Icp) and loop filter components
(R and ) to facilitate reconfiguration of the PLL bandwidth

Figure 5-39 shows how you can dynamically adjust the PLL counter settings by
shifting their new settings into a serial shift-register chain or scan chain. Serial data is
the input to the scan chain with the SCANDATAPORT and shift registers are clocked by
SCANCLK. The maximum SCANCLK frequency is 100 MHz. Serial data is shifted through
the scan chain as long as the SCANCLKENA signal stays asserted. After the last bit of data
is clocked, asserting the configupdate signal for at least one SCANCLX clock cycle
causes the PLL configuration bits to be synchronously updated with the data in the
scan registers.

Figure 5-39. PLL Reconfiguration Scan Chain for Arria Il Devices (Note 1)
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Notes to Figure 5-39:

(1) The Arria Il GX PLLs and Arria Il GZ left and right PLLs support CO to C6 counters.
(2) For Arria Il GX devices, i = 6. For Arria Il GZ devices, i =6 or 9.

(3) This figure shows the corresponding scan register for the k counter in between the scan registers for the charge pump and loop filter. The
K counter is physically located after the VCO.
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For more information about the PLL reconfiguration port signals, refer to the Phase
Locked-Loops Reconfiguration (ALTPLL_RECONFIG) Megafunction User Guide.

The counter settings are updated synchronously to the clock frequency of the
individual counters. Therefore, all counters are not simultaneously updated.

To reconfigure the PLL counters, follow these steps:

1.

7.

Assert the SCANCLKENA signal at least one SCANCLX cycle prior to shifting in the first
bit of SCANDATA (Dn for Arria II GX devices or DO for Arria II GZ devices).

Serial data (SCANDATA) is shifted into the scan chain on the second rising edge of
SCANCLK.

For Arria II GX devices, after all 180 bits are scanned into the scan chain, the
SCANCLKENA signal is deasserted to prevent inadvertent shifting of bits in the scan
chain. For Arria II GZ devices, after all 234 bits (top and bottom PLLs) or 180 bits
(left and right PLLs) have been scanned into the scan chain, the SCANCLKENA signal
is deasserted to prevent inadvertent shifting of bits in the scan chain.

The CONFIGUPDATE signal is asserted for one SCANCLK cycle to update the PLL
counters with the contents of the scan chain.

The SCANDONE signal goes high indicating the PLL is being reconfigured. A falling
edge indicates the PLL counters are updated with new settings.

Reset the PLL with the ARESET signal if you make any changes to the M, N, or
post-scale output C counters or the Icp, R, or C settings.

Repeat steps 1 through 5 to reconfigure the PLL any number of times.

Figure 5-40 shows a functional simulation of the PLL reconfiguration feature.

Figure 5-40. PLL Reconfiguration Waveform for Arria Il Devices
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I'=~ When you reconfigure the counter clock frequency, you cannot reconfigure the
corresponding counter phase shift settings with the same interface. Instead,
reconfigure the phase shifts in real time with the dynamic phase shift reconfiguration
interface. If you reconfigure the counter frequency, but want to keep the same
non-zero phase shift setting (for example, 90°) on the clock output, you must
reconfigure the phase shift immediately after reconfiguring the counter clock
frequency.

Post-Scale Counters (CO to C9)

You can configure the multiply or divide values and duty cycle of post-scale counters
in real time. Each counter has an 8-bit high-time setting and an 8-bit low-time setting.
The duty cycle is the ratio of output high- or low-time to the total cycle time, which is
the sum of the two. Additionally, these counters have two control bits, rbypass for
bypassing the counter and rselodd to select the output clock duty cycle.

When the rbypass bit is set to 1, it bypasses the counter, resulting in a divide by 1.
When this bit is set to 0, the high- and low-time counters are added to compute the
effective division of the VCO output frequency. For example, if the post-scale divide
factor is 10, the high- and low-count values could be set to 5 and 5, respectively, to
achieve a 50-50% duty cycle. The PLL implements this duty cycle by transitioning the
output clock from high to low on the rising edge of the VCO output clock. However, a
4 and 6 setting for the high- and low-count values, respectively, would produce an
output clock with a 40-60% duty cycle.

The rselodd bit indicates an odd divide factor for the VCO output frequency along
with a 50% duty cycle. For example, if the post-scale divide factor is 3, the high- and
low-time count values could be set to 2 and 1, respectively, to achieve this division.
This implies a 67%-33% duty cycle. If you require a 50%-50% duty cycle, you can set
the rselodd control bit to 1 to achieve this duty cycle despite an odd division factor.
The PLL implements this duty cycle by transitioning the output clock from high to
low on a falling edge of the VCO output clock. When you set rselodd = 1, you
subtract 0.5 cycles from the high time and you add 0.5 cycles to the low time. For
example:

m High-time count = 2 cycles

m Low-time count =1 cycle

m rselodd =1 effectively equals:
m High-time count = 1.5 cycles
m  Low-time count = 1.5 cycles

m  Duty cycle = (1.5/3) % high-time count and (1.5/3)% low-time count
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Scan Chain Description

Arria I GX PLLs have a 180-bit scan chain. Table 5-15 lists the number of bits for each

component of an Arria I GX PLL.

Table 5-15. PLL Reprogramming Bits for Arria Il GX Devices

Number of Bits
Block Name Total
Counter Other (1)

C6 (2) 16 2 18
C5 16 2 18
C4 16 2 18
C3 16 2 18
c2 16 2 18
C1 16 2 18
co 16 2 18
M 16 2 18
N 16 2 18
Charge Pump Current 0 3 3
VCO Post-Scale divider (K) 1 0 1
Loop Filter Capacitor (3) 0 2 2
Loop Filter Resistor 0 5 5
Unused CP/LF 0 7 7
Total number of bits — — 180

Notes to Table 5-15:
(1) Includes two control bits: rbypass for bypassing the counter and rselodd to select the output clock duty cycle.
(2) The LSB for ce low-count value is the first bit shifted into the scan chain.
(3) The MSB for loop filter is the last bit shifted into the scan chain.

The length of the scan chain varies for different Arria II GZ PLLs. The top and bottom
PLLs have ten post-scale counters and a 234-bit scan chain, while the left and right
PLLs have seven post-scale counters and a 180-bit scan chain.

July 2012  Altera Corporation
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Table 5-16 lists the number of bits for each component of a Arria II GZ PLL.

Table 5-16 also lists the scan chain order of PLL components for the top and bottom
PLLs, which have 10 post-scale counters. The order of bits is the same for the left and
right PLLs, but the reconfiguration bits start with the C6 post-scale counter.

Table 5-16. Top and Bottom PLL Reprogramming Bits for Arria Il GZ Devices

Number of Bits
Block Name Total
Counter Other (7)
C9 (2) 16 2 18
C8 16 2 18
C7 16 2 18
C6 (3) 16 2 18
C5 16 2 18
C4 16 2 18
C3 16 2 18
G2 16 2 18
C1 16 2 18
co 16 2 18
M 16 2 18
N 16 2 18
Charge Pump Current 0 3 3
VCO Post-Scale divider (k) 1 0 1
Loop Filter Capacitor (4) 0 2 2
Loop Filter Resistor 0 5 5
Unused CP/LF 0 7 7
Total number of bits — — 234

Notes to Table 5-16:

(1) Includes two control bits, rbypass for bypassing the counter, and rselodd to select the output clock duty cycle.
(2) The LSB for the C9 low-count value is the first bit shifted into the scan chain for the top and bottom PLLs.

(3) The LSB for the C6 low-count value is the first bit shifted into the scan chain for the left and right PLLs.

(4) The MSB for the loop filter is the last bit shifted into the scan chain.
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Figure 5-41 shows the scan chain order of Arria Il GX PLL components which have
seven post-scale counters. The reconfiguration bits start with the C6 post-scale
counter.

Figure 5-41. Scan Chain Order of PLL Components for Arria Il GX PLLs

DATAN ———p> = |es » N s o co
MSB LSB
ce [¢ cs [¢ ca [¢ c3 [¢ c2 [¢ C1
DATAOUT

Figure 5-42 shows the scan chain order of PLL components for the top and bottom
Arria II GZ PLLs.

Figure 5-42. Scan Chain Order of PLL Components for Top and Bottom of Arria Il GZ PLLs (Note 1)

DATAIN ———> Fl k lep o N > > oo
MSB LSB
ce [¢ cs ¢ cs [¢ c3 [¢ co ¢ ci
C7 » C8 » c9 [——» DATAOUT

Note to Figure 5-43:
(1) The left and right PLLs have the same scan chain order. The post-scale counters end at C6.

Figure 5-43 shows the scan chain bit-order sequence for post-scale counters in all
Arria II PLLs.

Figure 5-43. Scan Chain Bit-Order Sequence for Post-Scale Counters in Arria Il PLLs
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Charge Pump and Loop Filter

You can reconfigure the charge pump and loop filter settings to update the PLL
bandwidth in real time. Table 5-17 through Table 5-19 show the possible settings for
charge pump current (Icp), loop filter resistor (R), and capacitor (C) values for Arria II

PLLs.

Table 5-17. charge_pump_current Bit Settings for Arria Il Devices

CP[2] CP[1] CP[0] Decimal Value for Setting
0 0 0 0
0 0 1 1
0 1 1 3
1 1 1 7

Table 5-18. loop_filter_r Bit Settings for Arria Il Devices

LFR[4] LFR[3] LFR[2] LFR[1] | LFR[0] Decimal Value for Setting
0 0 0 0 0 0
0 0 0 1 1 3
0 0 1 0 0 4
0 1 0 0 0 8
1 0 0 0 0 16
1 0 0 1 1 19
1 0 1 0 0 20
1 1 0 0 0 24
1 1 0 1 1 27
1 1 1 0 0 28
1 1 1 1 0 30

Table 5-19. loop_filter_c Bit Settings for Arria Il Devices

LFC[1] LFC[0] Decimal Value for Setting
0 0 0
0 1 1
1 1 3
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Bypassing PLL

Bypassing a PLL counter results in a multiply (m counter) or a divide (n and €0 to 9

counters) factor of one.

Table 5-20 lists the settings for bypassing the counters in Arria II PLLs.

Tahle 5-20. PLL Counter Settings for Arria Il Devices

PLL Scan Chain Bits [0..8] Settings

LSB MSB Description
0(1),X(2) X X X X X X X |1 (3) | PLL counter bypassed
X X X X X X X X | 0 (3) | PLL counter not bypassed because bit 8 (MSB) is set to 0

Notes to Table 5-20:

(1) For Arria Il GX devices.
(2) For Arria Il GZ devices
(3) Counter-bypass bit.

“ e For more information about how to use the PLL scan chain bit settings, refer to the
Phase Locked-Loops Reconfigquration (ALTPLL_RECONFIG) Megafunction User Guide.
L=~ Tobypass any of the PLL counters, set the bypass bit to 1, causing the values on the

other bits to be ignored. To bypass the VCO post-scale counter (X), set the

corresponding bit to 0.

Dynamic Phase-Shifting

The dynamic phase-shifting feature allows the output phases of individual PLL
outputs to be dynamically adjusted relative to each other and to the reference clock
without having to send serial data through the scan chain of the corresponding PLL.
This feature simplifies the interface and allows you to quickly adjust clock-to-out (tco)
delays by changing the output clock phase-shift in real time. This adjustment is
achieved by incrementing or decrementing the VCO phase-tap selection to a given
C counter or to the M counter. The phase is shifted by 1/8 of the VCO frequency at a
time. The output clocks are active during this phase-reconfiguration process.

Table 5-21 lists the control signals that are used for dynamic phase-shifting.

Table 5-21. Dynamic Phase-Shifting Control Signals for Arria Il Devices (Part 1 of 2)

Signal Name Description Source

Destination

Counter select. Four bits decoded to select
either the M or one of the ¢ counters for phase
adjustment. One address maps to select all

¢ counters. This signal is registered in the PLL
on the rising edge of scanclk.

Logic array or

PHASECOUNTERSELECT [3:0] /0 pins

PLL
reconfiguration
circuit

Selects dynamic phase shift direction; Logic array or

PLL

/0 pin

PHASEUPDOWN 1 =UP; 0 = DOWN. Signal is registered in the /0 pin reconfiguration
PLL on the rising edge of scanclk. P circuit
Logic array or PLL
PHASESTEP Logic high enables dynamic phase shifting. g y reconfiguration

circuit
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Table 5-21. Dynamic Phase-Shifting Control Signals for Arria Il Devices (Part 2 of 2)

PLL timing. Deasserts on the rising edge of
scanclk.

Signal Name Description Source Destination
Free running clock from core used in PLL
combination with PHASESTEP to enable, GCLK, RCLK, or . .
SCANCLK disable, or both dynamic phase shifting. Shared | 1/0 pin g?rccour;:‘lguratlon
with scanclk for dynamic reconfiguration.
When asserted, this indicates to the core logic
that the phase adjustment is complete and the PLL
PLL is ready to act on a possible second . . Logic array or 1/0
PHASEDONE . . reconfiguration .
adjustment pulse. Asserts based on internal circuit pins

Arria |l Device Handbook Volume 1: Device Interfaces and Integration

PHASECOUNTERSELECT setting.

Table 5-22. Phase Counter Select Mapping for Arria Il Devices (Note 1)

Table 5-22 lists the PLL counter selection based on the corresponding

PHASEGOUNTERSELECT[3]

—
N
—
—
"y
et

[0]

Selects

0

All Output Counters

M Counter

co Gounter

c1 Counter

c2 Counter

¢3 Gounter

c4 Counter

¢s Gounter

ce Counter

¢7 Counter

cs Gounter

0
0
0
0
0
0
0
1
]
]
1

ool A O|lOC|OC| O
| ol ||l m| |l O| ©

0
1
0
1
0
1
0
1
0
1
0
1

c9 Counter

Note to Table 5-22:
(1) c71to c9 counter are only available for Arria Il GZ devices.

To perform one dynamic phase-shift, follow these steps:

1.

Set PHASEUPDOWN and PHASECOUNTERSELECT as required.

2. Assert PHASESTEP for at least two SCANCLK cycles. Each PHASESTEP pulse allows one

phase shift.

3. Deassert PHASESTEP after PHASEDONE goes low.

4. Wait for PHASEDONE to go high.

5. Repeat steps 1 through 4 as many times as required to perform multiple

phase-shifts.
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PHASEUPDOWN and PHASECOUNTERSELECT signals are synchronous to SCANCLK and must
meet the ty, and t, requirements with respect to the SCANCLK edges.

L=~ You can repeat dynamic phase-shifting indefinitely. For example, in a design where
the VCO frequency is set to 1,000 MHz and the output clock frequency is set to
100 MHz, performing 40 dynamic phase shifts (each one yields 125 ps phase shift)
results in shifting the output clock by 180°, in other words, a phase shift of 5 ns.

The PHASESTEP signal is latched on the negative edge of SCANCLX (a,c) and must remain
asserted for at least two SCANCLK cycles. De-assert PHASESTEP after PHASEDONE goes
low. On the second SCANCLK rising edge (b,d) after PHASESTEP is latched, the values of
PHASEUPDOWN and PHASECOUNTERSELECT are latched and the PLL starts dynamic
phase-shifting for the specified counters and in the indicated direction. PHASEDONE is
de-asserted synchronous to SCANCLK at the second rising edge (b,d) and remains low
until the PLL finishes dynamic phase-shifting. Depending on the VCO and SCANCLK
frequencies, PHASEDONE low time may be greater than or less than one SCANCLX cycle.

You can perform another dynamic phase-shift after the PHASEDONE signal goes from
low to high. Each PHASESTEP pulse enables one phase shift. PHASESTEP pulses must be
at least one SCANCLK cycle apart.

Figure 5-44 shows the dynamic phase shifting waveform.

Figure 5-44. Dynamic Phase Shifting Waveform for Arria Il Devices
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“ e For more information about the ALTPLL_RECONFIG MegaWizard Plug-In Manager
interface, refer to the Phase Locked-Loops Reconfiguration (ALTPLL_RECONFIG)
Megafunction User Guide.
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PLL Specifications

e For more information about PLL timing specifications, refer to the Device Datasheet for
Arria II Devices.

Document Revision History

Table 5-23 lists the revision history for this chapter.

Tahle 5-23. Document Revision History

Date Version Changes
July 2012 4.2 Updated “Periphery Clock Networks” section.
m Updated Table 5-15.
m Updated Figure 5-44.
June 2011 4.1 m Updated “Dynamic Phase-Shifting” section.
m Added Figure 5-5, Figure 56, Figure 5—7, and Figure 5-8.
m Minor text edits.
m Updated for the Quartus Il software version 10.1 release.
m Added Arria Il GZ devices information.
m Updated Table 5-1, Table 5-12, Table 5-20, and Table 5-21.

m Added Figure 5-2, Figure 5-3, Figure 5-4, Figure 5-5, Figure 5-7, Figure 5-15,
December 2010 4.0 Figure 5-11, Figure 5-16, Figure 5-18, Figure 5-19, Figure 5-24, Figure 5-26,
Figure 5-27, Figure 5-38, and Figure 5-39.

m Added Table 5-5, Table 5-7, Table 5-9, Table 5-11, andTable 5-16.

m Added “Clock Sources Per Quadrant” and “External Feedback Mode” sections.
m Minor text edit.

Updated for Arria Il GX v10.0 release:

Updated “Clock Regions” and “Arria Il PLL Hardware Overview” sections.
Updated Figure 5-44.

Removed sub-regional clock references.

m Minor text edit.

Updated for Arria Il GX v9.1 release:

m Updated Table 5-1.

November 2009 2.0 m Updated Figure 5-14.

m Updated the “Periphery Clock (PCLK) Networks” and “Cascading PLLs” sections.
m Minor text edit.

m Updated Table 5-8.

m Updated Figure 5-13 and Figure 5-14.

July 2010 3.0

June 2009 1.1
m Updated the “PLL Clock 1/0 Pins” and “PLL Reconfiguration Hardware Implementation”
sections.
February 2009 1.0 Initial release
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fAil IERA Section Il. 1/0 Interfaces for Arria Il
= © Devices

This section provides information on Arria® II device I/O features, external memory
interfaces, and high-speed differential interfaces with DPA. This section includes the
following chapters:

m Chapter 6, I/0O Features in Arria II Devices
m Chapter 7, External Memory Interfaces in Arria II Devices

m Chapter 8, High-Speed Differential I/O Interfaces and DPA in Arria II Devices

Revision History

Refer to each chapter for its own specific revision history. For information on when
each chapter was updated, refer to the Chapter Revision Dates section, which appears
in this volume.
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6. 1/0 Features in Arria Il Devices

AlIGX51006-4.2

This chapter describes how Arria® II devices provide I/O capabilities that allow you
to work in compliance with current and emerging 1/O standards and requirements.

With these device features, you can reduce board design interface costs and increase
development flexibility.

Package and die enhancements with dynamic termination and output control provide
best-in-class signal integrity. Numerous I/O features assist high-speed data transfer
into and out of the device, including:

Single-ended, non-voltage-referenced, and voltage-referenced I/O standards

Low-voltage differential signaling (LVDS), reduced swing differential signal
(RSDS), mini-LVDS, high-speed transceiver logic (HSTL), and SSTL

Bus LVDS (BLVDS) for Arria II GX devices
Programmable output current strength
Programmable slew rate

Programmable bus-hold

Programmable pull-up resistor
Open-drain output

On-chip series termination (Rg OCT)
On-chip differential termination (Rp OCT)
On-chip parallel termination (Ry OCT) for Arria Il GZ devices
Dynamic OCT for Arria II GZ devices
Programmable pre-emphasis

Programmable voltage output differential (Vop)

This chapter includes the following sections:

“1/0 Standards Support” on page 6-2

“1/0O Banks” on page 6-5

“1/0O Structure” on page 6-10

“OCT Support” on page 6-19

“Arria I OCT Calibration” on page 6-26

“Termination Schemes for I/O Standards” on page 6-28
“1/0O Bank Restrictions” on page 6-36
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1/0 Standards Support

Table 6-1 lists the supported I/O standards for Arria II GX devices and the typical
values for input and output Vccio, Veerp, Vrer and board Vrr.

Table 6-1. 1/0 Standards and Voltage Levels for Arria Il GX Devices

Veeio (V)
1/0 Standard ot — output | Voo M) | Veer®) | V(v
Operation Operation

3.3-V LVTTL/3.3-V LVCMOS JESD8-B 3.3/3.0/2.5 3.3 3.3 — —
3.0-V LVTTL/3.0-V LVCMOS JESD8-B 3.3/3.0/2.5 3.0 3.0 — —
2.5-V LVTTL/LVCMOS JESD8-5 3.3/3.0/2.5 2.5 2.5 — —
1.8-V LVTTL/LVCMOS JESD8-7 1.8/1.5 1.8 2.5 — —
1.5-V LVCMOS JESDS-11 1.8/1.5 15 2.5 — —
1.2-V LVCMOQOS JESD8-12 1.2 1.2 2.5 — —
3.0-V PCI PCl Rev 2.2 3.0 3.0 3.0 — —
3.0-VPCI-X (1) PCI-X Rev 1.0 3.0 3.0 3.0 — —
SSTL-2 Class I, 1l JESD8-9B (2) 2.5 2.5 1.25 1.25
SSTL-18 Class I, Il JESD8-15 (2) 1.8 2.5 0.90 0.90
SSTL-15 Class | — ) 15 25 0.75 0.75
HSTL-18 Class |, II JESD8-6 (2) 1.8 2.5 0.90 0.90
HSTL-15 Class I, Il JESD8-6 ) 15 2.5 0.75 0.75
HSTL-12 Class |, Il JESD8-16A (2) 1.2 2.5 0.6 0.6
Differential SSTL-2 JESD8-9B 2), (3) 2.5 2.5 — 1.25
Differential SSTL-18 JESD8-15 2), (3) 1.8 2.5 — 0.90
Differential SSTL-15 — 2, (3) 15 25 — 0.75
Differential HSTL-18 JESD8-6 @), (3) 18 25 — 0.90
Differential HSTL-15 JESD8-6 ), (3) 15 25 — 0.75
Differential HSTL-12 JESD8-16A ), (3) 12 25 — 0.60
LVDS o @ 25 25 — —
RSDS and mini-LVDS — — 2.5 25 — —
LVPECL — ?) — 25 — —
BLVDS — ?) 25 25 — —

Notes to Table 6-1:

(1) PCI-X does not meet the PCI-X |-V curve requirement at the linear region.

(2) Single-ended SSTL/HSTL, differential SSTL/HSTL, LVDS, LVPECL, and BLVDS input buffers are powered by V¢epp.
(3) Differential SSTL/HSTL inputs use LVDS differential input buffers without Ry OCT support.
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Table 6-2 lists the supported 1/O standards for Arria II GZ devices and the typical
values for input and output Vccio, Veepp, Vrep and board Vit
Tahle 6-2. 1/0 Standards and Voltage Levels for Arria Il GZ Devices (Note 1) (Part 1 of 2)
Vecio (V)
Standard Input Operati Output Operati Vc(rgn v ‘?I‘EF (vt) (‘IBTT (vc)l
andar nput Operation utput Operation re- npu oar
I/0 Standard Support Driver Ref Termination
Column Row Column Row Voltage) | Voltage) | Voltage)
1/0 Banks | 1/0 Banks | /0 Banks | 1/0 Banks
3.3-V LVTTL JESD8-B 3.0/2.5 3.0/2.5 3.0 3.0 3.0 — —
3.3-V LVCMOS (3) JESD8-B 3.0/2.5 3.0/2.5 3.0 3.0 3.0 — —
2.5-V LVCMOS JESD8-5 3.0/2.5 3.0/2.5 2.5 2.5 2.5 — —
1.8-V LVCMOS JESD8-7 1.8/1.5 1.8/1.5 1.8 1.8 2.5 — —
1.5-V LVCMOS JESD8-11 1.8/1.5 1.8/1.5 15 15 2.5 — —
1.2-V LVCMOS JESD8-12 1.2 1.2 1.2 1.2 2.5 — —
3.0-V PCI PCl Rev 2.1 3.0 3.0 3.0 3.0 3.0 — —
3.0-V PCI-X PC';XORGV 3.0 3.0 3.0 3.0 3.0 _ _
SSTL-2 Class I, 11 JESD8-9B 2) 2) 2.5 2.5 2.5 1.25 1.25
SSTL-18 Class I, Il JESD8-15 (2) (2) 1.8 1.8 2.5 0.90 0.90
SSTL-15 Class | — (2) (2) 1.5 1.5 2.5 0.75 0.75
SSTL-15 Class Il — (2) (2) 1.5 — 2.5 0.75 0.75
HSTL-18 Class I, Il JESD8-6 (2) (2) 1.8 1.8 2.5 0.90 0.90
HSTL-15 Class | JESD8-6 2) 2) 1.5 1.5 2.5 0.75 0.75
HSTL-15 Class Il JESD8-6 (2) (2) 1.5 — 2.5 0.75 0.75
HSTL-12 Class | JESD8-16A 2) 2) 1.2 1.2 2.5 0.6 0.6
HSTL-12 Class Il JESD8-16A (2) (2) 1.2 — 2.5 0.6 0.6
Differential SSTL-2
Class |, Il JESD8-9B (2) (2) 2.5 2.5 2.5 — 1.25
Differential SSTL-18
Class |, Il JESD8-15 (2) (2) 1.8 1.8 2.5 — 0.90
Differential SSTL-15
Class | — 2) 2) 1.5 1.5 2.5 — 0.75
Differential SSTL-15
Class II — (2) (2) 1.5 — 2.5 — 0.75
Differential HSTL-18
Class |, Il JESD8-6 (2) (2) 1.8 1.8 2.5 — 0.90
Differential HSTL-15 JESD8-6 ©) 2) 15 15 25 — 0.75
Class |
Differential HSTL-15
Class Il JESD8-6 (2) (2) 1.5 — 2.5 — 0.75
Differential HSTL-12. | jespg.16a | (2) 2) 12 12 25 _ 0.60
Class |
Differential HSTL-12
Class Il JESD8-16A (2) (2) 1.2 — 2.5 — 0.60
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Table 6-2. 1/0 Standards and Voltage Levels for Arria Il GZ Devices (Note 1) (Part 2 of 2)

Veero (V)
Standard Input 0 ti T Output 0 ti v?l;’m W ‘?I‘EF (vt) (‘,B"(vc)l
andar nput Operation utput Operation re- npu oar
/0 Standard Support Driver Ref Termination
Column Row Column Row Voltage) | Voltage) | Voltage)
1/0 Banks | 1/0 Banks | 1/0 Banks | 1/0 Banks
VDS (4), (5), (8) AE'\:f\in 2) 2) 25 25 25 _ —
RSDS (6), (7), (8) — 2) 2) 2.5 2.5 2.5 — —
”(‘g)”'LVDS ©). (7). - ) 2 25 25 25 — —
LVPECL — (4) 2.5 — — 2.5 — —

Notes to Tahle 6-2:

(1) VCCPD is either 2.5 or 3.0 V. For Vcc|0 =3.0 V, VCCPD =3.0V. For Vcc|o =25Vor |eSS, VCCPD =25V

(2) Single-ended HSTL/SSTL, differential SSTL/HSTL, and LVDS input buffers are powered by Veepp. Row 1/0 banks support both true differential input
buffers and true differential output buffers. Column 1/0 banks support true differential input buffers, but not true differential output buffers. I/0 pins
are organized in pairs to support differential standards. Column 1/0 differential HSTL and SSTL inputs use LVDS differential input buffers without
Rp OCT support.

(3) For more information about the 3.3-V LVTTL/LVCMOS standard supported in Arria || devices, refer to “3.3-V I/0 Interface” on page 6-13.

(4) Column 1/0 banks support LVPECL I/0 standards for input clock operation. Clock inputs on column I/Os are powered by Veeon When configured
as differential clock inputs. They are powered by V¢c o When configured as single-ended clock inputs. Differential clock inputs in row 1/0s are powered
by Veeep.

(5) Column and row I/0 banks support LVDS outputs using two single-ended output buffers, an external one-resistor (LVDS_E_1R), and a three-resistor
(LVDS_E_3R) network.

(6) Row 1/0 banks support RSDS and mini-LVDS I/0 standards using a true LVDS output buffer without a resistor network.

(7) Column and row I/0 banks support RSDS and mini-LVDS I/0 standards using two single-ended output buffers with one-resistor (RSDS_E_1R and
mini-LVDS_E_1R) and three-resistor (RSDS_E_3R and mini-LVDS_E_3R) networks.

(8) The emulated differential output standard that supports the tri-state feature includes: LVDS_E_1R, LVDS_E_3R, RSDS_E_1R, RSDS_E_3R,
Mini_LVDS_E_1R, and Mini_LVDS_E_3R. For more information, refer to the //0 Buffer (ALTIOBUF) Megafunction User Guide.

e For detailed electrical characteristics of each I/O standard, refer to the Device

Datasheet for Arria Il Devices.
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1/0 Banks

Arria II GX devices contain up to 16 I/O banks as shown in Figure 6-1. The left I/O
banks are dedicated for high-speed transceivers. Bank 3C and 8C are dedicated for
configuration pins. The rest of the banks are user I/O banks that support all
single-ended and differential I/O standards.

Figure 6-1. 1/0 Banks in Arria Il GX Devices (Note 1), (2), (3), (4), (5), (6), (7)

Bank 8C Bank 8B Bank 8A Bank 7A Bank 7B
m
- ©
@ <
x
) B
These 1/0O Banks Support: %
a 3.3-V LVTTL/LVCMOS, 3.0-V LVTTL/LVCMOS, ~
é 2.5-V LVTTL/LVCMOS, 1.8-V LVTTL/LVCMOS, S
1.5-V LVCMOS, 1.2-V LVCMOS, o
True LVDS, Emulated LVDS, BLVDS, RSDS, mini-LVDS,
SSTL-2, SSTL-18, SSTL-15,

HSTL-18, HSTL-15, HSTL-12, <
b Differential SSTL-2, Differenital SSTL-18, (o]
< Differential SSTL-15, Differential HSTL-18, <
o Differential HSTL-15, and Differential HSTL-12 g
- 2
Q x

> N
o g
m

Bank 3C Bank 3B Bank 3A Bank 4A Bank 4B

Notes to Figure 6-1:

(1) Banks GXBO, GXB1, GXB2, and GXB3 are dedicated banks for high-speed transceiver I/0s.

(2) Banks 3C and 8C are dedicated configuration banks and do not have user I/0 pins.

(3) LVDS with DPA is supported at banks 5A, 5B, 6A, and 6B.

(4) Differential HSTL and SSTL inputs use LVDS differential input buffers without Ry OCT support.
(©)

5) Differential HSTL and SSTL outputs are not true differential outputs. They use two single-ended outputs with the second output programmed as
inverted.

(6) Figure 61 is a top view of the silicon die that corresponds to a reverse view for flip chip packages. It is a graphical representation only.
(7) The pLL_cLKOUT pin supports only emulated differential I/0 standard but not true differential 1/0 standard.
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Figure 6-2

Arria II GZ devices contain up to 20 I/O banks as shown in Figure 6-2. Each I/O bank
can support high-performance external memory interfaces with dedicated circuitry.
The I/0 pins are organized in pairs to support differential standards. Each I/O pin
pair can support both differential input and output buffers except the c1k[1,3,8,10],
PLL L[1,4] clk,and PLL R[1,4] clk pins, which support differential input
operations only.

. 1/0 Banks in Arria Il GZ Devices (Note 1), (2), (3), (4), (5), (6), (7), (8)

Bank 1A

Transceiver Bank
GXBL2

Bank 1C

Transceiver Bank
GXBLA1

Bank 2C

Transceiver Bank
GXBLO

Bank 2A

Bank 8A Bank 8B Bank 8C Bank 7C Bank 7B Bank 7A
W N/ ) é
1/0 banks 8A, 8B & 8C support all 1/0 banks 7A, 7B & 7C support all © ©
single-ended and differential input single-ended and differential input = e Y]
and output operation. and output operation. g _% g
30
g
=
Row /O banks support LVTTL, LVCMOS, 2.5-V, 1.8- 8
V, 1.5-V, 1.2-V, SSTL-2 Class | & Il, SSTL-18 Class | ~
& Il, SSTL-15 Class |, HSTL-18 Class | & Il, HSTL-15 %
Class |, HSTL-12 Class I, LVDS, RSDS, mini-LVDS, m =
differential SSTL-2 Class | & Il, differential SSTL-18 ’_58
Class | & Il, differential SSTL-15 Class |, differential 5T
HSTL-18 Class | & ll, differential HSTL-15 Class | and >m
differential HSTL-12 Class | standards for input and 3 é
output operation. 2
SSTL-15 class II, HSTL-15 Class I, HSTL-12 Class Il, f_f
differential SSTL-15 Class I, differential HSTL-15 8
Class Il, differential HSTL-12 Class Il standards are —‘é
only supported for input operations g
4
&
o)
< | 25
1/0 banks 3A, 3B & 3C support all 1/0 banks 4A, 4B & AC support all 0 ‘g <
single-ended and differential input single-ended and differential input = 2 O
and output operation. and output operation. 8 S
Bank 3A Bank 3B Bank 3C Bank 4C Bank 4B Bank 4A

Notes to Figure 6-2:
(1) Differential HSTL and SSTL outputs are not true differential outputs. They use two single-ended outputs with the second output programmed as

inverted.
2
3
4

(
(
(
(5

)
)
)
)

Column /0 differential HSTL and SSTL inputs use LVDS differential input buffers without Ry OCT support.

Column 1/0 supports LVDS outputs using single-ended buffers and external resistor networks.

Column 1/0 supports PCI/PCI-X with an on-chip clamp diode. Row 1/0 supports PCI/PCI-X with an external clamp diode.

Clock inputs on column 1/0s are powered by Veeo iy When configured as differential clock inputs. They are powered by V¢eg when configured as

single-ended clock inputs. All outputs use the corresponding bank Vcgo.

—
[=])

) Row I/0 supports the true LVDS output buffer.

(7) Column and row I/0 banks support LVPECL standards for input clock operation.
(8) Figure 6-2 is a top view of the silicon die that corresponds to a reverse view for flip chip packages. It is a graphical representation only.
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Modular I/0 Banks

The I/O pins in Arria Il devices are arranged in groups called modular I/O banks.
Depending on the device densities, the number of I/O banks range from 6 to 20.
Table 6-3 and Table 6—4 show the number of I/O pins available in each I/O bank.

Tahle 6-3. Available I/0 Pins in Each Arria Il GX I/0 Bank (Note 1)

Bank
Package Device Total
3A | 3B | 4A | 4B | 5A | 5B | GA | 6B | 7A | 7B | 8A | 8B
358-pin EP2AGX45 | 22 | — | 38 | — | 18 | — | 18 | — | 38 | — | 22 | — | 156
Flip Chip
UBGA EP2AGX65 | 22 | — | 38 | — | 18| — | 18 | — |38 | — | 2 | — | 156
EP2AGX45 | 38 | — | 38 | — | 50 | — | 50 | — | 38 | — | 38 | — | 252
Eﬁ&?p EP2AGX65 | 38 | — | 38 | — | 50 | — | 50 | — | 38 | — | 38 | — | 252
FBGA EP2AGX95 | 38 | — | 42 | — | 50 | — | 50 | — [ 38 | — | 42 | — | 260
EP2AGX125 | 38 | — | 42 | — | 50 | — [ 50 | — [ 38 | — | 42 | — | 260
EP2AGX45 | 54 | — | 70 | — [ 66 | — [ 50 | — [ 70 | — | 54 | — | 364
EP24GX65 | 54 | — | 70 | — | 66 | — | 50 | — [ 70 | — | 54 | — | 364
Zﬁg&?p EP2AGX95 | 54 | — | 74 | — |66 | — | 50 | — [ 70 | — | 58 | — | 372
FBGA EP2AGX125 | 54 | — | 74 | — | 66 | — | 50 | — | 70 | — [ 58 | — | 372
EP2AGX190 | 54 | — | 74 | — [ 66 | — [ 50 | — [ 70 | — [ 58 | — | 372
EP2AGX260 | 54 | — | 74 | — [ 66 | — | 50 | — | 70 | — [ 58 | — | 372
EP2AGX95 | 70 | — | 74 | 16 | 66 | — | 66 | — | 70 | 16 | 74 | — | 452
1H1i S%ﬁl'; EP2AGX125 | 70 | — [ 74 [ 16 [ 66 | — | 66 | — [ 70 | 16 | 74 | — | 452
FBGA EP2AGX190 | 70 | 32 | 74 | 32 | 66 | 32 | 66 | 32 | 70 | 32 | 74 | 32 | 612
EP2AGX260 | 70 | 32 | 74 | 32 | 66 | 32 | 66 | 32 | 70 | 32 | 74 | 32 | 612

Note to Table 6-3:

(1) The number of 1/0 pins include all general purpose 1/0s, dedicated clock pins, and dual-purpose configuration pins. Transceiver pins and dedicated
configuration pins are not included in the 1/0 pin count.
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Table 6-4. Available I/0 Pins in Each Arria Il GZ I/0 Bank (Note 1)

Package Device Bank Total
1A |1C |2A |2¢ [3A |3B |3c |4A |4B [4c |5A |5C |GA |[6C |7A |7B |7C |8A [8B |8C

780-pin EP2AGZ300 | — | 1 | — | — | 40 | — | 28 | 40| — |30 | — | — | — | — | 40 | — | 30 | 40 | — | 32 | o281
E'ggﬁ“'p EP2AGZ350 | — | 1 | — | — | 40| — |28 40| — |30 | —|—|—|—|40|—|30|4|—|32]| o281
1152-pin EP2AGZ225 | 46 | 42 | — | — | 40 | 24 | 30 | 40 | 24 | 30 | — | — |46 | 42 | 40 | 24 | 30 | 40 | 24 | 32 | 554
Flip Chip EP2AGZ300 | 46 | 42 | — | — | 40 | 24 | 30 | 40 | 24 | 30 | — | — |46 | 42 | 40 | 24 | 30 | 40 | 24 | 32 | 554
FBGA EP2AGZ350 | 46 | 42 | — | — | 40 | 24 | 30 | 40 | 24 | 30 | — | — |46 | 42 | 40 | 24 | 30 | 40 | 24 | 32 | 554
1517-pin EP2AGZ225 | 46 | 42 | 48 | 42 | 40 | 24 | 30 | 40 | 24 | 30 | 48 | 42 | 46 | 42 | 40 | 24 | 30 | 40 | 24 | 32 | 734
Flip Chip EP2AGZ300 | 46 | 42 | 48 | 42 | 40 | 24 | 30 | 40 | 24 | 30 | 48 | 42 | 46 | 42 | 40 | 24 | 30 | 40 | 24 | 32 | 734
FBGA EP2AGZ350 | 46 | 42 | 48 | 42 | 40 | 24 | 30 | 40 | 24 | 30 | 48 | 42 | 46 | 42 | 40 | 24 | 30 | 40 | 24 | 32 | 734

Note to Table 6-4:

(1) The number of I/0 pins include all general purpose 1/0s, dedicated clock pins, and dual-purpose configuration pins. Transceiver pins and dedicated configuration pins are not included in the 1/0 pin
count.
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Chapter 6: 1/0 Features in Arria Il Devices

1/0 Banks

In Arria II devices, the maximum number of I/O banks per side, excluding the
configuration banks, is either four or six, depending on the device density. All Arria II
devices support migration across device densities and packages. When migrating
between devices with a different number of I/O banks per side, it is the "B" bank that
is removed or inserted. For example, when moving from a 12-bank device to an
8-bank device, the banks that are dropped are "B" banks, namely: 3B, 5B, 6B, and 8B.
Similarly, when moving from an 8-bank device to a 12-bank device, the banks that are
added are "B" banks, namely: 3B, 5B, 6B, and 8B.

During migration from a smaller device to a larger device, the bank size increases or
remains the same but never decreases. Table 6-5 and Table 6-6 list the pin migration
across device densities and packages.

Table 6-5. Pin Migration Across Densities in Arria Il GX Devices (Note 1)

. Device
Package | PinType EP2AGX45 | EP2AGX65 | EP2AGX95 | EP2AGX125 | EP2AGX190 | EP2AGX260
s58pin | /0 LY 14 [ — — — —
Flip Chip | Clock 12 12 — — — —
UBGA XCVR channel -~ rR E— — — —
s70-pin |10 240 240 248 u8 | — —
FlipChip | Clock -2 12 12 | - —
FBGA XCVR channel 8 8 8 8 — —
780pin |10 - 352 352 360 360 360 360»_
FlipChip | Clock -2 12 12 12 12 120 |
FBGA XCVR channel 8 8 12 12 12 12
1152pin | /O — — 440 440 600 600
Flip Chip | Clock — — 12 12 12 12
FBGA XCVR channel — — 12 12 16 T

Note to Table 6-5:
(1) Each transceiver channel consists of two transmit (Tx) pins, two receive (Rx) pins and a transceiver clock pin.

Tahle 6-6. Pin Migration Across Densities in Arria Il GZ Devices (Note 7) (Part 1 of 2)

December 2011

Device
Package Pin Type
EP2AGZ225 EP2AGZ300 EP2AGZ350
1/0 — 280 280
780-pin Clock — 1 1
Flip Chip FBGA B
XVCR channel — 16 16
1152-pi I(flO k - 520 520 520
-pin oc
Flip Chip FBGA — —
XVCR channel 16 16 16

Altera Corporation
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1/0 Structure

Table 6-6. Pin Migration Across Densities in Arria Il GZ Devices (Note 1) (Part 2 of 2)

Device
Package Pin Type
EP2AGZ225 EP2AGZ300 EP2AGZ350
1/0 - 726 726 726 »
1517-pin Clock 8 8 8
Flip Chip FBGA o o
XVCR channel 24 24 24

Note to Table 6-6:

(1) Each transceiver channel consists of two Tx pins, two Rx pins and a transceiver clock pin.

The I/0O element (IOE) in the Arria II devices contains a bidirectional I/O buffer and
I/0 registers to support a completely embedded bidirectional single data rate (SDR)
or double data rate (DDR) transfer. The IOEs are located in I/O blocks around the
periphery of the Arria II device. There are up to four IOEs per row I/O block and four
IOEs per column I/O block. The row IOEs drive row, column, or direct link
interconnects. The column IOEs drive column interconnects.

The Arria II bidirectional IOE supports the following features:

m Programmable input delay

m Programmable output-current strength

m Programmable slew rate

m Programmable bus-hold

m Programmable pull-up resistor

m Programmable output delay

m  Open-drain output

| RS OCT
| RD OCT

Arria |l Device Handbook Volume 1: Device Interfaces and Integration
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PCI clamping diode
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6-11

1/0O registers are composed of the input path for handling data from the pin to the
core, the output path for handling data from the core to the pin, and the output enable
path for handling the OE signal to the output buffer. These registers allow faster
source-synchronous register-to-register transfers and resynchronization. You can
bypass each block of the output and output enable paths. Figure 6-3 and Figure 64
show the Arria II IOE structure.

Figure 6-3. 10E Structure for Arria Il GX Devices

e OE Register
from D PAN g
Core
Output Enable
) Pin Delay
OE Register 1 Vecio
Lp PRN a
Vecio
PCI Clamp
o
Programmable
Pull-Up Resistor
Programmable
Output Register Current From OCT
Strength and Calobration
) PRN Slew Rate
Write W 8 Control Bl
Data *
form - Output Buffer On-Chi
Core Output Pin : [ilillp HS
Output Register ey ferminaton
L|y Pan g Open Drain
1 Input Buffer ¢
Input Pin Delay
o to Input Register Bus-Hold
Core < ‘/‘ Circuit
To
Core -« Input Pin Delay Input Register
to internal Cells PRN
D Q
Read 1
tData Synchronization | g
o g4——— | Regsters | &
Core g <
Input Register  Input Register
o PN g D i Q
DQSs
CQn B
DQS Bus
. to
clkin Input Register Delay
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Figure 6-4. 10E Structure for Arria Il GZ Devices (Note 1), (2)

Firm Core
DQS Logic Block
OE Register -D5 OCT -DG,OCT
OE 2 | Hatt Dat PRN ~
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Notes to Figure 6-4:
(1) The D3_0 and D3_1 delays have the same available settings in the Quartus® Il software.
(2) One dynamic OCT control is available per DQ/DQS group.

Bus-Hold
Circuit

For more information about I/O registers and how they are used for memory

applications, refer to the External Memory Interfaces in Arria Il Devices chapter.
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1/0 Structure

3.3-V I/0 Interface

Arria I1I/O buffers support 3.3-V I/O standards. You can use them as transmitters or
receivers in your system. The output high voltage (Voy), output low voltage (Vor),
input high voltage (Viy), and input low voltage (V1) levels meet the 3.3-V I/O
standard specifications defined by EIA/JEDEC Standard JESD8-B with margin when
the V(o voltage is powered by 3.3 V or 3.0 V for Arria II GX devices and 3.0 V only
for Arria II GZ devices.

To ensure device reliability and proper operation when interfacing a 3.3-V I/O system
with Arria II devices, do not exceed the absolute maximum ratings. Altera
recommends performing IBIS simulation to determine that the overshoot and
undershoot voltages are within the guidelines.

When you use the Arria II device as a transmitter, techniques to limit overshoot and
undershoot at the I/O pins include using slow slew rate and series termination.
Transmission line effects that cause large voltage deviations at the receiver are
associated with an impedance mismatch between the driver and transmission line. By
matching the impedance of the driver to the characteristic impedance of the
transmission line, you can significantly reduce overshoot voltage. You can use a series
termination resistor placed physically close to the driver to match the total driver
impedance to transmission line impedance. Other than 3.3-V LVTTL and 3.3-V
LVCMOS 1/0 standards, Arria II devices support Rg OCT for all LVITL/LVCMOS
I/0 standards in all I/O banks.

When you use the Arria II device as a receiver, use a clamping diode (on-chip or
off-chip) to limit overshoot. Arria II devices provide an optional on-chip PCI clamp
diode for I/O pins. You can use this diode to protect I/O pins against overshoot
voltage.

Another method for limiting overshoot is to use a 3.0-V V¢cjpbank supply voltage. In
this method, the clamp diode (on-chip or off-chip), can sufficiently clamp overshoot
voltage in the DC- and AC-input voltage specification. The clamped voltage can be
expressed as the sum of the supply voltage (Vccio) and the diode forward voltage. By
using the Vccip at 3.0 V, you can reduce overshoot and undershoot for all I/O
standards, including 3.3-V LVTTL/LVCMOS, 3.0-V LVTTL/LVCMOS, and 3.0-V
PCI/PCI-X. Additionally, lowering Vccio to 3.0 V reduces power consumption.

For more information about the absolute maximum rating and maximum allowed
overshoot during transitions, refer to the Devices Datasheet for Arria Il Devices chapter.

External Memory Interfaces

December 2011

In addition to I/O registers in each IOE, Arria II devices also have dedicated registers
and phase-shift circuitry on all I/O banks for interfacing with external memory
interfaces.

For more information about external memory interfaces, refer to the External Memory
Interfaces in Arria II Devices chapter.
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High-Speed Differential /0 with DPA Support

Arria II devices have the following dedicated circuitry for high-speed differential I/O
support:

m Differential I/0 buffer

B Transmitter serializer

B Receiver deserializer

m Data realignment circuitry

® Dynamic phase aligner (DPA)
m  Synchronizer (FIFO buffer)

m Phase-locked loops (PLLs)

“ e For more information about DPA support, refer to the High-Speed Differential 1/0O
Interfaces and DPA in Arria Il Devices chapter.

Programmable Current Strength

The output buffer for each Arria II I/O pin has a programmable current-strength
control for certain I/O standards. You can use programmable current strength to
mitigate the effects of high signal attenuation due to a long transmission line or a
legacy backplane. The LVITL, LVCMOS, SSTL, and HSTL standards have several
levels of current strength that you can control. Table 6-7 and Table 6-8 list the
programmable current strength settings for Arria Il devices.

Table 6-7. Programmable Current Strength for Arria Il GX Devices (Note 1) (Part 1 of 2)

0 Standerd o o, Botom, s o M.
3.3-VLVTTL (2) [12], 8, 4
3.3-V LVCMOS (2) (2]
3.0-V LVTTL 16, 12, 8, 4
3.0-V LVCMOS 16,12, 8, 4
2.5-V LVTTL/LVCMOS 16,12, 8,4

1.8-V LVTTL/LVCMOS

16,12, 10,8,6,4, 2

1.5-V LVCMOS 16, 12,10, 8,6, 4, 2
1.2-V LVCMOS 12,10, 8,6, 4,2
SSTL-2 Class | 12,8
SSTL-2 Class Il 16
SSTL-18 Class | 12,10, 8
SSTL-18 Class Il 16, 12
SSTL-15 Class | 12,10, 8
HSTL-18 Class | 12,10, 8
HSTL-18 Class |l 16
HSTL-15 Class | 12,10, 8
HSTL-15 Class |l 16
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Table 6-7. Programmable Current Strength for Arria Il GX Devices (Note 1) (Part 2 of 2)

I/0 Standard

I / lgy Current Strength Setting (mA)
for Top, Bottom, and Right /0 Pins

HSTL-12 Class | 12,10, 8
HSTL-12 Class Il 16
BLVDS 8,12,16

Notes to Table 6-7:

(1) The default current strength setting in the Quartus Il software is 50-Q Rg OCT without calibration for all
non-voltage reference and HSTL/SSTL Class | 1/0 standards. The default setting is 25-Q Rg OCT without calibration

for HSTL/SSTL Class 11 1/0 standards.

(2) The default current strength setting in the Quartus Il software is the current strength shown in brackets [].

Table 6-8. Programmable Current Strength for Arria Il GZ Devices (Note 1), (2)

loy / 1o Current Strength

lon / lg Current Strength

I/0 Standard Setting (mA) for Setting (mA) for
Column 1/0 Pins Row 1/0 Pins
3.3-V LVTTL 16,12, 8, 4 12,8, 4
3.3-V LVCMOS 16,12,8,4 8,4
2.5-V LVCMOS 16,12, 8, 4 12,8, 4
1.8-V LVCMOS 12,10,8,6,4,2 8,6,4,2
1.5-V LVCMOS 12,10, 8,6,4,2 8,6,4,2
1.2-V LVCMOS 8,6,4,2 4,2
SSTL-2 Class | 12,10, 8 12,8
SSTL-2 Class Il 16 16
SSTL-18 Class | 12,10, 8,6, 4 12,10,8, 6,4
SSTL-18 Class Il 16, 8 16, 8
SSTL-15 Class | 12,10, 8,6, 4 8,6,4
SSTL-15Class Il 16, 8 —
HSTL-18 Class | 12,10,8, 6,4 12,10,8,6,4
HSTL-18 Class |I 16 16
HSTL-15 Class | 12,10, 8,6, 4 8,6,4
HSTL-15 Class |l 16 —
HSTL-12 Class | 12,10, 8, 6, 4 8,6,4
HSTL-12 Class |I 16 —

Notes to Table 6-8:

(1) The default setting in the Quartus Il software is 50-€2 Rs OCT without calibration for all non-voltage reference and
HSTL and SSTL Class | 1/0 standards. The default setting is 25-Q Rg OCT without calibration for HSTL and SSTL

Class 11 1/0 standards.

(2) The 3.3-V LVTTL and 3.3-V LVCMOS are supported using V¢go and Vegpp at 3.0 V.

[l=" Altera recommends performing IBIS or SPICE simulations to determine the right
current strength setting for your specific application.
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Programmable Slew Rate Control

The output buffer for each Arria II device regular- and dual-function I/O pin has a
programmable output slew rate control that you can configure for low-noise or
high-speed performance. A faster slew rate provides high-speed transitions for
high-performance systems. A slow slew rate can help reduce system noise, but adds a
nominal delay to the rising and falling edges. Each I/O pin has an individual slew
rate control, allowing you to specify the slew rate on a pin-by-pin basis.

L=~ You cannot use the programmable slew rate feature with Rg OCT.
Table 6-9 lists the default slew rate settings from the Quartus II software.

Table 6-9. Default Slew Rate Settings for Arria Il Devices

Arria Il GX Device Arria Il GZ Device
1/0 Standard Slew Dglf:vlzlt Slew nglf:‘:lt
Rate Rate
Option Rate Option Rate

(Fast) (Fast)
1.2-V, 1.5-V, 1.8-V, 2.5-V LVCMOS, and 3.3-V LVTTL/LVCMOS (7) 0,1 1 0,1,2,3 3
SSTL-2, SSTL-18, SSTL-15, HSTL-18, HSTL-15, and HSTL-12 1 1 0,1,2,3 3
3.0-V PCI/PCI-X 0,1 1 0,1,2,3 3
LVDS_E_1R, mini-LVDS_E_1R, and RSDS_E_1R (2) 1 1 0,1,2,3 3
LVDS_E_3R, mini-LVDS_E_3R, and RSDS_E_3R 1 1 0,1,2,3 3

Notes to Table 6-9:
(1) Programmable slew rate is not supported for 3.3-V LVTTL/LVCMOS in Arria Il GX devices.
(2) LVDS_E_1R and mini-LVDS_E_1R is not supported in Arria Il GX devices.

You can use faster slew rates to improve the available timing margin in
memory-interface applications or when the output pin has high-capacitive loading.

[l=~ Altera recommends performing IBIS or SPICE simulations to determine the right slew
rate setting for your specific application.

Open-Drain Output

Arria II devices provide an optional open-drain output (equivalent to an open
collector output) for each I/O pin. When configured as open drain, the logic value of
the output is either high-Z or 0. You must use an external pull-up resistor to pull the
high-Z output to logic high.
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Bus Hold

Each Arria II device I/O pin provides an optional bus-hold feature. Bus-hold circuitry
can weakly hold the signal on an I/0O pin at its last-driven state. Because the bus-hold
feature holds the last-driven state of the pin until the next input signal is present, an
external pull-up or pull-down resistor is not required to hold a signal level when the
bus is tri-stated.

Bus-hold circuitry also pulls non-driven pins away from the input threshold voltage
where noise can cause unintended high-frequency switching. You can select this
feature individually for each I/O pin. The bus-hold output drives no higher than
Vo to prevent over-driving signals. If you enable the bus-hold feature, you cannot
use the programmable pull-up option. The bus-hold feature is disabled if the I/O pin
is configured for differential signals.

Bus-hold circuitry uses a resistor with a nominal resistance to weakly pull the
last-driven state and is active only after configuration. When going into user mode,
the bus-hold circuit captures the value on the pin present at the end of configuration.

For more information about the specific sustaining current driven through this
resistor and the overdrive current used to identify the next-driven input level, refer to
Device Datasheet for Arria 1I Devices chapter.

Programmable Pull-Up Resistor

Each Arria II device I/O pin provides an optional programmable pull-up resistor
during user mode. If you enable this feature for an I/O pin, the pull-up resistor
weakly holds the I/O to the Vcip level.

Programmable pull-up resistors are only supported on user I/O pins and are not
supported on dedicated configuration pins, JTAG pins, or dedicated clock pins. If you
enable the programmable pull-up option, you cannot use the bus-hold feature.

Programmable Pre-Emphasis

Arria II LVDS transmitters support programmable pre-emphasis to compensate the
frequency dependent attenuation of the transmission line. For programmable
pre-emphasis control, the Quartus II software allows two settings for Arria I GX
devices and four settings for Arria Il GZ devices.

For more information about programmable pre-emphasis, refer to the High-Speed
Differential 1/O Interfaces and DPA in Arria II Devices chapter.

Programmable Differential Output Voltage

Arria II LVDS transmitters support programmable V. Programmable Vg, settings
allow you to adjust output eye height to optimize trace length and power
consumption. A higher Vop swing improves voltage margins at the receiver end,
while a smaller Vg swing reduces power consumption.

For more information about programmable Vp, refer to the High-Speed Differential 1/O
Interfaces and DPA in Arria II Devices chapter.
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MultiVolt 1/0 Interface

Arria II architecture supports the MultiVolt I/O interface feature that allows Arria I
devices in all packages to interface with systems of different supply voltages.

You can connect the VCCIO pins to a power supply voltage level listed in Table 6-10,
depending on the output requirements. The output levels are compatible with
systems of the same voltage as the power supply. (For example, when VCCIO pins are
connected to a 1.5-V power supply, the output levels are compatible with 1.5-V
systems).

You must connect the Arria II GX VCCPD power pins to a 2.5-, 3.0-, or 3.3-V power
supply and the Arria II GZ VCCPD power pins to a 2.5- or 3.0-V power supply. Using
these power pins to supply the pre-driver power to the output buffers increases the
performance of the output pins. Table 6-10 lists the Arria II MultiVolt I/O support.

Table 6-10. MultiVolt I/0 Support for Arria Il Devices (Note 1)

vcelo (v) Input Signal (V) Output Signal (V)
2) 12 [ 15 18 25 | 30 3.3 1.2 15 18 25 | 30 [ 33
12 — — — — — — — — T — 1 —
15 — | v v — _ — — N _ — [ — [
1.8 — v v — — — — — v — — | —
v v
2 0= 1= — | Yewlewl —| | | V||~
3.0 — | = — v vl v — — — — v =
33 (5) | — | — — VvV vE) | — — — — T =1Tv

Notes to Table 6-10:

(1) The pin current may be slightly higher than the default value. You must verify that the driving device’s Vo maximum and Vo minimum voltages
do not violate the applicable Arria Il V,. maximum and V3 minimum voltage specifications.

(2) Each /0 bank of an Arria Il device has its own vccIo pins and supports only one Vo, €ither 1.2,1.5, 1.8, 2.5, 3.0, or 3.3 V. The LVDS /0 standard
is not supported when Vecg is 3.0 or 3.3 V. The LVDS input operations are supported when Vg is 1.2, 1.5, 1.8, or 2.5 V. The LVDS output
operations are only supported when Vegg is 2.5 V.

(3) Altera recommends using an external clamp diode when V¢ g is 2.5 V and the input signal is 3.0 or 3.3 V.
(4) Altera recommends using an external clamp diode on the row I/0 pins when the input signal is 3.0 or 3.3 V for Arria |l GZ devices.
(5) Not applicable for Arria | GZ devices.
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Arria II devices feature OCT to provide I/O impedance matching and termination
capabilities. OCT maintains signal quality, saves board space, and reduces external

component costs.

Arria II devices support the following features:

B “Rg OCT Without Calibration for Arria II Devices”

B “Rg OCT with Calibration for Arria II Devices”

m “Left-Shift Rg OCT Control for Arria II GZ Devices”

m “Expanded Rg OCT with Calibration for Arria II GZ Devices”
m “Rp OCT for Arria II LVDS Input I/O Standard”

B “Ry OCT with Calibration for Arria II GZ Devices”

B “Dynamic Rgand Ry OCT for Single-Ended I/O Standard for Arria II GZ Devices”
Arria II devices support OCT in all user I/O banks by selecting one of the OCT I/O

standards. Arria II devices support OCT in the same I/O bank with different I/O
standards if they use the same VCCIO supply voltage. You can independently

configure each I/O buffer in an I/O bank to support OCT or programmable current
strength. However, you cannot configure both Rg OCT and programmable current

strength for the same I/0O buffer.

A pair of RUP and RDN pins are available in a given I/O bank for Arria II GX

series-calibrated termination and shared for Arria Il GZ series- and parallel-calibrated
termination. RUP and RDN pins share the same Vcjo and GND, respectively, with the

I/0O bank where they are located. RUP and RDN pins are dual-purpose I/Os, and
function as regular I/Os if you do not use the calibration circuit.

For Rg OCT, the connections are as follows:

m The RUP pin is connected to Vo through an external 25-Q +1% or 50-Q £1%
resistor for an on-chip series termination value of 25-Q or 50-O, respectively.

m  The RDN pin is connected to GND through an external 25-Q +1% or 50-Q 1%
resistor for an Rg OCT value of 25-Q or 50-0), respectively.

For Ry OCT, the connections are as follows:
m The RUP pin is connected to Vo through an external 50-Q +1% resistor.

m  The RDN pin is connected to GND through an external 50-Q +1% resistor.

Rs OCT Without Calibration for Arria Il Devices

Arria II devices support driver-impedance matching to provide the I/O driver with
controlled output impedance that closely matches the impedance of the transmission

line. As a result, you can significantly reduce reflections. Arria II devices support
Rg OCT for single-ended I/O standards.

Arria Il Device Handbook Volume 1: Device Interfaces and Integration



6-20 Chapter 6: 1/0 Features in Arria Il Devices
OCT Support

The Rg shown in Figure 6-5 is the intrinsic impedance of output transistors. The
typical Rg values are 25 Q and 50 Q.

Figure 6-5. Rg OCT without Calibration for Arria Il Devices

Arria Il GX Driver Receiving
Series Termination Device
Vecio
H Rs
Z5=50Q 4|>
._| Rs
GND

To use OCT for:

m SSTL Class I standard—select the 50-Q on-chip series termination setting, thus
eliminating the external 25-Q Rg (to match the 50-Q transmission line).

m SSTL Class II standard—select the 25-Q2 on-chip series termination setting (to
match the 50-Q transmission line and the near-end external 50-Q pull-up to V).

Rs OCT with Calibration for Arria Il Devices

Arria II devices support Rg OCT with calibration in all I/O banks. The Rg OCT
calibration circuit compares the total impedance of the I/O buffer to the external
25-Q 1% or 50-Q +1% resistors connected to the RUP and RDN pins, and dynamically
enables or disables the transistors until they match.

The Rg shown in Figure 6-6 is the intrinsic impedance of transistors. Calibration
occurs at the end of device configuration. When the calibration circuit finds the
correct impedance, it powers down and stops changing the characteristics of the
drivers.

Figure 6-6. Rs OCT with Calibration for Arria Il Devices

Arria Il Driver Receiving
Series Termination Device
Vecio
H Rs
—|>
._| Rs
GND

Arria |l Device Handbook Volume 1: Device Interfaces and Integration December 2011  Altera Corporation



Chapter 6: 1/0 Features in Arria Il Devices 6-21

OCT Support
Table 6-11 lists the I/O standards that support R OCT with and without calibration.
Table 6-11. Rs OCT Selectable 1/0 Standards With and Without Calibration for Arria Il Devices
Rs OCT Termination Setting
I/0 Standard
Row 1/0 () Column 1/0 ()
50 50
3.3-V LVTTL/LVCMOS (1), (2)
25 25
50 50
3.0-V LVTTL/LVCMOS
25 25
50 50
2.5-V LVTTL/LVCMOS
25 25
50 50
1.8-V LVTTL/LVCMOS
25 25
50 50
1.5-V LVCMOS
25 (3) 25
50 50
1.2-V LVCMOS
25 (3) 25
SSTL-2 Class | 50 50
SSTL-2 Class Il 25 25
SSTL-18 Class | 50 50
SSTL-18 Class Il 25 25
SSTL-15 Class | 50 50
SSTL-15Class Il (2) — 25
HSTL-18 Class | 50 50
HSTL-18 Class Il 25 25
HSTL-15 Class | 50 50
HSTL-15 Class Il 25 (3) 25
HSTL-12 Class | 50 50
HSTL-12 Class I 25 (3) 25
Notes to Table 6-11:
(1) The 3.3-V LVTTL/LVCMOS standard is supported using Vego at 3.0 V.
(2) Applicable for Arria Il GZ devices only.
(3) Applicable for Arria [l GX devices only.
Left-Shift Rg OCT Control for Arria Il GZ Devices
Arria II GZ devices support left-shift series termination control. You can use left-shift
series termination control to get the calibrated Rg OCT with half of the impedance
value of the external reference resistors connected to the RUP and RDN pins. This feature
is useful in applications that require both 25-Q and 50-Q calibrated Rg OCT at the
same Vcjo. For example, if your application requires 25-Q and 50-Q calibrated
Rg OCT for SSTL-2 Class I and Class I1 I/O standards, you only need one OCT
calibration block with 50-Q external reference resistors.
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You can enable the left-shift series termination control feature in the ALTIOBUF
megafunction in the Quartus II software. The Quartus II software only allows
left-shift series termination control for 25-Q calibrated Rg OCT with 50-Q external
reference resistors connected to the RUP and RDN pins. You can only use left-shift series
termination control for the I/O standards that support 25-Q calibrated Rg OCT.

[l=~ This feature is automatically enabled if you are using a bidirectional /O with 25-Q
calibrated Rg OCT and 50-Q Ry OCT.
“ =@ For more information about how to enable the left-shift series termination feature in
the ALTIOBUF megafunction, refer to the I/O Buffer (ALTIOBUF) Megafunction User
Guide.

Expanded Rg OCT with Calibration for Arria Il GZ Devices

OCT calibration circuits always adjust Rg OCT to match the external resistors
connected to the RUP and RDN pin; however, it is possible to achieve Rg OCT values
other than the 25-Q and 50-Q resistors. Theoretically, if you need a different Rs OCT
value, you can change the resistance connected to the RUP and RDN pins accordingly.
Practically, the Rg OCT range that Arria Il GZ devices support is limited because of
output buffer size and granularity limitations.

The Quartus II software only allows discrete Rg OCT calibration settings of 25, 40, 50,
and 60 Q . You can select the closest discrete value of Rg OCT with calibration settings
in the Quartus II software to your system to achieve the closest timing. For example, if
you are using 20-Q Rg OCT with calibration in your system, you can select the 25-Q
Rs OCT with calibration setting in the Quartus II software to achieve the closest
timing.

Table 6-12 lists expanded Rg OCT with calibration supported in Arria II devices. Use
expanded Rg OCT with calibration of SSTL and HSTL for impedance matching to
improve signal integrity but do not use it to meet the JEDEC standard.

Table 6-12. Selectable I/0 Standards with Expanded Rg OCT with Calibration Range for Arria Il GZ

Devices
Expanded Rs OCT Range
1/0 Standard
Row 1/0 (Q) Column 1/0 (2)
3.3-V LVTTL/LVCMOS 20-60 20-60
2.5-V LVTTL/LVCMOS 20-60 20-60
1.8-V LVTTL/LVCMQS 20-60 20-60
1.5-V LVTTL/LVCMOS 40-60 20-60
1.2-V LVTTL/LVCMOS 40-60 20-60
SSTL-2 20-60 20-60
SSTL-18 20-60 20-60
SSTL-15 40-60 20-60
HSTL-18 20-60 20-60
HSTL-15 40-60 20-60
HSTL-12 40-60 20-60
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Rp OCT for Arria Il LVDS Input I/0 Standard
AllT/O banks in Arria II GX devices support input Rp OCT with a nominal resistance
value of 100 Q, as shown in Figure 6-7. However, not all input differential pins
support Rp OCT. You can enable Rp OCT when both the Vcjo and Vecepp is set to
25V.
Arria II GZ column I/0O banks and dedicated clock input pairs on the row I/O banks
do not support R, OCT. You can enable the Arria II GZ Rp OCT in row I/O banks
when both the Vg and Vcpp is set to 2.5 V.
Figure 6-7. Differential Input On-Chip Termination for Arria Il Devices
Transmitter Receiver
7o o
020=509) - Q%
0)Z5=500)
“ e For more information about R, OCT, refer to the High-Speed Differential 1/O Interfaces

and DPA in Arria Il Devices chapter.
R; OCT with Calibration for Arria Il GZ Devices
Arria II GZ devices support Ry OCT with calibration in all banks. Ry OCT with
calibration is only supported for input configuration of input and bidirectional pins.
Output pin configurations do not support Ry OCT with calibration. Figure 6-8 shows
Rr OCT with calibration. When you use Ry OCT, the V¢ of the bank must match the
I/0 standard of the pin where the Ry OCT is enabled.
Figure 6-8. R; OCT with Calibration for Arria Il GZ Devices

Arria Il GZ OCT

Vecio
100Q
I%—@ Zo-500)
VREF
1000
Transmitter G=ND Receiver
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The Ry OCT calibration circuit compares the total impedance of the I/O buffer to the
external 50-Q +1% resistors connected to the RUP and RDN pins and dynamically
enables or disables the transistors until they match. Calibration occurs at the end of
device configuration. When the calibration circuit finds the correct impedance, it
powers down and stops changing the characteristics of the drivers. Table 613 lists the
I/0 standards that support Ry OCT with calibration.

Table 6-13. Selectable I/0 Standards with Ry OCT with Calibration for Arria Il GZ Devices

S | e
SSTL-2 Class I, Il 50 50
SSTL-18 Class I, 11 50 50
SSTL-15 Class I, Il 50 50
HSTL-18 Class |, Il 50 50
HSTL-15 Class I, Il 50 50
HSTL-12 Class |, Il 50 50
Differential SSTL-2 Class I, Il 50 50
Differential SSTL-18 Class I, II 50 50
Differential SSTL-15 Class I, Il 50 50
Differential HSTL-18 Class I, Il 50 50
Differential HSTL-15 Class I, Il 50 50
Differential HSTL-12 Class |, Il 50 50

Dynamic Rg and R; OCT for Single-Ended 1/0 Standard for Arria Il GZ Devices

Arria II GZ devices support on and off dynamic termination, both series and parallel,
for a bidirectional I/O in all I/O banks. Figure 6-9 shows the termination schemes
supported in Arria II GZ devices. Dynamic parallel termination is enabled only when
the bidirectional I/O acts as a receiver and is disabled when it acts as a driver.
Similarly, dynamic series termination is enabled only when the bidirectional I/O acts
as a driver and is disabled when it acts as a receiver. This feature is useful for
terminating any high-performance bidirectional path because signal integrity is
optimized depending on the direction of the data.

Using dynamic OCT helps save power because device termination is internal instead
of external. Termination only switches on during input operation, thus drawing less
static power.
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Figure 6-9. Dynamic R; OCT in Arria Il GZ Devices
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a®

the Device Datasheet for Arria II Devices chapter.

December 2011  Altera Corporation

«o For more information about tolerance specifications for OCT with calibration, refer to

Arria Il Device Handbook Volume 1: Device Interfaces and Integration


http://www.altera.com/literature/hb/arria-ii-gx/aiigx_53001.pdf

6-26

Chapter 6: 1/0 Features in Arria Il Devices
Arria Il OCT Calibration

Arria Il OCT Calibration

Arria II GX devices support calibrated Rg OCT and Arria II GZ devices support
calibrated Rg and Ry OCT on all I/O pins. You can calibrate the I/O banks with any of
the OCT calibration blocks available in the device provided the V¢cio of the I/O bank
with the pins using calibrated OCT matches the Vo of the I/O bank with the
calibration block and its associated RUP and RDN pins.

For more information about the location of the OCT calibration blocks in Arria II
devices, refer to the Arria II Device Family Connection Guidelines and Arria Il Device
Pin-Outs.

OCT Calibration Block

An OCT calibration block has the same V(o as the I/O bank that contains the block.
Rgs OCT calibration is supported on all user 1/O banks with different Vcjo voltage
standards, up to the number of available OCT calibration blocks. You can configure
I/0 banks to receive calibrated codes from any OCT calibration block with the same
Vccio- All I/0 banks with the same Vg can share one OCT calibration block, even if
that particular I/O bank has an OCT calibration block.

For example, Figure 6-10 shows a group of I/O banks that has the same Vcio
voltage. If a group of I/O banks has the same Vo voltage, you can use one OCT
calibration block to calibrate the group of I/O banks placed around the periphery.
Because banks 3B, 4C, 6C, and 7B have the same Vo as bank 7A, you can calibrate
all four I/0O banks (3B, 4C, 6C, and 7B) with the OCT calibration block (CB7) located
in bank 7A. You can enable this by serially shifting out Rg OCT calibration codes from
the OCT calibration block located in bank 7A to the I/O banks located around the
periphery.

I/0 banks that do not contain calibration blocks share calibration blocks with I/O
banks that do contain calibration blocks.
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Figure 6-10 is a top view example of the Arria II GZ silicon die that corresponds to a

reverse view for flip chip packages. It is a graphical representation only. This figure
does not show transceiver banks and transceiver calibration blocks.

Figure 6-10. Example of Calibrating Multiple I/0 Banks with One Shared OCT Calibration Block in
Arria Il GZ Devices

~
m
(&)
< [as] O O o <
0 © @ ~ ~ ~
X X X X x X
C C C = C c
© © @ © @ ©
[is] fis] 0 fis] m fis]
Bank 1A Bank 6A
Bank 1C Bank 6C |:| I/ bank with the same Vg,
Arria Il GZ Device
I:] I/0 bank with different V.,
Bank 2C Bank 5C
Bank 2A Bank 5A
< m (&} @) fos] <
(3] [} (] < < <
X X X X x X
[=4 [= [=4 [= [= [=4
© © © © © 3]
i} m i} fis] m i}

“ e For more information about the OCT calibration block, refer to the ALT_OCT
Megafunction User Guide.
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Termination Schemes for 1/0 Standards

The following section describes the different termination schemes for I/O standards
used in Arria I devices.

Single-Ended 1/0 Standards Termination

Voltage-referenced I/O standards require both an input reference voltage (Vggr) and a
termination voltage (Vrr). The reference voltage of the receiving device tracks the
termination voltage of the transmitting device.

Figure 6-11 shows the details of SSTL I/O termination on Arria II devices.

Figure 6-11. SSTL I/0 Standard Termination for Arria Il Devices

Termination SSTL Class | SSTL Class I
% VTT
V1T an)
50Q 500
External 250 00 % 25Q %
On-B?a r(.i W— 500 ) = AWV o G%)—Q/ 3
Termination v REF
REF
Transmitter Receiver Ul TR
Series OCT vTT vIT vIT
50 Q Series OCT25
50 0 50Q 500
OCT o
Transmit Wy {1 500 )— Wy (500 )
VReF VREF
Transmitter Receiver Transmitter Receiver
VCCIO v
T Parallel OCT| a Vﬁ-C'O Parallel OCT
SEOCC 500 £1000
25Q 250 I
ocT —WW—(1500 ) — 500
Receive (1) VREF VREF Y
100 Q 3100 Q
Transmitter i Receiver Transmitter Receiver
Vceio Vecio Vccio
Series OCT Series OCT
ocT 50Q 000 250 100 Q 100 Q
in Bi-
Directional Q50 ) Ay ) 500 {>
Pins (1) 100 Q 00 Q
Series
= = = OCT 25 Q
Transmitter Receiver Transmitter Receiver

Note to Figure 6-11:
(1) Applicable to Arria Il GZ devices only.
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Figure 6-12 shows the details of HSTL I/O termination on Arria II devices.

Figure 6-12. HSTL I/0 Standard Termination for Arria Il Devices

Termination HSTL Class | HSTL Class Il
V1T VTT VTT
External 50 Q 50 Q50 Q
On-Board
Termination 150Q ) 0500 )
VREF VREF
Transmitter Receiver Transmitter Receiver
VT vIT VT
Series OCT50 Q Series OCT 25 Q 50 Q50
50 Q
ocT %-ﬁ 500 e % 50 O
Transmit VREF VREF
Transmitter Receiver Transmitter Receiver
Vecio vIT Vecio
T T Parallel OCT
L1000 Parallel OCT 50 0 £ 1000
oct *{ {500 ‘{ HLs00)
Receive (7 V REF <
(1) REF T2 o 2100 0
Transmitter 1 Receiver Transmitter : Receiver
Series OCT ~ VCCIO Veoio Series OCT _ VGCIo
OCT 50 Q) 25Q
in Bi- 100 Q 100 Q 100 Q
Directional | o)
Pins (1) o 50 Q {1508 )
100 Q 100 Q 100 Q
Series
= = OCT 5.0 Q = = OCT 25 Q
Transmitter Receiver Transmitter Receiver

Note to Figure 6-12:
(1) Applicable to Arria [l GZ devices only.
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Differential I/0 Standards Termination

Arria II devices support differential SSTL-2 and SSTL-18, differential HSTL-18,
HSTL-15, HSTL-12, LVDS, LVPECL, RSDS, and mini-LVDS. Figure 6-13 through
Figure 6-14 show the details of various differential I/O terminations on Arria II
devices.

[l=~ Differential HSTL and SSTL outputs are not true differential outputs. They use two
single-ended outputs with the second output programmed as inverted.

Figure 6-13 shows the details of differential SSTL I/0O standard termination on
Arria Il devices.

Figure 6-13. Differential SSTL I/0 Standard Termination for Arria Il Devices

Termination Differential SSTL Class | Differential SSTL Class Il
VITVIT VIT VIT VIT VTT
External 50 Q 50 ©f 5002500 500 50 Q
On-Board 250
Termination —D—@ ‘ —!> A s
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1T
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Series OCT 50 @ 00 Series OCT 25 @ T jans
Re OCT f 50 Q 50 Q
s or -
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Transmitter Receiver Transmitter Receiver
Differential SSTL Class | Differential SSTL Class Il
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Ry OCT for =GND =GND
Arria Il GZ 100 Q 500 100 ©
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=GND =GND
Transmitter Receiver Transmitter Receiver
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Figure 6-14 shows the details of differential HSTL I/O standard termination on
Arria II devices.

Figure 6-14. Differential HSTL I/0 Standard Termination for Arria Il Devices

Termination HSTL Class | HSTL Class Il
VITVIT VIT VIT VIT VTT
External 500z =500 50 Q 50Q 50Q Egso Q
On-Board
Termination ~[> 500 } ib_
‘>° 500 ~>0—
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V1T
V'
Series OCT 50 @ 500 Series OCT 25 Q L )
25.0:;:2;? 50 Q 50Q
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50 Q 50 Q 50 Q
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Transmitter Receiver Transmitter Receiver
Differential HSTL Class | Differential HSTL Class Il
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R+ OCT for 100 O
T VTT
Arria Il GZ ZGND VCCIo
Devices 100 @ 500 100 Q%
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LVDS

The LVDS I/0O standard is a differential high-speed, low-voltage swing, low-power,
general-purpose I/O (GPIO) interface standard. Arria II LVDS 1/0O standard requires
a 2.5-V Vo level. The LVDS input buffer requires 2.5-V Vcpp. LVDS requires a
100-Q termination resistor between the two signals at the input buffer. Arria I devices
provide an optional 100-Q differential termination resistor in the device with

Rp OCT.

Figure 6-15 shows the details of LVDS termination in Arria II devices. The Arria Il GZ
Rp OCT is only available in the row I/O banks.

Figure 6-15. LVDS 1/0 Standard Termination for Arria Il Devices (Note 1)

Termination LVDS
Differential Outputs Differential Inputs
External On-Board 50 Q *
Termination 100 Q %
1 _50Q j d
Differential Outputs Differential Inputs

OCT Receive 50 Q 9
(True LVDS 100 Q %
Output) 50 Q ®
Arria [l OCT
Differential Inputs

Single-Ended Outputs

OCT Receive
(Single-Ended

<—slinch—>|

LVDS Output
with One-Resistor 4| ® 50 Q T
Network,
LVDS_E_1R) Rp % 100 Q %
0@ 4|>c ) l
External Resistor
Arria Il OCT
OCT Receive Single-Ended Outputs Differential Inputs
(Single-Ended
LVDS Output
with Three 4|>; 50 Q s
Resistor Rs
Network, Rs Rp 100 Q
LVDS_E_3R) (1) 4% =0 1

External Resistor Arria Il OCT

Notes to Figure 6-15:

(1) For LVDS output with a three-resistor network, the Rgand Rp values are 120 and 170 €, respectively. For LVDS output with a one-resistor network,
the Rp value is 120 Q.

(2) LVDS_E_1R is available for Arria Il GZ devices only.
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Differential LVPECL

Arria II devices support the LVPECL 1/0 standard on input clock pins only. LVPECL
output operation is not supported. LVDS input buffers are used to support LVPECL
input operation. AC-coupling is required when the LVPECL common mode voltage of
the output buffer is higher than Arria II LVPECL input common mode voltage.
Figure 6-16 shows the AC-coupled termination scheme. The 50-Q resistors used at the
receiver end are external to the device.

Figure 6-16. LVPECL AC-Coupled Termination

LVPECL Arria Il
Output Buffer LVPECL Input Buffer
0.1 puF
IF Z5=50 Q b3
Viewr__3500
2500
it Zo=50Q
0.1 puF

Arria II devices support DC-coupled LVPECL if the LVPECL output common mode
voltage is within the Arria II LVPECL input buffer specification (Figure 6-17).

Figure 6-17. LVPECL DC-Coupled Termination

LVPECL Arria ll
Output Buffer LVPECL Input Buffer

l

Zo=50Q
Zo=500Q

100 @

\MW\e

RSDS

Arria II devices supports true RSDS, RSDS with a one-resistor network, and RSDS
with a three-resistor network. Two single-ended output buffers are used for external
one- or three-resistor networks, as shown in Figure 6-18. Only Arria II GZ row I/O
banks support RSDS output using true LVDS output buffers without an external
resistor network.
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mini-LVD$S
Arria II GX devices support true mini-LVDS with a three-resistor network using two

single-ended output buffers for external three-resistor networks.

For Arria Il GZ devices, use two single-ended output buffers with external one- or
three-resistor networks (mini-LVDS_E_1R or mini-LVDS_E_3R). Arria Il GZ row I/O
banks support mini-LVDS output using true LVDS output buffers without an external
resistor network.

Figure 6-18 shows the one-resistor and three-resistor topology for RSDS and
mini-LVDS I/O standard termination.

Figure 6-18. RSDS and mini-LVDS 1/0 Standard Termination for Arria Il Devices (Note 1)

Termination One-Resistor Network (RSDS_E_1R and mini-LVDS_E_1R) (2) Three-Resistor Network (RSDS_E_3R and mini-LVDS_E_3R)
[<<Linch-»| <L inch »|
50Q Rs
External [> Rp R 100Q > D— R Q50 100 Q
On-Board DO— € 50Q ) [> . P
Termination Rg
Transmitter Receiver Transmitter Receiver
le-<1 inch-»{ Arria Il OCT le-<1 inch-.{ Arria Il OCT
R
s
+—€) 500) D—— €509 )
> Rp% 1009% J> Re: o 102
ocT DO € 500 S0———— W €500 )
Transmitter Receiver Transmitter Receiver

Notes to Figure 6-18:
(1) Ry=170Qand Re=120 Q
(2) mini-LVDS_E_1R is applicable for Arria Il GZ devices only.

A resistor network is required to attenuate the LVDS output-voltage swing to meet
RSDS and mini-LVDS specifications. You can modify the three-resistor network
values to reduce power or improve the noise margin. The resistor values chosen
should satisfy the equation shown in Equation 6-1.

Equation 6-1. Resistor Network

Rsx—P
2
=50Q
R
RS+_P
2

L=~ To validate that custom resistor values meet the RSDS requirements, Altera
recommends performing additional simulations with IBIS models.
“ e For more information about the RSDS 1/O standard, refer to the RSDS Specification
from the National Semiconductor website at www.national.com.
“%e For more information about the mini-LVDS I/O standard, see the mini-LVDS
Specification from the Texas Instruments website at www.ti.com.
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Design Considerations

Although Arria II devices feature various I/O capabilities for high-performance and
high-speed system designs, there are several other design considerations that require
your attention to ensure the success of your designs.

1/0 Termination

This section describes 1/O termination requirements for single-ended and differential
I/0 standards.

Single-Ended 1/0 Standards

Although single-ended, non-voltage-referenced I/O standards do not require
termination, impedance matching is necessary to reduce reflections and improve
signal integrity.

Voltage-referenced I/O standards require both an input reference voltage (Vrgr) and a
termination voltage (Vrr). The reference voltage of the receiving device tracks the
termination voltage of the transmitting device. Each voltage-referenced I/0O standard
requires a specific termination setup. For example, a proper resistive signal
termination scheme is critical in SSTL2 standards to produce a reliable DDR memory
system with a superior noise margin.

Arria II Rg OCT provides the convenience of not using external components. When
optimizing OCT for use in typical transmission line environments, the Rg OCT
impedance must be equal to or less than the transmission line impedance for optimal
performance. In ideal applications, setting the Rg OCT impedance to match the
transmission line impedance avoids reflections. You can also use external pull-up
resistors to terminate the voltage-referenced I/O standards such as SSTL and HSTL
I/0 standards.

Differential 1/0 Standards

Differential I/O standards typically require a termination resistor between the two
signals at the receiver. The termination resistor must match the differential load
impedance of the signal line. Arria II devices provide an optional differential on-chip
resistor when you use LVDS.
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I/0 Bank Restrictions

Each I/O bank can simultaneously support multiple I/O standards. The following
sections provide guidelines for mixing non-voltage-referenced and voltage-referenced
I/0 standards in Arria II devices.

Non-Voltage-Referenced Standards

Each Arria II device I/O bank has its own VCCIO pins and supports only one Vcio. An
I/0 bank can simultaneously support any number of input signals with different I/O
standard assignments, as shown in Table 61 on page 6-2.

For output signals, a single I/O bank supports non-voltage-referenced output signals
that drive at the same voltage as Vcjo. Because an I/O bank can only have one V¢cio
value, it can only drive out the value for non-voltage-referenced signals. For example,
an I/O bank with a 2.5-V Vg setting can support 2.5-V standard inputs and outputs
and 3.0-V LVCMOS inputs (but not output or bidirectional pins).

Voltage-Referenced Standards

To accommodate voltage-referenced I/O standards, each Arria I GX1/0 bank has a
dedicated VREF pin while Arria Il GZ1/0 banks supports multiple VREF pins feeding a
common VREF bus. The number of available VREF pins increases as device density
increases. For Arria Il GZ devices, if these pins are not used as VREF pins, they cannot
be used as generic I/O pins and must be tied to Vcjo or GND. Each bank can only
have a single Vo voltage level and a single Vggr voltage level at a given time.

Arria II GX 1/0 banks featuring single-ended or differential standards can support
voltage-referenced standards as long as all voltage-referenced standards use the same
Vger setting.

For Arria II GZ devices, voltage-referenced input standards use their own Vccpp level
as the power source. This feature allows you to place voltage-referenced input signals
in an I/O bank with a Vo of 2.5 V or below. For example, you can place HSTL-15
input pins in an I/O bank with 2.5-V V0. However, the voltage-referenced input
with Ry OCT enabled requires the Vo of the I/O bank to match the voltage of the
input standard.

Voltage-referenced bidirectional and output signals must be the same as the Vccio
voltage of the I/O bank. For example, you can only place SSTL-2 output pins in an
I/0O bank with a 2.5-V Vcio.

Mixing Voltage-Referenced and Non-Voltage-Referenced Standards

An1/0 bank can support both non-voltage-referenced and voltage-referenced pins by
applying each of the rule sets individually. For example, an I/O bank can support
SSTL-18 inputs and 1.8-V inputs and outputs with a 1.8-V Vo and a 0.9-V Vggg.
Similarly, an I/O bank can support 1.5-V standards, 1.8-V inputs (but not outputs),
and HSTL and HSTL-15 I/O standards with a 1.5-V Vcio and 0.75-V Vggg.

Arria |l Device Handbook Volume 1: Device Interfaces and Integration December 2011  Altera Corporation



Chapter 6: 1/0 Features in Arria Il Devices 6-37

Document Revision History

1/0 Placement Guidelines

This section provides I/O placement guidelines for the programmable I/O standards
supported by Arria II devices and includes essential information for designing
systems with an Arria II device’s selectable I/O capabilities.

3.3-V, 3.0-V, and 2.5-V LVTTL/LVCMOS Tolerance Guidelines

Altera recommends the following techniques when you use 3.3-, 3.0-, and 2.5-V I/O
standards to limit overshoot and undershoot at I/O pins:

m Low drive strength or series termination—the impedance of the I/O driver must
be equal to or greater than the board trace impedance to minimize overshoot and
undershoot at the un-terminated receiver end. If high driver strength (lower driver
impedance) is required, Altera recommends series termination at the driver end
(on-chip or off-chip).

m Output slew rate—Arria I GX devices have two levels and Arria I GZ devices
have four levels of slew rate control for single-ended output buffers. Slow slew
rate can significantly reduce the overshoot and undershoot in the system at the
cost of slightly slower performance.

m Input clamping diodes—Arria II I/Os have on-chip clamping diodes. These
clamping diodes are required for PCI/PCI-X standards and recommended for
3.3-V LVITL/CMOS standards.

m  When you use clamping diodes, the floating well of the I/O is clamped to Vcio.
As a result, the Arria Il device might draw extra input leakage current from the
external input driver. This may violate the hot-socket DC- and AC-current
specification and increase power consumption. With the clamping diode enabled,
the Arria II device supports a maximum DC current of 8 mA.

Pin Placement Guideline

To validate your pin placement, Altera recommends creating a Quartus II design,
entering in your device I/O assignments, and compiling your design. The Quartus II
software checks your pin connections with respect to I/O assignment and placement
rules to ensure proper device operation. These rules are dependent on device density,
package, I/O assignments, voltage assignments, and other factors that are not
described in this chapter.

Document Revision History

Table 6-14 lists the revision history for this chapter.

Tahle 6-14. Document Revision History (Part 1 of 2)

Date Version Changes
m Updated Table 6-2 and Table 6-11.
December 2011 4.2 ) )
m Minor text edits.
m Updated Table 6-9 and Table 6-10.
June 2011 41 m Updated Figure 6-3 and Figure 6-4.

m Minor text edits.
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Tahle 6-14. Document Revision History (Part 2 of 2)

Date Version

Changes

December 2010 4.0

Updated for the Quartus Il software version 10.1 release:
m Added Arria Il GZ device information.

m Added “Left-Shift RS OCT Control for Arria Il GZ Devices”, “Expanded RS OCT with
Calibration for Arria Il GZ Devices”, “RT OCT with Calibration for Arria Il GZ Devices”, and
“Dynamic RS and RT OCT for Single-Ended 1/0 Standard for Arria Il GZ Devices” sections.

m Added Figure 6-1.

July 2010 3.0

Updated for Arria Il GX v10.0 release:

m Updated Table 6-4, Table 6-5, and Table 6-6.
m Updated Figure 6-1.

m Updated “Overview” section.

October 2009 2.0

Updated for Arria Il GX v9.1 release:

m Updated Table 6-2 and Table 6-3.

m Updated Figure 6-2, Figure 6—13, and Figure 6-14
m Minor text edits.

June 2009 1.1

m Updated Table 6-1, Table 6-4 and Table 6-5.

m Updated “Programmable Slew Rate Control”, “Programmable Differential Output
Voltage”, “Mini-LvVDS”, “RSDS”, “OCT Calibration Block”, and “I/0 Placement Guidelines”
sections.

m Updated Figure 6-1, Figure 66, Figure 6—7, Figure 6-8, Figure 6-9, Figure 6-10, and
Figure 6-14.

February 2009 1.0

Initial release.
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This chapter describes the hardware features in Arria® II devices that facilitate
high-speed memory interfacing for the double data rate (DDR) memory standard
including delay-locked loops (DLLs). Memory interfaces also use 1/O features such as
on-chip termination (OCT), programmable input delay chains, programmable output
delay, slew rate adjustment, and programmable drive strength.

Arria II devices provide an efficient architecture to quickly and easily fit wide external
memory interfaces with their small modular I/O bank structure. The I/Os are
designed to provide flexible and high-performance support for existing and emerging
external DDR memory standards, such as DDR3, DDR2, DDR SDRAM, QDR II,

QDR II+ SRAM, and RLDRAM II. The Arria II FPGA supports DDR external memory
on the top, bottom, left, and right I/O banks.

The high-performance memory interface solution includes the self-calibrating
ALTMEMPHY megafunction and UniPHY Intellectual Property (IP) core, optimized
to take advantage of the Arria II I/O structure and the Quartus® II TimeQuest Timing
Analyzer. The ALTMEMPHY megafunction and UniPHY IP core provide the total
solution for the highest reliable frequency of operation across process, voltage, and
temperature (PVT) variations.

The ALTMEMPHY megafunction and UniPHY IP core instantiate a phase-locked loop
(PLL) and PLL reconfiguration logic to adjust the resynchronization phase shift based
on PVT variation.

This chapter includes the following sections:
B “Memory Interfaces Pin Support for Arria II Devices” on page 7-3

m “Combining x16/x18 DQ/DQS Groups for x36 QDR II+/QDR II SRAM Interface”
on page 7-21

m “Arria II External Memory Interface Features” on page 7-24

Arria II GZ devices only support the UniPHY IP core. Arria II GX devices support the
QDR II and QDR II + SRAM controller with the UniPHY IP core, and DDR3, DDR2,
and the DDR SDRAM controller with the ALTMEMPHY megafunction.

RLDRAM Il is only available in Arria II GZ devices.

For more information about any of the above-mentioned features, refer to the I/O
Features in Arria Il Devices or the Clock Networks and PLLs in Arria 1I Devices chapter.

For more information about external memory system specifications, implementation,
board guidelines, timing analysis, simulation, debug information, ALTMEMPHY
megafunction and UniPHY IP core support for Arria Il devices, refer to the External
Memory Interface Handbook.
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specifications before relying on any published information and before placing orders for products or services.
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Figure 7-1 and Figure 7-2 show the memory interface datapath overview for
Arria I GX and Arria II GZ devices, respectively.

Figure 7-1. External Memory Interface Datapath Overview for Arria Il GX Devices (Note 1), (2)

Arria Il GX FPGA Memory
»| DQS Logic | D Read) (4
DLL St QS (Read) (4)
Postamble
Postamble Enable
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Postamble Clock »b Circuit Circuit
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(3) B Registers Registers DQ (Read) (4)

and Output
Enable
Registers

o - )
—<»! DDR Output DQ (Write) (4

»| DQS (Write) (4)

2
Clock —=<+{ DDR Output
Management Resyn(.:hron|zat|on Clock and Output
and Reset DQ Write Clock . Ene_lble
DQS Write Clock Registers

Notes to Figure 7-1:

(1) You can bypass each register block.

(2) Shaded blocks are implemented in the I/0 element (IOE).

(3) The memory blocks used for each memory interface may differ slightly.
(4)

These signals may be bidirectional or unidirectional, depending on the memory standard. When bidirectional, the signal is active during both read
and write operations.
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Figure 7-2. External Memory Interface Datapath Overview for Arria Il GZ Devices (Note 1), (2)

Arria Il GZ FPGA Memury
DQS Logic
DLL Blockg' < DQS (Read) (3)
Postamble Enable Postamble
Control ”1  DQs Enable
Postamble Clock _ Circuit Circuit
>
4n 2n 2n
Half Data Rate [ €7 Synchronization [ DDR Input
DPRAM Input Registers HISGEIEE Registers n
< DQ (Read) (3)
Resynchronization Clock
n
4n 2n » DQ (Write) (3)
7| Half Data Rate ——“> oA Output
i and Output
Output Registers Bl
> Fb Registers
4 2 » DQS (Write) (3)
Clock —> Half Data Rate Em——— T Output
Management Half-Rate Resynchronization Clock Output Registers and Output
and Reset DQ Write Clock Enable
Q Write Cloc > Registers
Half-Rate Clock
DQS Write Clock -

Notes to Figure 7-2:
(1) You can bypass each register block.

(2) The blocks used for each memory interface may differ slightly. The shaded blocks are part of the Arria Il GZ IOE.

(3) These signals may be bidirectional or unidirectional, depending on the memory standard. When bidirectional, the signal is active during both read

and write operations.

Memory Interfaces Pin Support for Arria Il Devices

June 2011

1=

Altera Corporation

A typical memory interface requires data (D, Q, or DQ), data strobe (DQS/CQ and
DQSn/CQn), address, command, and clock pins. Some memory interfaces use data
mask (DM or BWSn) pins to enable write masking. This section describes how Arria II
devices support all these pins.

If you have more than one clock pair, you must place them in the same DQ group. For
example, if you have two clock pairs, you must place both of them in the same x4
DQS group.

For more information about pin connections, refer to the Arria Il Device Family Pin
Connection Guidelines.

The DDR3, DDR2, DDR SDRAM, and RLDRAM II devices use CK and CK# signals to
capture the address and command signals. You can generate these signals to mimic
the write-data strobe with Arria II DDR I/O registers (DDIOs) to ensure that timing
relationships between the CK/CK# and DQS signals (tpogs, tpse, and tpey in DDR3,
DDR2, and DDR SDRAM devices) are met. The QDR I1+/QDR II SRAM devices use
the same clock (K/K#) to capture the write data, address, and command signals.

Arria Il Device Handbook Volume 1: Device Interfaces and Integration
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=@ For more information about pin location requirements, which pins to use as memory
clock pins, and pin connections between an Arria II device and an external memory
device, refer to Section I. Device and Pin Planning in volume 2 of the External Memory
Interface Handbook.

Memory clock pins in Arria II devices are generated with a DDIO register going to
differential output pins (refer to Figure 7-3), marked in the pin table with DIFFIN or
DIFFIO RX prefixes (Arria II GX devices) and DIFFOUT, DIFFIO TX, or DIFFIO RX
prefixes (Arria II GZ devices). These pins support the differential output function and
you can use them as memory clock pins.

Figure 7-3. Memory Clock Generation for Arria Il Devices (Note 1)

FPGA LEs 1/0 Elements

Vee

b mem_clk (2)
Q

‘ mem_clk_n (2)

<7 D

System Clock
[

Notes to Figure 7-3:
(1) Global or regional clock networks are required for memory output clock generation to minimize jitter.

(2) The mem_clk[0] and mem_clk n[o] pins for DDR3, DDR2, and DDR SDRAM interfaces use the I/0 input buffer for feedback; therefore,
bidirectional I/0 buffers are used for these pins. For memory interfaces with a differential DQS input, the input feedback buffer is configured as
differential input; for memory interfaces using a single-ended DQS input, the input buffer is configured as a single-ended input. Using a
single-ended input feedback buffer requires that the 1/0 standard’s Vggr voltage is provided to that I/0 bank’s VREF pins.

Arria II devices offer differential input buffers for differential read-data strobe and
clock operations. In addition, Arria II devices also provide an independent DQS logic
block for each CQn pin for complementary read-data strobe and clock operations. In
the Arria II pin tables, the differential DQS pin pairs are denoted as DQS and DQSn
pins, and the complementary CQ signals are denoted as CQ and CQn pins. DQSn and
CQn pins are marked separately in the pin table. Each CQn pin connects to a DQS
logic block and the shifted CQn signals go to the negative-edge input registers in the
DQ IOE registers.

L=~ Use differential DQS signaling for DDR2 SDRAM interfaces running at 333 MHz.

DQ pins can be bidirectional signals, as in DDR3, DDR2, and DDR SDRAM, and
RLDRAM II common I/O (CIO) interfaces or unidirectional signals, as in QDR II+,
QDR II SRAM, and RLDRAM 1I separate I/O (SIO) devices. Connect the
unidirectional read-data signals to Arria II DQ pins and the unidirectional write-data
signals to a different DQ/DQS group than the read DQ/DQS group. The write clocks
must be assigned to the DQS/DQSn pins associated to this write DQ/DQS group. Do
not use the CQ/CQn pin-pair for write clocks.

=~ UsingaDQ/DQS group for the write-data signals minimizes output skew and allows
vertical migration. Arria II GX devices do not support vertical migration with
Arria II GZ devices.

Arria |l Device Handbook Volume 1: Device Interfaces and Integration June 2011 Altera Corporation
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Table 7-1. DQ/DQS Bus Mode Pins for Arria Il Devices

The DQ and DQS pin locations are fixed in the pin table. Memory interface circuitry is
available in every Arria I I/O bank that does not support transceivers. All memory
interface pins support the I/O standards required to support DDR3, DDR2,

DDR SDRAM, QDR II+ and QDR II SRAM, and RLDRAM II devices.

Arria II devices support DQ and DQS signals with DQ bus modes of x4, x8/x9,
x16/x18, or x32/x36, although not all devices support DQS bus mode in x32/x36.
The DDR, DDR2, and DDR3 SDRAM interfaces use one DQS pin for each x8 group;
for example, an interface with a x72 wide interface requires nine DQS pins. When any
of these pins are not used for memory interfacing, you can use these pins as user I/Os.
Additionally, you can use any DQSn or CQn pins not used for clocking as DQ (data)

pins.

Table 7-1 lists pin support per DQ/DQS bus mode, including the DQS/CQ and

DQSn/CQn pin pair, for Arria II devices.

. Typical Maximum
Mode DQSn Support | CQn Support P(at;:t‘::n:ali)m (opt?xula[:) (1) Data Pins ':lfer Data Pins ::;r

Group Group (2)
x4 Yes No No (6) No 4 5
x8/x9 (3) Yes Yes Yes Yes 8or9 11
x16/x18 (4) Yes Yes Yes Yes 16 0r 18 23
x32/x36 (5) Yes Yes Yes Yes 32 0r 36 47
x32/x36 (7) Yes Yes No (8) Yes 32 or 36 39

Notes to Table 7-1:

(1) The QVLD pin is not used in the ALTMEMPHY megafunction and it is only applicable for Arria Il GZ devices.
(2) This represents the maximum number of DQ pins (including parity, data mask, and QVLD pins) connected to the DQS bus network with

single-ended DQS signaling. When you use differential or complementary DQS signaling, the maximum number of data per group decreases

by one. This number may vary per DQ/DQS group in a particular device. Check the pin table for the exact number per group. For DDR3, DDR

2,

and DDR interfaces, the number of pins is further reduced for an interface larger than x8 due to the need of one DQS pin for each x8/x9 group

that is used to form the x16/x18 and x32/x36 groups.

Two x4 DQ/DQS groups are stitched to make a x8/x9 group so there are a total of 12 pins in this group.
Four x4 DQ/DQS groups are stitched to make a x16/x18 group.

Eight x4 DQ/DQS groups are stitched to make a x32/x36 group.

The DM pin can be supported if differential DQS is not used and the group does not have additional signals.

These x32/x36 DQ/DQAS groups are available in EP2AGZ300 and EP2AGZ350 devices in 1152- and 1517-pin FineLine BGA packages. There a
40 pins in each of these DQ/DQS groups.

(8) There are 40 pins in each of these DQ/DQS groups. You cannot place the BWSn pins within the same DQ/DQS group as the write data pins
because of insufficient pins availability.

wW

—_—~ e~~~
~ o1
—_—= = = =
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Table 7-2 lists the number of I/O modules and DQ/DQS groups per side of the
Arria II GX device. For a more detailed listing of the number of DQ/DQS groups
available per bank in each Arria II GX device, refer to Figure 7-4 on page 7-7 through
Figure 7-10 on page 7-13. These figures represent the die top view of the Arria II GX
device.

For more information about DQ/DQS groups pin-out restriction format, refer to the
Arria II Device Family Pin Connection Guidelines.

Table 7-2. Number of DQ/DQS Groups and I/0 Modules per Side in Arria Il GX Devices

Number of DQ/DQS Groups
Device Package Side Ntl:nn;l;erl :f{%ﬂ Refer to
u x4 x8/x9 | x16/x18 | x32/x36

EP2AGX45 | 358-PinUltra | Top/Bottom 3 1 0 Figure 7-4 on
EP2AGX65 FineLine BGA Right 2 0 0 page 7-7
EP2AGX45 Figure 7-5 on
EP2AGX65 579-Pin Top/Bottom 4 8 4 2 0 page 7-8
EP2AGX95 | FineLine BGA , Figure 7-6 on
EP2AGX125 Right 6 12 6 2 0 | page 7-9
EP2AGX45 Figure 7-7 on
EP2AGX65 page 7-10
EP2AGX95 780-Pin Top/Bottom/ 7 14 7 3 y
EP2AGX125 | FineLine BGA Right Figure 7-8 on
EP2AGX190 page 7-11
EP2AGX260
EP2AGX95 | 1152-Pin Top/Bottom 18 Figure 7-9 on
EP2AGX125 | FineLine BGA Right 16 page 7-12
EP2AGX190 | 1152-Pin Top/Bottom/ 12 24 12 6 9 Figure 7-10
EP2AGX260 | FineLine BGA Right on page 7-13

Note to Table 7-2:
(1) Each I/0 module consists of 16 I/0 pins. 12 of the 16 pins are DQ/DQS pins.

Table 7-3 lists the number of DQ/DQS groups available per side in each Arria Il GZ
device. For a more detailed listing of the number of DQ/DQS groups available per
bank in each Arria II GZ device, refer to Figure 7-11 through Figure 7-15. These
figures represent the die top view of the Arria II GZ device.

Table 7-3. Number of DQ/DQS Groups per Side in Arria Il GZ Devices (Part 1 of 2)

Number of DQ/DQS Groups
Device Package Side Refer to
x4 (1) x8/x9 x16/x18 x32/x36 (2)

EP2AGZ300 780-pin Left/Right 0 0 0 0 Figure 711 on
EP2AGZ350 FineLine BGA | Top/Bottom 18 8 2 0 page 7-14

1152-pin Left/Right 13 6 2 0 Figure 7-12 on
EPAGZ225 T

FineLine BGA | Top/Bottom 26 12 4 0 page 7-15
EP2AGZ300 1152-pin Left/Right 13 6 2 0 Figure 7-13 on
EP2AGZ350 FineLine BGA | Top/Bottom 26 12 4 2 (3) page 7-16

Arria |l Device Handbook Volume 1: Device Interfaces and Integration June 2011 Altera Corporation
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Table 7-3. Number of DQ/DQS Groups per Side in Arria Il GZ Devices (Part 2 of 2)

Number of DQ/DQS Groups
Device Package Side Refer to
x4 (1) x8/x9 x16/x18 x32/x36 (2)
1517-pin . Figure 7-14 on
EP2AGZ225 FineLine BGA All sides 26 12 4 0 page 7-17
EP2AGZ300 1517-pin Left/Right 26 12 4 0 Figure 7-15 on
EP2AGZ350 FineLine BGA | Top/Bottom 26 12 4 2(3) page 7-18

Notes to Table 7-3:

(1) Some of the x4 groups may use Ryp and Rpy pins. You cannot use these groups if you use the Arria Il GZ calibrated OCT feature.

(2) To interface with a x36 QDR I1+/QDR 1l SRAM device in a Arria || GZ FPGA that does not support the x32/x36 DQ/DQS group, refer to
“Combining x16/x18 DQ/DQS Groups for x36 QDR 11+/QDR I SRAM Interface” on page 7-21.

(3) These x32/x36 DQ/DQAS groups have 40 pins instead of 48 pins per group. You cannot place BWSn pins within the same DQ/DQS group as the
write data pins because of insufficient pins available.

Figure 7—4 through Figure 7-10 show the maximum number of DQ/DQS groups per
side of the Arria Il GX device. These figures represent the die-top view of the
Arria II GX device.

Figure 7—4 shows the number of DQ/DQS groups per bank in EP2AGX45 and
EP2AGX65 devices in the 358-pin Ultra FineLine BGA (UBGA) package.

Figure 7-4. Number of DQ/DQS Groups per Bank in EP2AGX45 and EP2AGX65 Devices in the 358-Pin Ultra Fineline BGA
Package (Note 1), (2)

1/0 Bank 8A 1/0 Bank 7A
22 User I/Os 38 User I/Os
x4=2 x4=4
x8/x9=1 x8/x9=2
x16/x18=0 x16/x18=1
x32/x36=0 x32/x36=0
1/0 Bank 6A (3)
18 User I/Os
x4=2
x8/x9=1
x16/x18=0
EP2AGX45 x32/x36=0
and EP2AGX65 Devices in the
358-Pin Ultra FineLine BGA I/0 Bank 5A
18 User I/Os
x4=2
x8/x9=1
x16/x18=0
x32/x36=0
I/O Bank 3A 1/0 Bank 4A
22 User I/Os 38 User I/0Os
x4=2 x4=4
x8/x9=1 x8/x9=2
x16/x18=0 x16/x18=1
x32/x36=0 x32/x36=0

Notes to Figure 7-4:
(1) All'1/0 pin counts include 12 dedicated clock inputs (CLk4 to cLk15) that you can use for data inputs.
(2) Arria Il GX devices in the 358-pin UBGA package do not support the x36 QDR 11+/QDR 1 SRAM interface.

(3) Several configuration pins in Bank 6A are shared with DQ/DQS pins. You cannot use a x4 DQ/DQS group with any of their pin members used for
configuration purposes. Ensure that the DQ/DQS groups you chose are not also used for configuration.

June 2011 Altera Corporation Arria Il Device Handbook Volume 1: Device Interfaces and Integration
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Figure 7-5 shows the number of DQ/DQS groups per bank in Arria Il GX EP2AGX45
and EP2AGX65 devices in the 572-pin FineLine BGA package.

Figure 7-5. Number of DQ/DQS Groups per Bank in EP2AGX45 and EP2AGX65 Devices in the 572-Pin FineLine BGA
Package (Note 1), (2)

1/0 Bank 8A 1/0 Bank 7A
38 User I/0s 38 User I/Os
x4=4 x4=4
x8/x9=2 x8/x9=2
x16/x18=1 x16/x18=1
x32/x36=0 x32/x36=0
I/0O Bank 6A (3)
50 User I/Os
x4=6
x8/x9=3
x16/x18=1
EP2AGX45 and EP2AGX65 %x32/%x36=0
Devices in the 572-Pin Fineline BGA
1/0 Bank 5A
50 User I/0Os
xX4=6
x8/x9=3
x16/x18=1
x32/x36=0
1/0 Bank 3A 1/0 Bank 4A
38 User I/Os 38 User I/0Os
x4=4 x4=4
x8/x9=2 x8/x9=2
x16/x18=1 x16/x18=1
x32/x36=0 x32/x36=0

Notes to Figure 7-5:
(1) All'l/0 pin counts include 12 dedicated clock inputs (cLk4 to cLK15) that you can use for data inputs.
(2) Arria Il GX devices in the 572-pin FineLine BGA Package do not support the x36 QDR I1+/QDR Il SRAM interface.

(3) Several configuration pins in Bank 6A are shared with DQ/DQS pins. You cannot use a x4 DQ/DQS group with any of their pin members used for
configuration purposes. Ensure that the DQ/DQS groups you chose are not also used for configuration.
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Figure 7-6 shows the number of DQ/DQS groups per bank in Arria Il GX EP2AGX95
and EP2AGX125 devices in the 572-pin FineLine BGA package.

Figure 7-6. Number of DQ/DQS Groups per Bank in EP2AGX95 and EP2AGX125 Devices in the 572-Pin FineLine BGA
Package (Note 1), (2)

I/0 Bank 8A 1/0 Bank 7A
42 User 1/Os 38 User I/0s
x4=4 x4=4
x8/x9=2 x8/x9=2
x16/x18=1 x16/x18=1
x32/x36=0 x32/x36=0
1/0 Bank 6A (3)
50 User I/Os
x4=6
x8/x9=3
x16/x18=1
EP2AGX95 and EP2AGX125 x32/x36=0
Devices in the 572-Pin FineLine BGA
1/0 Bank 5A
50 User I/0Os
x4=6
x8/x9=3
x16/x18=1
x32/x36=0
1/0 Bank 3A I/0 Bank 4A
38 User I/0Os 42 User I/Os
x4=4 xX4=4
x8/x9=2 x8/x9=2
x16/x18=1 x16/x18=1
x32/x36=0 x32/x36=0

Notes to Figure 7-6:
(1) All'l/0 pin counts include 12 dedicated clock inputs (cLk4 to cLK15) that you can use for data inputs.
(2) Arria Il GX devices in the 572-pin FineLine BGA Package do not support the x36 QDR I1+/QDR Il SRAM interface.

(3) Several configuration pins in Bank 6A are shared with DQ/DQS pins. You cannot use a x4 DQ/DQS group with any of their pin members used for
configuration purposes. Ensure that the DQ/DQS groups you chose are not also used for configuration.
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Figure 7-7 shows the number of DQ/DQS groups per bank in Arria Il GX EP2AGX45

and EP2AGX65 devices in the 780-pin FineLine BGA package.

Figure 7-7. Number of DQ/DQS Groups per Bank in EP2AGX45 and EP2AGX65 Devices in the 780-Pin FineLine BGA

Package (Noie 1)
1/0 Bank 8A I/0 Bank 7A
54 User I/Os 70 User I/Os
X4=6 x4=8
x8/x9=3 x8/x9=4
x16/x18=1 x16/x18=2
x32/x36=0 x32/x36=1
I/O Bank 6A (2)
50 User I/Os
x4=6
x8/x9=3
x16/x18=1
EP2AGX45 and EP2AGX65 x32/x36=0
Devices in the 780-Pin FineLine BGA
1/0 Bank 5A
66 User I/Os
x4=8
x8/x9=4
x16/x18=2
x32/x36=1

1/0 Bank 3A
54 User I/Os
X4=6
x8/x9=3
x16/x18=1
x32/x36=0

I/0 Bank 4A
70 User I/Os
x4=8
x8/x9=4
x16/x18=2
x32/x36=1

Notes to Figure 7-7:

(1) All'1/0 pin counts include 12 dedicated clock inputs (CLk4 to cLk15) that you can use for data inputs.
(2) Several configuration pins in Bank 6A are shared with DQ/DQS pins. You cannot use a x4 DQ/DQS group with any of their pin members used for

configuration purposes. Ensure that the DQ/DQS groups you chose are not also used for configuration.
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Figure 7-8 shows the number of DQ/DQS groups per bank in Arria Il GX EP2AGX95,

EP2AGX125, EP2AGX190, and EP2AGX260 devices in the 780-pin FineLine BGA
package.

Figure 7-8. Number of DQ/DQS Groups per Bank in EP2AGX95, EP2AGX125, EP2AGX190 and EP2AGX260 Devices in the

780-Pin FineLine BGA Package (Note 1)
I/O Bank 8A I/O Bank 7A
58 User 1/Os 70 User 1/Os
X4=6 x4=8
x8/x9=3 x8/x9=4
x16/x18=1 x16/x18=2
x32/x36=0 x32/x36=1

Notes to Figure 7-8:

EP2AGX95, EP2AGX125, EP2AGX190,
and EP2AGX260 Devices
in the 780-Pin FineLine BGA

1/0 Bank 6A (2)

50 User I/Os
x4=6
x8/x9=3
x16/x18=1
x32/x36=0

1/0 Bank 5A

66 User I/Os
x4=8
x8/x9=4
x16/x18=2
x32/x36=1

1/0 Bank 3A 1/0 Bank 4A
54 User I/Os 74 User 1/Os
x4=6 x4=8
x8/x9=3 x8/x9=4
x16/x18=1 x16/x18=2
x32/x36=0 x32/x36=1

(1) All'1/0 pin counts include 12 dedicated clock inputs (CLk4 to cLk15) that you can use for data inputs.
(2) Several configuration pins in Bank 6A are shared with DQ/DQS pins. You cannot use a x4 DQ/DQS group with any of their pin members used for

configuration purposes. Ensure that the DQ/DQS groups you chose are not also used for configuration.

June 2011

Altera Corporation
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Figure 7-9 shows the number of DQ/DQS groups per bank in Arria Il GX EP2AGX95

and EP2AGX125 devices in the 1152-pin FineLine BGA package.

Figure 7-9. Number of DQ/DQS Groups per Bank in EP2AGX95 and EP2AGX125 Devices in the 1152-Pin FineLine BGA

Package (Noie 1)
1/0 Bank 8A 1/0 Bank 7A I/O Bank 7B
74 User I/Os 70 User I/Os 16 User I/Os
x4=8 x4=8 x4=2
x8/x9=4 x8/x9=4 x8/x9=1
x16/x18=2 x16/x18=2 x16/x18=0
x32/x36=1 x32/x36=1 x32/%36=0
I/0 Bank 6A (2)
66 User I/Os
x4=8
8/x9=4
EP2AGX95 and EP2AGX125 Devices Pl
in the 1152-Pin FineLine BGA %32/%36=1
1/0 Bank 5A
66 User I/Os
x4=8
x8/x9=4
x16/x18=2
x32/x36=1

1/0 Bank 3A
70 User I/Os
x4=8
x8/x9=4
x16/x18=2
x32/x36=1

I/0 Bank 4A
74 User I/Os
x4=8
x8/x9=4
x16/x18=2
x32/x36=1

I/0O Bank 4B
16 User I/Os
x4=2
x8/x9=1
x16/x18=0
x32/x36=0

Notes to Figure 7-9:

(1) All'l/0 pin counts include 12 dedicated clock inputs (cLk4 to cLk15) that you can use for data inputs.

(2) Several configuration pins in Bank 6A are shared with DQ/DQS pins. You cannot use a x4 DQ/DQS group with any of their pin members used for
configuration purposes. Ensure that the DQ/DQS groups you chose are not also used for configuration.
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Figure 7-10 shows the number of DQ/DQS groups per bank in Arria I GX
EP2AGX190 and EP2AGX260 devices in the 1152-pin FineLine BGA package.

Figure 7-10. Number of DQ/DQS Groups per Bank in EP2AGX190 and EP2AGX260 Devices in the 1152-Pin FineLine BGA
Package (Note 1)

1/0 Bank 8B I/O Bank 8A 1/0 Bank 7A 1/0 Bank 7B
32 User I/0s 74 User I/0s 70 User I/0s 32 User I/Os
x4=4 x4=8 x4=8 x4=4
x8/x9=2 x8/x9=4 x8/x9=4 x8/x9=2
x16/x18=1 x16/x18=2 x16/x18=2 x16/x18=1
x32/x36=0 x32/x36=1 x32/x36=1 x32/x36=0
I/O Bank 6B
32 User I/0Os
x4=4
x8/x9=2
x16/x18=1
x32/x36=0
1/0 Bank 6A (2)
EP2AGX190 and EP2AGX260 Devices 66 User 0s
in the 1152-Pin FineLine BGA =
x8/x9=4
x16/x18=2
x32/x36=1
1/0 Bank 5A
66 User I/Os
x4=8
x8/x9=4
x16/x18=2
x32/x36=1
1/0 Bank 5B
32 User I/Os
x4=4
x8/x9=2
x16/x18=1
x32/x36=0
I/0 Bank 3B 1/0 Bank 3A 1/0 Bank 4A 1/0 Bank 4B
32 User I/0s 70 User I/Os 74 User 1/Os 32 User I/Os
x4=4 x4=8 x4=8 x4=4
x8/x9=2 x8/x9=4 x8/x9=4 x8/x9=2
x16/x18=1 x16/x18=2 x16/x18=2 x16/x18=1
%x32/x36=0 x32/x36=1 x32/x36=1 x32/x36=0

Notes to Figure 7-10:

(1) All'1/0 pin counts include 12 dedicated clock inputs (CLk4 to cLk15) that you can use for data inputs.

(2) Several configuration pins in Bank 6A are shared with DQ/DQS pins. You cannot use a x4 DQ/DQS group with any of their pin members used for

configuration purposes. Ensure that the DQ/DQS groups you chose are not also used for configuration.

June 2011  Altera Corporation
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Figure 7-11 shows the number of DQ/DQS groups per bank in Arria II GZ
EP2AGZ300 and EP2AGZ350 devices in the 780-pin FineLine BGA package.

Figure 7-11. Number of DQ/DQS Groups per Bank in EP2AGZ300 and EP2AGZ350 Devices in the 780-Pin FineLine BGA

Package, (Note 1)

DLLO

1/0 Bank 8A | I/O Bank 8C | 1/0 Bank 7C | /O Bank 7A
40 User I/Os | 32 User I/Os | 32 User I/Os | 40 User I/Os
x4=6 x4=3 x4=3 x4=6 DLL3
x8/x9=3 x8/x9=1 x8/x9=1 x8/x9=3
x16/x18=1 x16/x18=0 x16/x18=0 x16/x18=1

EP2AGZ300 and EP2AGZ350 Devices
in the 780-Pin FineLine BGA

DLLA1

I/O Bank 3A | 1/O Bank 3C | I/O Bank 4C | /O Bank 4A
40 User I/Os | 32 User I/Os | 32 User I/Os | 40 User I/Os
x4=6 x4=3 x4=3 x4=6 DLL2
x8/x9=3 x8/x9=1 x8/x9=1 x8/x9=3
x16/x18=1 x16/x18=0 x16/x18=0 x16/x18=1

Note to Figure 7-11:

(1) EP2AGZ300 and EP2AGZ350 devices do not support x32/x36 mode. To interface with a x36 QDR 11+/QDR || SRAM device, refer to “Combining
x16/x18 DQ/DQS Groups for x36 QDR 11+/QDR 1l SRAM Interface” on page 7-21.
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Figure 7-12 shows the number of DQ/DQS groups per bank in Arria Il GZ
EP2AGZ225 devices in the 1152-pin FineLine BGA package.

Figure 7-12. Number of DQ/DQS Groups per Bank in EP2AGZ225 Devices in the 1152-Pin FineLine BGA
Package (Note 1), (2), (3), (4)

/0 Bank 8A | I/O Bank 8B| 1/0O Bank 8C| I/O Bank 7C | /O Bank 7B | 1/O Bank 7A
40 User I/Os | 24 User I/Os| 32 User I/Os | 32 User I/Os | 24 User I/Os| 40 User I/Os
DLLO x4=6 x4=4 x4=3 x4=3 x4=4 x4=6 DLL3
x8/x9=3 x8/x9=2 x8/x9=1 x8/x9=1 x8/x9=2 x8/x9=3
x16/x18=1 x16/x18=1 x16/x18=0 x16/x18=0 x16/x18=1 x16/x18=1
1/0 Bank 1A 1/0 Bank 6A
48 User 1/0s 48 User I/0s
x4=7 x4=7
x8/x9=3 EP2AGZ225 Devices x8/x9=3
x16/x18=1 in the 1152-Pin FineLine BGA x16/x18=1
/0 Bank 1C 1/0 Bank 6C
42 User I/Os 42 User I/Os
x4=6 x4=6
x8/x9=3 x8/x9=3
x16/x18=1 x16/x18=1
1/0 Bank 3A | 1/0 Bank 3B | I/0 Bank 3C | I/O Bank 4C | I/O Bank 4B | /O Bank 4A
40 User I/0s | 24 User 1/Os | 32 User I/Os | 32 User I/Os | 24 User I/Os | 40 User I/Os
DLL1 x4=6 x4=4 x4=3 x4=3 x4=4 x4=6 DLL2
x8/x9=3 x8/x9=2 x8/x9=1 x8/x9=1 x8/x9=2 x8/x9=3
x16/x18=1 x16/x18=1 | x16/x18=0 | x16/x18=0 x16/x18=1 | x16/x18=1

Notes to Figure 7-12:

(1) EP2AGZ225 devices do not support the x32/x36 mode. To interface with a x36 QDR I1+/QDR 11 SRAM device, refer to “Combining x16/x18
DQ/DQS Groups for x36 QDR 11+/QDR [l SRAM Interface” on page 7-21.

(2) You can also use DQS/DQSn pins in some of the x4 groups as Ryp and Rpy pins, but you cannot use a x4 group for memory interfaces if two pins

of the x4 group are used as Ryp and Rpy pins for OCT calibration. If two pins of a x4 group are used as Ryp and Rpy pins for OCT calibration, you
can use the x16/x18 or x32/x36 groups that include that x4 group; however, there are restrictions on using x8/x9 groups that include that x4

group.

(3) All'l/0 pin counts include dedicated clock inputs that you can use for data inputs.

(4) You can also use some of the DQ/DQS pins in 1/0 Bank 1C as configuration pins. You cannot use a x4 DQ/DQS group with any of its pin members
used for configuration purposes. Ensure that the DQ/DQS groups that you have chosen are not also used for configuration because you may lose
up to four x4 DQ/DQAS groups, depending on your configuration scheme.

June 2011  Altera Corporation
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Figure 7-13 shows the number of DQ/DQS groups per bank in Arria Il GZ
EP2AGZ300 and EP2AGZ350 devices in the 1152-pin FineLine BGA package.

Figure 7-13. Number of DQ/DQS Groups per Bank in EP2AGZ300 and EP2AGZ350 Devices in the 1152-Pin FineLine BGA
Package (Note 1), (2), (3)

I/0 Bank 8A | /O Bank 8B | 1/0 Bank 8C | 1/0 Bank 7C | /0 Bank 7B | 1/O Bank 7A
40 User I/Os | 24 User I/Os | 32 User I/Os | 32 User I/Os | 24 User I/Os | 40 User I/Os
x4=6 _ x4=6
DLLO x8/x9=3 st O x4=3 B X8/x9=3 DLL3
16/518=1 x8/x9=2 x8/x9=1 x8/x9=1 x8/x9=2 °
T x16/x18=1 16/x18=0 | x16/x18=0 | x16/x18=1 | 18 18=1
x32/x36=1 (5) x x32/x36=1 (5)

1/0 Bank 1A 1/0 Bank 6A
48 User I/Os 48 User I/Os
x4=7 x4=7
x8/x9=3 x8/x9=3
x16/x18=1 EP2AGZ300 and EP2AGZ350 Devices x16/x18=1
1/O Bank 1C in the 1152-Pin FineLine BGA /O Bank 6C
42 User I/Os 42 User I/Os
x4=6 x4=6
x8/x9=3 x8/x9=3
x16/x18=1 x16/x18=1
I/0 Bank 3A | 1/0 Bank 3B | I/0 Bank 3C | 1/O Bank 4C | 1/O Bank 4B | /O Bank 4A
40 User I/Os | 24 User I/Os | 32 User I/Os | 32 User I/Os | 24 User I/Os | 40 User I/Os
DLLA1 x4=6 x4=4 x4=3 x4=3 x4=4 x4=6 DLL2
x8/x9=3 x8/x9=2 x8/x9=1 x8/x9=1 x8/x9=2 x8/x9=3
x16/x18=1 x16/x18=1 x16/x18=0 | x16/x18=0 x16/x18=1 x16/x18=1
x32/x36=1 (5) x32/x36=1 (5)

Notes to Figure 7-13:

(1) You can also use DQS/DQSn pins in some of the x4 groups as Ryp and Rpy pins, but you cannot use a x4 group for memory interfaces if two pins
of the x4 group are used as Ryp and Rpy pins for OCT calibration. If two pins of a x4 group are used as Ryp and Rpy pins for OCT calibration, you
can use the x16/x18 or x32/x36 groups that include that x4 group; however, there are restrictions on using x8/x9 groups that include that x4
group.

(2) All'l/0 pin counts include dedicated clock inputs that you can use for data inputs.

(3) You can also use some of the DQ/DQS pins in 1/0 Bank 1C as configuration pins. You cannot use a x4 DQ/DQS group with any of its pin members
used for configuration purposes. Ensure that the DQ/DQS groups that you have chosen are not also used for configuration because you may lose
up to four x4 DQ/DQAS groups, depending on your configuration scheme.

(4) These x32/x36 DQ/DQS groups have 40 pins instead of 48 pins per group.

Arria |l Device Handbook Volume 1: Device Interfaces and Integration June 2011 Altera Corporation
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Figure 7-14 shows the number of DQ/DQS groups per bank in Arria Il GZ
EP2AGZ225 devices in the 1517-pin FineLine BGA package.

Figure 7-14. Number of DQ/DQS Groups per Bank in EP2AGZ225 Devices in the 1517-Pin FineLine BGA Package (Noie 1),
2, 3), 4

I/0O Bank 8A| /0 Bank 8B | 1/0 Bank 8C | I/O Bank 7C | 1/O Bank 7B | 1/O Bank 7A
40 User I/Os | 24 User I/Os | 32 User I/Os | 32 User I/0Os | 24 User I/Os | 40 User I/Os
DLLO x4=6 x4=4 x4=3 x4=3 x4=4 x4=6 DLL3
x8/x9=3 x8/x9=2 x8/x9=1 x8/x9=1 x8/x9=2 x8/x9=3
x16/x18=1 x16/x18=1 Xx16/x18=0 Xx16/x18=0 x16/x18=1 x16/x18=1
1/0 Bank 1A 1/0 Bank 6A
48 User I/0s 48 User I/Os
x4=7 X4=7
x8/x9=3 x8/x9=3
x16/x18=1 Xx6/x18=1
I/0 Bank 1C I/O Bank 6C
42 User I/Os 42 User I/Os
x4=6 x4=6
x8/x9=3 x8/x9=3
x16/x18=1 EP2AGZ225 Devices x16/x18=1
1/0 Bank 2C in the 1517-Pin FineLine BGA 1/O Bank 5C
42 User I/0Os 42 User I/Os
x4=6 x4=6
x8/x9=3 x8/x9=3
X16/x18=1 x16/x18=1
1/0 Bank 2A 1/0 Bank 5A
48 User 1/0s 48 User 1/0s
X4=7 x4=7
Xx8/x9=3 x8/x9=3
x16/x18=1 X6/x18=1
1/0 Bank 3A | 1/0 Bank 3B | 1/0O Bank 3C | 1/0 Bank 4C| 1/0 Bank 4B | I/O Bank 4A
40 User I/Os | 24 User I/Os | 32 User I/Os | 32 User I/Os | 24 User I/Os | 40 User I/Os
DLLA1 x4=6 x4=4 x4=3 x4=3 x4=4 x4=6 DLL2
x8/x9=3 x8/x9=2 x8/x9=1 x8/x9=1 x8/x9=2 x8/x9=3
x16/x18=1 X16/x18=1 x16/x18=0 | x16/x18=0 x16/x18=1 x16/x18=1

Notes to Figure 7-14:

(1) EP2AGZ225 devices do not support x32/x36 mode. To interface with a x36 QDR 11+/QDR || SRAM device, refer to “Combining x16/x18 DQ/DQS
Groups for x36 QDR 11+/QDR I SRAM Interface” on page 7-21.

(2) You can also use DQS/DQSn pins in some of the x4 groups as Ryp and Rpy pins, but you cannot use a x4 group for memory interfaces if two pins

of the x4 group are used as Ryp and Rpy pins for OCT calibration. If two pins of a x4 group are used as Ryp and Rpy pins for OCT calibration, you
can use the x16/x18 or x32/x36 groups that include that x4 group, however there are restrictions on using x8/x9 groups that include that x4

group.
(3) AII'l/O pin counts include dedicated clock inputs that you can use for data inputs.

(4) You can also use some of the DQ/DQS pins in 1/0 Bank 1C as configuration pins. You cannot use a x4 DQ/DQS group with any of its pin members
used for configuration purposes. Ensure that the DQ/DQS groups that you have chosen are not also used for configuration because you may lose
up to four x4 DQ/DQS groups, depending on your configuration scheme.
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Figure 7-15. Number of DQ/DQS Groups per Bank in EP2AGZ300 and EP2AGZ350 Devices in the 1517-Pin FineLine BGA
Package (Note 1), (2), (3)

1/0 Bank 8A | 1/0 Bank 8B | I/O Bank 8C| /0O Bank 7C| 1/O Bank 7B| I/O Bank 7A
40 User I/Os 40 User I/0s
DLLO x4=6 24 User I/Os | 32 User I/0Os | 32 User I/Os | 24 User I/Os x4=6 DLL3
x8/x9=3 x4=4 x4=3 x4=3 x4=4 x8/x9=3
x16/x18=1 x8/x9=2 x8/x9=1 x8/x9=1 Xx8/x9=2 Xx16/x18=1
x32/x36=1 (5)| x16/x18=1 x16/x18=0 | x16//x18=0 | x16/x18=1 |x32/x36=1 (5)
I/0 Bank 1A 1/0 Bank 6A
48 User I/Os 48 User I/0Os
x4=7 xX4=7
x8/x9=3 x8/x9=3
x16/x18=1 Xx6/x18=1
1/0 Bank 1C 1/0 Bank 6C
42 User 1/0s 42 User |/Os
x4=6 x4=6
x8/x9=3 EP2AGZ300 and EP2AGZ350 Devices x8/x9=3
x16/x18=1 in the 1517-Pin FineLine BGA x16/x18=1
1/0 Bank 2C 1/0 Bank 5C
42 User 1/0Os 42 User I/0Os
x4=6 x4=6
x8/x9=3 Xx8/x9=3
x16/x18=1 x16/x18=1
1/0 Bank 2A 1/0 Bank 5A
48 User 1/0s 48 User I/0s
X4=7 xX4=7
x8/x9=3 x8/x9=3
x16/x18=1 x6/x18=1
/0 Bank 3A | I/OBank 3B | 1/0 Bank 3C | I/O Bank 4C| 1/O Bank 4B | 1/0 Bank 4A
40 User V05 | 24 User 10s | 32 User 110s | 32 User 1/0s | 24 User 1/0s | 40 User V0s
DLL1 o x4=4 x4=3 x4=3 x4=4 i DLL2
Xx8/x9=3 x8/x9=3
«16/x18=1 x8/x9=2 x8/x9=1 x8/x9=1 x8/x9=2 %16/x18=1
x32/x36=1 (5) x16/x18=1 x16/x18=0 x16/x18=0 x16/x18=1 x32/x36=1 (5)

Notes to Figure 7-15:

(1) You can also use DQS/DQSn pins in some of the x4 groups as Ryp and Rpy pins, but you cannot use a x4 group for memory interfaces if two pins
of the x4 group are used as Ryp and Rpy pins for OCT calibration. If two pins of a x4 group are used as Ryp and Rpy pins for OCT calibration, you
can use the x16/x18 or x32/x36 groups that include that x4 group, however there are restrictions on using x8/x9 groups that include that x4

group.

(2) All'l/0 pin counts include dedicated clock inputs that you can use for data inputs.

(3) You can also use some of the DQ/DQS pins in 1/0 Bank 1C as configuration pins. You cannot use a x4 DQ/DQS group with any of its pin members
used for configuration purposes. Ensure that the DQ/DQS groups that you have chosen are not also used for configuration because you may lose
up to four x4 DQ/DQAS groups, depending on your configuration scheme.

(4) These x32/x36 DQ/DQS groups have 40 pins instead of 48 pins per group.

The DQS and DQSn pins are listed in the Arria II pin tables as DOSXY and DQSnXY,

respectively, where X denotes the DQ/DQS grouping number and Y denotes whether
the group is located on the top (T), bottom (B), left (L), or right (R) side of the device.
The DQ/DQS pin numbering is based on x4 mode.

The corresponding DQ pins are marked as DQXY, where X indicates which DQS group
the pins belong to and Y indicates whether the group is located on the top (T), bottom
(B), left (L), or right (R) side of the device. For example, DQS3B indicates a DQS pin that
is located on the bottom side of the device. The DQ pins belonging to that group are
shown as DQ3B in the pin table. For DQS pins in Arria I GX 1/O banks, refer to
Figure 7-16. For DQS pins in Arria I GZ I/0O banks, refer to Figure 7-17.

The parity, DM, BWSn, NWSn, QVLD, and ECC pins are shown as DQ pins in the pin
table.
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The numbering scheme starts from the top-left side of the device going clockwise in a
die top view. Figure 7-16 shows how the DQ/DQS groups are numbered in a die top
view of the largest Arria II GX device.

Figure 7-16. DQS Pins in Arria Il GX 1/0 Banks

DQS1T DQS24T
DLLO + +
PLL2
PLLA
8B 8A 7A 7B
DQS1R
6B|
6A .
PLL5
Arria Il GX Device
PLL6
5A|
58|
DQS24R
3B 3A 4A 4B PLL3
PLL4

DQS24B DQS1B
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The numbering scheme starts from the top-left corner of the device going
counter-clockwise in a die top view. Figure 7-17 shows how the DQ/DQS groups are
numbered in a die top view of the device.

Figure 7-17. DQS Pins in Arria Il GZ 1/0 Banks

DQS38T DQS20T DQS19T DQS1T
i | | i
DLLO T ) DLL3
ooo|0ce|/oce|oec|sse|[sse|oss |F |F ece|c0ce|ocef/oece|sss|[sss|oss
= —

PLL_L1 8A 8B 8C ~ 7C 7B 7A PLL R1
DQS1L DQS34R

Dol 6A|

. 1B 6B .

. 1c 6C
DQS17L DQS18R
PLL_L2 PLL_R2
Arria Il GZ Device
PLL_L3 PLL_R3
DQS18L DQS17R
P |ec 5C| &

s 2B 5B E
2A 5A
DQS34L DQS1R
PLL_L4 3A 3B 3C - - 4C 4B 4A PLL_R4
— —
I'_ I'_
eee|ocefcce|oce|oce|occ|[ons w eee|ceo|cce|ocefocefoccfons
DLL1 f f 2| R f DLL2

DQS1B DQS19B DQS20B DQS38B

Arria |l Device Handbook Volume 1: Device Interfaces and Integration June 2011 Altera Corporation



Chapter 7: External Memory Interfaces in Arria Il Devices 7-21
Combining x16/x18 DQ/DQAS Groups for x36 QDR 11+/QDR || SRAM Interface

Using the Ryp and Rpy Pins in a DQ/DQS Group Used for Memory Interfaces
in Arria Il GZ Devices

You can use the DQS/DQSn pins in some of the x4 groups as Ryp and Rpy pins (listed
in the pin table). You cannot use a x4 DQ/DQS group for memory interfaces if any of
its pin members are used as Ryp and Rpy pins for OCT calibration. You may be able to
use the x8/x9 group that includes this x4 DQ/DQS group, if either of the following
applies:

®m  You are not using DM pins with your differential DQS pins
®m  You are not using complementary or differential DQS pins

You can use the x8/x9 group because a DQ/DQS x8/x9 group actually comprises 12
pins, because the groups are formed by stitching two DQ/DQS groups in x4 mode
with six pins each (refer to Table 7-1 on page 7-5). A typical x8 memory interface
consists of one DQS, one DM, and eight DQ pins that add up to 10 pins. If you choose
your pin assignment carefully, you can use the two extra pins for Ryp and Rpy. In a
DDR3 SDRAM interface, you must use differential DQS, which means that you only
have one extra pin. In this case, pick different pin locations for the Ryp and Rpy pins
(for example, in the bank that contains the address and command pins).

You cannot use the Ryp and Rpy pins shared with DQ/DQS group pins when using
x9 QDR II+/QDR II SRAM devices, because the Ryp and Rpy pins are dual purpose
with the CQn pins. In this case, pick different pin locations for Ryp and Rpy pins to
avoid conflict with memory interface pin placement. You have the choice of placing
the Ryp and Rpy pins in the data-write group or in the same bank as the address and
command pins.

There is no restriction on using x16/x18 or x32/x36 DQ/DQS groups that include the
x4 groups whose pins are being used as Ryp and Rpy pins, because there are enough
extra pins that can be used as DQS pins.

For x8, x16/x18, or x32/x36 DQ/DQS groups whose members are used for Ryp and
Rpn, you must assign DQS and DQ pins manually. The Quartus® II software might
not be able to place DQS and DQ pins without manual pin assignments, resulting in a
“no-fit”.

Combining x16/x18 DQ/DQS Groups for x36 QDR 11+/QDR 11 SRAM

Interface

This implementation combines x16/x18 DQ/DQS groups to interface with a x36
QDR II+/QDR II SRAM device. The x36 read data bus uses two x16/x18 groups, and
the x36 write data uses another two x16/x18 or four x8/x9 groups. The CQ/CQn
signal traces are split on the board trace to connect to two pairs of CQ/CQn pins in
the FPGA. This is the only connection on the board that you must change for this
implementation. Other QDR II+/QDR II SRAM interface rules for Arria II devices
also apply for this implementation.

The ALTMEMPHY megafunction and UniPHY IP core do not use the QVLD signal, so
you can leave the QVLD signal unconnected as in any QDR II+/QDR Il SRAM
interfaces in Arria I devices.
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For more information about the ALTMEMPHY megafunction and UniPHY IP core,
refer to the External Memory Interface Handbook.

Use one side of the device with the x36 mode emulation interface whenever possible,
even though the x36 group formed by a combination of DQ/DQS groups from the top
and bottom 1/O banks, or top/bottom I/O bank and left/right I/O banks is
supported.

Rules to Combine Groups

In 572-, 780-, 1152-, and some 1517-pin package devices, there is at most one x16/x18
group per I/O bank. You can combine two x16/x18 groups from a single side of the
device for a x36 interface. 358-pin package devices have only one x16/x18 group in
each bank 4A and 7A. You can only form a x36 interface with these two banks.

For devices that do not have four x16/x18 groups in a single side of the device to
form two x36 groups for read and write data, you can form one x36 group on one side
of the device and another x36 group on the other side of the device. Altera
recommends forming two x36 groups on column I/O banks (top and bottom) only,
although forming a x36 group from column I/O banks and another x36 group from
row 1/0 banks for the read and write data buses is supported. For vertical migration
with the x36 emulation implementation, you must check if migration is possible by
enabling device migration in the Quartus II project. The Quartus II software also
supports the use of four x8/x9 DQ groups for write data pins and the migration of
these groups across device density. 358-pin package devices can only form a x36
group for write data pin with four x8/x9 groups.
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Table 7—4 lists the possible combinations to use two x16/x18 DQ/DQS groups to form
a x32/x36 group on Arria II devices lacking a native x32/x36 DQ/DQS group.

Tahle 7-4. Possible Group Combinations in Arria Il Devices

Device Package Device Density 1/0 Bank Combinations
, o m EP2AGX45
358-Pin Ultra FineLine BGA 4A and 7A (Top and Bottom 1/0 banks) (7)
m EP2AGX65
m EP2AGX45
m EP2AGX65 7A and 8A (Top I/0 banks)
572-Pin FineLine BGA 5A and 6A (Right I/0 banks)
= EP2AGX95 3A and 4A (Bottom 1/0 banks)
m EP2AGX125
m EP2AGX45
m EP2AGX65
Arria 1l GX m EP2AGX95 7A and 8A (Top I/0 banks)
780-Pin FineLine BGA (2) 5A and 6A (Right I/0 banks)
= EP2AGX125 3A and 4A (Bottom 1/0 banks)
m EP2AGX190
m EP2AGX260
m EP2AGX95 7A and 8A (Top I/0 banks)
1152-Pin FineLine BGA (2) 3A and 4A (Bottom 1/0 bankS)

m EP2AGX190

Combine any two banks from each side of 1/0 banks
m EP2AGX260

m EP2AGZ300

780-Pin FineLine BGA 3A and 4A, 7A and 8A (bottom and top 1/0 banks) (3)
= EP2AGZ350
= EP2AGZ225 1A and 1C, 6A and 6C (left and right /0 banks)
. 1152-Pin FineLine BGA = EP2AGZ300 (4) |3Aand 3B, 4A and 4B (bottom 1/0 banks)
Arria Il GZ u EP2AGZ350 (4) 7A and 7B, 8A and 8B (top 1/0 banks)
= EP2AGZ225 1A and 1C, 2A and 2C (left 1/0 banks)
o 3A and 3B, 4A and 4B (bottom 1/0 banks)
. EP2AGZ300 (4
1517-Pin FineLine BGA " ()| 5A and 56. 6A and 6C (right 1/0 banks)
= EP2AGZ350 (4) | 7 and 7B, 8A and 8B (top 1/0 banks)

Notes to Table 7-4:
(1) Only one x8/x9 group left in each of the remaining 1/0 banks. You can form only x36 group write data with four x8/x9 groups in these packages.
(2) This device supports x36 DQ/DQS groups on each side of 1/0 banks.

(3) Each side of the device in these packages has four remaining x8/x9 groups. You can combine them for the write side (only) if you want to keep
the x36 QDR I1+/QDR || SRAM interface on one side of the device. In this case, you must change the Memory Interface Data Group default
assignment from the default 18 to 9.

(4) This device supports x36 DQ/DQS groups on the top and bottom I/0 banks natively.
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Arria Il External Memory Interface Features

Arria II devices are rich with features that allow robust high-performance external
memory interfacing. The Altera® Memory IPs allow you to use these external memory
interface features and helps set up the physical interface (PHY) best suited for your
system. This section describes each Arria II devices feature that is used in external
memory interfaces from the DQS phase-shift circuitry, dynamic OCT control block,
and DQS logic block.

L=~ 1If you use the Altera memory controller MegaCore® functions, the ALTMEMPHY
megafunction and UniPHY IP core are instantiated for you.
“ e For more information about supported external memory IPs, refer to
Section III: External Memory Interface System Specification in volume 1 of the External
Memory Handbook.

DQS Phase-Shift Circuitry

Arria II phase-shift circuitry provides phase shift to the DQS/CQ and CQn pins on
read transactions when the DQS/CQ and CQn pins are acting as input clocks or
strobes to the FPGA. DQS phase-shift circuitry consists of DLLs that are shared
between the multiple DQS pins and the phase-offset control module to further
fine-tune the DQS phase shift for different sides of the device.
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Figure 7-18 and Figure 7-19 show how the DQS phase-shift circuitry is connected to
the DQS/CQ and CQn pins in the device where memory interfaces are supported on
the top, bottom, and right sides of the Arria Il GX device and all sides of the

Arria IT GZ device.

Figure 7-18. DQS/CQ and CQn Pins and DQS Phase-Shift Circuitry for Arria Il GX Devices (Note 1)
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Notes to Figure 7-18:
(1) For possible reference input clock pins for each DLL, refer to “DLL” on page 7-27.
(2) You can configure each DQS/CQ and CQn pin with a phase shift based on one of two possible DLL output settings.
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Figure 7-19. DQS/CQ and CQn Pins and DQS Phase-Shift Circuitry for Arria Il GZ Devices (Note 1)
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Notes to Figure 7-19:
(1) For possible reference input clock pins for each DLL, refer to “DLL” on page 7-27.
(2) You can configure each DQS/CQ and CQn pin with a phase shift based on one of two possible DLL output settings.

DQS phase-shift circuitry is connected to DQS logic blocks that control each DQS/CQ
or CQn pin. The DQS logic blocks allow the DQS delay settings to be updated
concurrently at every DQS/CQ or CQn pin.
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DLL

DQS phase-shift circuitry uses a DLL to dynamically control the clock delay required
by the DQS/CQ and COn pins. The DLL, in turn, uses a frequency reference to
dynamically generate control signals for the delay chains in each of the DQS/CQ and
CQn pins, allowing it to compensate for PVT variations. The DQS delay settings are
Gray-coded to reduce jitter when the DLL updates the settings. Phase-shift circuitry
requires a maximum of 1,280 clock cycles to lock and calculate the correct input clock
period when the DLL is in low jitter mode. Otherwise, only 256 clock cycles are
required. Do not send data during these clock cycles because there is no guarantee
that the data is properly captured. As the settings from the DLL may not be stable
until this lock period has elapsed, be aware that anything with these settings may be
unstable during this period.

You can still use the DQS phase-shift circuitry for any memory interfaces that are
operating at less than 100 MHz. However, the DQS signal may not shift over 2.5 ns. At
less than 100 MHz, while the DQS phase shift may not be exactly centered to the data
valid window, sufficient margin must still exist for reliable operation.

There are two DLLs in an Arria IT GX device and four DLLs in Arria IT GZ device,
located in the top-left and bottom-right corners of the Arria II GX device and each
corner of the Arria II GZ device. These DLLs can support a maximum of two unique
frequencies (Arria II GX devices) or four unique frequencies (Arria II GZ devices),
with each DLL running at one frequency. Each DLL can have two outputs with
different phase offsets, which allows one Arria I GX device to have four different
DLL phase shift settings and Arria Il GZ device to have eight different DLL phase
shift settings.

For Arria II GX devices, each DLL can access the top, bottom, and right side of the
device. This means that each I/O bank is accessible by two DLLs, giving more
flexibility to create multiple frequencies and multiple-type interfaces. The DLL
outputs the same DQS delay settings for the different sides of the device.

For Arria II GZ devices, each DLL can access the two adjacent sides from its location
within the device. For example, DLLO on the top left of the device can access the top
side (I/O banks 7A, 7B, 7C, 8A, 8B, and 8C) and the left side of the device (I/O banks
1A, 1B, 1C, 2A, 2B, and 2C). This means that each I/O bank is accessible by two DLLs,
giving more flexibility to create multiple frequencies and multiple-type interfaces.
You can have two different interfaces with the same frequency on the two sides
adjacent to a DLL, where the DLL controls the DQS delay settings for both interfaces.

Interfaces that span across two sides of the device are not recommended for
high-performance memory interface applications. However, Arria Il GX devices
support split interfaces (top and bottom I/O banks) and interfaces with multiple
DQ/DQS groups wrapping over column and row I/Os from adjacent sides of the
devices. Interfaces spanning “top and bottom 1/O banks”, “right and bottom I/O
banks”, or “top, bottom, and right I/O banks” are supported.

For Arria II GX devices, each bank can use settings from either one or both DLLs. For
example, DQS1R can get its phase-shift settings from DLLO, and DQS2R can get its
phase-shift settings from DLL1.
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For Arria Il GZ devices, each bank can use settings from either or both adjacent DLLs
the bank. For example, DQS1L can get its phase-shift settings from DLL0, while DQS2L
can get its phase-shift settings from DLL1.

If you have a dedicated PLL that only generates the DLL input reference clock, set the
PLL mode to No Compensation or the Quartus II software automatically changes it.
Because the PLL does not use any other outputs, it does not have to compensate for
any clock paths.

Arria II devices support PLL cascading. If you cascade PLLs, you must use PLLs
adjacent to each other (for example, PLL5 and PLL6 for Arria II GX devices) so that
the dedicated path between the two PLLs is used instead of using a global clock
(GCLK) or regional clock (RCLK) network that might be subjected to core noise. The
TimeQuest Timing Analyzer takes PLL cascading into consideration for timing
analysis.

Table 7-5 lists the DLL location and supported I/O banks for Arria Il GZ devices.

Table 7-5. DLL Location and Supported 1/0 Banks for Arria Il GZ Devices

DLL Location Accessible 1/0 Banks (1)
DLLO Top-left corner 1A, 1B, 1C, 2A, 2B, 2C, 7A, 7B, 7C, 8A, 8B, 8C
DLL1 Bottom-left corner 1A, 1B, 1C, 2A, 2B, 2C, 3A, 3B, 3C, 4A, 4B, 4C
DLL2 Bottom-right corner 3A, 3B, 3C, 4A, 4B, 4C, 5A, 5B, 5C, 6A, 6B, 6C
DLL3 Top-right corner 5A, 5B, 5C, 6A, 6B, 6C, 7A, 7B, 7C, 8A, 8B, 8C

Note to Table 7-5:
(1) The DLL can access these I/0 banks if they are available for memory interfacing.

Table 7-6 lists the reference clock for each DLL might come from PLL output clocks or
dedicated clock input pins for Arria II GX devices.

Tahle 7-6. DLL Reference Clock Input for Arria Il GX Devices (Note 1)

CLKIN CLKIN
DLL (Top/Bottom) (Right) PLL
CLK12
CLK13
DLLO o _ PLLA
CLK15
CLK4 CLKS8
CLK5 CLK9
DLL1 CLK6 CLK10 PLL3
CLK7 CLK11

Note to Table 7-6:

(1) cLk4 to cLk7 are located on the bottom side, cLk8 to cLk11 are located on the right side, and cLk12 to CLK15
are located on the top side of the device.
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For Arria II GZ devices, the reference clock for each DLL may come from PLL output
clocks or any of the two dedicated clock input pins located in either side of the DLL.
Table 7-7 through Table 7-9 show the available DLL reference clock input resources
for the Arria II GZ devices.

Tahle 7-7. DLL Reference Clock Input for EP2AGZ300 and EP2AGZ350 Devices in the 780-Pin FineLine BGA Package

DLL CLKIN (Top/Bottom)

CLKIN (Left/Right) | PLL (Top/Bottom) | PLL (Left/Right) PLL (Corner)

CLK12P
CLK13P
CLK14P
CLK15P

DLLO

— PLL_T1 — —

CLK4P
CLK5P
CLK6P
CLK7P

DLL1

— PLL_B1 — —

CLK4P
CLK5P
CLK6P
CLK7P

DLL2

— PLL_B2 — —

CLK12P
CLK13P
CLK14P
CLK15P

DLL3

— PLL_T2 — —

Table 7-8. DLL Reference Clock Input for EP2AGZ225, EP2AGZ300, and EP2AGZ350 Devices in the 1152-Pin FinelLine

BGA Package (Part 1 of 2)

DLL CLKIN (Top/Bottom) | CLKIN (Left/Right) | PLL (Top/Bottom) PLL (Left/Right) PLL (Corner)
CLK12P
CLK13P CLKOP
DLLO PLL_T1 PLL_L2 —
CLK14P CLK1P
CLK15P
CLK4P
CLK5P CLKOP
DLL1 PLL_B1 — —
CLK6P CLK1P
CLK7P
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Table 7-8. DLL Reference Clock Input for EP2AGZ225, EP2AGZ300, and EP2AGZ350 Devices in the 1152-Pin FineLine

BGA Package (Part 2 of 2)

DLL CLKIN (Top/Bottom) | CLKIN (Left/Right) | PLL (Top/Bottom) | PLL (Left/Right) | PLL (Corner)

CLK4P
CLK5P CLK10P

DLL2 PLL_B2 — —
CLK6P CLK11P
CLK7P
CLK12P
CLK13P CLK10P

DLL3 PLL_T2 PLL_R2 —
CLK14P CLK11P
CLK15P

Table 7-9. DLL Reference Clock Input for EP2AGZ225, EP2AGZ300, and EP2AGZ350 Devices in the 1517-Pin FineLine

BGA Package
DLL CLKIN (Top/Bottom) | GCLKIN (Left/Right) PLL (Top/Bottom) PLL (Left/Right) PLL (Corner)

CLK12P CLKOP
CLK13P CLK1P

DLLO PLL_TH PLL_L?2 —
CLK14P CLK2P
CLK15P CLK3P
CLK4P CLKOP
CLK5P CLK1P

DLLA1 PLL_B1 PLL_L3 —
CLK6P CLK2P
CLK7P CLK3P
CLK4P CLK8P
CLK5P CLK9P

DLL2 PLL_B2 PLL_R3 —
CLK6P CLK10P
CLK7P CLK11P
CLK12P CLK8P
CLK13P CLK9P

DLL3 PLL_T2 PLL_R2 —
CLK14P CLK10P
CLK15P CLK11P

I'=" If you use the ALTMEMPHY megafunction or UniPHY IP core, Altera recommends
using the dedicated PLL input pin for the PLL reference clock.
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Figure 7-20 shows the DQS phase-shift circuitry for Arria II devices. The input
reference clock goes into the DLL to a chain of up to 16 delay elements. The phase
comparator compares the signal coming out of the end of the delay chain block to the
input reference clock. The phase comparator then issues the upndn signal to the
Gray-coded counter. This signal increments or decrements a 6-bit delay setting (DQS
delay settings) that increases or decreases the delay through the delay element chain
to bring the input reference clock and the signals coming out of the delay element
chain in phase.

Figure 7-20. Simplified Diagram of the DQS Phase-Shift Circuitry for Arria Il Devices (Note 1)
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Notes to Figure 7-20:

\

(1) All features of the DQS phase-shift circuitry are accessible from the UniPHY IP core and ALTMEMPHY megafunction in the Quartus Il software.

(2) The input reference clock for the DQS phase-shift circuitry can come from a PLL output clock or an input clock pin. For the exact PLL and input
clock pin, refer to Table 7-6 and Table 7-10.

(3) Phase offset settings can only go to the DQS logic blocks.
(4) DQS delay settings can go to the logic array and DQS logic block.

You can reset the DLL from either the logic array or a user I/O pin. Each time the DLL
is reset, you must wait for 1,280 clock cycles for the DLL to lock before you can
capture the data properly.

June 2011 Altera Corporati

Depending on the DLL frequency mode, the DLL can shift the incoming DQS signals
by 0°,22.5°, 30°, 36°, 45°, 60°, 67.5°, 72°, 90°, 108°, 120°, 135°, 144°, 180°, or 240°. The
shifted DQS signal is then used as the clock for the DQ IOE input registers.

All DQS/CQ and CQn pins, referenced to the same DLL, can have their input signal
phase shifted by a different degree amount but all must be referenced at one
particular frequency. For example, you can have a 90° phase shift on DQS1T and a 60°
phase shift on DOS2T, referenced from a 200-MHz clock. Not all phase-shift
combinations are supported. The phase shifts on the DQS pins referenced by the same
DLL must all be a multiple of 22.5° (up to 90°), 30° (up to 120°), 36° (up to 144°), 45°
(up to 180°), or 60° (up to 240°).

on
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There are seven different frequency modes for Arria I GX DLLs, and eight different
frequency modes for Arria Il GZ DLLs as shown in Table 7-10. Each frequency mode
provides different phase-shift selections. In frequency mode 0, 1, 2, and 3, the 6-bit
DQS delay settings vary with PVT to implement the phase-shift delay. In frequency
modes 4, 5, 6, and 7 only 5 bits of the DQS delay settings vary with PVT to implement
the phase-shift delay; the MSB of the DQS delay setting is set to 0.

Tahle 7-10. DLL Frequency Modes for Arria Il Devices

Frequency Mode Available Phase Shift Number of Delay Chains
0 22.5,45,67.5,90 16
1 30, 60, 90, 120 12
2 36, 72,108, 144 10
3 45, 90, 135, 180 8
4 30, 60, 90, 120 12
5 36, 72,108, 144 10
6 45, 90, 135, 180 8
7 (1) 60, 120, 180, 240 6

Note to Table 7-10:
(1) Frequency mode 7 is only available for Arria Il GZ devices only.

“ e For the frequency range of each mode, refer to the Device Datasheet for Arria IT Devices.

For a 0° shift, the DQS/CQ signal bypasses both the DLL and DQS logic blocks. The
Quartus II software automatically sets the DQ input delay chains so that the skew
between the DQ and DQS/CQ pin at the DQ IOE registers is negligible when the 0°
shift is implemented. You can feed the DQS delay settings to the DQS logic block and
the logic array.

The shifted DQS/CQ signal goes to the DQS bus to clock the IOE input registers of the
DQ pins. The signal can also go into the logic array for resynchronization if you do not
use the IOE resynchronization registers. The shifted CQn signal can go to the

negative-edge input register in the DQ IOE or the logic array and is only used for
QDR II+/QDR II SRAM interfaces.

Phase Offset Control

Each DLL has two phase offset modules and can provide two separate DQS delay
settings with independent offset; for Arria Il GX devices, one offset goes clockwise
half-way around the chip and the other goes counter-clockwise half-way around the
chip and for Arria II GZ devices, one for the top and bottom I/O bank and one for the
left and right I/O bank. Even though you have independent phase offset control, the
frequency of the interface with the same DLL must be the same. Use the phase offset
control module for making small shifts to the input signal and use the DQS
phase-shift circuitry for larger signal shifts. For example, if the DLL only offers a
multiple of 30° phase shift, but your interface must have a 67.5° phase shift on the
DQS signal, you can use two delay chains in the DQS logic blocks to give you a 60°
phase shift and use the phase offset control feature to implement the extra 7.5° phase
shift.
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You can either use a static phase offset or a dynamic phase offset to implement the
additional phase shift. The available additional phase shift is implemented in 2s:
complement in Gray-code between the —64 to +63 settings for frequency mode 0, 1, 2,
and 3, and between the -32 to +31 settings for frequency modes 4, 5, 6, and 7. An
additional bit indicates whether the setting has a positive or negative value. The
settings are linear and each phase offset setting adds a delay amount.

“ e For more information about the specified phase-shift settings, refer to the Device

Datasheet for Arria 11 Devices.

The DQS phase shift is the sum of the DLL delay settings and the user-selected phase
offset settings whose top setting is 64 for frequency modes 0, 1, 2, and 3; 32 for
frequency modes 4, 5, 6, and 7. Therefore, the actual physical offset setting range is 64
or 32 subtracted by the DQS delay settings from the DLL.

L=~ 1If you use this feature, monitor the DQS delay settings to know how many offsets you
can add and subtract in the system. The DQS delay settings output by the DLL are
also Gray-coded.

For example, if the DLL determines that DQS delay settings of 28 are required to
achieve a 30° phase shift in DLL frequency mode 1, you can subtract up to 28 phase
offset settings and add up to 35 phase offset settings to achieve the optimal delay
required. However, if the same DQS delay settings of 28 is required to achieve a 30°
phase shift in DLL frequency mode 4, subtract up to 28 phase offset settings, but only
add up to 3 phase offset settings before the DQS delay settings reach their maximum
settings because DLL frequency mode 4 only uses 5-bit DLL delay settings.

“ e For more information about the value for each step, refer to the Device Datasheet for

Arria Il Devices.

When using static phase offset, specify the phase offset amount in the ALTMEMPHY
megafunction as a positive number for addition or a negative number for subtraction.
You can also have a dynamic phase offset that is always added to, subtracted from, or
both added to and subtracted from the DLL phase shift. When you always add or
subtract, you can dynamically input the phase offset amount into the

dll offset[5..0] port. When you want to both add and subtract dynamically, you
control the addnsub signal in addition to the d11_offset [5..0] signals.
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DQS Logic Block

Each DQS/CQ and CQn pin is connected to a separate DQS logic block, which
consists of DQS delay chains, update enable circuitry, and DQS postamble circuitry
(refer to Figure 7-21).

Figure 7-21. DQS Logic Block for Arria Il Devices
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Notes to Figure 7-21:

(1) The input reference clock for the DQS phase-shift circuitry can come from a PLL output clock or an input clock pin. For the exact PLL and input
clock pin, refer to Table 7-6 on page 7-28 and Table 7-10 on page 7-32.

(2) The dgsenable signal can also come from the Arria Il GX FPGA fabric.

DQS Delay Chains

DQS delay chains consist of a set of variable delay elements to allow the DQS/CQ and
CQn in out signals to be shifted by the amount specified by the DQS phase-shift
circuitry or the logic array. There are four delay elements in the DQS delay chain; the
first delay chain closest to the DQS/CQ or COn pin can either be shifted by the DQS
delay settings or by the sum of DQS delay setting and the phase-offset setting. The
number of delay chains required is transparent because the ALTMEMPHY
megafunction and UniPHY IP core automatically set it when you choose the
operating frequency. The DQS delay settings can come from the DQS phase-shift
circuitry on either end of the I/O banks or from the logic array.
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The delay elements in the DQS logic block have the same characteristics as the delay
elements in the DLL. When the DLL is not used to control the DQS delay chains, you
can input your own Gray-coded 6-bit or 5-bit settings with the
dgs_delayctrlin[5..0] signals available in the ALTMEMPHY megafunction and
UniPHY IP core. These settings control 1, 2, 3, or all 4 delay elements in the DQS delay
chains. The ALTMEMPHY megafunction and UniPHY IP core can also dynamically
choose the number of DQS delay chains required for the system. The amount of delay
is equal to the sum of the delay element’s intrinsic delay and the product of the
number of delay steps and the value of the delay steps.

You can also bypass the DQS delay chain to achieve a 0° phase shift.

Update Enable Circuitry

Both the DQS delay settings and the phase-offset settings pass through a register
before going into the DQS delay chains. The registers are controlled by the update
enable circuitry to allow enough time for any changes in the DQS delay setting bits to
arrive at all the delay elements. This allows them to be adjusted at the same time. The
update enable circuitry enables the registers to allow enough time for the DQS delay
settings to travel from the DQS phase-shift circuitry or core logic to all the DQS logic
blocks before the next change. It uses the input reference clock or a user clock from the
core to generate the update enable output. The ALTMEMPHY megafunction and
UniPHY IP core use this circuit by default. Figure 7-22 shows an example waveform
of the update enable circuitry output.

Figure 7-22. DQS Update Enahle Waveform
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DQS Postamble Circuitry

For external memory interfaces that use a bidirectional read strobe such as in DDR3,
DDR2, and DDR SDRAM, the DQS signal is low before going to or coming from a
high-impedance state. The state in which DQS is low, just after a high-impedance
state, is called the preamble; the state in which DQS is low, just before it returns to a
high-impedance state, is called the postamble. There are preamble and postamble
specifications for both read and write operations in DDR3, DDR2, and DDR SDRAM.
The DQS postamble circuitry ensures that data is not lost if there is noise on the DQS
line at the end of a read postamble time.

Arria II devices have dedicated postamble registers that you can control to ground
the shifted DQS signal used to clock the DQ input registers at the end of a read
operation. This ensures that any glitches on the DQS input signals at the end of the
read postamble time do not affect the DQ IOE registers.
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In addition to the dedicated postamble register, Arria Il GZ devices also have a
half-data rate (HDR) block inside the postamble enable circuitry. Use these registers if
the controller is running at half the frequency of the I/Os.

Using the HDR block as the first stage capture register in the postamble enable
circuitry block is optional. The HDR block is clocked by the half-rate
resynchronization clock, which is the output of the I/O clock divider circuit (shown in
Figure 7-26 on page 7-39).

There is an AND gate after the postamble register outputs that is used to avoid
postamble glitches from a previous read burst on a non-consecutive read burst. This
scheme allows a half-a-clock cycle latency for dgsenable assertion and zero latency for
dgsenable de-assertion shown in Figure 7-23.

Figure 7-23. Avoiding Glitch on a Non-Consecutive Read Burst Waveform
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Arria Il GZ Dynamic On-Chip Termination Control

Figure 7-24 shows the dynamic OCT control block. The block includes all the registers
required to dynamically turn on the on-chip parallel termination (Ry OCT) during a
read and turn Ry OCT off during a write.
“% e For more information about the dynamic OCT control block, refer to the I/O Features
in Arria I Devices chapter.

Figure 7-24. Dynamic OCT Control Block for Arria Il GZ Devices

OCT Control OCT Enable
5 DFF DFF
OCT
Half-Rate Clock o
HDR Resynchronization
Block Registers
Write Clock (7)
OCT Control Path

Note to Figure 7-24:
(1) The write clock comes from the PLL.

1/0 Element Registers

IOE registers are expanded to allow source-synchronous systems to have faster
register-to-register transfers and resynchronization. For Arria II GX devices, both top,
bottom, and right IOEs have the same capability. Right IOEs have extra features to
support LVDS data transfer. For Arria II GZ devices, both top and bottom, and left
and right IOEs have the same capability. Left and right IOEs have extra features to
support LVDS data transfer.
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Figure 7-25 shows the registers available in the Arria II GX input path. The input path
consists of DDR input registers and resynchronization registers. You can bypass each
block of the input path.

Figure 7-25. 10E Input Registers for Arria Il GX Devices (Noie 1)

Synchronization Registers
- ®—
Double Data Rate Input Registers
DQ datai -
@_‘ atain D Q regouthi D Q
DFF DFF
Input Reg A | M~
D a neg_reg_out D Q regoutio D a
_C —
[ 2 DFF
" . DFF DFF
Differential
Input Input Reg BI Input Reg CI
Das 2, 4) Buffer
DQSn

Resynchronization
CQn (3) Clock
<3 g (resync_clk_2x)
(3)

Notes to Figure 7-25:

(1) You can bypass each register block in this path.

2

4
use the Altera external memory interface IPs.

To Core (rdataO)

To Core (rdatal)

(2) The input clock can be from the DQS logic block (whether the postamble circuitry is bypassed or not) or from a global clock line.
(3) This input clock comes from the CQn logic block.
(4) The DQS signal must be inverted for DDR interfaces except for the QDR 11+/QDR 1l SRAM interfaces. This inversion is done automatically if you
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Figure 7-26 shows the registers available in the Arria II GZ input path. The input path
consists of the DDR input registers, resynchronization registers, and HDR block. You
can bypass each block of the input path.

Figure 7-26. 10E Input Registers for Arria Il GZ Devices (Note 1)

Double Data Rate Input Registers
DQ
D Q
DFF
Input Reg A
neg_reg_out
D QEdley o
e, —
Differential DFF DFF Half Data Rate Registers directin
Input

DQS/CQ (3), (9) Bupﬁer Input Reg By Input Reg Cj Alignment and Synchronization Registers o0 0 Gore

DQSn (9) b Q P dataout[2] (7)
can) EJ -g datain [0] . dataout ° DFF
| —@dataoutbypass
DFF b Q D q|_To Core ®)
P | Idataout [0] (7))
oFF DFF
<bypass_olitput_register>(10)

To Core
dataout [3] (7)
b o ataout [3] (7)

o
datain [1]
dataout Py DFF
. J
Resynchronization Clock @ D Q D da;%cto[qe] 7
(resync_clk_2x) (5) -0—J < | (
DFF DFF
1/0 Clock to core (7)

Divider (6) Half-Rate Resynchronization Clock (resync_clk_1x)

Notes to Figure 7-26:

(1) You can bypass each register block in this path.

(2) This is the 0-phase resynchronization clock.

(3) The input clock can be from the DQS logic block (whether the postamble circuitry is bypassed or not) or from a GCLK line.

(4) This input clock comes from the CQn logic block.

(5) This resynchronization clock comes from a PLL through the clock network (resync_ck_2x).

(6) The 1/0 clock divider resides adjacent to the DQS logic block. In addition to the PLL, the 1/0 clock divider can also be fed by the DQS bus or CQn

bus.
(7) The half-rate data and clock signals feed into a dual-port RAM in the FPGA core.

(8) You can dynamically change the dataoutbypass signal after configuration to select either the directininput or the output from the half data
rate register to feed dataout.

(9) The DQS and DQSn signals must be inverted for DDR, DDR2, and DDR3 interfaces. When using Altera’s memory interface IPs, the DQS, and DQSn
signals are automatically inverted.

(10) The bypass_output_register option allows you to select either the output from the second mux or the output of the fourth alignment/
synchronization register to feed dataout.
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There are three registers in the DDR input registers block. Two registers capture data
on the positive and negative edges of the clock, and the third register aligns the
captured data. You can choose to use the same clock for the positive edge and
negative edge registers, or two complementary clocks (DQS/CQ for positive-edge
register and DQSn/CQn for negative-edge register). The third register that aligns the
captured data uses the same clock as the positive edge registers.

For Arria II GX devices, the resynchronization registers resynchronize the data to the
resynchronization clock domain. These registers are clocked by the resynchronization
clock that is generated by the PLL. The outputs of the resynchronization registers go
straight to the core.

For Arria II GZ devices, the resynchronization registers resynchronize the data to the
system clock domain. These registers are clocked by the resynchronization clock that
is generated by the PLL. The outputs of the resynchronization registers can go straight
to the core or to the HDR blocks, which are clocked by the divided-down
resynchronization clock.

Figure 7-27 shows the registers available in the Arria II GX output and output enable
paths. The device can bypass each block of the output and output enable path.

Figure 7-27. 10E Output and Output Enable Path Registers for Arria Il GX Devices (Note 1)

Notes to Figure 7-27:

Double Data Rate Output-Enable Registers

OE ® D Q
From core
DFF
OE Reg A OR2
dataout }
D Q
DFF
OE Reg Boe

Double Data Rate Output Registers

datahi i D Q

F
rom core ) - DQ or DAS
DFF 1 ataout} [f ==
Output Reg Ao 0
datainlo D Q
From core
®
DFF
Output Reg Bo
Write
Clock (2) — @

(1) You can bypass each register block of the output and output-enable paths.
(2) The write clock comes from the PLL. The DQ write clock and DQS write clock have a 90° offset between them.
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For Arria II GX devices, the output path is designed to route combinatorial or
registered single data rate (SDR) outputs and DDR outputs from the FPGA core.

The output enable path has a structure similar to the output path. You can have a
combinatorial or registered output in SDR applications.

Figure 7-28 shows the registers available in the Arria Il GZ output and output-enable
paths. The path is divided into the HDR block, resynchronization registers, and
output and output-enable registers. The device can bypass each block of the output
and output-enable path.

Figure 7-28. 10E Output and Output-Enable Path Registers for Arria Il GZ Devices (Note 1)

Half Data Rate to Single Data Rate
Output-Enable Registers
F C 2 Double Data Rate
rom Core (2) _D Q Output-Enable Registers
DFF 0 b Q
From Core (2, D Q D Q DFF
( ) — OE Reg A o b OR2
DFF DFF ﬂ
D Q
Half Data Rate to Single Data Rate *
Output Registers DFF
OE Reg B OE
From Core l
(wdata2) (2) “:D Q
Double Data Rate
DFE 0 Output Registers
1 D Q
From Core ¢ TR|
D Q D Q DFF 1 B -
(wdata0) (2) [ == — Output Reg Ao S DQ or DQS
DFF DFF b a
9 &
From Core [ b o T DFF
(wdata3) (2) o Output Reg Bo
DFF 0
1
From Core b Q
(wdatat) (2) P 9
DFF DFF
Half-Rate Clock (3)
Write L

Clock (4)

Notes to Figure 7-28:

(1) You can bypass each register block of the output and output-enable paths.

(2) Data coming from the FPGA core are at half the frequency of the memory interface clock frequency in half-rate mode.
(3) The half-rate clock comes from the PLL.

(4) The write clock comes from the PLL. The DQ write clock and DQS write clock have a 90° offset between them.
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For Arria II GZ devices, the output path is designed to route combinatorial or
registered SDR outputs and full-rate or half-rate DDR outputs from the FPGA core.
Half-rate data is converted to full-rate using the HDR block, clocked by the half-rate
clock from the PLL.

The output-enable path has a structure similar to the output path. You can have a
combinatorial or registered output in SDR applications and you can use half-rate or
full-rate operation in DDR applications. Also, the ouput-enable path’s
resynchronization registers have a structure similar to the output path registers,
ensuring that the output-enable path goes through the same delay and latency as the
output path.

Document Revision History

Table 7-11 shows the revision history for this document.

Tahle 7-11. Document Revision History (Part 1 of 2)

Date Version Changes
m Updated Table 7-3.
June 2011 41 m Updated Figure 7-11, Figure 7-12, Figure 7—13, Figure 7-14, and Figure 7-15.
m Minor text edits.
m Updated for the Quartus Il software version 10.1 release.
m Added Arria Il GZ devices information.
m Added Figure 7-2, Figure 7-10, Figure 7-11, Figure 7-12, Figure 7-13, Figure 7-14,
Figure 7-15, Figure 717, Figure 7-19, Figure 7-24, Figure 7-26, and Figure 7-26.
December 2010 40 | ™ Added Table 7—1, Table 7-3, Table 74, Table 7-5, Table 7-3, Table 7-4, Table 7-6,
' Table 7-7, Table 7-8, and Table 7-9.
m Updated Table 7-10.
m Added “Using the RUP and RDN Pins in a DQ/DQS Group Used for Memory Interfaces in
Arria Il GZ Devices” and “Arria Il GZ Dynamic On-Chip Termination Control” sections.
m Minor text edits.
Updated for Arria Il GX v10.0 release:
m Updated “Arria Il Memory Interfaces Pin Support” section by adding reference to the
Section I. Device and Pin Planning in volume 2 of the External Memory Interface
July 2010 3.0 Handbook and removing “Table 7-1: Memory Interface Pin Utilization”.
m Update DLL numbering to match with the Quartus Il software.
m Minor text edits.
Updated for Arria Il GX v9.1 release:
m Updated Table 7-1, Table 7-2, and Table 7-5.
m Updated Figure 7-1, Figure 7-2, Figure 7-3, Figure 7—11, Figure 7—12, Figure 7-13,
Figure 7-15, and Figure 7-16.
November 2009 2.0

m Updated the “Arria Il GX External Memory Interface Features” section.

m Added new “Combining x16/x18 DQ/DQS Groups for x36 QDR [1+/QDR 11 SRAM
Interface” section.

m Minor text edits.
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Tahle 7-11. Document Revision History (Part 2 of 2)

Date Version Changes
m Added Table 7-2.
m Updated Table 7-1, Table 7-3, and Table 7-5.

June 2009 1.2 | m Updated Figure 71, Figure 7-3, Figure 7—4, Figure 7-5, Figure 7-6, Figure 77,
Figure 7-8, Figure 7-9, and Figure 7-11.

m Updated “Introduction” and “DLL” sections.
February 2009 1.1 Updated Table 7-1 and Table 7-2.
February 2009 1.0 Initial release.
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8. High-Speed Differential 1/0 Interfaces
® and DPA in Arria Il Devices

This chapter describes the high-speed differential I/ O features and resources, the
functionality of the serializer/deserializer (SERDES), and the dynamic phase
alignment (DPA) circuitry in Arria® II devices.

This chapter contains the following sections:

“LVDS Channels” on page 8-2

“LVDS SERDES and DPA Block Diagram” on page 8-7

“Differential Transmitter” on page 8-8

“Differential Receiver” on page 8-11

“Programmable Pre-Emphasis and Programmable Vop.” on page 8-10
“Differential I/O Termination” on page 8-20

“PLLs” on page 8-21

“LVDS and DPA Clock Networks” on page 8-21
“Source-Synchronous Timing Budget” on page 8-23

“Differential Pin Placement Guidelines” on page 8-27

“Setting Up an LVDS Transmitter or Receiver Channel” on page 8-36

Arria II devices have the following dedicated circuitry for high-speed differential I/O
support:

Differential I/O buffer
Transmitter serializer

Receiver deserializer

Data realignment block (bit slip)
DPA block

Synchronizer (FIFO buffer)

Arria II devices support the following high-speed differential I/O standards:

—

LVDS

mini-LVDS

RSDS

LVPECL

Bus LVDS (BLVDS) for Arria Il GX devices

Il True mini-LVDS and RSDS inputs are not supported. The LVPECL I/O standard is
only used for phase-locked loop (PLL) clock inputs in differential mode.
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specifications before relying on any published information and before placing orders for products or services.
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For specifications and features of the differential I/O standards supported in Arria II
devices, refer to the I/O Features in Arria II Devices and Arria II Devices Data Sheet
chapters.

LVDS Channels

In Arria II GX devices, there are true LVDS input buffers and LVDS 1/O buffers at the
top, bottom, and right side of the device. The LVDS input buffers have 100-Q on-chip
differential termination (Rp OCT) support. You can configure the LVDS 1/O buffers as
either LVDS input (without Rp OCT) or true LVDS output buffers. You can also
configure the LVDS pins on the top, bottom, and right sides of the device, as emulated
LVDS output buffers, which use two single-ended output buffers with an external
resistor network to support LVDS, mini-LVDS, and RSDS standards.

The Arria Il GZ devices support LVDS on both row and column I/O banks. Row I/Os
support true LVDS input with 100-Q Rp OCT and true LVDS output buffers. Column
I/0Os supports true LVDS input buffers without Rp OCT. You can also configure the
row and column LVDS pins as emulated LVDS output buffers that use two
single-ended output buffers with an external resistor network to support LVDS,
mini-LVDS, and RSDS standards. Arria Il GZ devices offer single-ended I/O refclk
support for the LVDS.

Dedicated SERDES and DPA circuitries are implemented on the right 1/O banks of
Arria II GX devices and row I/0O banks of Arria Il GZ devices to further enhance the
LVDS interface performance in the device. For column I/O banks in Arria II devices,
SERDES is implemented in the core logic because there is no dedicated SERDES
circuitry.

When you configure the I/O buffers as LVDS input with Rp OCT enabled, you must
set both VCCIO and VCCPD to2.5V.

For more information about I/O banks, refer to the I/O Features in Arria II Devices
chapter.
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Locations of the I/0 Banks

Arria II I/Os are divided into 16 to 20 I/O banks. For Arria II GX devices, the
high-speed differential /O s are located at the right side of the device. For Arria Il GZ
devices, the high-speed differential I/Os are located at the right and left sides of the
device.

Figure 8-1 and Figure 8-2 show a high-level chip overview of Arria II devices.

Figure 8-1. High-Speed Differential I/0s with DPA Block Locations in an Arria Il GX Device (Note 1), (2), (3)
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Notes to Figure 8-1:

(1) This figure is a top view of the silicon die, which corresponds to a reverse view for flip chip packages. It is a graphical representation only.
(2) Applicable to EP2AGX95, EP2AGX125, EP2AGX190, and EP2AGX260 devices.

(3) There are no center PLLs on the right I/0 banks for EP2AGX45 and EP2AGX65 devices.
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Figure 8-2 shows a high-level chip overview of the Arria Il GZ devices.

Figure 8-2. High-Speed Differential I/0s with DPA Block Locations in Arria Il GZ Devices
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Notes to Figure 8-2:

(1) Not available for F780 device package.

(2) Not available for F780 and F1152 device packages.

(3) The PCle hard IP block is located on the left side of the device only (I0BANK_QL).

Table 8-1 to Table 8—4 list the maximum number of row and column LVDS I/Os
supported in Arria II devices. You can design the LVDS I/Os as true LVDS input,
output buffers, or emulated LVDS output buffers, if the combination does not exceed
the maximum count. For example, there are a total of 56 LVDS pairs of I/Os in 780-pin
EP2AGX45 device row (refer to Table 8-1). You can design up to a maximum of either:

m 28 true LVDS input buffers with Rp OCT and 28 true LVDS output buffers

m 56 LVDS input buffers of which 28 are true LVDS input buffers with R, OCT and
28 requires external 100-Q termination

m 28 true LVDS output buffers and 28 emulated LVDS output buffers
m 56 emulated LVDS output buffers
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1=

Dedicated SERDES and DPA circuitry are only available on the right side of the device

in row I/O banks. SERDES with DPA receivers are only available on differential pins
in the row I/O banks and SERDES transmitters are only available on transmit (Tx)

pins in the row I/O banks. The receive (Rx) pins in row I/O banks are receiver
channels without dedicated SERDES and DPA circuitry.

Table 8-1. LVDS Channels Supported in Arria Il GX Device Row I/0 Banks (Note 1), (2), (3), (4), (5), (6)

1152-Pin FlipChip FBGA

Device | 358-Pin FlipChip UBGA | 572-Pin FlipChip FBGA | 780-Pin FlipChip FBGA
EP2AGX45 sézg:(D Tx ZI);)T;) 2i?|§EDTOxr %TngT;) 2§?|$D Tx, eoTngT;) -
P2AGKES | g 0T S| oa T, or o sa(f T or &) -
EP2AGKD — 2A(Re Teor &T0) 28(Re Teor 670 ap(for Ty, or )
EP2AGX125 — 2 T ot &) 28((P T or a7 an(for T o o)
EPOAGK190 — — a5(R Teor o) A8(Re Tror o)
EP2AGX260 o _ 228%(%?3 %E ?)IXe)T;) 4?3?@? %Z ?)I);)T;)

Notes to Table 8-1:

2

wW

4
5

(
(
(
(
(
(6

eTx = Emulated LVDS output buffers, either LVDS_E_3R or LVDS_E_1R.
The LVDS channel count does not include dedicated clock input pins and PLL clock output pins.

1) Dedicated SERDES and DPA circuitry only exist on the right side of the device in the Row I/0 banks.
) Rp = True LVDS input buffers with Ry OCT support and dedicated SERDES receiver channel with DPA circuitry.

) Rx = True LVDS input buffers without Ry OCT support and dedicated SERDES receiver channel with DPA circuitry.
) Tx=True LVDS output buffers and dedicated SERDES transmitter channel.
)
)

Table 8-2. LVDS Channels Supported in Arria Il GX Device Column 1/0 Banks (Note 1), (2), (3), (4), (5), (6) (Part1 of

2)

Device

358-Pin FlipChip UBGA

572-Pin FlipChip FBGA

780-Pin FlipChip FBGA

1152-Pin FlipChip FBGA

EP2AGX45

25(Rp or eTx) +
24(Rx, Tx, or eTx)

33(Rp or eTx) +
32(Rx, Tx, or eTx)

57(Rp or eTx) +
56(Rx, Tx, or eTx)

EP2AGX65

25(Rp or eTx) +
24(Rx, Tx, or eTX)

33(Rp or eTx) +
32(Rx, Tx, or eTx)

57(Rp or eTx) +
56(Rx, Tx, or eTx)

EP2AGX95

33(Rp or eTx) +
32(Rx, Tx, or eTx)

57(Rp or eTx) +
56(Rx, Tx, or eTx)

73(Rp or eTx) +
72(Rx, Tx, or eTx)

EP2AGX125

33(Rp or eTx) +
32(Rx, Tx, or eTx)

57(Rp or eTx) +
56(Rx, Tx, or eTx)

73(Rp or eTx) +
72(Rx, Tx, or eTx)

EP2AGX190

57(Rp or eTx) +
56(Rx, Tx, or eTx)

97(Rp or eTx) +
96(Rx, Tx, or eTx)
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Table 8-2. LVDS Channels Supported in Arria Il GX Device Column 1/0 Banks (Note 1), (2), (3), (4), (5), (6) (Part 2 of

2)

Device

358-Pin FlipChip UBGA

572-Pin FlipChip FBGA

780-Pin FlipChip FBGA

1152-Pin FlipChip FBGA

EP2AGX260

57(Rp or eTx) +
56(Rx, Tx, or eTx)

97(Rp or eTx) +
96(Rx, Tx, or eTx)

Notes to Table 8-2:

(

(@
@
(4
(5
(6

1) There are no dedicated SERDES and DPA circuitry in device column 1/0 banks.
) Rp = True LVDS input buffers with Ry OCT support.

) Rx = True LVDS input buffers without Ry OCT support.

) Tx = True LVDS output buffers.

) eTx = Emulated LVDS output buffers, either LVDS_E_3R or LVDS_E_1R.
) The LVDS channel count does not include dedicated clock input pins and PLL clock output pins.

Table 8-3 and Table 8—4 list the maximum number of row and column LVDS I/Os
supported in Arria II GZ devices.

Table 8-3. LVDS Channels Supported in Arria Il GZ Device Row I/0 Banks (Note 1), (2), (3)

Device 780-Pin FineLine BGA 1152-Pin FineLine BGA 1517-Pin FineLine BGA
cPoAGZ225 - atcor om0 g3 or )
£P2AGZ300 - iteorsn) R
£P2AGZ3S50 - atcorsm) gl or )

Notes to Table 8-3:
(1) Rx=true LVDS input buffers with Rp OCT, Tx = true LVDS output buffers, eTx = emulated LVDS output buffers (either
LVDS_E_1R Or LVDS_E_3R).

(2) The LVDS Rxand Tx channels are equally divided between the left and right sides of the device, except for the devices
in the 780-pin Fineline BGA. These devices have the LVDS Rx and Tx located on the left side of the device.

(3) The LVDS channel count does not include dedicated clock input pins.

Table 8-4. LVDS Channels Supported in Arria Il GZ Device Column 1/0 Banks (Note 1), (2), (3)

Device

780-Pin FineLine BGA

1152-Pin FineLine BGA

1517-Pin FineLine BGA

EP2AGZ225

93(Rx or eTx) + 96 eTx

93(Rx or eTx) + 96 eTx

EP2AGZ300

68(Rx or eTx) + 72 eTx

93(Rx or eTx) + 96 eTx

93(Rx or eTx) + 96 eTx

EP2AGZ350

68(Rx or eTx) + 72 eTx

93(Rx or eTx) + 96 eTx

93(Rx or eTx) + 96 eTx

Notes to Table 8-4:
(1) Rx =true LVDS input buffers without Ry OCT, eTx = emulated LVDS output buffers (either LvDS E 1R or

LVDS_E_3R).

(2) The LVDS Rx and Tx channels are equally divided between the top and bottom sides of the device.
(3) The LVDS channel count does not include dedicated clock input pins.
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LVDS SERDES and DPA Block Diagram

8-7

LVDS SERDES and DPA Block Diagram

The Arria II GX devices have dedicated SERDES and DPA circuitry for LVDS
transmitters and receivers on the right side. The Arria II GZ devices have dedicated
SERDES and DPA circuitry for LVDS transmitters and receivers on the row I/O banks.

Figure 8-3 shows the LVDS SERDES and DPA block diagram. This diagram shows the
interface signals for the transmitter and receiver datapaths. For more information,
refer to “Differential Transmitter” on page 8-8 and “Differential Receiver” on

page 8-11.

Figure 8-3. LVDS SERDES and DPA Block Diagram (Note 1), (2), (3)

IOE Supports SDR, DDR, or

Serializer 2, oF
N
- (DIN DOUT

Non-Registered Datapath
{i L tx_out

LVDS Transmitter

w

(LVDS_LOAD_EN, diffioclk,
tx_coreclock)

IOE Supports SDR, DDR, or
Non-Registered Datapath

Notes to Figure 8-3:

rx_in
24— I0E <t:
Synchronizer
Deserializer Bit Slip DPA Circuitry
Retimed
=1 DOUT DIN |« DOUT DIN
- DOUT DIN [« Data  DIN
— DPA Clock
o A
iffi = x
) diffioclk 3 3 3/
—~ 5| % (DPA_LOAD_EN,
(LOAD_EN, diffioclk) 8 &I DPA_diffioclk,
Clock Multiplexe > a rx_diviwdclk)
LVDS Receiver
3] (LvDS_LOAD_EN,
LVDS_diffioclk, LVDS Clock Domain
rx_outclock DPA Clock Domain
8 Serial LVDS
Clock Phases
PLL (4) £
-

rx_inclock/tx_inclock

(1) This diagram shows a shared PLL between the transmitter and receiver. If the transmitter and receiver are not sharing the same PLL, two PLLs

on the right side of the device are required.

(2) In SDR and DDR modes, the data width is 1 and 2 bits, respectively.
(3) The tx_inand rx_out ports have a maximum data width of 10 bits.
(4) Arria Il GX center/corner PLL or Arria Il GZ left/right PLL.
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Differential Transmitter

o
I =
&

The Arria II transmitter has a dedicated circuitry to provide support for LVDS
signaling. The dedicated circuitry consists of a differential buffer, a serializer, and
PLLs that can be shared between the transmitter and receiver. The differential buffer
can drive out LVDS, mini-LVDS, and RSDS signaling levels. The differential output
buffer supports programmable pre-emphasis and programmable voltage output
differential (Vop) controls, and can drive out mini-LVDS and RSDS signaling levels.
Figure 8—4 is a block diagram of the LVDS transmitter.

When using emulated LVDS 1/0O standards at the differential transmitter, the SERDES
circuitry must be implemented in logic cells but not hard SERDES.

Figure 8-4. LVDS Transmitter Block Diagram (Note 1), (2)

FPGA
Fabric

tx_coreclock |«

Serializer 2, [ ] IOE supports SDR, DDR, or
IOE Non-Registered Datapath
\I | tx_out
tx_in 19 > DIN  DOUT ) -Z_
LVDS Transmitter

Notes to Figure 8-4:

3% (LVDS_LOAD_EN, diffioclk, tx_coreclock)

PLL (3)

LVDS Clock Domain

tx_inclock

(1) In SDR and DDR modes, the data width is 1 and 2 bits, respectively.
(2) The tx_in port has a maximum data width of 10 bits.
(3) Arria Il GX center/corner PLL or Arria Il GZ left/right PLL.

Serializer

The serializer takes parallel data from the FPGA fabric, clocks it into the parallel load
registers, and serializes it using the shift registers before sending the data to the
differential output buffer. The MSB of the parallel data is transmitted first. The
parallel load and shift registers are clocked by the high-speed clock running at the
serial data rate (diffioclk) and controlled by the load enable signal (LVDS_LOAD EN)
generated from the PLL. You can statically set the serialization factor to x4, x6, x7, x8,
or x10 using the ALTLVDS megafunction. The load enable signal is derived from the
serialization factor setting.

You can bypass the serializer to support DDR (x2) and SDR (x1) operations to achieve
a serialization factor of 2 and 1, respectively. The I/O element (IOE) contains two data
output registers that can each operate in either DDR or SDR mode. Figure 8-5 shows
the serializer bypass path.
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Differential Transmitter

Figure 8-5. Serializer Bypass Path (Note 1), (2), (3)

Notes to Figure 8-5:

2 I0E supports SDR, DDR, or

I0E i
Non-Registered Datapath
. tx_out
tx_in 10 1
FPGA

Fabric

LVDS Transmitter

- LVDS Clock Domain
tx_inclock

(1) Al disabled blocks and signals are grayed out.

2

4

(2) InDDR mode, tx_inclock clocks the IOE register. In SDR mode, data is directly passed through the IOE.
(3) In SDR and DDR modes, the data width to the IOE is 1 and 2 bits, respectively.
(4) Arria Il GX center/corner PLL or Arria Il GZ left/right PLL.

Differential applications often require specific clock-to-data alignments or a specific
data rate to clock rate factors. You can configure any Arria I LVDS transmitter to
generate a source-synchronous transmitter clock output. This flexibility allows the
placement of the output clock near the data outputs to simplify board layout and
reduce clock-to-data skew. The output clock can also be divided by a factor of 1, 2, 4, 6,
8, or 10, depending on the serialization factor. The phase of the clock in relation to the
data can be set at 0° or 180° (edge or center aligned). The PLLs provide additional
support for other phase shifts in 45° increments. These settings are made statically in
the Quartus® Il MegaWizard™ Plug-In Manager software.

Figure 8-6 shows the Arria II LVDS transmitter in clock output mode. In clock output
mode, you can use an LVDS data channel as a clock output channel.

Figure 8-6. LVDS Transmitter in Clock Output Mode

Note to Figure 8-6:

Transmitter Circuit

Parallel Series txclkout+
J_ txclkout—

FPGA
Fabric

YVVVVVYYVYY V¢

YVVVVVVYYVYYVY

AA T A
PLL diffioclk
— ) ]

| LVDS_LOAD_EN

(1) Arria Il GX center/corner PLL or Arria Il GZ left/right PLL.
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Programmable Pre-Emphasis and Programmable V.

Pre-emphasis increases the amplitude of the high frequency component of the output
signal, which helps to compensate for the frequency-dependent attenuation along the
transmission line. Figure 8-7 shows the LVDS output single-ended waveform with
and without pre-emphasis. The definition of Vop is also shown.

Figure 8-7. LVDS Output Single-Ended Waveform with and without Programmable Pre-Emphasis (Note 1)

f

Vob
oot v

Without Programmable Pre-emphasis

ouT

ouT

ouT

With Programmable Pre-emphasis

Note to Figure 8-7:
(1) Vp—voltage boost from pre-emphasis.

Pre-emphasis is an important feature for high-speed transmission. Without
pre-emphasis, the output current is limited by the Vop, setting and the output
impedance of the driver. At high frequency, the slew rate may not be fast enough to
reach the full Vop before the next edge, producing a pattern-dependent jitter. With
pre-emphasis, the output current is boosted momentarily during switching to increase
the output slew rate. The overshoot introduced by the extra current happens only
during switching and does not ring, unlike the overshoot caused by signal reflection.
This overshoot must not be included in the Vop voltage.

Table 8-5 lists the assignment name and its possible values for programmable
pre-emphasis in the Quartus II software Assignment Editor.

Table 8-5. Programmable Pre-Emphasis Settings in Quartus Il Software Assignment Editor

Assignment Value

Assignment Name
Arria Il GX Device Arria Il GZ Device

0 (default zero),

1 (medium low),

2 (medium high),
3 (high)

Programmable Pre-Emphasis 0 (off), 1 (default on)
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You can statically assign the Vp settings from the Assignment Editor. Table 8-6 lists
the assignment name for programmable Vo and its possible values in the Quartus II
software Assignment Editor.

Table 8-6. Programmabhle Vg, Settings in Quartus Il Software Assignment Editor

Assignment Value
Assignment Name
Arria Il GX Device Arria Il GZ Device
Programmable Differential Output
Voltage (Vop) 2 0.1.2,3

Differential Receiver

The Arria II device family has a dedicated circuitry to receive high-speed differential
signals in side or row 1/Os. Figure 8-8 shows the hardware blocks of the Arria II
receiver. The receiver has a differential buffer and PLLs that can be shared between
the transmitter and receiver, a DPA block, a synchronizer, a data realignment block,
and a deserializer. The differential buffer can receive LVDS signal levels, which are
statically set in the Quartus II software Assignment Editor. Figure 8-8 shows a block
diagram of an LVDS receiver in the right I/O bank.

Figure 8-8. LVDS Receiver Block Diagram (Note 1), (2)

IOE Supports SDR, DDR, or Non-Registered Datapath LVDS Receiver
2 |0E + rx_in
Synchronizer
Deserializer Bit Slip DPA Circuitry
DOUT DIN DOUT DIN l/ Retimed
|\ bouT DIN o
2 diffioclk DPA Clock
LOAD_EN, diffioclk
{ - k) Clock = A
ultiplexer é S
o g 3
= g (DPA_LOAD _EN,
DPA_diffioclk,
rx_diviwdclk)
3 (LVDS_LOAD_EN, ‘
LVDS_diffioclk, ——— LVDS Clock Domfaln
rx_outclk) 8 Serial LVDS DPA Clock Domain
Clock Phases
PLL (3)
rx_inclock

Notes to Figure 8-8:

(1) In SDR and DDR modes, the data width from the I0E is 1 and 2 bits, respectively.
(2) The rx_out port has a maximum data width of 10 bits.

(3) Arria Il GX center/corner PLL or Arria Il GZ left/right PLL.
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The Arria I PLL receives the external reference clock input (rx_inclock) and
generates eight different phases of the same clock. The DPA block chooses one of the
eight clock phases from the center/corner PLL and aligns to the incoming data to
maximize receiver skew margin. The synchronizer circuit is a 1-bit wide by 6-bit deep
FIFO buffer that compensates for any phase difference between the DPA block and the
deserializer. If necessary, the user-controlled data realignment circuitry inserts a single
bit of latency in the serial bit stream to align to the word boundary. The deserializer
converts the serial data to parallel data and sends the parallel data to the FPGA fabric.

The physical medium connecting the LVDS transmitter and the receiver channels may
introduce skew between the serial data and the source synchronous clock. The
instantaneous skew between each LVDS channel and the clock also varies with the
jitter on the data and clock signals, as seen by the receiver.

L=~ Only non-DPA mode requires manual skew adjustment.
Arria II devices support the following receiver modes to overcome skew between the
source-synchronous or reference clock and the received serial data:
® Non-DPA mode
m DPA mode
m  Soft clock data recovery (CDR) mode
'~ Dedicated SERDES and DPA circuitry only exist on the right side of the device. Top

and bottom I/O banks only support non-DPA mode, in which the SERDES are
implemented in the core logic.

Receiver Hardware Blocks
The differential receiver has the following hardware blocks:
m “DPA” on page 8-12
m “Synchronizer” on page 8-13
m “Data Realignment Block (Bit Slip)” on page 8-14

m “Deserializer” on page 8-15

DPA

The DPA block takes in high-speed serial data from the differential input buffer and
selects the optimal phase from one of the eight clock phases generated by the PLL to
sample the data. The eight phases of the clock are equally divided, giving a 45°
resolution. The maximum phase offset between the received data and the selected
phase is 1/8 unit interval (UI), which is the maximum quantization error of the DPA
block. The optimal clock phase selected by the DPA block (DPA diffioclk) is also
used to write data into the FIFO buffer or to clock the SERDES for soft-CDR operation.
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Figure 8-9 shows the possible phase relationships between the DPA clocks and the
incoming serial data.

Figure 8-9. DPA Clock Phase to Serial Data Timing Relationship (Note 1)
min X D0 X Dbt X b2 X b3 X b4 X b0 X
o ol e e e e
s L L

90

135

7
_
o L L L L L L
-]
]
]

225

—| [«—Tvco—>

0.125T g0

270

315

Note to Figure 8-9:
(1) Tyco is defined as the PLL serial clock period.

The DPA block requires a training pattern and sequence of at least 256 repetitions. The
training pattern is not fixed, so you can use any training pattern with at least one
transition. An optional user controlled signal (rx_dpll_hold) freezes the DPA clock on
its current phase when asserted. This signal is useful if you do not want the DPA
circuitry to continuously adjust the phase after initial phase selection.

The DPA circuitry loses lock when it switches phases to maintain an optimal sampling
phase. After it is locked, the DPA circuitry can lose the lock status under either of the
following conditions:

B One phase change (adjacent to the current phase)
m Two phase changes in the same direction

An independent reset signal (rx_reset) is routed from the FPGA fabric to reset the
DPA circuitry while in the user mode. The DPA circuitry must be retrained after reset.

Synchronizer

The synchronizer is a 1-bit wide and 6-bit deep FIFO buffer that compensates for the
phase difference between DPA_diffioclk and the high-speed clock (LVDS_diffioclk)
produced by the PLL. Because every DPA channel might have a different phase
selected to sample the data, you need the FIFO buffer to synchronize the data to the
high-speed LVDS clock domain. The synchronizer can only compensate for phase
differences, not frequency differences between the data and the input reference clock
of the receiver, and is automatically reset when the DPA circuitry first locks to the
incoming data.

An optional signal (rx_fifo_reset) is available to the FPGA fabric to reset the
synchronizer. Altera recommends using rx_fifo_reset to reset the synchronizer
when the DPA signal is in a loss-of-lock condition and the data checker indicates
corrupted received data.
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Data Realignment Block (Bit Slip)

Skew in the transmitted data along with skew added by the link causes
channel-to-channel skew on the received serial data streams. If you enabled the DPA
block, the received data is captured with different clock phases on each channel and
might cause the received data to be misaligned from channel to channel. To
compensate for the channel-to-channel skew and establish the correct received word
boundary at each channel, each receiver channel has a dedicated data realignment
circuit that realigns the data by inserting bit latencies into the serial stream.

An optional signal (rx_channel data_align) controls the bit insertion of each receiver
independently controlled from the internal logic. The data slips one bit on the rising
edge of rx_channel data_align. The following are requirements for the

rx _channel data align signal:

B An edge-triggered signal

m The minimum pulse width is one period of the parallel clock in the logic array
B The minimum low time between pulses is one period of the parallel clock

m Holding rx _channel data_align does not result in extra slips

m Valid data is available two parallel clock cycles after the rising edge of the
rx_channel data_align signal

Figure 8-10 shows receiver output after a one bit-slip pulse with the deserialization
factor set to 4.

Figure 8-10. Data Realignment Timing

mnclock /N /  \__/ \__/
mx_in - X 3X2 XX 12X 0 X3 2 XX 17X 0 X3 X2 X 12X 0
x_outclock  \____/ N __/ \__ /

rx_channel_data_align

rx_out 3210 321x xx21 0321

The data realignment circuit can have up to 11 bit-times of insertion before a rollover
occurs. The programmable bit rollover point can be from 1 to 11 bit-times,
independent of the deserialization factor. The programmable bit rollover point must
be set to equal to or greater than the deserialization factor, allowing enough depth in
the word alignment circuit to slip through a full word. You can set the value of the bit
rollover point using the ALTLVDS megafunction. An optional status signal
(rx_cda_max) is available to the FPGA fabric from each channel to indicate when the
preset rollover point is reached.
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Figure 8-11 shows a preset value of 4-bit times before rollover occurs. The rx_cda_max
signal pulses for one rx_outclock cycle to indicate that rollover has occurred.

Figure 8-11. Receiver Data Re-Alignment Rollover

rx_inclock _/_\_/_\_/_\_/_\__/_\_/_\_/_\_/_\_/_\_/_\
rx_channel_data_align _/—\—/—\—/—\—/—\—/—\

rx_cda_max

Deserializer

The deserializer, which includes shift registers and parallel load registers, converts the
serial data from the bit slip to parallel data before sending the data to the FPGA fabric.
The deserialization factor supported is 4, 6, 7, 8, or 10. You can bypass the deserializer
to support DDR (x2) and SDR (x1) operations, as shown in Figure 8-12. You cannot
use the DPA and data realignment circuit when the deserializer is bypassed. The IOE
contains two data input registers that can operate in DDR or SDR mode.

Figure 8-12. Deserializer Bypass (Note 1), (2), (3)

IOE Supports SDR, DDR, or Non-Registered Datapath LVDS Receiver
5 (l 2 IOE T rx_in
rx_out g J
Synchronizer
Deserializer Bit Slip DPA Circuitry
DOUT DIN DOUT DIN Retimed  DIN
DOUT DIN Data
FPGA
Fabric
. DPA Clock
/ diffioclk
LOAD_EN, diffioclk
( iffioclk) S < . A
Multiplexer E 2
1=} 6‘
8| & (DPA_LOAD_EN
rx_diviwdclk =1 DPA_diffiock,
rx_divfwdclk)
rx_outclock
3 (LVDS_LOAD_EN,
LVDS_diffioclk,
rx_outclk) 8 Serial LVDS
Clock Phases
PLL (4)

Notes to Figure 8-12:

(1) All disabled blocks and signals are grayed out.

(2) In DDR mode, rx_inclock clocks the IOE register. In SDR mode, data is directly passed through the I0E.
(3) In SDR and DDR modes, the data width from the I0E is 1 and 2 bits, respectively.

(4) Arria Il GX center/corner PLL or Arria Il GZ left/right PLL.
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Receiver Datapath Modes

)

Arria II devices support the following three receiver datapath modes:
m “Non-DPA”

m “DPA Mode”

m “Soft CDR Mode”

Non-DPA

Non-DPA mode allows you to statically select the optimal phase between the
source-synchronous reference clock and the input serial data to compensate for any
skew between the two signals. The reference clock must be a differential signal.
Figure 8-13 shows the non-DPA datapath block diagram. Input serial data is
registered at the rising or falling edge of the LVDS_diffioclk clock produced by the
PLL. You can select the rising/falling edge option using the ALTLVDS megafunction.
Both data realignment and deserializer blocks are clocked by the LvDS diffioclk
clock.

For Arria II GX devices, you must perform PCB trace compensation to adjust the trace
length of each LVDS channel to improve channel-to-channel skew when interfacing
with non-DPA receivers at data rate above 840 Mbps.

The Quartus II software Fitter Report panel reports the amount of delay you must add
to each trace for the Arria II GX device. You can use the recommended trace delay
numbers published under the LVDS Transmitter /Receiver Package Skew
Compensation panel and manually compensate the skew on the PCB board trace to
reduce channel-to-channel skew, thus meeting the timing budget between LVDS
channels.

For more information about the LVDS Transmitter /Receiver Package Skew
Compensation report panel, refer to the “Arria II GX LVDS Package Skew
Compensation Report Panel” section in the SERDES Transmitter/Receiver (ALTLVDS)
Megafunction User Guide.
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Differential Receiver

Figure 8-13. Receiver Datapath in Non-DPA Mode (Note 1), (2), (3)

Notes to Figure 8-13:

IOE Supports SDR, DDR, or Non-Registered Datapath LVDS Receiver
2 f rx_in
I0E _
Synchronizer
Deserializer Bit Slip DPA Circuitry
DOUT DIN DOUT DIN I/ Retimed
K DOUT DIN| Data DN
2 diffoclk PR Clock
(LOAD_EN, diffioclk) ook = . A
Multipleer gl &
2| «| Sk Pa_LOAD_EN,
= e DPA_diffioclk,
rx_diviwdclk)
3 (LVDS_LOAD_EN,
LVDS_diffioclk,
rx_outclk) 8 Serial LVDS
Clock Phases
PLL (4) i
r_inclock — LVDS Clock Domain

(1) All disabled blocks and signals are grayed out.
(2) In SDR and DDR modes, the data width from the I0E is 1 and 2 bits, respectively.
(3) The rx_out port has a maximum data width of 10 bits.

(4) Arria Il GX center/corner PLL or Arria Il GZ left/right PLL.
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DPA Mode

In DPA mode, the DPA circuitry automatically chooses the optimal phase between the
source-synchronous reference clock and the input serial data to compensate for the
skew between the two signals. The reference clock must be a differential signal.
Figure 8-14 shows the DPA mode datapath. Use the DPA_diffioclk clock to write
serial data into the synchronizer. Use the LVDS_diffioclk clock to read the serial data
from the synchronizer. Use the same LVDS_diffioclk clock in the data realignment
and deserializer blocks.

Figure 8-14. Receiver Datapath in DPA Mode (Note 1), (2), (3)

IOE Supports SDR, DDR, or Non-Registered Datapath LVDS Receiver

2 rx_in
IOE : -

Synchronizer

Deserializer Bit Slip DPA Circuitry
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Nl Retimed
l\ DOUT DI Data DIN
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LOAD_EN, diffioclk’
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S| 5 (DPA_LOAD_EN,
2| &| 3} Dpa_difiock,
= o rx_diviwdclk)
3 (LVDS_LOAD_EN,
LVDS_diffioclk, 8 Serial LVDS ——— LVDS Clock Domain
rx_outclk) Clock Phases DPA Clock Domain

PLL (4)

rx_inclock

Notes to Figure 8-14:

(1) All disabled blocks and signals are grayed out.

(2) In SDR and DDR modes, the data width from the I0E is 1 and 2 bits, respectively.
(3) The rx_out port has a maximum data width of 10 bits.

(4) Arria Il GX center/corner PLL or Arria Il GZ left/right PLL.
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Soft CDR Mode

Figure 8-15 shows the soft CDR mode datapath block diagram. In soft CDR mode, the
PLL uses the local clock source as the reference clock. The reference clock must be a
differential signal. The DPA circuitry continuously changes its phase to track the parts
per million (ppm) difference between the upstream transmitter and the local receiver
reference input clocks. Use the DPA_diffioclk clock for bit-slip operation and
deserialization. The DPA_diffioclk clock is divided by the deserialization factor to
produce the rx_divfwdclk clock, which is then forwarded to the FPGA fabric. The
receiver output data (rx_out) to the FPGA fabric is synchronized to this clock. The
parallel clock rx_outclock, generated by the center/corner PLL, is also forwarded to
the FPGA fabric.

Figure 8-15. Receiver Datapath in Soft CDR Mode (Note 1), (2), (3)

Notes to Figure 8-15:

IOE Supports SDR, DDR, or Non-Registered Datapath LVDS Receiver
2 T rx_in
I0E _
Synchronizer
Deserializer Bit Slip DPA Circuitry
OUT DIN DOUT DI K Retimed
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2 difiock DPA Clock
LOAD_EN, diffioclk’
(LOAD_EN, diffioclk) Tk < . A
Multiplexer £ E
2 = ¥(oPa LoAD EN,
=1 DPA_diffioclk,
rx_divfwdclk)
(LVDS_LOAD_EN,
LVDS_diffioclk, ——— LVDS Clock Domain
rx_outclk) 8 Serial LVDS ——— DPA Clock Domain
Clock Phases
PLL (4)
rx_inclock

(1) All disabled blocks and signals are grayed out.

(2) In SDR and DDR modes, the data width from the I0E is 1 and 2 bits, respectively.
(3) The rx_out port has a maximum data width of 10 bits.

(4) Arria Il GX center/corner PLL or Arria Il GZ left/right PLL.
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Differential I/0 Termination

The Arria II device family provides a 100-Q R, OCT option on each differential
receiver channel for LVDS standards. OCT saves board space by eliminating the need
to add external resistors on the board. You can enable OCT in the Quartus II software
Assignment Editor.

For Arria II GX devices, OCT is supported in the top, right, and bottom I/O banks.
Arria II GX clock input pins (CLK[4. .15]) do not support OCT. For Arria Il GZ
devices, Rp OCT is supported on all row I/O pins and dedicated clock input pins
(cLk[o,2,9,11]). It is not supported for column I/O pins and dedicated clock input
pins (CLK[1,3,8,10]).

Figure 8-16 shows LVDS input OCT.

Figure 8-16. LVDS Input Buffer I/0 R, OCT

Arria Il Differential
LVDS Receiver with
Transmitter Rp=100 Q OCT

Zy=500Q

Rp

| Z;=%a)

Table 8-7 lists the assignment name and its value for differential input OCT in the
Quartus II software Assignment Editor.

Table 8-7. Differential Input OCT in Quartus Il Software Assignment Editor

Assignment Name Assignment Value

Input Termination (Accepts wildcards/groups) Differential

“ e For more information, refer to I/O Features in Arria Il Devices chapter.
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PLLs

PLLs

Arria II GX devices contain up to six PLLs with up to four center and corner PLLs
located on the right side of the device. Use the center/corner PLL on the right side of
the device to generate parallel clocks (rx_outclock and tx_outclock) and high-speed
clocks (diffioclk) for the SERDES and DPA circuitry. Figure 8-1 on page 8-3 shows
the locations of the PLLs for Arria II GX devices. Clock switchover and dynamic
reconfiguration are allowed using the center/corner PLLs in high-speed differential
I/0 support mode.

Arria I GZ devices contain up to four left and right PLLs with up to two PLLs located
on the left side and two on the right side of the device. The left PLLs can support
high-speed differential I/O banks on the left side; the right PLLs can support
high-speed differential I/O banks on the right side of the device. The high-speed
differential I/O receiver and transmitter channels use these left and right PLLs to
generate the parallel clocks (rx_outclock and tx outclock) and high-speed clocks
(diffioclk). Figure 8-2 on page 8—4 shows the locations of the left and right PLLs for
Arria II GZ devices. The PLL VCO operates at the clock frequency of the data rate.
Clock switchover and dynamic reconfiguration are allowed using the left and right
PLL in high-speed differential I/O support mode.

For more information about PLLs, refer to the Clock Network and PLLs in Arria II
Devices chapter.

LVDS and DPA Clock Networks

Arria II GX devices only have LVDS and DPA clock networks on the right side of the
device. The center/corner PLLs feed into the differential transmitter and receiver
channels through the LVDS and DPA clock networks. Figure 8-17 and Figure 8-18
show the LVDS clock tree for family members without center PLLs and with center
PLLs, respectively. The center PLLs can drive the LVDS clock tree above and below
them. In Arria II GX devices with or without center PLLs, the corner PLLs can drive
both top and bottom LVDS clock tree.

Figure 8-17. LVDS and DPA Clock Networks in the Arria Il GX Devices without Center PLLs

No LVDS and DPA

clock networks on the DPA LvDS 8
left side of the device Clock | | Clock

Corner 4
PLL
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Figure 8-18. LVDS and DPA Clock Networks in the Arria Il GX Devices with Center PLLs
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Arria II GZ devices have left and right PLLs that feed into the differential transmitter
and receive channels through the LVDS and DPA clock network. The center left and
right PLLs can clock the transmitter and receive channels above and below them.

Figure 8-19 shows center PLL clocking in Arria II GZ devices.

Figure 8-19. LVDS/DPA Clocks in the Arria Il GZ Devices with Center PLLs

. |wos| | DPA DPA | VDS,
DLClock Clock Quadrant Quadrant Clock Clock+|i]-

4 . T .
2 Center — — Center 5
PLL L2 PLL_R2
2 2
Center Center
PLL_L3 PLL_R3
4 | 4

LVDS DPA Quadrant Quadrant DPA LVDS
-D;-LCDCK Clock Clock Clock 74|4 i.

For more information about Arria II devices PLL clocking restrictions, refer to
“Differential Pin Placement Guidelines” on page 8-27.
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Source-Synchronous Timing Budget

This section describes the timing budget, waveforms, and specifications for
source-synchronous signaling in Arria II devices. Timing analysis for the differential
block is different from traditional synchronous timing analysis techniques. Therefore,
it is important to understand how to analyze timing for high-speed differential
signals. This section defines the source-synchronous differential data orientation
timing parameters, timing budget definitions, and how to use these timing
parameters to determine your design’s maximum performance.

Differential Data Orientation

There is a set relationship between an external clock and the incoming data. For
operation at 1 Gbps and a serialization factor of 10, the external clock is multiplied
by 10. You can set the phase-alignment in the PLL to coincide with the sampling
window of each data bit. The data is sampled on the falling edge of the multiplied
clock.

Figure 8-20 shows the data bit orientation of x10 mode.

Figure 8-20. Bit Orientation

inclock/outclock J

§ 10 LVDS Bits ——————==*

10000000000

Differential 1/0 Bit Position

Data synchronization is necessary for successful data transmission at high
frequencies. Figure 8-21 shows data bit orientation for a channel operation. These
figures are based on the following:

m serialization factor equals clock multiplication factor
m edge alignment is selected for phase alignment
m implemented in hard SERDES

For other serialization factors, use the Quartus II software tools to find the bit position
in the word. The bit positions after deserialization are listed in Table 8-8.
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Figure 8-21. Bit Order and Word Boundary for One Differential Channel (Note 1)

Transmitter Channel
Operation (x8 Mode)

tx_outclock

Previous Cycle — Current Cycle
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«~— Next Cycle
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Operation (x8 Mode)
rx_inclock

rx_out [7..0] XXX XXXXX X XXX XXXXX

XXXX7654

32TO0XXXX

Note to Figure 8-21:

(1) These waveforms are only functional waveforms and are not intended to convey timing information.

Table 8-8 lists the conventions for differential bit naming for 18 differential channels.
The MSB and LSB positions increase with the number of channels used in a system.

Tahle 8-8. Differential Bit Naming

Receiver Channel Data Internal 8-Bit Parallel Data
Number MSB Position LSB Position
1 7 0
2 15 8
3 23 16
4 31 24
5 39 32
6 47 40
7 55 48
8 63 56
9 71 64
10 79 72
11 87 80
12 95 88
13 103 96
14 111 104
15 119 112
16 127 120
17 135 128
18 143 136
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Transmitter Channel-to-Channel Skew

Transmitter channel-to-channel skew (TCCS) is an important parameter based on the
Arria II transmitter in a source synchronous differential interface. This parameter is
used in receiver skew margin calculation.

TCCS is the difference between the fastest and slowest data output transitions,
including the TCO variation and clock skew. For LVDS transmitters, the TimeQuest
Timing Analyzer provides a TCCS report, which shows TCCS values for serial output
ports.

You can get the TCCS value from the TCCS report (report_TCCS) in the Quartus II
compilation report under the TimeQuest analyzer or from the Arria II Device Data
Sheet chapter.

Receiver Skew Margin for Non-DPA Mode

Changes in system environment, such as temperature, media (cable, connector, or
PCB), and loading, effect the receiver’s setup and hold times; internal skew affects the
sampling ability of the receiver.

Different modes of LVDS receivers use different specifications, which can help in
deciding the ability to sample the received serial data correctly. In DPA mode, use
DPA jitter tolerance instead of receiver skew margin (RSKM).

In non-DPA mode, use RSKM, TCCS, and sampling window (SW) specifications for
high-speed source-synchronous differential signals in the receiver datapath. The
relationship between RSKM, TCCS, and SW is expressed by the RSKM equation
shown in Equation 8-1:

Equation 8-1.

TUI - SW - TCCS

RSKM =
2

Where:
m TUI—the time period of the serial data.

B RSKM—the timing margin between the receiver’s clock input and the data input
SW.

m SW-—the period of time that the input data must be stable to ensure that the data is
successfully sampled by the LVDS receiver. The sampling window is the device
property and varies with the device speed grade.

m TCCS—the difference between the fastest and slowest data output transitions,
including the tcp variation and clock skew.

You must calculate the RSKM value to decide whether or not the data can be sampled
properly by the LVDS receiver with the given data rate and device. A positive RSKM
value indicates the LVDS receiver can sample the data properly; a negative RSKM
indicates the receiver cannot sample the data properly.
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Figure 8-22 shows the relationship between the RSKM, TCCS, and SW.

Figure 8-22. Differential High-Speed Timing Diagram and Timing Budget for Non-DPA Mode
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For LVDS receivers, the Quartus II software provides the RSKM report showing SW,
TUI, and RSKM values for non-DPA mode. You can generate the RSKM by executing
the report_RSKM command in the TimeQuest analyzer. You can find the RSKM
report in the Quartus II Compilation report under TimeQuest Timing Analyzer
section.

L=~ To obtain the RSKM value, assign an appropriate input delay to the LVDS receiver
through the TimeQuest analyzer constraints menu.
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Differential Pin Placement Guidelines

To ensure proper high-speed operation, differential pin placement guidelines are
established. The Quartus II Compiler automatically checks that these guidelines are
followed and issues an error message if they are not adhered to.

['=" DPA-enabled differential channels refer to DPA mode or soft CDR mode;
DPA-disabled channels refer to non-DPA mode.

DPA-Enabled Channels and Single-Ended 1/0s

When single-ended I/Os and LVDS 1/Os share the same I/O bank, the placement of
single-ended I/O pins with respect to LVDS I/O pins is restricted. The constraints on
single-ended I/Os placement with respect to DPA-enabled or DPA-disabled LVDS
I/0Os are the same.

m Single-ended 1/Os are allowed in the same I/O bank, if the single-ended I/O
standard uses the same Vcio as the DPA-enabled differential I/0O bank.

m Single-ended inputs can be in the same logic array block (LAB) row as a
differential channel using the SERDES circuitry.

m Double data rate I/O (DDIO) can be placed within the same LAB row as a SERDES
differential channel but half rate DDIO or single data rate (SDR) output pins
cannot be placed within the same LAB row as a receiver SERDES differential
channel. The input register must be implemented within the FPGA fabric logic.

Guidelines for DPA-Enabled Differential Channels

When you use DPA-enabled channels, you must adhere to the guidelines listed in the
following sections.

DPA-Enabled Channel Driving Distance

If the number of DPA-enabled channels driven by each center or corner PLL exceeds
25 LAB rows, Altera recommends implementing data realignment (bit slip) circuitry
for all the DPA channels.

Using Center and Corner Left and Right PLLs in Arria Il GX Devices

If the DPA-enabled channels in a bank are being driven by two PLLs, where the corner
PLL is driving one group and the center PLL is driving another group, there must be
at least one row of separation between the two groups of DPA-enabled channels, as
shown in Figure 8-23. This separation prevents noise mixing because the two groups
can operate at independent frequencies.

No separation is necessary if a single PLL is driving both the DPA-enabled channels
and DPA-disabled channels.

July 2012  Altera Corporation Arria Il Device Handbook Volume 1: Device Interfaces and Integration



8-28 Chapter 8: High-Speed Differential I/0 Interfaces and DPA in Arria Il Devices
Differential Pin Placement Guidelines

Figure 8-23. Center and Corner PLLs Driving DPA-Enabled Differential 1/0s in the Same Bank
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Using Both Center PLLs

You can use center PLLs to drive DPA-enabled channels simultaneously, if they drive
these channels in their adjacent banks only, as shown in Figure 8-23.

[l =~ Center PLLs are available at the right I/O banks of Arria Il GX devices and the right
and left I/O banks of Arria Il GZ devices.

If one of the center PLLs drives the DPA-enabled channels in the upper and lower I/O
banks, you cannot use the other center PLL for DPA-enabled channels, as shown in

Figure 8-24.

Figure 8-24. Center PLLs Driving DPA-Enabled Differential 1/0s
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If the upper center PLL drives DPA-enabled channels in the lower I/O bank, the
lower center PLL cannot drive DPA-enabled channels in the upper I/O bank, and vice
versa. In other words, the center PLLs cannot drive cross-banks simultaneously, as

shown in Figure 8-25.

Figure 8-25. Invalid Placement of DPA-Disabled Differential I/0s Driven by Both Center PLLs
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Using Both Corner PLLs in Arria Il GX Devices

You can use both corner PLLs to drive DPA-enabled channels simultaneously, if they
drive the channels in their adjacent banks only. There must be at least one row of
separation between the two groups of DPA-enabled channels.

If one of the corner PLLs drives DPA-enabled channels in the upper and lower 1/O
banks, you cannot use the center PLLs. You can use the other corner PLL to drive
DPA-enabled channels in their adjacent bank only. There must be at least one row of
separation between the two groups of DPA-enabled channels.

If the upper corner PLL drives DPA-enabled channels in the lower I/O bank, the
lower corner PLL cannot drive DPA-enabled channels in the upper I/O bank, and vice
versa. In other words, the corner PLLs cannot drive cross-banks simultaneously, as
shown in Figure 8-26.
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Figure 8-26. Corner PLLs Driving DPA-Enabled Differential 1/0s
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Guidelines for DPA-Disabled Differential Channels

Figure 8-27. Corner and Center PLLs Driving DPA-Disabled Differential I/0s in the Same Bank

When you use DPA-disabled channels, you must adhere to the guidelines in the
following sections.

DPA-Disabled Channel Driving Distance

Each PLL can drive all the DPA-disabled channels in the entire bank.

Using Corner and Center PLLs in Arria Il GX Devices

You can use a corner PLL to drive all transmitter channels and you can use a center

PLL to drive all DPA-disabled receiver channels in the same I/O bank. In other

words, you can drive a transmitter channel and a receiver channel in the same LAB
row by two different PLLs, as shown in Figure 8-27.
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A corner PLL and a center PLL can drive duplex channels in the same I/O bank, if the
channels driven by each PLL are not interleaved. No separation is necessary between
the group of channels driven by the corner and center left and right PLLs. Refer to
Figure 8-27 and Figure 8-28.

Figure 8-28. Invalid Placement of DPA-Disabled Differential I/0s Due to Interleaving of Channels
Driven by the Corner and Center PLLs
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Using Both Center PLLs

You can use both center PLLs simultaneously to drive DPA-disabled channels on
upper and lower I/O banks. Unlike DPA-enabled channels, the center PLLs can drive
DPA-disabled channels cross-banks. For example, the upper center PLL can drive the
lower I/0O bank at the same time the lower center PLL is driving the upper I/O bank,
and vice versa, as shown in Figure 8-29.

L=~ Center PLLs are available at the right I/O banks of Arria Il GX devices and the right
and left I/O banks of Arria Il GZ devices.

Figure 8-29. Both Center PLLs Driving Cross-Bank DPA-Disahled Channels Simultaneously
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Using Both Corner PLLs in Arria Il GX Devices

You can use both corner PLLs to drive DPA-disabled channels simultaneously. Both
corner PLLs can drive cross-banks.

You can use a corner PLL to drive all the transmitter channels and you can use the
other corner PLL to drive all DPA-disabled receiver channels in the same I/O bank.

Both corner PLLs can drive duplex channels in the same I/O bank if the channels
driven by each PLL are not interleaved. No separation is necessary between the group
of channels driven by both corner PLLs.

Setting Up an LVDS Transmitter or Receiver Channel

The ALTLVDS megafunction offers you the ease of setting up an LVDS transmitter or
receiver channel. You can control the settings of SERDES and DPA circuitry in the
ALTLVDS megafunction. When you instantiate an ALTLVDS megafunction, the PLL
is instantiated automatically and you can set the parameters of the PLL. This
megafunction simplifies the clocking setup for the LVDS transmitter or receiver
channels. However, the drawback is reduced flexibility when using the PLL.

The ALTLVDS megafunction provides an option for implementing the LVDS
transmitter or receiver interfaces with external PLLs. With this option enabled, you
can control the PLL settings, such as dynamically reconfiguring the PLLs to support
different data rates, dynamic phase shift, and other settings. You also must instantiate
an ALTPLL megafunction to generate the various clock and load enable signals.

For more information about how to control the PLL, SERDES, and DPA block settings,
and detailed descriptions of the LVDS transmitter and receiver interface signals, refer
to the SERDES Transmitter/Receiver (ALTLVDS) Megafunction User Guide.

For more information about the ALTPLL megafunction, refer to the Phase Locked-Loops
(ALTPLL) Megafunction User Guide.

Document Revision History

Table 8-9 lists the revision history for this chapter.

Tahle 8-9. Document Revision History (Part 1 of 2)
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m Updated “Differential Receiver” section.
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m Updated Figure 8-2.
June 2011 4.1 _ )
m Minor text edits.
Updated for the Quartus Il software version 10.1 release:
m Added Arria Il GZ device information.
December 2010 4.0
m Updated Table 8-3 and Table 8-4.
m Updated Figure 8-2.
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Updated Table 8-1 and Table 8-2.
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sections.
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fAil IERA Section Ill. System Integration for Arria Il
= ® Devices

This section provides information about Arria® I device configuration, design
security, remote system upgrades, SEU mitigation, JTAG, and power requirements.
This section includes the following chapters:

m Chapter 9, Configuration, Design Security, and Remote System Upgrades in
Arria II Devices

m Chapter 10, SEU Mitigation in Arria II Devices
m Chapter 11, JTAG Boundary-Scan Testing in Arria II Devices

m Chapter 12, Power Management in Arria II Devices

Revision History

Refer to each chapter for its own specific revision history. For information on when
each chapter was updated, refer to the Chapter Revision Dates section, which appears
in this volume.

July 2012  Altera Corporation Arria Il Device Handbook Volume 1: Device Interfaces and Integration



-2 Section lll: System Integration for Arria Il Devices
Revision History

Arria |l Device Handbook Volume 1: Device Interfaces and Integration July 2012  Altera Corporation



A |:| =/ 9. Configuration, Design Security, and
® Remote System Upgrades in Arria Il
Devices

AlIGX51009-4.3

This chapter describes the supported configuration schemes for Arria® II devices,
instructions for executing the required configuration schemes, and the necessary
option pin settings. This chapter also reviews the different ways you can configure
your device and explains the design security and remote system upgrade features for
Arria II devices.

Arria II devices use SRAM cells to store configuration data. Because SRAM memory is
volatile, you must download configuration data to the Arria II device each time the
device powers up. All configuration schemes use either an external controller (for
example, a MAX® II device or microprocessor), a configuration device, or a download
cable.

This chapter includes the following sections:

m “Configuration Features”

m “Power-On Reset Circuit and Configuration Pins Power Supply” on page 9—4
m “Configuration Process” on page 9-7

m “Configuration Schemes” on page 9-9

m “Fast Passive Parallel Configuration” on page 9-11

|

“AS and Fast AS Configuration (Serial Configuration Devices)” on page 9-19

“PS Configuration” on page 9-26

m “JTAG Configuration” on page 9-33

m “Device Configuration Pins” on page 9-39

m “Configuration Data Decompression” on page 9-46

m “Remote System Upgrades” on page 948

“Remote System Upgrade Mode” on page 9-52

“Dedicated Remote System Upgrade Circuitry” on page 9-55
“Quartus II Software Support” on page 9-60

“Design Security” on page 9-61
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Configuration Devices

Altera® serial configuration devices support single- and multi-device configuration
solutions for Arria II devices. Arria Il GX devices use the active serial (AS)
configuration scheme while Arria II GZ devices use the fast AS configuration scheme.
Serial configuration devices offer a low-cost, low pin-count configuration solution.

For more information about serial configuration devices, refer to the Serial
Configuration Devices (EPCS1, EPCS4, EPCS16, EPCS64, and EPCS128) Datasheet in
volume 2 of the Configuration Handbook.

All minimum timing information stated in this chapter covers the entire Arria II
device family. Some devices may work at less than the minimum timing stated in this
chapter due to process variations.

Configuration Features

Arria II devices offer decompression, design security, and remote system upgrade
features. Arria II devices can receive a compressed configuration bitstream and
decompress this data in real-time, reducing storage requirements and configuration
time. Design security using configuration bitstream encryption protects your designs.
You can make real-time system upgrades from remote locations of your Arria II
designs with the remote system upgrade feature.

Table 9-1 lists the configuration features you can use in each configuration scheme for
Arria II GX devices.

Table 9-1. Configuration Features for Arria Il GX Devices

Gonsféa::;ion Configuration Method Decompression S[:::suirgi;]y Re":,";;r:ﬁtem

FPP MAX Il device or a microprocessor with flash memory v (1) v (1) —

AS Serial configuration device v v/ v (2)

PS MAX Il device or a microprocessor with flash memory v v —
Download cable v v/ —

1TAG MAX Il device or a microprocessor with flash memory — — —
Download cable — — —

Notes to Table 9-1:

(1) Inthese modes, the host system must send a DCLK that is x4 the data rate.
(2) Remote system upgrade is only available in the AS configuration scheme. Local update mode is not supported in the AS configuration scheme.
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Table 9-2 lists the configuration features you can use in each configuration scheme for
Arria I GZ devices.

Table 9-2. Configuration Features for Arria Il GZ Devices

Configuration

Design | Remote System

Scheme Configuration Method Decompression Security Upgrade
FPP MAX 1l device or a microprocessor with flash memory v (1) v (1) —
Fast AS Serial configuration device v v v  (2)
PS MAX |1 device or a microprocessor with flash memory v v/ —

Download cable v v/ —
MAX Il device or a microprocessor with flash memory — — —
JTAG

Download cable — — _

Notes to Table 9-2:
(1) Inthese modes, the host system must send a DCLK that is x4 the data rate.
(2) Remote system upgrade is only available in the fast AS configuration scheme. Local update mode is not supported in the fast AS configuration

scheme.

Refer to the following for the configuration features supported in Arria II devices:

m For more information about the configuration data decompression feature, refer to
“Configuration Data Decompression” on page 9-46.

m  For more information about the remote system upgrade feature, refer to “Remote
System Upgrades” on page 9-48.

m For more information about the design security feature, refer to the “Design
Security” on page 9-61.

m For more information about the parallel flash loader (PFL), refer to Parallel Flash
Loader Megafunction User Guide.

If your system already contains a common flash interface (CFI) flash memory device,
you can also use it for the Arria II device configuration storage. The PFL feature in
MAX I devices provides an efficient method to program CFI flash memory devices
through the JTAG interface and provides the logic to control configuration from the
flash memory device to the Arria II device. Both passive serial (PS) and fast passive
parallel (FPP) configuration modes are supported using this PFL feature.

For more information about programming Altera serial configuration devices, refer to
“Programming Serial Configuration Devices” on page 9-24.
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Power-0On Reset Circuit and Configuration Pins Power Supply

The following sections describe the power-on reset (POR) circuit and the power
supply for the configuration pins.

Power-0n Reset Circuit

The POR circuit keeps the entire system in reset mode until the power supply voltage
levels have stabilized on power-up. After power-up, the device does not release
nSTATUS until the voltage levels are above the POR trip point of the device. Table 9-3
lists the voltages required for power-up in Arria II devices.

Tahle 9-3. Required Voltages for Arria Il Devices

Devices Voltages
Arria Il GX VCCCB! VCCA?PLL! Vcc, VCCPD! and VCClO for 1/0 banks 3C or 8C
Arria Il GZ Ve, Vecaux Veees Veepams and Vegep

On power down for Arria II GX devices, brown-out occurs if V¢ ramps down below
the POR trip point and any of the V¢, Vcpp, or Vecio voltages for I/O banks 3C or
8C drops below the threshold. On power down for Arria II GZ devices, brown-out
occurs if the Ve, Vecauxs Veees, Vecrom, 0r Veepp voltages drops below the
threshold voltage.

In Arria II devices, you can select between a fast POR time or a standard POR time.
For Arria II GX devices, selection depends on the MSEL pin settings. For Arria Il GZ
devices, selection depends on the PORSEL input pin. PORSEL = L is set as standard POR
time. PORSEL = H is set as fast POR time. Fast POR time is 4 ms < Tppog < 12 ms for a
fast configuration time. Standard POR time is 100 ms < Tppg < 300 ms for a lower
power-ramp rate.
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Configuration Pins Power Supply

Table 94 lists the configuration pins for Arria II devices.

Table 9-4. Configuration pins for Arria Il Devices

Devices Configuration Pins

power lines with the regular 1/0 buffer.

All dedicated configuration pins are supplied by V¢ o for I/0 banks 3C and 8C in
which they reside. The supported configuration voltages are 1.8, 2.5, 3.0, and
3.3 V. Use the Vg0 pin for 1/0 banks 3C and 8C to power all the dedicated
configuration inputs, dedicated configuration outputs, and dedicated
configuration bidirectional pins that you used for configuration. With Vg g for
Arria Il GX I/0 banks 3C and 8C, the configuration input buffers do not have to the share

You must power the dual function configuration pins that you used for
configuration with the Vo power supply in which the configuration pins reside.

For more information about the configuration voltage standard applied to the
Vecio power supply, refer to Table 9-6 on page 9-9.

Arria Il GZ

with the regular 1/0 buffer.

All dedicated configuration pins and dual-function pins are supplied by Vecpgu.
The supported configuration voltages are 1.8, 2.5, and 3.0 V. Use the V¢cpgum pin
to power all the dedicated configuration inputs, dedicated configuration outputs,
and dedicated configuration bidirectional pins that you used for configuration.
With Vgepgu, the configuration input buffers do not have to share the power lines

Arria II devices do not support a 1.5-V configuration. The operating voltage for the

configuration input pin is independent of the I/O banks power supply Vccio during

configuration. Therefore, for Arria II devices, you do not require configuration

voltage constraints on Vcio.

«e For more information, refer to the Power Management in Arria Il Devices chapter.

«® For more information about the configuration pins connection recommendations,
refer to the Arria II Device Family Pin Connection Guidelines.

July 2012  Altera Corporation Arria Il Device Handbook Volume 1: Device Interfaces and Integration


http://www.altera.com/literature/dp/arria-ii-gx/PCG-01007.pdf
http://www.altera.com/literature/hb/arria-ii-gx/aiigx_51012.pdf

9-6

Chapter 9: Configuration, Design Security, and Remote System Upgrades in Arria Il Devices
Power-0On Reset Circuit and Configuration Pins Power Supply

Veepp Pins

Arria II devices have a dedicated programming power supply, the Vcpp pins.
Table 9-5 lists the power supply for Arria II devices.

Table 9-5. Power Supply for Arria Il Devices

Devices

Programming Power Supply

Arria Il GX

Veepp Must be connected to 3.3, 3.0, or 2.5 V to power the I/0 pre-drivers,
HSTL/SSTL input buffers, and MSEL[3..0] pins.

Veepo and Vg for 1/0 banks 3C and 8C must ramp up from 0 V to the desired
voltage level within 100 ms when PORSEL is low or 4 ms when PORSEL is high. If
these supplies are not ramped up in this specified time, your Arria Il GX device
will not configure successfully. If the system cannot ramp up the power supplies
within 100 ms or 4 ms, you must hold ncoNr1G low until all the power supplies
are stable.

You must connect Vgepp according to the I/0 standard used in the same bank:
m For 3.3-V I/0 standards, connect Vgepp t0 3.3 V.

m For 3.0-V I/0 standards, connect Vgepp t0 3.0 V.

m For 2.5-V and below I/0 standards, connect Vcpp 10 2.5 V.

Arria Il GZ

Veepp Must be connected to 3.0 or 2.5 V to power the 1/0 pre-drivers and JTAG
I/0 pins (TCK, TMS, TDI, TDO, and TRST).

Veepp and Vggpgm must ramp up from 0 V to the desired voltage level within

100 ms when PORSEL is low or 4 ms when PORSEL is high. If these supplies are
not ramped up in this specified time, your Arria Il GZ device will not configure
successfully. If the system cannot ramp up the power supplies within 100 ms or
4 ms, you must hold nconr1G low until all the power supplies are stable.

Veepp Must be greater than or equal to Vg g of the same bank:

m If the Vg g Of the bank is powered to 3.0 V, Vcpp must be powered up to
3.0V

m If the Vg g Of the bank is powered to 2.5 V or lower, Veepp must be powered
upto2.5V.

For more information about configuration pins power supply, refer to “Device
Configuration Pins” on page 9-39.
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Configuration Process

The following sections describe the general configuration process for FPP, standard
AS, fast AS, and PS schemes.

Power Up

Reset

To begin the configuration process, you must fully power the relevant voltage supply
to the appropriate voltage levels.

For an FPP configuration in Arria II GX devices, the DATA[7. .1] pins are supplied by
Vecio for I/0 bank 6A. You must power up this bank when you use the FPP
configuration. For Arria II GZ devices, the DATA[7..1] pins are powered up by
Vcerom during configuration or by Vcpo if they are used as regular I/Os in user
mode.

After power up, the Arria II device goes through a POR. The POR delay depends on
the MSEL pin settings. During POR, the device resets, holds nSTATUS low, clears the
configuration RAM bits, and tri-states all user I/O pins. After the device successfully
exits POR, all user I/O pins continue to be tri-stated. While nCONFIG is low, the device
is in reset. When the device comes out of reset, nCONFIG must be at a logic-high level in
order for the device to release the open-drain nSTATUS pin. After nSTATUS is released, it
is pulled high by a pull-up resistor and the device is ready to receive configuration
data.

Before and during configuration, all user I/O pins are tri-stated. If nI0_pullup is
driven low during power up and configuration, the user I/O pins and dual-purpose
I/0 pins have weak pull-up resistors, which are on (after POR) before and during
configuration. If nI0_pullup is driven high, the weak pull-up resistors are disabled.

Configuration

nCONFIG and nSTATUS must be at a logic-high level in order for the configuration stage
to begin. The device receives configuration data on its DATA pins and (for synchronous
configuration schemes) the clock source on the DCLX pin. Configuration data is latched
into the FPGA on the rising edge of DCLK. After the FPGA has received all the
configuration data successfully, it releases the CONF_DONE pin, which is pulled high by
a pull-up resistor. A low-to-high transition on CONF_DONE indicates configuration is
complete and initialization of the device can begin.

To ensure DCLK and DATAO are not left floating at the end of configuration, they must be
driven either high or low, whichever is convenient on your board. Use the dedicated
DATA[0] pin for both PS and AS configuration modes. It is not available as a user I/O
pin after configuration.

For FPP and PS configuration schemes, the configuration clock (DCLK) speed must be
below the specified frequency to ensure correct configuration. No maximum DCLK
period exists, which means you can pause the configuration by halting DCLX for an
indefinite amount of time.
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I =

A reconfiguration is initiated by toggling the nCONFIG pin from high to low and then
back to high with a minimum tcgg low-pulse width either in the configuration,
configuration error, initialization, or user mode stage. When nCONFIG is pulled low,
nSTATUS and CONF_DONE are also pulled low and all the I/O pins are tri-stated. After
nCONFIG and nSTATUS return to a logic-high level, configuration begins.

A pull-up or pull-down resistor helps keep the nCONFIG line in a known state when
the external host (a Max® II CPLD or a microcontroller) is not driving the line. For
example, during external host reprogramming or power-up where the I/O driving
nCONFIG may be tri-stated). If a pull-up resistor is added to the nCONFIG line, the FPGA
stays in user mode if the external host is being reprogrammed. If a pull-down resistor
is added to the nCONFIG line, the FPGA goes into reset mode if the external host is
being reprogrammed. Whenever the nCONFIG line is released high, ensure the first
DCLK and DATA are not driven unintentionally.

Altera recommends to keep the nCONFIG line low if the external host or the FPGA is
not ready for configuration.

Configuration Error

If an error occurs during configuration, Arria II devices assert the nSTATUS signal low,
indicating a data frame error; the CONF_DONE signal stays low. If you turn on the
Auto-restart configuration after error option (available in the Quartus II software
from the General tab of the Device and Pin Options dialog box), the Arria II device
resets the configuration device and retries the configuration. If you turn off this
option, the system must monitor nSTATUS for errors and then pulse nCONFIG low to
restart the configuration.

Initialization

I =

In Arria II devices, the initialization clock source is either the internal oscillator or the
optional CLKUSR pin. By default, the internal oscillator is the clock source for
initialization. If you use the internal oscillator, the Arria II device provides itself with
enough clock cycles for proper initialization. Therefore, if the internal oscillator is the
initialization clock source, sending the entire configuration file to the device is
sufficient to configure and initialize the device. Driving DCLK to the device after
configuration is complete does not affect device operation.

You also have the flexibility to synchronize initialization of multiple devices or to
delay initialization with the CLKUSR option. You can turn on the Enable
user-supplied start-up clock (CLKUSR) option in the Quartus II software from the
General tab of the Device and Pin Options dialog box. If you supply a clock on
CLKUSR, it does not affect the configuration process. After all the configuration data is
accepted and CONF_DONE goes high, CLKUSR is enabled after the time specified as
tcpocy- After this time period elapses, Arria II devices require a minimum number of
clock cycles to initialize properly and enter user mode as specified in the tcpyumc
parameter.

Two DCLK falling edges are required after CONF_DONE goes high to begin the
initialization of the device for both uncompressed and compressed bitstream in the
FPP or PS configuration mode.
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User Mode

An optional INIT DONE pin is available, which signals the end of initialization and the
start of user-mode with a low-to-high transition. The Enable INIT_DONE Output
option is available in the Quartus II software from the General tab of the Device and
Pin Options dialog box. If you use the INIT DONE pin, it is high due to an external
10-kQ pull-up resistor when nCONFIG is low and during the beginning of
configuration. After the option bit to enable INIT DONE is programmed into the device
(during the first frame of configuration data), the INIT_DONE pin goes low. When
initialization is complete, the INIT_DONE pin is released and pulled high. When
initialization is complete, the device enters user mode. In user-mode, the user I/O
pins no longer have weak pull-up resistors and function as assigned in your design.

Configuration Schemes

The following sections describe configuration schemes for Arria II devices.

MSEL Pin Settings

Select the configuration scheme by driving the Arria II device MSEL pins either high or
low, as listed in Table 9-6 and Table 9-7. The MSEL input buffers are powered by the
Veerp and Veepam power supplies for Arria II GX and GZ devices, respectively.
Altera recommends hardwiring the MSEL[] pins to Vcepp/ Vecpogm 0r GND. The
MSEL[3..0] pins have 5-kQ internal pull-down resistors that are always active.
During POR and during reconfiguration, the MSEL pins must be at LVTTL Vi and Vi
levels to be considered logic low and logic high, respectively.

To avoid problems with detecting an incorrect configuration scheme, hardwire the
MSEL[] pins to Vcepp/ Vecram 0r GND without pull-up or pull-down resistors. Do not
drive the MSEL [] pins by a microprocessor or another device.

For Figure 9-1 on page 9-12 through Figure 9-30 on page 9—-66, MSEL [n. . 0] represents
MSEL[3..0] for Arria II GX devices and MSEL[2. . 0] for Arria II GZ devices as listed in
Table 9-6 and Table 9-7, respectively.

Table 9-6. Configuration Schemes for Arria Il GX Devices (Part 1 of 2)

Configuration
Configuration Scheme MSEL3 MSEL2 MSEL1 MSELO | POR Delay Voltage
Standard (V) (7)

0 0 0 0 Fast 3.3,3.0,25
FPP

0 1 1 1 Fast 1.8
FPP with design security feature, 0 0 0 1 Fast 3.3,3.0,25
decompression, or both enabled (2) 1 0 0 0 Fast 18

0 0 1 0 Fast 3.3,3.0,25
PS 1 0 0 1 Fast 1.8

1 0 1 0 Standard 3.3,3.0,25

1 0 1 1 Standard 1.8
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Table 9-6. Configuration Schemes for Arria Il GX Devices (Part 2 of 2)

Configuration
Configuration Scheme MSEL3 MSEL2 MSEL1 MSELO | POR Delay Voltage
Standard (V) (7)

0 0 1 1 Fast 3.3

) ) 1 1 0 1 Fast 3.0,25

AS with or without remote system upgrade

1 1 1 0 Standard 3.3

1 1 1 1 Standard 3.0,25
JTAG-based configuration (3) (4) (4) (4) (4) — —

Notes to Tahle 9-6:

M
(2)

@)
(4)

Configuration voltage standard applied to the V¢g 19 power supply in which the configuration pins reside.

These modes are only supported when using a MAX | device or a microprocessor with flash memory for configuration. In these modes, the
host system must output a DCLK that is x4 the data rate.

JTAG-based configuration takes precedence over other configuration schemes, which means the MSEL pin settings are ignored. JTAG-based
configuration does not support the design security or decompression features.

Do not leave the MSEL pins floating. Connect them to Vgepp or GND. These pins support the non-JTAG configuration scheme used in production.
If you only use the JTAG configuration, Altera recommends connecting the MSEL pins to GND.

Table 9-7 lists the configuration schemes for Arria II GZ devices.

Table 9-7. Configuration Schemes for Arria Il GZ Devices

Configuration
Configuration Scheme MSEL2 MSEL1 MSELO POR Delay Voltage

Standard (V)
FPP 0 0 0 Fast/Standard 3.0,25,1.8
PS 0 1 0 Fast/Standard 3.0,2.5,1.8
Fast AS (40 MHz) (1) 0 1 1 Fast/Standard 3.0,2.5,1.8
Remote system upgrade fast AS (40 MHz) (7) 0 1 1 Fast/Standard 3.0,2.5,1.8
z:Eom;)hredsff:)gnnesneactﬂgéy ;ezj““re and/or 0 0 1| FastStandard | 3.0,25,1.8
JTAG-based configuration (3) (4) (4) (4) — —

Notes to Table 9-7:

M

Arria Il GZ devices only support fast AS configuration. You must use either EPCS64 or EPCS128 devices to configure an Arria Il GZ device in
fast AS mode.

These modes are only supported when using a MAX Il device or microprocessor with flash memory for configuration. In these modes, the host
system must output a DCLK that is x4 the data rate.

The JTAG-based configuration takes precedence over other configuration schemes, which means the MSEL pin settings are ignored. The
JTAG-based configuration does not support the design security or decompression features.

Do not leave the MSEL pins floating, connect them to Vegpgw 0r GND. These pins support non-JTAG configuration scheme used in production.
If you only use the JTAG configuration, Altera recommends connecting the MSEL pins to GND.
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Raw Binary File Size

Table 9-8 lists the uncompressed raw binary file (.rbf) configuration file sizes for
Arria II devices.

Table 9-8. Uncompressed .rbf Sizes for Arria Il Devices

Device Data Size (bits)
EP2AGX45 29,599,704
EP2AGX65 29,599,704
EP2AGX95 50,376,968

EP2AGX125 50,376,968
EP2AGX190 86,866,440
EP2AGX260 86,866,440
EP2AGZ225 94,557,472
EP2AGZ300 128,395,584
EP2AGZ350 128,395,584

Use the data in Table 9-8 to estimate the file size before design compilation. Different
configuration file formats, such as a hexidecimal (.hex) or tabular text file (.ttf) format,
have different file sizes. For the different types of configuration file and file sizes, refer
to the Quartus II software. However, for a specific version of the Quartus II software,
any design targeted for the same device has the same uncompressed configuration file
size. If you are using compression, the file size can vary after each compilation
because the compression ratio depends on your design.
“ e For more information about setting device configuration options or creating
configuration files, refer to the Device Configuration Options and Configuration File
Formats chapters in volume 2 of the Configuration Handbook.

Fast Passive Parallel Configuration

FPP configuration in Arria II devices is designed to meet the continuously increasing
demand for faster configuration times. Arria II devices are designed with the
capability of receiving byte-wide configuration data per clock cycle.

You can perform FPP configuration of Arria II devices using an intelligent host such
as a MAX I device or microprocessor.

FPP Configuration Using a MAX Il Device as an External Host

FPP configuration using an external host provides the fastest method to configure
Arria II devices. In this configuration scheme, you can use a MAX II device or
microprocessor as an intelligent host that controls the transfer of configuration data
from a storage device, such as flash memory, to the target Arria II device. You can
store configuration data in .rbf, .hex, or .ttf format. When using the MAX II device or
microprocessor as an intelligent host, a design that controls the configuration process,
such as fetching the data from flash memory and sending it to the device, must be
stored in the MAX II device or microprocessor.
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"=~ If you use the Arria Il decompression and/or design security features, the external
host must send a DCLK frequency that is x4 the data rate.

The x4 DCLK signal does not require an additional pin and is sent on the DCLK pin. The
maximum DCLK frequency is 125 MHz, which results in a maximum data rate of

250 Mbps. For Arria II GX devices, if you are not using the decompression or design
security features, the data rate is x1 the DCLK frequency. For Arria Il GZ devices, if you
are not using the decompression or design security features, the data rate is x8 the
DCLK frequency.

Figure 9-1 shows the configuration interface connections between an Arria II device
and a MAX I device for single device configuration.

Figure 9-1. Single Device FPP Configuration Using an External Host

Memory
1) (1 2,
$ ADDR DATA[7..0] ) @
10 kQY ;0 kil;o kQ Arria Il Device
MSEL[n..0] F==(4)
Bl A P> CONF_DONE
< P nSTATUS
External Host [ | ncE nCEO [—N.C. (3)

(MAX Il Device or GYD
Microprocessor) »| DATAZ.0]

—————@&——P nCONFIG

P DCLK

Notes to Figure 9-1:

(1) Connect the pull-up resistor to a supply that provides an acceptable input signal for the Arria Il device. For Arria Il GX devices, use the Vg o pin.
For Arria Il GZ devices, use the Vgepgm Pin. Vegio/Vocpam Must be high enough to meet the Vyy specification of the 1/0 on both the device and the
external host. Altera recommends powering up the configuration system 1/0s with Vigio/Vecram-

A pull-up resistor to Veeio/Veepam OF @ pull-down resistor keeps the ncONFIG line in a known state when the external host is not driving the line.
You can leave the nCEO pin unconnected or used as a user I/0 pin when it does not feed the nCE pin of the other device.

The MSEL pin settings vary for different configuration voltage standards and POR delay. To connect MSEL [3. . 01for an Arria || GX device, refer to
Table 9-6 on page 9-9. To connect MSEL [2. . 0] for an Arria || GZ device, refer to Table 9—7 on page 9-10.

—_— =
e

L=~  Arria Il devices receive configuration data on the DATA[7..0] pins and the clock is
received on the DCLK pin. Data is latched into the device on the rising edge of DCLK. If
you are using the Arria II decompression, design security, or both features,
configuration data is latched on the rising edge of every first DCLX cycle out of the four
DCLK cycles. Altera recommends keeping the data on DATA[7..0] stable for the next
three clock cycles while the data is being processed. You can only stop DCLK three
clock cycles after the last data is latched.

In Arria II devices, the initialization clock source is either the internal oscillator or the
optional CLKUSR pin. By default, the internal oscillator is the clock source for
initialization. If you use the internal oscillator, the Arria II device provides itself with
enough clock cycles for proper initialization. Therefore, if the internal oscillator is the
initialization clock source, sending the entire configuration file to the device is
sufficient to configure and initialize the device. Driving DCLK to the device after
configuration is complete does not affect device operation.
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You also have the flexibility to synchronize initialization of multiple devices or to
delay initialization with the CLKUSR option. You can turn on the Enable
user-supplied start-up clock (CLKUSR) option in the Quartus II software from the
General tab of the Device and Pin Options dialog box. If you supply a clock on
CLKUSR, it does not affect the configuration process. Arria Il devices support an fyjax of
125 MHz.

Figure 9-2 shows how to configure multiple Arria II devices using a MAX II device.
This circuit is similar to the FPP configuration circuit for a single device, except the
Arria II devices are cascaded for multi-device configuration.

Figure 9-2. Multi-Device FPP Configuration Using an External Host

Memory
1) (1 2
ADDR DATA[7..0] @ @
. ' (1) ) .
10 kQ. g g Arria |l Device 1 Arria Il Device 2
10 kQ 110 kQ
MSEL[n..0] == (3) 10kQ MSEL[N..0] p=== (3)
< - P> CONF_DONE CONF_DONE
<« P nSTATUS P nSTATUS
External Host ? nCE nCEO ® P nCE nCEO (—N.C.
(MAX Il Device or GND
Microprocessor) $-| DATA[7..0] $| DATA[7..0]
P> nCONFIG P> nCONFIG
P> DCLK P> DCLK

Notes to Figure 9-2:

(1) Connect the pull-up resistor to a supply that provides an acceptable input signal for the Arria Il device. For Arria Il GX devices, use the Vego pin.
For Arria Il GZ devices, use the Vecpgm Pin. Vecio/Veopam Must be high enough to meet the Vyy, specification of the 1/0 on both the device and the
external host. Altera recommends powering up the configuration system 1/0s with V¢e0/Vecpam-

(2) A pull-up resistor to Vegio/Vecpam OF @ pull-down resistor keeps the ncoNFIG line in a known state when the external host is not driving the line.

(3) The MSEL pin settings vary for different configuration voltage standards and POR delay. To connect MSEL [3. . 0] for an Arria || GX device, refer to
Table 9-6 on page 9-9. To connect MSEL[2. .0] for an Arria || GZ device, refer to Table 9—7 on page 9-10.

After the first device completes configuration in a multi-device configuration chain,
its nCEO pin drives low to activate the nCE pin of the second device, which prompts the
second device to begin configuration. The second device in the chain begins
configuration in one clock cycle; therefore, the transfer of data destinations is
transparent to the MAX II device or microprocessor. All other configuration pins
(nCONFIG, nSTATUS, DCLK, DATA[7..0], and CONF_DONE) are connected to every device in
the chain. The configuration signals may require buffering to ensure signal integrity
and prevent clock skew problems. Ensure that the DCLK and DATA lines are buffered for
every fourth device. Because all device CONF_DONE pins are tied together, all devices
initialize and enter user mode at the same time.

All nSTATUS and CONF_DONE pins are tied together and if any device detects an error,
configuration stops for the entire chain and you must reconfigure the entire chain. For
example, if the first device flags an error on nSTATUS, it resets the chain by pulling its
nSTATUS pin low. This behavior is similar to a single device detecting an error.
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If a system has multiple devices that contain the same configuration data, tie all
device nCE inputs to GND and leave the nCEO pins floating. All other configuration
pins (nCONFIG, nSTATUS, DCLK, DATA[7..0], and CONF_DONE) are connected to every
device in the chain. Configuration signals may require buffering to ensure signal
integrity and prevent clock skew problems. Ensure that the DCLX and DATA lines are
buffered for every fourth device. Devices must be the same density and package. All
devices start and complete configuration at the same time.

Figure 9-3 shows a multi-device FPP configuration when both Arria II devices are
receiving the same configuration data.

Figure 9-3. Multiple-Device FPP Configuration Using an External Host When Both Devices Receive the Same Data

Memory
ADDR DATA[7..0] @ @ @
10 kO Arria Il Device 1 Arria Il Device 2
10 kQ 10 kQ MSEL[n..0] = (3) MSEL[n..0] == (3)
< P> CONF_DONE CONF_DONE
< B> nSTATUS nCEO |— N.C. g ETAUE nCEO |— N.C
nCE nCE o
External Host 47_ 47_
(MAX 1l Device or GND GND
Mlcroprocessor) | DATA[7..0] | DATA[7..0]
P nCONFIG P nCONFIG
P DCLK P> DCLK

Notes to Figure 9-3:

(1) Connect the pull-up resistor to a supply that provides an acceptable input signal for the Arria Il device. For Arria Il GX devices, use the Vego pin.
For Arria Il GZ devices, use the Vecpgm Pin. Vecio/Veopam Must be high enough to meet the Vyy, specification of the 1/0 on both the device and the
external host. Altera recommends powering up the configuration system 1/0s with V¢e0/Vecpam-

(2) A pull-up resistor to Vegio/Vecpem OF @ pull-down resistor keeps the ncoNFIG line in a known state when the external host is not driving the line.

(3) The MSEL pin settings vary for different configuration voltage standards and POR delay. To connect MSEL [3. . 0] for an Arria || GX device, refer to
Table 9-6 on page 9-9. To connect MSEL[2. .0] for an Arria || GZ device, refer to Table 9—7 on page 9-10.

You can use a single configuration chain to configure Arria II devices with other
Altera devices that support FPP configuration. To ensure that all devices in the chain
complete configuration at the same time, or that an error flagged by one device
initiates reconfiguration in all devices, tie all of the device CONF_DONE and nSTATUS
pins together.
“ e For more information about configuring multiple Altera devices in the same
configuration chain, refer to the Configuring Mixed Altera FPGA Chains chapter in
volume 2 of the Configuration Handbook.

Arria |l Device Handbook Volume 1: Device Interfaces and Integration July 2012  Altera Corporation


http://www.altera.com/literature/hb/cfg/cfg_cf52008.pdf

Chapter 9: Configuration, Design Security, and Remote System Upgrades in Arria Il Devices 9-15
Fast Passive Parallel Configuration

FPP Configuration Timing

Figure 9-4 shows the timing waveform for an FPP configuration when using a
MAXII device as an external host. This waveform shows timing when the
decompression and design security features are not enabled.

Figure 9-4. FPP Configuration Timing Waveform with Decompression and Design Security not Enabled (Note 1), (2)
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Notes to Figure 9-4:

M
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3)
(4)
©
(6)
(7)

Use this timing waveform when you do not use the decompression and design security features.

The beginning of this waveform shows the device in user mode. In user mode, nCONFIG, nSTATUS, and CONF_DONE are at logic-high levels. When
nCONFIG is pulled low, a reconfiguration cycle begins.

After power-up, the Arria Il device holds nsTATUS low for the time of the POR delay.

After power-up, before and during configuration, CONF_DONE is low.

Two DLk falling edges are required after CONF_DONE goes high to begin the initialization of the device.
Do not leave DCLK floating after configuration. You can drive it high or low, whichever is more convenient.

DATA[7..1] are available as user I/0 pins after configuration. The state of these pins depends on the dual-purpose pin settings. For Arria Il GX
devices, DATA[0] is a dedicated pin that is used for both the PS and AS configuration modes and is not available as a user I/0 pin after
configuration. For Arria Il GZ devices, DATA[0] is available as a user 1/0 pin after configuration.
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Table 9-9 lists the timing parameters for Arria II devices for an FPP configuration
when you do not enable the decompression and design security features.

Table 9-9. FPP Timing Parameters for Arria Il Devices with Decompression and Design Security not Enabled
(Note 1)

Symbol Parameter Minimum Maximum Units
terocn nCONFIG low to CONF_DONE low — 800 ns
terosTo nCONFIG low to nSTATUS low — 800 ns
tcre nCONFIG low pulse width 2 — us
tsTATUS nSTATUS low pulse width 10 500 (3) us
terosT1 (2) | nCONFIG high to nSTATUS high — 500 (3) us
terock nCONFIG high to first rising edge on bcLK 500 — us
tsTock nSTATUS high to first rising edge of DCLK 2 — us
tosu Data setup time before rising edge on DCLK 4 — ns
toH Data hold time after rising edge on bcLK 0 (4) — ns
toH DCLK high time 3.2 (4) — ns
toL DCLK low time 3.2 (4) — ns
tok DCLK period 8 — ns
fuax DCLK frequency — 125 MHz
tr Input rise time — 40 ns
t Input fall time — 40 ns
tepoum CONF_DONE high to user mode (5) 55 150 us
tenacu CONF_DONE high to CLKUSR enabled 4&;?;;?321 — —
teooumc CONF_DONE high to user mode with CLKUSR option on ECIE’E%“S; (gsgs d>; — —

Notes to Table 9-9:

(1) Use these timing parameters when you do not enable the decompression and design security features.

(2) This value is applicable if you do not delay configuration by externally holding the nSTATUS low.

(3) You can obtain this value if you do not delay configuration by extending the nCONFIG or nSTATUS low pulse width.
(4)

4) The values listed for tpy, tcy, and te are applicable only for Arria Il GX devices. For Arria || GZ devices, tpy = 1 ns, gy = 3.6 ns, and tg, = 3.6 s,
respectively.

(5) The minimum and maximum numbers apply only if you chose the internal oscillator as the clock source for initializing the device.
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Figure 9-5 shows the timing waveform for an FPP configuration when using a
MAX I device or microprocessor as an external host. This waveform shows timing
when you enable the decompression, the design security features, or both.

Figure 9-5. FPP Configuration Timing Waveform with Decompression or Design Security Enabled (Note 1), (2)
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A’stu oy j o] i
User I/O High-Z cee . X User Mode
INIT_DONE L eee ceo
tepzum

Notes to Figure 9-5:

(1) Use this timing waveform when you use the decompression and/or design security features.

(2) The beginning of this waveform shows the device in user-mode. In user-mode, nCONFIG, nSTATUS, and CONF_DONE are at logic high levels. When
nCONFIG is pulled low, a reconfiguration cycle begins.

After power-up, the Arria Il GX device holds nSTATUS low for the time of the POR delay.
After power-up, before and during configuration, CONF_DONE is low.
Two DLk falling edges are required after CONF_DONE goes high to begin the initialization of the device.

If required, you can pause DCLK by holding it low. When DCLK restarts, the external host must provide data on the DATA[7..0] pins prior to
sending the first DCLK rising edge.

(7) Do not leave DCLK floating after configuration. You can drive it high or low, whichever is more convenient.

(8) DaTA[7..1] are available as user I/0 pins after configuration. The state of these pins depends on the dual-purpose pin settings. For Arria Il GX
devices, DATA[0] is a dedicated pin that is used for both the PS and AS configuration modes and is not available as a user I/0 pin after
configuration. For Arria Il GZ devices, DATA[0] is available as a user 1/0 pin after configuration.

3
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Table 9-10 lists the timing parameters for Arria II devices for an FPP configuration
when you enable the decompression, the design security features, or both.

Table 9-10. FPP Timing Parameters for Arria Il GX Devices with the Decompression or Design Security Features Enabled
(Note 1)

Symbol Parameter Minimum Maximum Units
terocn nCONFIG low t0 CONF_DONE low — 800 ns
terosTo nCONFIG low to nSTATUS low — 800 ns
tcre nCONFIG low pulse width 2 — us
tsTaTUS nSTATUS low pulse width 10 500 (3) us
terost1 (2) | nCONFIG high to nSTATUS high — 500 (3) us
terock nCONFIG high to first rising edge on DCLK 500 — us
tsTock nSTATUS high to first rising edge of DCLK 2 — us
tosu Data setup time before rising edge on DCLK 4 — ns
toH Data hold time after rising edge on bcLK 24 (4) — ns
toH DCLK high time 3.2 (4) — ns
toL DCLK low time 3.2 (4) — ns
tok DCLK period 8 — ns
fuax DCLK frequency — 125 MHz
tpaTA Data rate — 250 Mbps
tr Input rise time — 40 ns
t Input fall time — 40 ns
tepoum CONF_DONE high to user mode (5) 55 150 us
tooacy CONF_DONE high to CLKUSR enabled 4}3’;;'{3;223? — —

tepacy + (8532
tepoumc CONF_DONE high to user mode with CLKUSR option on x CLKUSR — —
period)

Notes to Table 9-10:

(1) Use these timing parameters when you enable the decompression and design security features.

(2) This value is applicable if you do not delay configuration by externally holding the nSTATUS low.

(3) You can obtain this value if you do not delay configuration by extending the nCONFIG or nSTATUS low pulse width.
(4)

4) The values listed for tpy, toy, and tg are applicable only for Arria Il GX devices. For Arria | GZ devices, tpy = 3/(DCLK frequency) + 1,
oy = 3.6 ns, and tg = 3.6 ns, respectively.

(5) The minimum and maximum numbers apply only if you choose the internal oscillator as the clock source for initializing the device.

“ e For more information about setting device configuration options or creating
configuration files, refer to the Device Configuration Options and Configuration File
Formats chapters in volume 2 of the Configuration Handbook.
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AS and Fast AS Configuration (Serial Configuration Devices)

Arria II GX and GZ devices are configured using a serial configuration device in the
AS configuration scheme and the fast AS configuration scheme, respectively. These
configuration devices are low-cost devices with non-volatile memory that feature a
simple four-pin interface and a small form factor. These features make serial
configuration devices an ideal low-cost configuration solution.

For more information about serial configuration devices, refer to the Serial
Configuration Devices (EPCS1, EPCS4, EPCS16, EPCS64, and EPCS128) Data Sheet
chapter in volume 2 of the Configuration Handbook.

Serial configuration devices provide a serial interface to access configuration data.
During device configuration, Arria II devices read configuration data using the serial
interface, decompress data if necessary, and configure their SRAM cells. This scheme
is referred to as the AS configuration scheme because the Arria II device controls the
configuration interface. This scheme contrasts with the PS configuration scheme,
where the configuration device controls the interface.

The Arria II decompression and design security features are available when
configuring your Arria II GX device using AS mode and when configuring your
Arria II GZ device using fast AS mode.

Serial configuration devices have a four-pin interface—serial clock input (DCLK), serial
data output (DAT2), AS data input (ASDI), and an active-low chip select (nCS). This
four-pin interface connects to the Arria II device pins, as shown in Figure 9-6.

Figure 9-6. Single Device AS Configuration

VecioVeeram VecioVecram VecioNoeram
(1) (1) (1)

10 kQ 10 kQ 10 kQ

Serial Configuration

Device Arria Il Device
nSTATUS
CONF_DONE nCEO |—— N.C.
nCONFIG
nCE
GND

DATA DATAO

DCLK <& DCLK

nCs |« nCsO CLKUSR | (3)

ASDI | ASDO MSEL [n..0] s (4)

)
Notes to Figure 9-6:

(1) Connect the pull-up resistors to the Vgeio power supply of bank 3C for Arria Il GX devices and to Vgpgy at a 3.0-V
power supply for Arria [l GZ devices.

(2) Arria Il devices use the ASDO-to-ASDI path to control the configuration device.
(3) Arria Il devices have an option to select CLKUSR (40 MHz maximum) as the external clock source for DCLK.

(4) The MSEL pin settings vary for different configuration voltage standards and POR delay. To connect MSEL [3. . 0] for
an Arria || GX device, refer to Table 9-6 on page 9-9. To connect MSEL [2. . 0] for an Arria Il GZ device, refer to
Table 9-7 on page 9-10.
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1=

The serial clock (DCLK) generated by the Arria II device controls the entire
configuration cycle and provides timing for the serial interface. During the
configuration, Arria II devices use an internal oscillator or an external clock source to
generate DCLK. At the initial stage of the configuration cycle, the Arria Il device
generates a default DCLX (40 MHz maximum) from the internal oscillator to read the
header information of the programming data stored in the EPCS. After the header
information is read from the EPCS, depending on the clock source being selected, the
configuration cycle continues with a slow clock (20 MHz maximum) or a fast clock
(40 MHz maximum) from the internal oscillator or an external clock from CLKUSR
(40 MHz maximum). You can change the clock source option in the Quartus II
software from the Configuration tab of the Device and Pin Options dialog box.

Arria II GZ devices only support fast AS configuration (40 MHz maximum) and do
not support a slow clock.

In AS and fast AS configuration schemes, Arria II devices drive out control signals on
the falling edge of DCLK. The serial configuration device responds to the instructions
by driving out configuration data on the falling edge of DCLX. Then the data is latched
into the Arria II device on the following falling edge of DCLX.

In configuration mode, Arria II devices enable the serial configuration device by
driving the nCS0O output pin low, which connects to the chip select (nCS) pin of the
configuration device. The Arria II device uses the serial clock (DCLK) and serial data
output (ASDO) pins to send operation commands, read address signals, or both, to the
serial configuration device. The configuration device provides data on its serial data
output (DATA) pin, which connects to the DATA0 input of the Arria II devices.

You can configure multiple Arria II devices using a single serial configuration device.
Cascade multiple Arria II devices using the chip-enable (nCE) and chip-enable-out
(nCEO) pins. The first device in the chain must have its nCE pin connected to GND. You
must connect its nCEO pin to the nCE pin of the next device in the chain. When the first
device captures all its configuration data from the bitstream, it drives the nCEO pin
low, enabling the next device in the chain. You must leave the nCEO pin of the last
device unconnected. The nCONFIG, nSTATUS, CONF_DONE, DCLK, and DATAO pins of each
device in the chain are connected (refer to Figure 9-7).

The first Arria II device in the chain is the configuration master and controls
configuration of the entire chain. You must connect its MSEL pins to select the AS
configuration scheme. The remaining Arria II devices are configuration slaves. You
must connect their MSEL pins to select the PS configuration scheme. Any other Altera
device that supports PS configuration can also be part of the chain as a configuration
slave.

Arria |l Device Handbook Volume 1: Device Interfaces and Integration July 2012  Altera Corporation



Chapter 9: Configuration, Design Security, and Remote System Upgrades in Arria Il Devices

9-21

AS and Fast AS Configuration (Serial Configuration Devices)

Figure 9-7 shows the pin connections for the multi-device AS configuration.

Figure 9-7. Multi-Device AS Configuration

VeaioVeeram VecioVeoram VecioVocram

(1) (1) (1)
10 kQ 10 kQ 10 kQ
Serial Configuration ] ]
Device Arria || Device Master Arria Il Device Slave
nSTATUS nSTATUS
CONF_DONE CONF_DONE nCEO —— N.C.
nCONFIG nCONFIG
tr nCE Veeoio/Neeram (1)
GND 10 kQ
DATA P> DATA[0]
DCLK DCLK nCEO ® »| nce
nCS |« nCSO CLKUSR —(2) DATAI0]
- MSEL [n..0] == (3)
ASDI |« ASDO  MSEL [n..0] 3 DCLK

Notes to Figure 9-7:
Connect the pull-up resistors to the Vgg o power supply of the I/0 bank 3C for Arria Il GX devices and to Veepgy at a 3.0-V power supply for

M

Arria Il GZ devices.
Arria Il devices have an

—

Buffers (4)

option to select GLKUSR (40 MHz maximum) as the external clock source for DCLX.

The MSEL pin settings vary for different configuration voltage standards and POR delay. To connect MSEL [3. . 0] for an Arria || GX device, refer to

Table 9-6 on page 9-9.

To connect MSEL [2. . 0] for an Arria |l GZ device, refer to Table 9-7 on page 9-10.

Connect the repeater buffers between the Arria | master and slave devices for DATA [0] and DCLX. This is to prevent any potential signal integrity
and clock skew problems.

July 2012  Altera Corporation

The timing parameters for AS mode are not listed here because the tcpcp, tcrsto ter,
tstatus, tcrsti, and teppum timing parameters are identical to the timing parameters
for PS mode listed in Table 9-12 on page 9-29.

As shown in Figure 9-7, the nSTATUS and CONF_DONE pins on all target devices are
connected together with external pull-up resistors. These pins are open-drain
bidirectional pins on the devices. When the first device asserts nCEO (after receiving all
its configuration data), it releases its CONF_DONE pin. But the subsequent devices in the
chain keep this shared CONF_DONE line low until they have received their configuration
data. When all target devices in the chain have received their configuration data and
have released CONF_DONE, the pull-up resistor drives a high level on this line and all
devices simultaneously enter initialization mode.

While you can cascade Arria II devices, you cannot cascade or chain together serial
configuration devices.
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If the configuration bitstream size exceeds the capacity of a serial configuration
device, you must select a larger configuration device, enable the compression feature,
or both. When configuring multiple devices, the size of the bitstream is the sum of the
configuration bitstreams of the individual devices.

A system may have multiple devices that contain the same configuration data. In AS
chains, you can implement this by storing one copy of the SRAM object file (.sof) in
the serial configuration device. The same copy of the .sof configures the master

Arria II device and all remaining slave devices concurrently. All Arria II devices must
be the same density and package.

To configure four identical Arria II devices with the same .sof, you can set up the
chain similar to the example shown in Figure 9-8. The first device is the master device
and its MSEL pins must be set to select AS configuration. The other three slave devices
are set up for concurrent configuration and their MSEL pins must be set to select PS
configuration. The nCE input pins from the master and slave are connected to GND,
and the DATA and DCLK pins connect in parallel to all four devices. During the
configuration cycle, the master device reads its configuration data from the serial
configuration device and transmits the configuration data to all three slave devices,
configuring all of them simultaneously.

Figure 9-8 shows the multi-device AS configuration when the devices receive the
same data using a single .sof.

Figure 9-8. Multi-Device AS Configuration When the Devices Receive the Same Data Using a Single .sof

Notes to Figure 9-8:

Arria ll
Device Slave

nSTATUS|
CONF_DONE  nCEO [——N.C.
nNCONFIG
VecioVeeram VecioVecram VecioVocram | nCE
(1) (1)
10ke =10k2 =10k —»| DATAW]
»| DCLK MSEL[n. O] e (2)
Serial Configuration Artia Il Artia Il
Device Device Master Device Slave
L[ nstatus nSTATUS!
CONF_DONE CONF_DONE  nCEO |——N.C.
nCONFIG NCONFIG
nCE nCEO [-N.C. nCE
N
ND
GND G
DATA > DATAO ®—»- DATA[0]
DCLK (¢ DCLK N » DCLK
L8| o £8 ﬁ::f[sﬂo] ((zj @
N, Q] | —
ASDI | ASDO MSELIn.0]
Aria l
Device Slave
nSTATUS
CONF_DONE  nCEO [——N.C
NCONFIG
»| nCE
Buffers (4) 2
»| DATA)
| DCLK MSEL[N..0] | (2)

(1) Connect the pull-up resistors to the Vg0 power supply of I/0 bank 3C for Arria Il GX devices and to Vggpgy at a 3.0-V power supply for Arria || GZ

devices.

(2) The MSEL pin settings vary for different configuration voltage standards and POR delay. To connect MSEL [3. . 0]for an Arria |l GX device, refer to
Table 9-6 on page 9-9. To connect MSEL [2. .0] for an Arria || GZ device, refer to Table 9—7 on page 9-10.

(3) Arria Il devices have an option to select CLKUSR (40 MHz maximum) as the external clock source for DCLK.

(4) Connect the repeater buffers between the Arria Il master and slave devices for DATA [0] and DCLK. This is to prevent any potential signal integrity
and clock skew problems.

Arria |l Device Handbook Volume 1: Device Interfaces and Integration July 2012  Altera Corporation



Chapter 9: Configuration, Design Security, and Remote System Upgrades in Arria Il Devices 9-23
AS and Fast AS Configuration (Serial Configuration Devices)

Guidelines for Connecting Serial Configuration Device to Arria Il Devices
on an AS Interface

For single- and multi-device AS configurations, the board trace length and loading
between the supported serial configuration device and the Arria II devices must
follow the recommendations listed in Table 9-11.

Table 9-11. Maximum Trace Length and Loading for the AS Configuration in Arria Il Devices

Maximum Board Trace Length from
Arria Il Device AS Pins the Arria Il Device to the Serial Maximum Board Load (pF)
Configuration Device (Inches)

DCLK 10 15
DATA [0] 10 30
nCsO 10 30
ASDO 10 30

Estimating the AS Configuration Time

AS configuration time is dominated by the time it takes to transfer data from the serial
configuration device to the Arria II device. This serial interface is clocked by the
Arria II DCLK output (generated from an internal oscillator or an option to select
CLKUSR as external clock source). Arria II devices support DCLK up to 40 MHz

(25 ns).

Therefore, you can estimate the minimum configuration time as the following;:

RBEF Size x (minimum DCLK period / 1 bit per DCLK cycle) = estimated minimum
configuration time.

Enabling compression reduces the amount of configuration data that is transmitted to
the Arria II device, which also reduces configuration time. On average, compression
reduces configuration time, depending on your design.
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Programming Serial Configuration Devices

Serial configuration devices are non-volatile, flash-memory-based devices. You can
program these devices in-system using an USB-Blaster™, EthernetBlaster,
EthernetBlaster II, or ByteBlaster™ II download cables. Alternatively, you can
program them using a microprocessor with the SRunner software driver.

To gain control of the serial configuration device pins, hold the nCONFIG pin low and
pull the nCE pin high. This causes the device to reset and tri-state the AS configuration
pins.

You can perform in-system programming of serial configuration devices using the
conventional AS programming interface or JTAG interface solution.

Because serial configuration devices do not support the JTAG interface, the
conventional method to program them is using the AS programming interface. The
configuration data used to program serial configuration devices is downloaded using
programming hardware.

During in-system programming, the download cable disables device access to the AS
interface by driving the nCE pin high. Arria II devices are also held in reset mode by a
low level on nCONFIG. After programming is complete, the download cable releases
nCE and nCONFIG, allowing the pull-down and pull-up resistors to drive GND and
logic high.

Altera has developed the serial flash loader (SFL); an in-system programming
solution for serial configuration devices using the JTAG interface. This solution
requires the Arria II device to be a bridge between the JTAG interface and the serial
configuration device.

For more information about SFL, refer to AN 370: Using the Serial FlashLoader with
Quartus II Software.

For more information, refer to the following:

m  ByteBlaster 1l Download Cable User Guide
m EthernetBlaster Communications Cable User Guide
m EthernetBlaster II Communications Cable User Guide

m USB-Blaster Download Cable User Guide
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Figure 9-9 shows the download cable connections to the serial configuration device.

Figure 9-9. In-System Programming of Serial Configuration Devices

VeeioNeeram VecioVeeram Vecio/Neepam
1M ) (1)

10k Z 10k 10 kQ
Arria Il Device
CONF_DONE
nSTATUS nCEO —— N.C.
Serial nCONFIG
Configuration
Device
g nCE
% 10 kQ
DATA = »{ DATAO
DCLK | DCLK
nCs |l nCSO CLKUSR = (2)
ASDI < ASDO MSEL[n..0] e (3)
Pin 1 3.3V (4)
|
USB-Blaster or ByteBlaser 11

(AS Mode)
10-Pin Male Header

Notes to Figure 9-9:

(1) Connect the pull-up resistors to the Vg 1o power supply of the I/0 bank 3C for Arria Il GX devices and to Vgepgy at a
3.0-V power supply for Arria Il GZ devices.

(2) Arria Il devices have an option to select CLKUSR (40 MHz maximum) as the external clock source for DCLK.

(3) The MSEL pin settings vary for different configuration voltage standards and POR delay. To connect MSEL (3. . 0] for

an Arria Il GX device, refer to Table 9-6 on page 9-9. To connect MSEL [2. . 0] for an Arria || GZ device, refer to
Table 9-7 on page 9-10.

(4) Power up the USB-ByteBlaster, ByteBlaster Il, EthernetBlaster, or EthernetBlaster Il cable’s Vegrpar) With Vegig 3.3 V
for Arria Il GX device and Vecpgw 3.0 V for Arria Il GZ device.

You can program serial configuration devices with the Quartus II software using the
Altera programming hardware and the appropriate configuration device
programming adapter.

In production environments, you can program serial configuration devices using
multiple methods. You can use Altera programming hardware or other third-party
programming hardware to program blank serial configuration devices before they are
mounted onto PCBs. Alternatively, you can use an on-board microprocessor to
program the serial configuration device in-system using C-based SRunner software
drivers provided by Altera.

You can program a serial configuration device in-system by an external
microprocessor using SRunner. SRunner is a software driver developed for embedded
serial configuration device programming, which can be easily customized to fit in
different embedded systems. SRunner is able to read a raw programming data file
(.rpd) and write to serial configuration devices. The serial configuration device
programming time using SRunner is comparable to the programming time with the
Quartus II software.
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For more information about SRunner, refer to AN 418: SRunner: An Embedded Solution
for EPCS Programming and the source code on the Altera website.

For more information about programming serial configuration devices, refer to the
Serial Configuration Devices (EPCS1, EPCS4, EPCS16, EPCS64, and EPCS128) Data Sheet
chapter in volume 2 of the Configuration Handbook.

PS Configuration

=5

You can program a PS configuration of Arria II devices using an intelligent host, such
as a MAX II device or microprocessor with flash memory, or a download cable. In the
PS scheme, an external host (a MAX II device, embedded processor, or host PC)
controls configuration. Configuration data is clocked into the target Arria II device
using the DATAO pin at each rising edge of DCLK.

The Arria II decompression and design security features are available when
configuring your Arria II device using PS mode.

PS Configuration Using a MAX Il Device as an External Host

In this configuration scheme, you can use a MAX II device as an intelligent host that
controls the transfer of configuration data from a storage device, such as flash
memory, to the target Arria II device. You can store configuration data in .rbf, .hex, or
ttf format.

Figure 9-10 shows the configuration interface connections between an Arria II device
and a MAX I device for single device configuration.

Figure 9-10. Single Device PS Configuration Using an External Host

Notes to Figure 9-10:

(1) Connect the pull-up resistor to a supply that provides an acceptable input signal for the Arria Il device. For Arria Il GX devices, use the V¢ g pin.
For Arria Il GZ devices, use the Veepgm PIn. Veeio/Vecpem Must be high enough to meet the V) specification of the I/0 on both the device and the
external host. Altera recommends powering the configuration system 1/0s with Vgei0/Vocpam-

(2) A pull-up resistor to Vgeio/Vecpam OF @ pull-down resistor keeps the nCONFIG line in a known state when the external host is not driving the line.

(3) The MSEL pin settings vary for different configuration voltage standards and POR delays. To connect MSEL [3. . 0] for an Arria Il GX device, refer
to Table 9-6 on page 9-9. To connect MSEL [2. . 0] for an Arria Il GZ device, refer to Table 9—7 on page 9-10.

(4) The ncEO pin can be left unconnected or used as a user 1/0 pin when it does not feed the nCE pin of the other device.

Memory
ADDR  DATA[0] a @ @
10 kQ Arria |l Device
; 10 kQ 10 kQ
MSEL[N..0] |smm (3)
< ® P>| CONF_DONE
< P nSTATUS
External Host <7—> nCE
(MAX 11 Device or GND nCEO —N.C. (4)
Mi _
icroprocessor) |
| nCONFIG
P DCLK
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The Arria II device receives configuration data on the DATA0 pin and the clock is
received on the DCLK pin. Data is latched into the device on the rising edge of DCLK. If
you are using configuration data in .rbf, .hex, or .ttf format, you must send the LSB of
each data byte first. For example, if the .rbf contains the byte sequence

02 1B EE 01 FA, the serial bitstream you must transmit to the device is

0100-0000 1101-1000 0111-0111 1000-0000 0101-1111.

Figure 9-11 shows how to configure multiple devices using an external host. This
circuit is similar to the PS configuration circuit for a single device, except the Arria II
devices are cascaded for multi-device configuration.

Figure 9-11. Multi-Device PS Configuration Using an External Host

External Host
(MAX Il Device or
Microprocessor)

1) (1 2
$ ADDR  DATA[0] @ @
10 kO g g Arria Il Device 1 (1) Artia Il Device 2
10 kQ J10 kQ MSEL[n..0] f=(3) MSEL(N..0] [rmmmmm(3)
0kQ
< ° P> CONF_DONE P> CONF_DONE
< | NSTATUS P nSTATUS nCEO |[—N.C.
F’ NnCE nCEO ® P nCE
GND
| DATA[0] P DATA[0]
P> NnCONFIG P> nCONFIG
P DCLK DCLK

Notes to Figure 9-11:

(1) Connect the pull-up resistor to a supply that provides an acceptable input signal for the Arria Il device. For Arria Il GX devices, use the Vggg pin.
For Arria Il GZ devices, use the Vecpgm Pin. Veeio/Vecpam Must be high enough to meet the V,y specification of the 1/0 on both the device and the
external host. Altera recommends powering up the configuration system 1/0s with Viecio/Vecpam-

(2) A pull-up resistor to Vgeio/Vecpam OF @ pull-down resistor keeps the nCONFIG line in a known state when the external host is not driving the line.

(3) The MSEL pin settings vary for different configuration voltage standards and POR delay. To connect MSEL [3. . 0]for an Arria |l GX device, refer to
Table 9-6 on page 9-9. To connect MSEL[2. . 0] for an Arria || GZ device, refer to Table 9—7 on page 9-10.

July 2012  Altera Corporation

In Arria II devices, the initialization clock source is either the internal oscillator or the
optional CLKUSR pin. By default, the internal oscillator is the clock source for
initialization. If you use the internal oscillator, the Arria II device provides itself with
enough clock cycles for proper initialization. Therefore, if the internal oscillator is the
initialization clock source, sending the entire configuration file to the device is
sufficient to configure and initialize the device. Driving DCLK to the device after
configuration is complete does not affect device operation.

You also have the flexibility to synchronize initialization of multiple devices or to
delay initialization with the CLKUSR option. You can turn on the Enable
user-supplied start-up clock (CLKUSR) option in the Quartus II software from the
General tab of the Device and Pin Options dialog box. If you supply a clock on
CLKUSR, it does not affect the configuration process. Arria II devices support fy;ax of
125 MHz.
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After the first device completes configuration in a multi-device configuration chain,
its nCEO pin drives low to activate the second device’s nCE pin, which prompts the
second device to begin configuration. The second device in the chain begins
configuration in one clock cycle. Therefore, the transfer of data destinations is
transparent to the MAX II device or microprocessor. All other configuration pins
(nCONFIG, nSTATUS, DCLK, DATAO, and CONF_DONE) are connected to every device in the
chain. Configuration signals can require buffering to ensure signal integrity and
prevent clock skew problems. Ensure that the DCLK and DATA lines are buffered for
every fourth device. Because all device CONF_DONE pins are tied together, all devices
initialize and enter user mode at the same time.

Because all nSTATUS and CONF_DONE pins are tied together, if any device detects an
error, configuration stops for the entire chain and you must reconfigure the entire
chain. For example, if the first device flags an error on nSTATUS, it resets the chain by
pulling its nSTATUS pin low. This behavior is similar to a single device detecting an
error.

In your system, you can have multiple devices that contain the same configuration
data. To support this configuration scheme, all device nCE inputs are tied to GND,
while the nCEO pins are left floating. All other configuration pins (nCONFIG, nSTATUS,
DCLK, DATAO, and CONF_DONE) are connected to every device in the chain. Configuration
signals can require buffering to ensure signal integrity and prevent clock skew
problems. Ensure that the DCLK and DATA lines are buffered for every fourth device.
Devices must be the same density and package. All devices start and complete
configuration at the same time.

Figure 9-12 shows a multi-device PS configuration when both Arria II devices are
receiving the same configuration data.

Figure 9-12. Multiple-Device PS Configuration When Both Devices Receive the Same Data

Memory

a a2

- ADDR  DATA[0]
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- c P CONF_DONE P> CONF_DONE
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nCE
' \Va > nCEO — N.C. vali nCEO [— N.C.
(MAX Il Device or GND G

$>| DATA[0] DATA[0]

P nCONFIG nCONFIG

P DCLK DCLK

Notes to Figure 9-12:

;VV °

(1) Connect the pull-up resistor to a supply that provides an acceptable input signal for the Arria Il device. For Arria Il GX devices, use the Vggg pin.
For Arria Il GZ devices, use the Vecpgm Pin. Vecio/Vecpem Must be high enough to meet the V,y specification of the 1/0 on both the device and the
external host. Altera recommends powering up the configuration system 1/0s with V¢¢0/Vecpam-

(2) A pull-up resistor to Vggio/Vecpaw OF @ pull-down resistor keeps the nCONFIG line in a known state when the external host is not driving the line.

(3) The MSEL pin settings vary for different configuration voltage standards and POR delays. To connect MSEL [3. . 0] for an Arria Il GX device, refer
to Table 9-6 on page 9-9. To connect MSEL [2. . 0] for an Arria Il GZ device, refer to Table 9—7 on page 9-10.
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PS Configuration Timing

Figure 9-13 shows the timing waveform for a PS configuration when using a MAX II
device or microprocessor as an external host.

Figure 9-13. PS Configuration Timing Waveform (Note 1)
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INIT_DONE I— oo oo
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Notes to Figure 9-13:

(1) The beginning of this waveform shows the device in user mode. In user mode, nCONFIG, nSTATUS, and CONF_DONE are at logic high levels. When

nCONFIG is pulled low, a reconfiguration cycle begins.
2
3) After power-up, before and during configuration, CONF_DONE is low.
5
6

After power-up, the Arria Il device holds nSTATUS low for the time of the POR delay.

configuration. For Arria Il GZ devices, DATA[0] is available as a user 1/0 pin after configuration.

Do not leave DCLx floating after configuration. You can drive it high or low, whichever is more convenient.

)
@)
(4) Two DcLK falling edges are required after CONF_DONE goes high to begin initialization of the device.
©)
(6) ForArria Il GX devices, DATA [0]is a dedicated pin that is used for both PS and AS configuration modes and is not available as a user I/0 pin after

Table 9-12 lists the timing parameters for Arria II devices for PS configuration.

Table 9-12. PS Timing Parameters for Arria Il Devices (Part 1 of 2)

Symbol Parameter Minimum Maximum Units
terocn nCONFIG low to CONF_DONE low — 800 ns
terosTo nCONFIG low t0 nSTATUS low — 800 (2) ns
tere nCONFIG low pulse width — us
tsTatUS nSTATUS low pulse width 10 500 (2) us
t%s“ nCONFTG high to nSTATUS high — 500 (2) us
terock nCONFIG high to first rising edge on DCLK 500 — us
tsTock nSTATUS high to first rising edge of DCLK — us
tosu Data setup time before rising edge on DCLK — ns
tonH Data hold time after rising edge on DCLK — ns
teH DCLK high time 3.2 — ns
toL DCLK low time 3.2 — ns
tok DCLK period 8 — ns
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Table 9-12. PS Timing Parameters for Arria Il Devices (Part 2 of 2)
Symbol Parameter Minimum Maximum Units
fuax DCLK frequency — 125 MHz
tr Input rise time — 40 ns
t Input fall time — 40 ns
tepoum CONF_DONE high to user mode (3) 55 150 us
. 4 x maximum
tepacu CONF_DONE high to cLKUSR enabled DCLK period — —
. . , tepacy + (8932 _ _
topoumc CONF_DONE high to user mode with CLKUSR option on CLKUSR period)

Notes to Table 9-12:
(1) This value is applicable if you do not delay configuration by externally holding the nSTATUS low.

(2) This value is applicable if you do not delay configuration by extending the nCONFIG or nSTATUS low pulse width.

(3) The minimum and maximum numbers apply only if you choose the internal oscillator as the clock source for initializing the device.

For more information about device configuration options and how to create
configuration files, refer to the Device Configuration Options and Configuration File
Formats chapters in volume 2 of the Configuration Handbook.

PS Configuration Using a Download Cable

=

In this section, the generic term “download cable” includes the Altera USB-Blaster
USB port download cable, ByteBlaster 1I parallel port download cable,
EthernetBlaster download cable, and EthernetBlaster II download cable.

In a PS configuration with a download cable, an intelligent host (such as a PC)
transfers data from a storage device to the Arria II device using the download cable.

During configuration, the programming hardware or download cable places the
configuration data one bit at a time on the device’s DATA0 pin. The configuration data
is clocked into the target device until CONF_DONE goes high.

When using a download cable, setting the Auto-restart configuration after error
option does not affect the configuration cycle because you must manually restart the
configuration in the Quartus II software when an error occurs. Additionally, the
Enable user-supplied start-up clock (CLKUSR) option has no affect on the device
initialization because this option is disabled in the .sof when programming the device
using the Quartus II programmer and download cable. Therefore, if you turn on the
CLKUSR option, you are not required to provide a clock on the CLKUSR pin when you
are configuring the device with the Quartus II programmer and a download cable.
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Figure 9-14 shows a PS configuration for Arria II devices using a USB-Blaster,
EthernetBlaster, EthernetBlaster II, or ByteBlaster II cable.

Figure 9-14. PS Configuration Using a USB-Blaster, EthernetBlaster, EthernetBlaster Il, or ByteBlaster Il Cahle

VecioVeeram  Veoio/Vecram VeeioVecram Vecio/Vecram
(1) (1 1) (1)
%10"9 %10‘@ Arria Il Device 10kQ S10kQ
2) 3
VeoioVooran CONF_DONE
celo jyerd nSTATUS
10 kQ
2
(3) m=== MSEL[n..0]
r nCE nCEO — N.C. Download Cable
b 10-Pin Male Header
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O BH Vi@
O O

6 0

Shield
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Notes to Figure 9-14:

(1) Connect the pull-up resistor to the same supply voltage, Vo for Arria [| GX devices or Veepgy for Arria Il GZ devices as the USB-Blaster,
EthernetBlaster, EthernetBlaster Il, or ByteBlaster Il cable.

(2) You only need the pull-up resistors on DaTA0 and DCLK if the download cable is the only configuration scheme used on your board. This ensures
that DATA0 and DCLK are not left floating after configuration. For example, if you are also using a configuration device, you do not need the pull-up
resistors on DATAO and DCLK.

(3) The MSEL pin settings vary for different configuration voltage standards and POR delays. To connect MSEL [3. . 0] for an Arria Il GX device, refer
to Table 9-6 on page 9-9. To connect MSEL [2. . 0] for an Arria Il GZ device, refer to Table 97 on page 9-10.

(4) Inthe USB-Blaster and ByteBlaster I cables, this pin is connected to nCE when it is used for AS programming; otherwise, it is a no connect.

You can use a download cable to configure multiple Arria II devices by connecting the
nCEO pin of each device to the nCE pin of the subsequent device. The nCE pin of the first
device is connected to GND, while its nCEO pin is connected to the nCE of the next
device in the chain. The nCE input of the last device comes from the previous device,
while its nCEO pin is left floating. All other configuration pins (nCONFIG, nSTATUS, DCLK,
DATA0, and CONF_DONE) are connected to every device in the chain. Because all
CONF_DONE pins are tied together, all devices in the chain initialize and enter user mode
at the same time.

In addition, because the nSTATUS pins are tied together, the entire chain halts
configuration if any device detects an error. The Auto-restart configuration after
error option does not affect the configuration cycle because you must manually restart
configuration in the Quartus II software when an error occurs.
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Figure 9-15 shows how to configure multiple Arria II devices with a download cable.

Figure 9-15. Multi-Device PS Configuration Using a USB-Blaster, EthernetBlaster, EthernetBlaster Il, or ByteBlaster Il
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Notes to Figure 9-15:

(1) Connect the pull-up resistor to the same supply voltage, Vo for Arria [l GX devices or Veepgy for Arria Il GZ devices as the USB-Blaster,
EthernetBlaster, EthernetBlaster II, or ByteBlaster Il cable.
(2) You only need the pull-up resistors on bAaTA0 and DCLK if the download cable is the only configuration scheme used on your board. This ensures
that DATAO and DCLK are not left floating after configuration. For example, if you are also using a configuration device, you do not need the pull-up
resistors on DATA0 and DCLK.
(3) The MSEL pin settings vary for different configuration voltage standards and POR delays. To connect MSEL [3. . 0] for an Arria Il GX device, refer
to Table 9-6 on page 9-9. To connect MSEL [2. . 0] for an Arria Il GZ device, refer to Table 97 on page 9-10.

(4) Inthe USB-Blaster and ByteBlaster Il cables, this pin is connected to nCE when it is used for AS programming; otherwise, it is a no connect.

e For more information about how to use the USB-Blaster, ByteBlaster 1II,

EthernetBlaster, or EthernetBlaster II cables, refer to the following user guides:

ByteBlaster I Download Cable User Guide
EthernetBlaster Communications Cable User Guide
EthernetBlaster II Communications Cable User Guide

USB-Blaster Download Cable User Guide
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=

JTAG has developed a specification for boundary-scan testing. This boundary-scan
test (BST) architecture offers the capability to efficiently test components on PCBs
with tight lead spacing. The BST architecture can test pin connections without using
physical test probes and capture functional data while a device is operating normally.
You can also use JTAG circuitry to shift configuration data into the device. The
Quartus II software automatically generates .sofs that you can use for JTAG
configuration with a download cable in the Quartus II software programmer.

For more information about JTAG boundary-scan testing and commands available
using Arria II devices, refer to the following documents:

m JTAG Boundary-Scan Testing in Arria II Devices chapter
m  Programming Support for Jam STAPL Language

Arria II devices are designed such that JTAG instructions have precedence over any
device configuration modes. Therefore, JTAG configuration can take place without
waiting for other configuration modes to complete. For example, if you attempt JTAG
configuration of Arria Il devices during PS configuration, PS configuration is
terminated and JTAG configuration begins.

You cannot use the Arria II decompression or design security features if you are
configuring your Arria II device using JTAG-based configuration.

A device operating in JTAG mode uses four required pins, TDI, TDO, TMS, and TCK, and
one optional pin, TRST. The TCK pin has an internal weak pull-down resistor, while the
TDI, TMS, and TRST pins have weak internal pull-up resistors (typically 25 kQ ). All the
JTAG pins are powered by the V¢cjo power supply of I/O bank 8C for Arria II GX
devices and 2.5-V/3.0-V Vcpp power supply for Arria II GZ devices. All the JTAG
pins support only the LVTTL I/O standard.

All user I/O pins are tri-stated during JTAG configuration. Table 9-13 lists the
function of each JTAG pin.

For more information about how to connect a JTAG chain with multiple voltages
across the devices in the chain, refer to the [TAG Boundary-Scan Testing in Arria 11
Devices chapter.

Table 9-13. JTAG Pins Signals (Part 1 of 2)

Pin . -
Name Pin Type Description
Test data Serial input pin for instructions as well as test and programming data. Data is shifted in on the
DI inout rising edge of Tck. If the JTAG interface is not required on your board, you can disable the JTAG
p circuitry by connecting this pin to logic high.
Serial data output pin for instructions as well as test and programming data. Data is shifted out on
D0 Test data the falling edge of Tck. The pin is tri-stated if data is not being shifted out of the device. If the
output JTAG interface is not required on your board, you can disable the JTAG circuitry by leaving this pin
unconnected.
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Table 9-13. JTAG Pins Signals (Part 2 of 2)

NI;::e Pin Type Description
Input pin that provides the control signal to determine the transitions of the TAP controller state
Test mode n_1aphine. TMS iS evaluateq.on the. riging edge of TCK..Therefore, you mus_t set up TMs before the
™S select rising edge of Tck. Transitions within the state machine occur on the falling edge of Tck after the
signal is applied to TMs. If the JTAG interface is not required on your board, you can disable the
JTAG circuitry by connecting this pin to logic high.
Test clock Clock input to the BST circui.try. Somg operati0n§ occur at the rising edge, Wh!le others occur at
TCK input the falling edge. If the JTAG interface is not required on your board, you can disable the JTAG
circuitry by connecting Tck to GND.
Test reset Active-low input to asynchronously reset the boundary-scan circuit. The TRST pin is optional
TRST input according to the IEEE Std. 1149.1 standard. If the JTAG interface is not required on your board,
(1) . you can disable the JTAG circuitry by connecting the TRST pin to GND. One k< pull-up resistor to
(optional) Voo | .
cepp if you do not use the TRST pin.

Note to Table 9-13:
(1) The TRST pin is only available for Arria Il GZ devices.

During JTAG configuration, you can download data to the device on the PCB through
the USB-Blaster, ByteBlaster II, EthernetBlaster, or EthernetBlaster II download cable.

Figure 9-16 shows the JTAG configuration of a single Arria II device.

Figure 9-16. JTAG Configuration of a Single Device Using a Download Cable
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Notes to Figure 9-16:

(1) Connect the pull-up resistors to the Vg0 power supply of I/0 bank 3C for Arria Il GX devices and to Vgcpgy (1.8-V, 2.5-V or 3.0-V) power supply
for Arria Il GZ devices.

(2) Connect the pull-up resistor to the same supply voltage, Vo for Arria [l GX devices or Veepp for Arria Il GZ devices as the USB-Blaster,
ByteBlaster II, EthernetBlaster, or EthernetBlaster I cable.

(3) The resistor value can vary from 1 K to 10 KQ.
(4) You must connect nct to GND or drive it low for successful JTAG configuration.

(5) Connect the nconF1G and MSEL pins to support a non-JTAG configuration scheme. If you only use the JTAG configuration, connect nCONFIG to
Veeio for Arria 1l GX device, Vecpgm for Arria | GZ device, and MSEL to GND. Pull DcLx either high or low, whichever is convenient on your board.

(6) Inthe USB-Blaster and ByteBlaster I cables, this pin is a no connect.
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To configure a single device in a JTAG chain, the programming software places all
other devices in bypass mode. In bypass mode, devices pass programming data from
the TDI pin to the TDO pin through a single bypass register without being affected
internally. This scheme enables the programming software to program or verify the
target device. Configuration data driven into the device appears on the TDO pin one
clock cycle later.

The Quartus II software verifies successful JTAG configuration after completion. At
the end of configuration, the software checks the state of CONF_DONE through the JTAG
port. When the Quartus II software generates a Jam™ file (.jam) for a multi-device
chain, it contains instructions so that all the devices in the chain are initialized at the
same time. If CONF_DONE is not high, the Quartus II software indicates that
configuration has failed. If CONF_DONE is high, the software indicates that
configuration was successful. After the configuration bitstream is transmitted serially
using the JTAG TDI port, the TCK port is clocked an additional 1,094 cycles to perform
device initialization.

Arria II devices have dedicated JTAG pins that always function as JTAG pins. Not
only can you perform JTAG testing on Arria II devices before and after, but also
during configuration. While other device families do not support JTAG testing during
configuration, Arria II devices support the bypass, ID code, and sample instructions
during configuration without interrupting configuration. All other JTAG instructions
may only be issued by first interrupting configuration and reprogramming I/O pins
using the CONFIG IO instruction.

The CONFIG I0 instruction allows I/O buffers to be configured using the JTAG port
and when issued, interrupts configuration. This instruction allows you to perform
board-level testing prior to configuring the Arria II device or waiting for a
configuration device to complete configuration. After configuration is interrupted
and JTAG testing is complete, you must reconfigure the part using JTAG
(PULSE_CONFIG instruction) or by pulsing nCONFIG low.

The chip-wide reset (DEV_CLRn) and chip-wide output enable (DEV_OE) pins on Arria II
devices do not affect JTAG boundary-scan or programming operations. Toggling
these pins does not affect JTAG operations (other than the usual boundary-scan
operation).

When designing a board for JTAG configuration of Arria II devices, consider the
dedicated configuration pins. Table 9-14 lists how these pins are connected during
JTAG configuration.

Table 9-14. Dedicated Configuration Pin Connections During JTAG Configuration (Part 1 of 2)

Signal Description
On all Arria Il devices in the chain, nCE must be driven low by connecting it to GND ground, pulling it low
cE using a resistor, or driving it by some control circuitry. For devices that are also in multi-device FPP, AS, or

n PS configuration chains, the nCE pins must be connected to GND during JTAG configuration or JTAG
must be configured in the same order as the configuration chain.

nCEO On all Arria Il devices in the chain, you can leave nCEo floating or connected to nCE of the next device.

MSEL Do not leave these pins floating. These pins support whichever non-JTAG configuration is used in
production. If you only use JTAG configuration, tie these pins to GND.

HCONFIG Driven high by connecting to Vg 0r Veepgm, Pulling up using a resistor, or driven high by some control

circuitry.
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Table 9-14. Dedicated Configuration Pin Connections During JTAG Configuration (Part 2 of 2)

Signal Description
Pull to Vo 0 Veopam Using @ 10-kQ2 resistor. When configuring multiple devices in the same JTAG chain,
nSTATUS . 2R
each nSTATUS pin must be pulled up to Vg or Vegpgw individually.
Pull to Vg O Vecpem Using a 10-kQ resistor. When configuring multiple devices in the same JTAG
CONF_DONE chain, each CONF_DONE pin must be pulled up to Veeig Or Veepgy individually. CONF_DONE going high at
the end of JTAG configuration indicates successful configuration.
DCLK Do not leave pcrk floating. Drive low or high, whichever is more convenient on your board.

When programming a JTAG device chain, one JTAG-compatible header is connected
to several devices. The number of devices in the JTAG chain is limited only by the
drive capability of the download cable. When four or more devices are connected in a
JTAG chain, Altera recommends buffering the TCX, TDI, and TMS pins with an on-board
buffer.

JTAG-chain device programming is ideal when the system contains multiple devices
or when testing your system using JTAG BST circuitry.

Figure 9-17 shows a multi-device JTAG configuration when using a download cable.

Figure 9-17. JTAG Configuration of Multiple Devices Using a Download Cable
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Notes to Figure 9-17:

M
(2)
@)
(4)
(5)

(6)

Connect the pull-up resistors to the Vg power supply of /0 bank 3C for Arria Il GX devices and to Vepgm (1.8-V, 2.5-V or 3.0-V) power supply
for Arria Il GZ devices.

You must connect the pull-up resistor to the same supply voltage, Vg for Arria [I GX devices or Veepp for Arria || GZ devices as the USB-Blaster,
ByteBlaster II, EthernetBlaster, or EthernetBlaster I cable.

The resistor value can vary from 1 K to 10 KQQ
In the USB-Blaster and ByteBlaster Il cables, pin 6 is a no connect.

You must connect the nCONFIG and MSEL pins to support a non-JTAG configuration scheme. If you only use JTAG configuration, connect nCONFIG

to the Vo for Arria Il GX device, Vggpgy for Arria Il GZ device, and MSEL to GND. Pull pcLk either high or low, whichever is convenient on your
board.

You must connect nce to GND or drive it low for successful JTAG configuration.
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You must connect the nCE pin to GND or drive it low during JTAG configuration. In
multi-device FPP, AS, and PS configuration chains, the nCE pin of the first device is
connected to GND, while its nCEO pin is connected to nCE of the next device in the
chain. The nCE input of the last device comes from the previous device, while its nCEO
pin is left floating. In addition, the CONF_DONE and nSTATUS signals are all shared in
multi-device FPP, AS, or PS configuration chains so the devices can enter user mode at
the same time after configuration is complete. When the CONF_DONE and nSTATUS
signals are shared among all the devices, you must configure every device when JTAG
configuration is performed.

L=~ 1If you only use JTAG configuration, Altera recommends connecting the circuitry as
shown in Figure 9-17, where each of the CONF_DONE and nSTATUS signals are isolated to
enable each device to enter user mode individually.

After the first device completes configuration in a multi-device configuration chain,
its nCEO pin drives low to activate the nCE pin of the second device, which prompts the
second device to begin configuration. Therefore, if these devices are also in a JTAG
chain, ensure the nCE pins are connected to GND during JTAG configuration or that
the devices are JTAG configured in the same order as the configuration chain. As long
as the devices are JTAG configured in the same order as the multi-device
configuration chain, the nCEO of the previous device drives the nCE of the next device
low when it has successfully been JTAG configured.

You can place other Altera devices that have JTAG support in the same JTAG chain for
device programming and configuration.
I'=~ JTAG configuration support is enhanced and allows more than 17 Arria II devices to
be cascaded in a JTAG chain.
“ e For more information about configuring multiple Altera devices in the same
configuration chain, refer to the Confiquring Mixed Altera Device Chains chapter in
volume 2 of the Configuration Handbook.

You can configure Arria II devices using multiple configuration schemes on the same
board. Combining JTAG configuration with a PS or AS configuration on your board is
useful in the prototyping environment because it allows multiple methods to
configure your FPGA.
“ e For more information about combining JTAG configuration with other configuration
schemes, refer to the Combining Different Configuration Schemes chapter in volume 2 of
the Configuration Handbook.
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Figure 9-18 shows a JTAG configuration of an Arria II device using a microprocessor.

Figure 9-18. JTAG Configuration of a Single Device Using a Microprocessor
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Notes to Figure 9-18:

(1) Connect the pull-up resistor to a supply that provides an acceptable input signal for all Arria Il devices in the chain.
The Vg0 power supply for Arria 1l GX devices or the Vggpgy power supply for Arria Il GZ devices must be high
enough to meet the V| specification of the 1/0 on the device.

(2) To drive the JTAG pins, the microprocessor must use the same 1/0 standard as Vo for Arria [l GX devices or Vgepp
for Arria Il GZ devices.

(3) You must connect nct to GND or drive it low for successful JTAG configuration.

(4) Connect the ncoNFIG and MSEL pins to support a non-JTAG configuration scheme. If you use only the JTAG
configuration, connect nCONFIG to the Vg for Arria Il GX device, Veepgu for Arria Il GZ device, and MSEL to GND.
Pull pcrk either high or low, whichever is convenient on your board. Arria Il GX devices use MSEL[3..0] pins while
Arria || GZ devices use MSEL[2..0] pins.

Jam STAPL

Jam standard test and programming language (STAPL), JEDEC standard JESD-71, is a
standard file format for in-system programmability (ISP) purposes. Jam STAPL
supports programming or configuration of programmable devices and testing of
electronic systems, using the IEEE 1149.1 JTAG interface. Jam STAPL is a freely
licensed open standard.

The Jam Player provides an interface for manipulating the IEEE Std. 1149.1 JTAG TAP
state machine.

“% e For more information about JTAG and Jam STAPL in embedded environments, refer
to AN 425: Using Command-Line Jam STAPL Solution for Device Programming. To

download the Jam Player, visit the Altera website.
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Table 9-15. Configuration Pin Summary for Arria Il Devices

Table 9-15 through Table 9-18 list the connections and functionality of all the
configuration-related pins on the Arria II devices.

Table 9-15 lists the Arria II configuration pins and their power supply.

Description Input/Output Dedicated Powered By (7) Configuration Mode

TDI Input Yes Veero/Vecio JTAG
TMS Input Yes Veero/Vecio JTAG
TCK Input Yes Veero/Vecio JTAG
TRST Input Yes Veero/Vecio JTAG
TDO Output Yes Veero/Vecio JTAG
CRC_ERROR Output — Pull-up Optional, all modes
DATAO Input — Veeram/Vecio (2) | All modes except JTAG
DATA[7..1] Input — VeeremVecio (2) FPP
INIT DONE Output — Pull-up Optional, all modes
CLKUSR Input — VeeremVecio (2) Optional
nSTATUS Bidirectional Yes Vecpem/Pull-up All modes
nCE Input Yes VeeremVecio All modes
CONF_DONE Bidirectional Yes Vecpem/Pull-up All modes
nCONFIG Input Yes Veerem/Vecio All modes
ASDO Output Yes Veerem/Vecio AS
nCso Output Yes VeeremVecio AS

Input Yes Veerem/Vecio PS, FPP
DCLK

Output Yes VeeremVecio AS
nIO_ PULLUP Input Yes Vee (3) All modes
nCEO Output — Vecpem/Pull-up All modes
MSEL[2..0] (4) Input Yes Veeio (6) All modes
MSEL[3..0] () Input Yes Veern All modes

Notes to Table 9-15:

(1) Arria Il GX devices use V¢cig While Arria Il GZ devices use Vecpp.

(2) For Arria Il GZ devices, these pins are powered up by V¢cpgm during configuration and Vg if they are used as a regular 1/0 in user mode.

(3) Although the n10_pULLUP is powered up by Ve, Altera recommends connecting this pin to Vecpgy for Arria Il GZ devices, Vo for Arria Il GX
devices, or GND directly without using a pull-up or pull-down resistor.

(4) Arria Il GZ devices use a MSEL[2. . 0] configuration scheme.
(5) Arria Il GX devices use a MSEL [3. .0] configuration scheme.

(6) Although MSEL[2..0], PORSEL, and nI0_PULLUP are powered by Vg, Altera recommends connecting these pins to Vgepgm or GND directly
without using a pull-up or pull-down resistor.
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Table 9-16 lists the dedicated configuration pins. You must connect these pins
properly on your board for successful configuration. Some of these pins may not be
required for your configuration schemes.

Tahle 9-16. Dedicated Configuration Pins on the Arria Il Device (Part 1 of 4)

Configuration

User Mode Scheme

Pin Name Pin Type

Description

VCCPD N/A Al Power (1)

Dedicated power pin. Use this pin to power the 1/0
pre-drivers, the HSTL/SSTL input buffers, and the
MSEL [3. . 0] pins.

You must connect V¢cpp according to the I/0 standard used
in the same bank:

m For 3.3-V |/0 standards, connect V¢gpp 10 3.3 V
m For 3.0-V I/0 standards, connect Vgepp 10 3.0 V
m For 2.5-V and below I/0 standards, connect Veepp t0 2.5V

Veepp must ramp up from 0 Vto 2.5, 3.0, or 3.3 Vin 100 ms
(for standard POR) or 4 ms (for fast POR). If Vgpp iS not
ramped up in this specified time, your Arria Il device is not
successfully configured.

nIO PULLUP N/A Al Input

Dedicated input that chooses whether the internal pull-up
resistors on the user I/0 pins and dual-purpose I/0 pins
(DATA[7..0], CLKUSR, INIT DONE, DEV_OE, and
DEV_CLRn) are on or off before and during configuration. A
logic high turns off the weak internal pull-up resistors; a
logic low turns them on.

The n10-PULLUP input buffer is powered by V¢ and has an
internal 5-kQ pull-down resistor that is always active. You
can tie the n10-PULLUP directly to the Vopgu power supply
for Arria Il GZ devices and the Vg power supply for

Arria Il GX devices, or GND.

MSEL[2..0] N/A All Input

Three-bit configuration input that sets the Arria Il GZ device
configuration scheme. For more information about the
appropriate connections, refer to Table 9-7 on page 9-10.

You must hardwire these pins to V¢cpgm or GND.

The MSEL [2..0] pins have internal 5-kQ pull-down
resistors that are always active.

MSEL([3..0] N/A All Input

Four-bit configuration input that sets the Arria Il GX device
configuration scheme. For more information about the
appropriate connections, refer to Table 9-6 on page 9-9.

You must hardwire these pins to Veepp 0r GND.

The MSEL [3..0] pins have internal 5-kQ pull-down
resistors that are always active.

nCONFIG N/A All Input

Configuration control input. Pulling this pin low during
user-mode causes the device to lose its configuration data,
enter a reset state, and tri-state all 1/0 pins. Returning this
pin to a logic-high level starts a reconfiguration.

Configuration is possible only if this pin is high, except in
JTAG programming mode, when nCONFIG is ignored.
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Table 9-16. Dedicated Configuration Pins on the Arria Il Device (Part 2 of 4)

Pin Name

Configuration
Scheme

Pin Type

Description

nSTATUS

N/A

All

Bidirectional
open-drain

The device drives nSTATUS low immediately after power-up
and releases it after the POR time.

During user mode and regular configuration, this pin is
pulled high by an external 10-kQ resistor.

This pin, when driven low by the Arria Il device, indicates
that the device has encountered an error during
configuration.

m Status output—If an error occurs during configuration,
nSTATUS is pulled low by the target device.

m Status input—If an external source drives the nSTATUS
pin low during configuration or initialization, the target
device enters an error state.

Driving nSTATUS low after configuration and initialization
does not affect the configured device. If you use a
configuration device, driving nSTATUS low causes the
configuration device to attempt to configure the device, but
because the device ignores transitions on nSTATUS in user
mode, the device does not reconfigure. To begin a
reconfiguration, nCONFIG must be pulled low.

If Vgeio for Arria Il GX devices or Vggpgy for Arria 1l GZ
devices are not fully powered up, the following could occur:

m Vge0/Vecpem iS powered high enough for the nSTATUS
buffer to function properly and nSTATUS is driven low.
When Ve 0/Vecpgn iS ramped up, POR trips and nSTATUS
is released after POR expires.

m V¢eo/Vecpgm is not powered high enough for the nSTATUS
buffer to function properly. In this situation, nSTATUS
might appear logic high, triggering a configuration
attempt that fails because POR did not yet trip. When
Veepp is powered up, nSTATUS is pulled low because POR
did not yet trip. When POR trips after Vge0/Veepem 1S
powered up, nSTATUS is released and pulled high. At that
point, reconfiguration is triggered and the device is
configured.

CONF_DONE

N/A

All

Bidirectional
open-drain

Status output. The target device drives the CONF_DONE pin
low before and during configuration. After all configuration
data is received without error and the initialization cycle
starts, the target device releases CONF_DONE.

Status input. After all data is received and CONF_DONE goes
high, the target device initializes and enters user mode. The
CONF_DONE pin must have an external 10-kQ pull-up
resistor for the device to initialize.

Driving CoNF_DONE low after configuration and initialization
does not affect the configured device.
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Table 9-16. Dedicated Configuration Pins on the Arria Il Device (Part 3 of 4)

Pin Name

Configuration
Scheme

Pin Type

Description

nCE

N/A

All

Input

Active-low chip enable. The nCE pin activates the device with
a low signal to allow configuration. The nCE pin must be held
low during configuration, initialization, and user mode. In
single device configuration, it must be tied low. In
multi-device configuration, nCE of the first device is tied low
while its nCEO pin is connected to nCE of the next device in
the chain.

The nCE pin must also be held low for successful JTAG
programming of the device.

nCeEO

1/0

All

Output
open-drain

Output that drives low when device configuration is
complete. In a single-device configuration, this pin is left
floating. In a multi-device configuration, this pin feeds the
next device’s nCE pin and is pulled high by an external 10-kQ
resistor. The nCEo of the last device in the chain is left
floating.

The nCEO pin is powered by Vg for Arria 11 GX devices and
Vecpam for Arria Il GZ devices.

After configuration, nCEo is available as user 1/0 pins. The
state of the nCEO pin depends on the Dual-Purpose Pin
settings.

ASDO (2)

N/A

AS

Output

Control signal from the Arria Il device to the serial
configuration device in AS mode used to read out
configuration data.

In AS mode, Aspo has an internal pull-up resistor that is
always active.

ncso (2)

N/A

AS

Output

Output control signal from the Arria Il device to the serial
configuration device in AS mode that enables the
configuration device.

In AS mode, ncso has an internal pull-up resistor that is
always active.

DCLK (2)

N/A

Synchronous
configuration
schemes
(PS, FPP, AS)

Input
(PS, FPP)
Output (AS)

In PS and FPP configurations, DcLK is the clock input used
to clock data from an external source into the target device.
Data is latched into the device on the rising edge of DCLX.

In AS mode, DCLK is an output from the Arria Il device that

provides timing for the configuration interface. In AS mode,
DCLK has an internal pull-up resistor (typically 25 kQ) that is
always active.

After configuration, this pin by default is driven into an
inactive state. In schemes that use a control host, DCLK must
be driven either high or low, whichever is more convenient.
Toggling this pin after configuration does not affect the
configured device.
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Table 9-16. Dedicated Configuration Pins on the Arria Il Device (Part 4 of 4)

. Configuration . I
Pin Name User Mode Scheme Pin Type Description
Data input. In serial configuration modes, bit-wide
configuration data is presented to the target device on the
DATAO pin.
In AS mode, DATAO has an internal pull-up resistor that is
always active.

DATAO (2) N/A PS, FPP, AS Input For Arria Il GX devices, DATA0 is a dedicated pin that is used
for both PS and AS configuration modes and is not available
as a user 1/0 pin after configuration.

For Arria |l GZ devices, after PS or FPP configuration, DATA0

is available as a user 1/0 pin. The state of this pin depends on

the Dual-Purpose Pin settings.

Data inputs. Byte-wide configuration data is presented to the

target device on DATA[7..0].

conﬁ?rﬁlrlaetlion In serial configuration schemes, they function as user 1/0
DATA[7..1] I/0 schgemes Inputs pins during configuration, which means they are tri-stated.
(FPP) After FPP configuration, DATA[7. .1] are available as user
I/0 pins. The state of these pin depends on the
Dual-Purpose Pin settings.

Notes to Table 9-16:
(1) Arria Il GZ devices do not support the 3.3-V I/0 standard.

(2) To tri-state the AS configuration pins in user mode, turn on the Enable input tri-state on active configuration pins in user mode option from
the Device and Pin Options dialog box in the Configuration tab. This tri-states the DCLK, DATA0, nCS0, and ASDO pins.
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Table 9-17 lists the optional configuration pins. If these optional configuration pins
are not enabled in the Quartus II software, they are available as general-purpose user
I/0O pins. Therefore, during configuration, these pins function as user I/O pins and
are tri-stated with weak pull-up resistors.

Table 9-17. Optional Configuration Pins

Pin Name User Mode Pin Type Description

Optional user-supplied clock input synchronizes the
initialization of one or more devices. Enable this pin by turning
on the Enable user-supplied start-up clock (CLKUSR) option
in the Quartus Il software.

N/A if option is on.

CLKUSR /0 if option is off.

Input

Use as a status pin to indicate when the device has initialized
and is in user mode. When nCoNFIG is low and during the
beginning of configuration, the INIT DONE pin is tri-stated
and pulled high due to an external 10-kQ pull-up resistor.

After the option bit to enable INIT DONE is programmed into
N/A'if option is on. Output the device (during the first frame of configuration data), the
/0 if option is off. | open-drain | 11T DONE pin goes low. When initialization is complete, the
INIT DONE pin is released and pulled high and the device
enters user mode. Thus, the monitoring circuitry must be able
to detect a low-to-high transition. Enable this pin by turning
on the Enable INIT_DONE output option in the Quartus Il
software.

INIT DONE

Optional pin that allows you to override all tri-states on the
device. When this pin is driven low, all /0 pins are tri-stated.
When this pin is driven high, all 1/0 pins behave as
programmed. Enable this pin by turning on the Enable
device-wide output enable (DEV_OE) option in the Quartus II
software.

N/A if option is on.

DEV_OE 1/0 if option is off.

Input

Optional pin that allows you to override all clears on all device
registers. When this pin is driven low, all registers are cleared.
When this pin is driven high, all registers behave as
programmed. Enable this pin by turning on the Enable
device-wide reset (DEV_CLRn) option in the Quartus I|
software.

N/A'if option is on.

DEV_CLRn 1/0 if option is off.

Input
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Table 9-18 lists the dedicated JTAG pins. JTAG pins must be kept stable before and
during configuration to prevent accidental loading of JTAG instructions. The TDI, TMS,
and TRST pins have weak internal pull-up resistors; the TCK pin has a weak internal
pull-down resistor (typically 25 kQ ). If you plan to use the SignalTap™ embedded
logic array analyzer, you must connect the JTAG pins of the Arria II device to a JTAG
header on your board.

Table 9-18. Dedicated JTAG Pins

Pin Name User Mode

Pin Type

Description

TDI

N/A

Test data
input

Serial input pin for instructions as well as test and programming data. Data is
shifted on the rising edge of TCk. The TDI pin is powered by the Vo power
supply for Arria Il GX devices and the Vgepp power supply for Arria Il GZ
devices.

If the JTAG interface is not required on your board, you can disable the JTAG
circuitry by connecting this pin to logic high.

TDO

N/A

Test data
output

Serial data output pin for instructions as well as test and programming data.
Data is shifted out on the falling edge of TCk. The pin is tri-stated if data is not
being shifted out of the device. The TDo pin is powered up by the V¢epp/Vecio
power supply. For more information about connecting a JTAG chain with
multiple voltages across the devices in the chain, refer to the JTAG
Boundary-Scan Testing in Arria Il Devices chapter.

If the JTAG interface is not required on your board, you can disable the JTAG
circuitry by leaving this pin unconnected.

TMS

N/A

Test mode
select

Input pin that provides the control signal to determine the transitions of the
TAP controller state machine. T™s is evaluated on the rising edge of TCk.
Therefore, you must set up TS before the rising edge of TCk. Transitions in the
state machine occur on the falling edge of Tk after the signal is applied to T™s.
The TMs pin is powered by the Veepp/Vecio pOWer supply.

If the JTAG interface is not required on your board, you can disable the JTAG
circuitry by connecting this pin to logic high.

TCK

N/A

Test clock
input

Clock input to the BST circuitry. Some operations occur at the rising edge while
others occur at the falling edge. The TCx pin is powered by the V¢cpo/Vecio
power supply.

It is expected that the clock input waveform have a nominal 50% duty cycle.

If the JTAG interface is not required on your board, you can disable the JTAG
circuitry by connecting Tck to GND.

TRST (1)

N/A

Test reset
input
(optional)

Active-low input to asynchronously reset the boundary-scan circuit. The TRST
pin is optional according to the IEEE Std. 1149.1 standard. The TRST pin is
powered by the Veepp power supply for Arria Il GZ devices.

Hold TMs at one or keep Tck static while TRST is changed from 0 to 1.

If the JTAG interface is not required on your board, you can disable the JTAG
circuitry by connecting the TRST pin to GND. You need one k2 pull-up resistor
to Vgepp if you do not use the TRST pin.

Note to Table 9-18:

(1) The TRST pin is only available for Arria Il GZ devices.
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Configuration Data Decompression

Arria II devices support configuration data decompression, which saves
configuration memory space and time. This feature allows you to store compressed
configuration data in configuration devices or other memory and transmit this
compressed bitstream to Arria I devices. During configuration, the Arria II device
decompresses the bitstream in real time and programs its SRAM cells.

Data indicates that compression typically reduces the configuration bitstream size by
35 to 55% based on the designs used.

Arria II devices support decompression in the FPP (when using a MAX II device or
microprocessor + flash), AS or fast AS, and PS configuration schemes. The Arria II
device decompression feature is not available in the JTAG configuration scheme.

When using FPP mode, the intelligent host must provide a DCLK that is x4 the data
rate. Therefore, the configuration data must be valid for four DCLK cycles.

In PS mode, use the Arria II decompression feature because sending compressed
configuration data reduces configuration time.

When you enable compression, the Quartus II software generates configuration files
with compressed configuration data. This compressed file reduces the storage
requirements in the configuration device or flash memory and decreases the time
needed to transmit the bitstream to the Arria II device. The time required by an
Arria II device to decompress a configuration file is less than the time needed to
transmit the configuration data to the device.

There are two ways to enable compression for Arria II bitstreams—before design
compilation (in the Compiler Settings menu) and after design compilation (in the
Convert Programming Files window).

Arria |l Device Handbook Volume 1: Device Interfaces and Integration July 2012  Altera Corporation



Chapter 9: Configuration, Design Security, and Remote System Upgrades in Arria Il Devices
Configuration Data Decompression

To enable compression in the project’s Compiler Settings menu, follow these steps:

1.
2.
3.

On the Assignments menu, click Device. The Settings dialog box appears.

After selecting your Arria II device, open the Device and Pin Options window.

In the Configuration settings tab, turn on Generate compressed bitstreams (as

shown in Figure 9-19).

Figure 9-19. Enabling Compression for Arria Il Bitstreams in Compiler Settings

Device and Pin Options

Firn Flacement ] Enror Detection CRC I Capacitive Loading ] Board Trace Model I
General Configuration ] Programming Files ] ruzed F'ins] Dual-Purpoze F'ins] Voltagel

Specify the device configuration zcheme and the configuration device, Mote: For
HardCopy designs, theze zettings apply ta the FPGA protatype device.

Canfiguration scheme: |.-’-‘«ctive Serial [can uze Configuration Device) j
Configuration mode; |Standald j
Configuration device
[ Usze configuration device: | J
Configuration device |/0 voltage: |.&utn ﬂ

[ Force WCCIO to be compatible with configuration /0 vaoltage

|v Generate compressed bitstreams

Dezcription:

Allows the device to accept and decompress bitstreams during configuration.
Froduces comprezsed bitztreams and enables bitstream decomprezsion,

Reszet

3

ak | Cancel |

You can also enable compression when creating programming files from the Convert
Programming Files window. To do this, follow these steps:

N ol »hd=

July 2012  Altera Corporation

On the File menu, click Convert Programming Files.

Select the programming file type (.pof, .sram, .hex, .rbf, or .ttf).

For .pof output files, select a configuration device.
In the Input files to convert box, select SOF Data.
Select Add File and add an Arria II device .sof.

Select the name of the file you added to the SOF Data area and click Properties.

Check the Compression check box.
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When multiple Arria II devices are cascaded, you can selectively enable the
compression feature for each device in the chain if you are using a serial configuration
scheme. Figure 9-20 shows a chain of two Arria II devices. The first Arria II device has
compression enabled; therefore, receives a compressed bitstream from the
configuration device. The second Arria II device has the compression feature disabled
and receives uncompressed data.

In a multi-device FPP configuration chain (with a MAX II device or

microprocessor + flash), all Arria II devices in the chain must either enable or disable
the decompression feature. You cannot selectively enable the compression feature for
each device in the chain because of the DATA and DCLX relationship.

Figure 9-20. Compressed and Uncompressed Serial Configuration Data in the Same
Configuration File

Serial Configuration Data

Serial Configuration

Device
Compressed Uncompressed
Configuration Configuration
Data Data v

Decompression

Controller

Arria Il Device Arria Il Device

nCE nCEO nCE nCEO — N.C.

GND

You can generate programming files for this setup by clicking Convert Programming
Files on the File menu in the Quartus II software.

Remote System Upgrades

This section describes the functionality and implementation of the dedicated remote
system upgrade circuitry. It also defines several concepts related to remote system
upgrades, including factory configuration, application configuration, remote update
mode, and user watchdog timer. Additionally, this section provides design guidelines
for implementing remote system upgrades with the supported configuration
schemes.

System designers sometimes face challenges such as shortened design cycles,
evolving standards, and system deployments in remote locations. Arria II devices
help overcome these challenges with their inherent reprogrammability and dedicated
circuitry to perform remote system upgrades. Remote system upgrades help deliver
feature enhancements and bug fixes without costly recalls, reduce time-to-market,
extend product life, and help to avoid system downtime.
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Remote System Upgrades

Arria II devices feature dedicated remote system upgrade circuitry. Soft logic (either
the Nios® Il embedded processor or user logic) implemented in an Arria II device can
download a new configuration image from a remote location, store it in configuration
memory, and direct the dedicated remote system upgrade circuitry to start a
reconfiguration cycle. The dedicated circuitry performs error detection during and
after the configuration process, recovers from any error condition by reverting back to
a safe configuration image, and provides error status information.

Remote system upgrades are supported in AS configuration schemes for Arria II GX
devices and in fast AS configuration schemes for Arria II GZ devices. You can also
implement remote system upgrades in conjunction with advanced Arria II features
such as real-time decompression of configuration data and design security using the
advanced encryption standard (AES) for secure and efficient field upgrades. The
largest serial configuration device currently supports 128 megabits (Mb) of
configuration bitstream.

Arria II devices only support remote system upgrade in the single device fast AS
configuration scheme. Because the largest serial configuration device currently
supports 128 Mb of configuration bitstream, the remote system upgrade feature is not
supported in EP2AGZ300, EP2AGZ350, and larger devices.

The remote system upgrade feature is not supported in a multi-device chain.

Functional Description

The dedicated remote system upgrade circuitry in Arria II devices manages remote
configuration and provides error detection, recovery, and status information. User
logic or a Nios II processor implemented in the Arria II device logic array provides
access to the remote configuration data source and an interface to the system’s
configuration memory.

Arria II devices have remote system upgrade processes that involve the following
steps:

1. A Nios II processor (or user logic) implemented in the Arria II device logic array
receives new configuration data from a remote location. The connection to the
remote source uses a communication protocol such as TCP/IP, PCI, user datagram
protocol (UDP), UART, or a proprietary interface.

2. The Nios II processor (or user logic) stores this new configuration data in
non-volatile configuration memory.

3. The Nios II processor (or user logic) starts a reconfiguration cycle with the new or
updated configuration data.

4. The dedicated remote system upgrade circuitry detects and recovers from any
error(s) that might occur during or after the reconfiguration cycle and provides
error status information to the user design.

July 2012  Altera Corporation Arria Il Device Handbook Volume 1: Device Interfaces and Integration



9-50

Chapter 9: Configuration, Design Security, and Remote System Upgrades in Arria Il Devices
Remote System Upgrades

I

&

=

&

=

Figure 9-21 shows the steps required for performing remote configuration updates.
(The numbers in Figure 9-21 coincide with the steps just mentioned.)

Figure 9-21. Functional Diagram of Arria Il Remote System Upgrade

‘ -
Development > C ) Arria |l Device ».| Configuration
Location @ Control Module | Memory

Arria Il Configuration
4

Arria II devices only support remote system upgrade in the single device AS
configuration scheme.

Figure 9-22 shows a block diagram for implementing a remote system upgrade with
the Arria II configuration scheme.

Figure 9-22. Remote System Upgrade Block Diagram for Arria Il Configuration Scheme (Note 1)

Arria Il Device

Nios Il Processor
or User Logic

A

\4
Serial
Configuration
Device

Note to Figure 9-22:
(1) Arria Il GX devices use the AS configuration scheme while Arria | GZ devices use the fast AS configuration scheme.

You must set the mode select MSEL [3. .0] pins to AS mode to use the remote system
upgrade feature for Arria Il GX devices and the MSEL[2..0] pins to fast AS mode to
use the remote system upgrade feature for Arria II GZ devices.

The MSEL pin settings vary for different configuration voltage standards and POR
delays. To connect MSEL [3. .0] for an Arria II GX device, refer to Table 9-6 on
page 9-9. To connect MSEL[2. . 0] for an Arria Il GZ device, refer to Table 9-7 on
page 9-10.

When using AS mode, you must select remote update mode in the Quartus II
software and insert the ALTREMOTE_UPDATE megafunction to access the circuitry.
For more information, refer to “/ALTREMOTE_UPDATE Megafunction” on page 9-60.
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Remote System Upgrades

Enabling Remote Update

You can enable remote update for Arria II devices in the Quartus II software before
design compilation (in the Compiler Settings menu). In remote update mode, the
auto-restart configuration after error option is always enabled. To enable remote
update in the project’s compiler settings, follow these steps:

1.

2
3.
4

o

On the Assignment menu, click Device. The Settings dialog box appears.
Click Device and Pin Options. The Device and Pin Options dialog box appears.
Click the Configuration tab.

From the Configuration scheme list, select Active Serial (you can also use
Configuration Device) (Figure 9-23).

From the Configuration Mode list, select Remote (Figure 9-23).
Click OK.
In the Settings dialog box, click OK.

Figure 9-23. Enabling Remote Update in the Compiler Settings Menu for Arria Il Devices

Device and Pin Options g|

Pin Placement ] Errar Detection CRC ] Capacitive Loading l Board Trace Model ]
General Configuration l Frogramming Files I Unuged F'ins] Dual-Purpoze F'ins] antage]

Specify the device configuration zcheme and the configuration device, Mote: For
HardCopy Il dezigns, these settings apply to the FPGA pratotype device.

Configuration scheme: | Active Senal (can use Configuration Device) j

Configuration mode:

Configuration device
v Use configuration device: |EPCSB4 j

Configuration device 1/0 voltage: |Aut0 j
[~ Force VCCIO ta be compatible with configuration 1/0 valtage

[v Generate compressed bitstreams

Description:

Specifies the configuration mode uzed with the configuration scheme far configuring
the device,

Resat
ak. | Cahicel |
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Configuration Image Types

When performing a remote system upgrade, Arria II device configuration bitstreams
are classified as factory configuration images or application configuration images. An
image, also referred to as a configuration, is a design loaded into the Arria II device
that performs certain user-defined functions.

Each Arria II device in your system requires one factory image or the addition of one
or more application images. The factory image is a user-defined fall-back, or safe
configuration, and is responsible for administering remote updates in conjunction
with the dedicated circuitry. Application images implement user-defined
functionality in the target Arria II device. You may include the default application
image functionality in the factory image.

A remote system upgrade involves storing a new application configuration image or
updating an existing one using the remote communication interface. After an
application configuration image is stored or updated remotely, the user design in the
Arria II device starts a reconfiguration cycle with the new image. Any errors during
or after this cycle are detected by the dedicated remote system upgrade circuitry and
cause the device to automatically revert to the factory image. The factory image then
performs error processing and recovery. The factory configuration is written to the
serial configuration device only once by the system manufacturer and must not be
remotely updated. On the other hand, application configurations may be remotely
updated in the system. Both images can begin system reconfiguration.

Remote System Upgrade Mode

Remote system upgrade has only one mode of operation—remote update mode.
Remote update mode allows you to determine the functionality of your system after
power-up and offers several features.

Remote Update Mode

In remote update mode, Arria II devices load the factory configuration image after
power up. The user-defined factory configuration determines which application
configuration is to be loaded and triggers a reconfiguration cycle. The factory
configuration may also contain application logic.

When used with serial configuration devices, remote update mode allows an
application configuration to start at any flash sector boundary. For example, this
translates to a maximum of 128 sectors in the EPCS64 device and 32 sectors in the
EPCS16 device. Altera recommends not using the same page in the serial
configuration devices for two images. Additionally, remote update mode features a
user watchdog timer that determines the validity of an application configuration.

When an Arria II device is first powered up in remote update mode, it loads the
factory configuration located at page zero (page registers PGM[23..0] = 24'Db0).
Always store the factory configuration image for your system at page address zero.
This corresponds to the start address location 0x000000 in the serial configuration
device.
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The factory image is user-designed and contains soft logic to:

m Process any errors based on status information from the dedicated remote system
upgrade circuitry

m  Communicate with the remote host and receive new application configurations
and store this new configuration data in the local non-volatile memory device

m  Determine which application configuration is to be loaded into the Arria II device
m Enable or disable the user watchdog timer and load its time-out value (optional)

m Instruct the dedicated remote system upgrade circuitry to start a reconfiguration
cycle

Figure 9-24 shows the transitions between the factory and the application
configurations in remote update mode.

Figure 9-24. Transitions between Gonfigurations in Remote Update Mode
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Reload a
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Factory
) . Configuration
Configuration
Error (page 0)
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Configuration

Set Control Register
and Reconfigure

Configuration Error

After power up or a configuration error, the factory configuration logic is loaded
automatically. The factory configuration also specifies whether to enable the user
watchdog timer for the application configuration and if enabled, to include the timer
setting information.

The user watchdog timer ensures that the application configuration is valid and
functional. The timer must be continually reset in a specific amount of time during
user mode operation of an application configuration. Only valid application
configurations contain the logic to reset the timer in user mode. This timer reset logic
must be part of a user-designed hardware and/or software health monitoring signal
that indicates error-free system operation. If the timer is not reset in a specific amount
of time; for example, the user application configuration detects a functional problem
or if the system hangs, the dedicated circuitry updates the remote system upgrade
status register, triggering the loading of the factory configuration.
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The user watchdog timer is automatically disabled for factory configurations. For
more information about the user watchdog timer, refer to “User Watchdog Timer” on
page 9-59.

If there is an error while loading the application configuration, the cause of the
reconfiguration is written by the dedicated circuitry to the remote system upgrade
status register. Actions that cause the remote system upgrade status register to be
written are:

B nSTATUS driven low externally
m Internal CRC error
m  User watchdog timer time-out

m A configuration reset (logic array nCONFIG signal or external nCONFIG pin assertion
to low)

Arria II devices automatically load the factory configuration located at page address
zero. This user-designed factory configuration can read the remote system upgrade
status register to determine the reason for the reconfiguration. The factory
configuration then takes the appropriate error recovery steps and writes to the remote
system upgrade control register to determine the next application configuration to be
loaded.

When Arria II devices successfully load the application configuration, they enter into
user mode. In user mode, the soft logic (a Nios II processor or state machine and the
remote communication interface) assists the Arria II device in determining when a
remote system update is arriving. When a remote system update arrives, the soft logic
receives the incoming data, writes it to the configuration memory device, and triggers
the device to load the factory configuration. The factory configuration reads the
remote system upgrade status register and control register, determines the valid
application configuration to load, writes the remote system upgrade control register
accordingly, and initiates system reconfiguration.
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Dedicated Remote System Upgrade Circuitry

This section describes the implementation of the Arria Il remote system upgrade
dedicated circuitry.

The remote system upgrade circuitry is implemented in hard logic. This dedicated
circuitry interfaces with the user-defined factory and application configurations
implemented in the Arria II device logic array to provide the complete remote
configuration solution. The remote system upgrade circuitry contains the remote
system upgrade registers, a watchdog timer, and a state machine that controls those
components.

Figure 9-25 shows the datapath of the remote system upgrade block.

Figure 9-25. Remote System Upgrade Circuit Data Path (Note 1)
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Note to Figure 9-25:

(1) The RU_DOUT, RU_SHIFTnLD, RU_CAPTnUPDT, RU_CLK, RU DIN, RU nCONFIG, and RU_nRSTIMER signals are internally controlled by the
ALTREMOTE_UPDATE megafunction.
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Remote System Upgrade Registers

The remote system upgrade block contains a series of registers that store the page
addresses, watchdog timer settings, and status information. Table 9-19 lists these
registers.

Tahle 9-19. Remote System Upgrade Registers

Register

Description

Shift

This register is accessible by the logic array and allows the update, status, and control registers to be
written and sampled by user logic.

Control

This register contains the current page address, user watchdog timer settings, and one bit specifying
whether the current configuration is a factory configuration or an application configuration. During a read
operation in an application configuration, this register is read into the shift register. When a
reconfiguration cycle is initiated, the contents of the update register are written into the control register.

Update

This register contains data similar to that in the control register. However, it can only be updated by the
factory configuration by shifting data into the shift register and issuing an update operation. When a
reconfiguration cycle is triggered by the factory configuration, the control register is updated with the
contents of the update register. During a capture in a factory configuration, this register is read into the
shift register.

Status

This register is written to by the remote system upgrade circuitry on every reconfiguration to record the
cause of the reconfiguration. This information is used by the factory configuration to determine the
appropriate action following a reconfiguration. During a capture cycle, this register is read into the shift
register.

The remote system upgrade control and status registers are clocked by the 10-MHz
internal oscillator (the same oscillator that controls the user watchdog timer).
However, the remote system upgrade shift and update registers are clocked by the
user clock input (RU_CLK).

Remote System Upgrade Control Register

The remote system upgrade control register stores the application configuration page
address and user watchdog timer settings. The control register functionality depends
on the remote system upgrade mode selection. In remote update mode, the control
register page address bits are set to all zeros (24 'b0 = 0x000000) at power up to load
the factory configuration. A factory configuration in remote update mode has write
access to this register.

The control register bit positions are shown in Figure 9-26 and listed in Table 9-20. In
the figure, the numbers show the bit position of a setting within a register. For
example, bit number 25 is the enable bit for the watchdog timer.

Figure 9-26. Remote System Upgrade Control Register
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The application-not-factory (AnF) bit indicates whether the current configuration
loaded in the Arria II device is the factory configuration or an application
configuration. This bit is set low by the remote system upgrade circuitry when an
error condition causes a fall-back to the factory configuration. When the AnF bit is
high, the control register access is limited to read operations. When the AnF bit is low,
the register allows write operations and disables the watchdog timer.

In remote update mode, the factory configuration design sets this bit high (1'b1) when
updating the contents of the update register with the application page address and
watchdog timer settings.

Table 9-20 lists the remote system upgrade control register contents.

Table 9-20. Remote System Upgrade Control Register Contents

. . Remote System _——
Control Register Bit Upgrade Mode Value (7) Definition
AnF (2) Remote update 1'b0 Application not factory
. AS configuration start address
PGM[23..0] Remote update 24'n0x000000 (Stadd[23..0])
Wd_en Remote update 1'b0 User watchdog timer enable bit

Wd timer[11..0]

Remote update

12'b000000000000

User watchdog time-out value (most
significant 12 bits of 29-bit count
value: {wd_timer[11..0],
17'00})

Notes to Table 9-20:

(1) This is the default value of the control register bit.
(2) Inremote update mode, the remote configuration block does not update the anF bit automatically (you can update it manually).

Remote System Upgrade Status Register

The remote system upgrade status register specifies the reconfiguration trigger
condition. The various trigger and error conditions include:

Cyclic redundancy check (CRC) error during application configuration

nSTATUS assertion by an external device due to an error

Arria II device logic array triggered a reconfiguration cycle, possibly after
downloading a new application configuration image

External configuration reset (nCONFIG) assertion

User watchdog timer time-out

The contents of the status register are shown in Figure 9-27 and listed in Table 9-21.
The numbers in the figure show the bit positions within a 5-bit register.

Figure 9-27. Remote System Upgrade Status Register
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Table 9-21 lists the status register contents for remote system upgrade.

Table 9-21. Remote System Upgrade Status Register Contents

Status Register Bit Definition POR Reset Value
CRC (from the configuration) CRC error caused reconfiguration 1 bit'0’
nSTATUS nSTATUS caused reconfiguration 1 bit '0’'
CORE_nCONFIG (7) Device logic array caused reconfiguration 1 bit '0'
nCONFIG nCONFIG caused reconfiguration 1 bit '0’
Wd Watchdog timer caused reconfiguration 1 bit '0’

Note to Table 9-21:

(1) Logic array reconfiguration forces the system to load the application configuration data into the Arria Il device. This
occurs after the factory configuration specifies the appropriate application configuration page address by updating
the update register.

Remote System Upgrade State Machine

The remote system upgrade control and update registers have identical bit
definitions, but serve different roles (refer to Figure 9-26 on page 9-56). While both
registers can only be updated when the device is loaded with a factory configuration
image, the update register writes are controlled by the user logic; the control register
writes are controlled by the remote system upgrade state machine.

In factory configurations, the user logic sends the AnF bit (set high), the page address,
and the watchdog timer settings for the next application configuration bit to the
update register. When the logic array configuration reset (RU_nCONFIG) goes low, the
remote system upgrade state machine updates the control register with the contents
of the update register and starts system reconfiguration from the new application

page.

L=~ To ensure successful reconfiguration between the pages, assert the RU_nCONFIG signal
for a minimum of 250 ns. This is equivalent to strobing the reconfig input of the
ALTREMOTE_UPDATE megafunction high for a minimum of 250 ns.

In the event of an error or reconfiguration trigger condition, the remote system
upgrade state machine directs the system to load a factory or application
configuration (page zero or page one, based on the mode and error condition) by
setting the control register accordingly. Table 9-22 lists the contents of the control
register after such an event occurs for all possible error or trigger conditions.

The remote system upgrade status register is updated by the dedicated error
monitoring circuitry after an error condition but before the factory configuration is
loaded.

Table 9-22. Control Register Contents after an Error or Reconfiguration Trigger Condition
(Part 1 of 2)

Reconfiguration Error/Trigger Control Register Setting Remote Update
nCONFIG reset All bits are 0
nSTATUS error All bits are 0
CORE triggered reconfiguration Update register
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Table 9-22. Control Register Contents after an Error or Reconfiguration Trigger Condition
(Part 2 of 2)

Reconfiguration Error/Trigger Control Register Setting Remote Update
CRC error All bits are 0
Wd time out All bitsare 0

Capture operations during factory configuration access the contents of the update
register. This feature is used by the user logic to verify that the page address and
watchdog timer settings were written correctly. Read operations in application
configurations access the contents of the control register. This information is used by
the user logic in the application configuration.

User Watchdog Timer

The user watchdog timer prevents a faulty application configuration from stalling the
device indefinitely. The system uses the timer to detect functional errors after an
application configuration is successfully loaded into the Arria II device.

To allow the remote system upgrade dedicated circuitry to reset the watchdog timer,
you must assert the RU_nRSTIMER signal active for a minimum of 250 ns. This is
equivalent to strobing the reset_timer input of the ALTREMOTE_UPDATE
megafunction high for a minimum of 250 ns.

The user watchdog timer is a counter that counts down from the initial value loaded
into the remote system upgrade control register by the factory configuration. The
counter is 29 bits wide and has a maximum count value of 2%°. When specifying the
user watchdog timer value, specify only the most significant 12 bits. The granularity
of the timer setting is 217 cycles. The cycle time is based on the frequency of the
10-MHz internal oscillator. Table 9-23 lists the operating range of the 10-MHz internal
oscillator.

Table 9-23. 10-MHz Internal Oscillator Specifications

Minimum Typical Maximum Units
43 5.3 10 MHz

The user watchdog timer begins counting after the application configuration enters
device user mode. This timer must be periodically reloaded or reset by the application
configuration before the timer expires by asserting RU_nRSTIMER. If the application
configuration does not reload the user watchdog timer before the count expires, a
time-out signal is generated by the remote system upgrade dedicated circuitry. The
time-out signal tells the remote system upgrade circuitry to set the user watchdog
timer status bit (Wd) in the remote system upgrade status register and reconfigures the
device by loading the factory configuration.

During the configuration cycle of the device, the user watchdog timer is not enabled.
Errors during configuration are detected by the CRC engine. Also, the timer is
disabled for factory configurations. Functional errors should not exist in the factory
configuration because it is stored and validated during production and is never
updated remotely.
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=

The user watchdog timer is disabled in factory configurations and during the
configuration cycle of the application configuration. It is enabled after the application
configuration enters user mode.

Quartus Il Software Support

The Quartus II software provides the flexibility to include the remote system upgrade
interface between the Arria II device logic array and the dedicated circuitry, generates
configuration files for production, and allows remote programming of the system
configuration memory.

Use the ALTREMOTE_UPDATE megafunction option in the Quartus II software as
the interface between the remote system upgrade circuitry and the device logic array
interface. Using the megafunction block instead of creating your own logic saves
design time and offers more efficient logic synthesis and device implementation.

ALTREMOTE_UPDATE Megafunction

The ALTREMOTE_UPDATE megafunction provides a memory-like interface to the
remote system upgrade circuitry and handles the shift register read and write
protocol in the Arria II device logic. This implementation is suitable for designs that
implement the factory configuration functions using a Nios II processor or user logic
in the device.

Figure 9-28 shows the interface signals between the ALTREMOTE_UPDATE
megafunction and Nios II processor or user logic.

Figure 9-28. Interface Signals between the ALTREMOTE_UPDATE Megafunction and the Nios Il Processor

ALTREMOTE_UPDATE
- read_param
> write_param
> param(2..0]
> data_in[23..0]
> reconfig
> reset_timer
> clock
- reset
< busy
< data_out[23..0]

For more information about the ALTREMOTE_UPDATE megafunction and the
description of ports listed in Figure 9-28, refer to the Remote Update Circuitry
(ALTREMOTE_UPDATE) Megafunction User Guide.
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Design Security

This section provides an overview of the design security features and their
implementation on Arria II devices using AES. It also covers the new security modes
available in Arria II devices.

As Arria Il devices continue to play roles in larger and more critical designs in
competitive commercial and military environments, it is increasingly important to
protect your designs from copying, reverse engineering, and tampering.

Arria II devices address these concerns with both volatile and non-volatile security
feature support. Arria II devices have the ability to decrypt configuration bitstreams
using the AES algorithm, an industry-standard encryption algorithm that is FIPS-197
certified. Arria II devices have a design security feature which uses a 256-bit security
key.

Arria II devices store configuration data in SRAM configuration cells during device
operation. Because SRAM memory is volatile, the SRAM cells must be loaded with
configuration data each time the device powers up. It is possible to intercept
configuration data when it is being transmitted from the memory source (flash
memory or a configuration device) to the device. The intercepted configuration data
could then be used to configure another device.

When using the Arria II design security feature, the security key is stored in the
Arria II device. Depending on the security mode, you can configure the Arria II
device using a configuration file that is encrypted with the same key, or for board
testing, configured with a normal configuration file.

The design security feature is available when configuring Arria II devices using FPP
configuration mode with an external host (such as a MAX II device or
microprocessor), or when using AS, fast AS, or PS configuration schemes. The design
security feature is also available in remote update mode with AS and fast AS
configuration mode.

L=~ The design security feature is not available when you are configuring your Arria Il
device using JTAG-based configuration. For more information, refer to “Supported
Configuration Schemes” on page 9-66.

= When using a serial configuration scheme such as AS, fast AS, or PS, configuration
time is the same whether or not you enable the design security feature. If you use the
FPP scheme with the design security or decompression feature, a x4 DCLK is required.
This results in a slower configuration time when compared with the configuration
time of an Arria II device that has neither the design security nor the decompression
feature enabled.
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Arria Il Security Protection

Arria II device designs are protected from copying, reverse engineering, and
tampering using configuration bitstream encryption.

Security Against Copying

The security key is securely stored in the Arria II device and cannot be read out
through any interface. In addition, as configuration file read-back is not supported in
Arria II devices, your design information cannot be copied.

Security Against Reverse Engineering

Reverse engineering from an encrypted configuration file is very difficult and time
consuming because the Arria II configuration file formats are proprietary and the file
contains millions of bits which require specific decryption. Reverse engineering the
Arria II device is just as difficult because the device is manufactured on the most
advanced 40-nm process technology.

Security Against Tampering

After the Tamper Protection bit is set in the key programming file generated by the
Quartus II software, the Arria II device can only be configured with configuration
files encrypted with the same key. Tampering is prevented using both volatile and
non-volatile keys.

AES Decryption Block

The main purpose of the AES decryption block is to decrypt the configuration
bitstream prior to entering data decompression or configuration.

Prior to receiving encrypted data, you must enter and store the 256-bit security key in
the device. You can choose between a non-volatile security key and a volatile security
key with battery backup.

The security key is scrambled prior to storing it in the key storage to make it more
difficult for anyone to retrieve the stored key using de-capsulation of the device.

Arria |l Device Handbook Volume 1: Device Interfaces and Integration July 2012  Altera Corporation



Chapter 9: Configuration, Design Security, and Remote System Upgrades in Arria Il Devices

Design Security

9-63

Flexible Security Key Storage

Arria II devices support two types of security key programming—volatile and
non-volatile keys. Table 9-24 lists the differences between volatile keys and

non-volatile keys.

Tahle 9-24. Security Key Options

Options

Volatile Key

Non-Volatile Key

Key programmability

Reprogrammable and erasable

One-time programmable

External battery

Required

Not required

Key programming method (7)

On-board

On and off board

Design protection

Secure against copying and
reverse engineering.

Tamper resistant if volatile
tamper protection bit is set. (2)

Secure against copying and
reverse engineering.

Tamper resistant if tamper
protection bit is set.

Notes to Table 9-24:
(1)

Key programming is carried out using the JTAG interface.

(2) Arria Il GZ devices do not support this feature.

You can program the non-volatile key to the Arria II device without an external
battery. Also, there are no additional requirements of any of the Arria Il power supply

inputs.

Vcepar is a dedicated power supply for volatile key storage and not shared with other
on-chip power supplies, such as Vcio or Vee. Vecpar continuously supplies power to
the volatile register regardless of the on-chip supply condition.

For Arria Il GX devices, after power up, wait 100 ms (standard POR delay) or 4 ms
(fast POR delay) before beginning key programming to ensure that Vccpar is at full
rail. For Arria II GZ devices, after power up, wait 300 ms (PORSEL = () or 12 ms
(PORSEL = 1) before beginning key programming to ensure that Vccpar is at full rail.

For more information about how to calculate the key retention time of the battery
used for volatile key storage, refer to the Arria II GX PowerPlay Early Power Estimator.

For more information about battery specifications, refer to the Device Datasheet for

Arria II Devices chapter.

For more information about the VCCBAT pin connection recommendations, refer to

Arria Il Device Family Pin Connection Guidelines.
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Arria Il Design Security Solution

Arria II devices are SRAM-based devices. To provide design security, Arria II devices
require a 256-bit security key for configuration bitstream encryption.

To carry out secure configuration, follow these steps (refer to Figure 9-29):
1. Program the security key into the Arria II device.

Program the user-defined 256-bit AES keys to the Arria II device through the JTAG
interface.

2. Encrypt the configuration file and store it in the external memory.

Encrypt the configuration file with the same 256-bit keys used to program the
Arria II device. Encryption of the configuration file is done using the Quartus II
software. The encrypted configuration file is then loaded into the external
memory, such as a configuration or flash device.

3. Configure the Arria Il device.

At system power-up, the external memory device sends the encrypted configuration
file to the Arria II device.

Figure 9-29. Design Security (Note 1)

User-Defined Step 1
AES Key
Step 3
Memory or
Encrypted Step 2 ry
Configuration = Configuration
File Device

Note to Figure 9-29:
(1) Step 1, Step 2, and Step 3 correspond to the procedure described in “Design Security” on page 9-61.
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Security Modes Available

The following security modes are available on the Arria II device:

Volatile Key

Secure operation with volatile key programmed and required external battery—this
mode accepts both encrypted and unencrypted configuration bitstreams. Use the
unencrypted configuration bitstream support for board-level testing only.

Non-Volatile Key

Secure operation with one-time-programmable (OTP) security key
programmed—this mode accepts both encrypted and unencrypted configuration
bitstreams. Use the unencrypted configuration bitstream support for board-level
testing only.

Volatile Key with Tamper Protection Bit Set

Arria II GZ devices do not support this feature.

Secure operation in tamper resistant mode with volatile security key
programmed—only encrypted configuration bitstreams are allowed to configure the
device. Tamper protection disables JTAG configuration with unencrypted
configuration bitstream.

Enabling the Tamper Protection bit disables the test mode in Arria II devices. This
process is irreversible and prevents Altera from carry-out failure analysis. Contact
Altera Technical Support to enable the tamper protection bit.

Non-Volatile Key with Tamper Protection Bit Set

Secure operation in tamper resistant mode with OTP security key
programmed—only encrypted configuration bitstreams are allowed to configure the
device. Tamper protection disables JTAG configuration with unencrypted
configuration bitstream.

Enabling the Tamper Protection bit disables the test mode in Arria II devices. This
process is irreversible and prevents Altera from carry-out failure analysis. Contact
Altera Technical Support to enable the tamper protection bit.
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No Key Operation

Only unencrypted configuration bitstreams are allowed to configure the device.

Table 9-25 lists the different security modes and configuration bitstream supported
for each mode.

Table 9-25. Security Modes Supported

Mode (7) Function Configuration File
. Secure Encrypted
Volatile key -
Board-level testing Unencrypted
) Secure Encrypted
Non-volatile key -
Board-level testing Unencrypted
Volatile key with tamper protection bit set (2) Secure (tam([;jr resistant) Encrypted
. . Co Secure (tamper resistant)
Non-volatile key with tamper protection bit set (3) Encrypted

Notes to Table 9-25:

(1) In No key operation, only the unencrypted configuration file is supported.

(2) Arria Il GZ devices do not support this feature.

(3) The tamper protection bit setting does not prevent the device from being reconfigured.

Supported Configuration Schemes

The Arria II device supports only selected configuration schemes, depending on the
security mode you select when you encrypt the Arria II device.

Figure 9-30 shows the restrictions of each security mode when encrypting Arria II
devices.

Figure 9-30. Arria Il Security Modes—Sequence and Restrictions

No Key
: - q
Volatile Key > Non-Volatile Key
o Un_encry_pted .
Unencrypted or CamiifgEimm D Unencrypted or
Encrypted Encrypted
Configuration File Configuration File
\
. . Non-Volatile Ke
Volatile Key with with Y
Tamg‘i’{'s";:’:‘;;’t'on Tamper-Protection
Bit Set
Encrypted
Configuration File Encrypted
@) Configuration File

Notes to Figure 9-30:

(1) Arria Il GZ devices do not support this feature.

(2) Arria Il devices do not accept encrypted configuration files if the volatile key is erased. If the volatile key is erased, you must use the volatile key
without the tamper-protection bit set to reprogram the key.
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Table 9-26 lists the configuration modes allowed in each of the security modes.

Tahle 9-26. Allowed Configuration Modes for Various Security Modes (Note 1)

Security Mode Gnnfigil;;ation Allowed Configuration Modes
No key Unencrypted All configuration modes that do not engage the design security feature.

m PS with AES (and/or with decompression)
m FPP with AES (and/or with decompression)

Secure with volatile key Encrypted ) ) )
m Remote update AS or fast AS with AES (and/or with decompression)
m AS or fast AS (and/or with decompression)
Boarq-level testing with Unencrypted All configuration modes that do not engage the design security feature.
volatile key
m PS with AES (and/or with decompression)
) ) m FPP with AES (and/or with decompression)
Secure with non-volatile key | Encrypted ) ) )
m Remote update AS or fast AS with AES (and/or with decompression)
m AS or fast AS (and/or with decompression)
Board-levpl testing with Unencrypted All configuration modes that do not engage the design security feature.
non-volatile key
. . m PS with AES (and/or with decompression)
Secure in tamper resistant
mode using volatile or m FPP with AES (and/or with decompression)
Encrypted

non-volatile key with tamper
protection set

Remote update AS or fast AS with AES (and/or with decompression)
m AS or fast AS (and/or with decompression)

Note to Table 9-26:

(1) There is no impact to the configuration time required when compared with unencrypted configuration modes except when using FPP with AES
(and/or decompression), which requires DCLK that is x4 the data rate.

'~ The design security feature is available in all configuration methods except JTAG.
Therefore, you can use the design security feature in FPP mode (when using an
external controller, such as a MAXII device or a microprocessor and flash memory),
or in AS, fast AS, and PS configuration schemes.
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Table 9-27 lists the configuration schemes that support the design security feature
both for volatile key and non-volatile key programming.

Table 9-27. Design Security Configuration Schemes Availability

Configuration Scheme Configuration Method sl:aisuirgilt]y
FPP MAX 11 device or microprocessor and flash memory v (1)
AS Serial configuration device v
Fast AS Serial configuration device v
PS MAX 1l device or microprocessor and flash memory v

Download cable v

MAX Il device or microprocessor and flash memory —
JTAG (2)

Download cable —

Notes to Table 9-27:
(1) In this mode, the host system must send a DCLK that is x4 the data rate.
(2) JTAG configuration supports only unencrypted configuration file.

You can use the design security feature with other configuration features, such as the
compression and remote system upgrade features. When you use compression with
the design security feature, the configuration file is first compressed and then
encrypted using the Quartus II software. During configuration, the Arria II device
first decrypts and then decompresses the configuration file.
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Document Revision History

Table 9-28 lists the revision history for this chapter.

Tahle 9-28. Document Revision History

Date Version Changes Made

m Updated “FPP Configuration Using a MAX Il Device as an External Host” section.

July 2012 4.3 m Added pull-up resistor to ncoNFIG in Figure 91, Figure 9-2, Figure 9-3,
Figure 9-10, Figure 9—11, and Figure 9-12.

m Updated Table 9-8, Table 9-9, Table 9-10, and Table 9-12.
m Updated Figure 9-16 and Figure 9-17.

December 2011 4.2 = Updated “Configuration” and “FPP Configuration Using a MAX Il Device as an
External Host” sections.

m Minor text edits.

m Updated Table 9-9, Table 9-10, Table 9-12, Table 918, and Table 9-23.

m Updated the “Programming Serial Configuration Devices” and “Configuration Data
Decompression” sections.

June 2011 4.1
m Removed references to the “ByteBlaster MV” and “MasterBlaster” cables as they are
discontinued.
= Minor text edits.
m Updated for the Quartus Il software version 10.1 release.
December 2010 4.0 m Added Arria Il GZ devices information.
= Minor text edits.

Updated for Arria Il GX v10.0 release:
m Updated Table 9-9 and Table 9-17.

m Updated Figure 9-4, Figure 9-5, Figure 9-13, Figure 9-16, Figure 9-17,
Figure 9-21, and Figure 9-30.

July 2010 3.0 m Updated “AS and Fast AS Configuration (Serial Configuration Devices)” and “Flexible
Security Key Storage” sections.

m Added “Guidelines for Connecting Serial Configuration Device to Arria Il Devices on
an Active Serial Interface” section.

= Minor text edits.

Updated for Arria Il GX v9.1 release:
m Updated Table 9-3, Table 9-10, Table 9-11, Table 9-13.
m Updated Figure 9-2, Figure 9-3, and Figure 9-6.

m Updated “VCCPD Pins”, “JTAG Configuration”, “Remote System Upgrade Mode”,

“Remote System Upgrade State Machine”, “User Watchdog Timer” sections.
m Minor text edits.

November 2009 2.0

m Updated Table 9-2, Table 9-3, Table 9-9, Table 9-10, Table 9-19, and Table 9-21.
m Updated Figure 9-6, Figure 9-11, and Figure 9-16.

June 2009 11 m Updated “VCCIO Pins for I/0 Banks 3C and 8C”, “FPP Configuration Using an
External Host”, and “Programming Serial Configuration Devices” sections.

m Removed “Volatite or Non-Volatile Key with JTAG Anti-Tamper Protection Bit Set”
section.

February 2009 1.0 Initial release.
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ANIIERA 10. SEU Mitigation in Arria Il Devices

AlIGX51010-4.2

This chapter describes how to activate and use the error detection cyclic redundancy
check (CRC) feature when your Arria® II device is in user mode and how to recover
from configuration errors caused by CRC errors.

In critical applications such as avionics, telecommunications, system control, and
military applications, it is important to be able to do the following;:

m  Confirm that the configuration data stored in an Arria II device is correct.
m  Alert the system to the occurrence of a configuration error.

The error detection CRC feature is provided in the Quartus® II software starting with
version 9.1 for Arria I GX devices and version 10.1 for Arria II GZ devices.

Using the error detection CRC feature on Arria II devices has no impact on fitting or
performance.

For more information about the CRC feature, refer to AN 539: Test Methodology of Error
Detection and Recovery using CRC in Altera FPGA Devices.

This chapter contains the following sections:

m  “Error Detection Fundamentals”

“Configuration Error Detection” on page 10-2

“User Mode Error Detection” on page 10-2

“Error Detection Pin Description” on page 10-5

“Error Detection Block” on page 10-5

“Error Detection Timing” on page 10-7

“Software Support” on page 10-9
m “Recovering From CRC Errors” on page 10-10

Error Detection Fundamentals

Error detection determines if the data received through a medium is corrupted during
transmission. To accomplish this, the transmitter uses a function to calculate a
checksum value for the data and appends the checksum to the original data frame.
The receiver uses the function to calculate a checksum for the received data frame and
compares the received checksum to the transmitted checksum. If the two checksum
values are equal, the received data frame is correct and no data corruption occurred
during transmission or storage.

The error detection CRC feature uses the same concept. When Arria II devices are
successfully configured and in user mode, the error detection CRC feature ensures the
integrity of the configuration data.
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Configuration Error Detection

In configuration mode, a frame-based CRC is stored in the configuration data and
contains the CRC value for each data frame.

During configuration, the Arria II device calculates the CRC value based on the frame
of data that is received and compares it against the frame CRC value in the data
stream. Configuration continues until either the device detects an error or
configuration is complete.

In Arria Il devices, the CRC value is calculated during the configuration stage. A
parallel CRC engine generates 16 CRC check bits per frame and then stores them into
the configuration RAM. The configuration RAM chain used for storing CRC check
bits is 16 bits wide and its length is equal to the number of frames in the device.

User Mode Error Detection

Arria II devices have built-in error detection circuitry to detect data corruption by soft
errors in the configuration RAM cells. This feature allows all configuration RAM
contents to be read and verified to match a configuration-computed CRC value. Soft
errors are changes in a configuration RAM’s bit state due to an ionizing particle.

The error detection capability continuously calculates the CRC of the configured
configuration RAM bits and compares it with the pre-calculated CRC. If the CRCs
match, there is no error in the current configuration RAM bits. The process of error
detection continues until the device is reset by setting nCONFIG low.

To enable the error detection process when the device transitions into user mode, turn
on the Enable Error Detection CRC option on the Error Detection CRC page of the
Device and Pin Options dialog box in the Quartus II software.

A single 16-bit error detection CRC calculation is done on a per-frame basis. After the
error detection circuitry has finished the CRC calculation for a frame, the resulting
16-bit signature is hex 0000. If the error detection circuitry detects no configuration
RAM bit errors in a frame, the output signal CRC_ERROR is 0. If the circuitry detects a
configuration RAM bit error in a frame in the device, the resulting signature is
non-zero and the error detection circuitry starts searching for the error bit location.

The error detection circuitry in Arria II devices calculates CRC check bits for each
frame and pulls the CRC_ERROR pin high when it detects bit errors in the chip. Within a
frame, it can detect all single-bit, double-bit, and triple-bit errors. The probability of
more than three configuration RAM bits being flipped by a single event upset (SEU) is
very low. In general, the probability of detection for all error patterns is 99.998%.

The error detection circuitry reports the bit location and determines the type of error
for all single-bit errors and over 99.641% of double-adjacent errors. The probability of
other error patterns is very low and the reporting of bit location is not guaranteed.

You can also read the error bit location through the JTAG and the core interface.
Before the error detection circuitry detects the next error in another frame, you must
shift erroneous bits out from the error message register (EMR) with either the JTAG
instruction, SHIFT_EDERROR_REG, or the core interface. The CRC circuitry continues to
run, and if an error is detected, you must decide whether to complete the
reconfiguration or to ignore the CRC error.
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User Mode Error Detection

1=

For more information about the timing requirement to shift out error information
from the EMR, refer to “Error Detection Timing” on page 10-7.

The error detection circuitry continues to calculate the CRC_ERROR and 16-bit
signatures for the next frame of data regardless of whether an error has occurred in
the current frame or not. You must monitor the CRC_ERROR signal and take the
appropriate actions if a CRC error occurs.

The error detection circuitry in Arria II devices uses a 16-bit CRC-ANSI standard
(16-bit polynomial) as the CRC generator. The computed 16-bit CRC signature for
each frame is stored in the configuration RAM. The total storage size is 16 (number of
bits per frame) x the number of frames.

The CRC_ERROR signal is asserted if the error detection circuitry verification does not
match with the configuration-computed CRC value. However, the Arria II device
error detection CRC feature does not check the memory blocks and I/O buffers.
Therefore, the CRC_ERROR signal may stay solid high or low, depending on the error
status of the previously checked configuration RAM frame. The I/O buffers are not
verified during error detection because these bits use flipflops as storage elements
that are more resistant to soft errors when compared with configuration RAM cells.
MLAB and M9K memory blocks support parity bits that are used to check the
contents of the memory blocks for any error in Arria II GX devices. In addition to
MLAB and M9K memory blocks, M144K memory blocks are used to check the
contents of the memory blocks for any error in Arria II GZ devices.

For more information about error detection in Arria Il memory blocks, refer to the
Memory Blocks in Arria II Devices chapter.

To provide testing capability of the error detection block, a JTAG instruction,
EDERROR_INJECT, is provided. This instruction is able to change the content of the
21-bit JTAG fault injection register used for error injection in Arria II devices, thereby
enabling the testing of the error detection block.

You can only execute the EDERROR_INJECT JTAG instruction when the device is in user
mode.

Table 10-1 lists the EDERROR INJECT JTAG instruction for Arria II devices.

Table 10-1. EDERROR_INJECT JTAG Instruction for Arria Il Devices

JTAG Instruction Instruction Code Description

This instruction controls the 21-bit JTAG fault
injection register used for error injection.

EDERROR INJECT 00 0001 0101

You can create a Jam™ file (.jam) to automate the testing and verification process.
This allows you to verify the CRC functionality in-system and on-the-fly, without
having to reconfigure the device.

For more information about .jam, refer to AN 539: Test Methodology of Error Detection
and Recovery using CRC in Altera FPGA Devices.
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You can introduce a single error or double errors adjacent to each other to the
configuration memory. This provides an extra way to facilitate design verification and
system fault tolerance characterization. Use the JTAG fault injection register with the
EDERROR_INJECT JTAG instruction to flip the readback bits. The Arria II device is then
forced into error test mode. Altera recommends reconfiguring the device after the test
completes.

You can only introduce error injection in the first data frame, but you can monitor the
error information at any time. For more information about the JTAG fault injection
register and fault injection register, refer to “Error Detection Registers” on page 10-6.

Table 10-2 lists how the fault injection register is implemented and describes error
injection for Arria II devices.

Table 10-2. Fault Injection Register for Arria Il Devices

Bit[20..19] Bit[18..8] Bit[7..0]
Description | Error Type (7) .
Error Injection Type Bﬂfnl'-:gtau:(llo;r:(:rthe Error Byte Value
Bit[20] | Bit[19] J
0 1 Single error injection Depicts the location of the Ef[zpmts thedlocatlon of t(;le
Content 1 0 | Double-adjacent error injection | injected error in the first | o o or aNC COMTESpoNnas
—— data frame to the error injection type
0 0 No error injection : selection.

Note to Table 10-2:
(1) Bit[20] and Bit[19] cannot both be set to 1, as this is not a valid selection. The error detection circuitry decodes this as no error injection.

Automated Single Event Upset Detection

Arria II devices offer on-chip circuitry for automated SEU detection. Some
applications require the device to operate error-free in high-neutron flux
environments require periodic checks to ensure continued data integrity. The error
detection CRC feature ensures data reliability and is one of the best options for
mitigating SEU.

You can implement the error detection CRC feature with existing circuitry in Arria II
devices, eliminating the need for external logic. The CRC_ERROR pin reports a CRC
error when configuration RAM data is corrupted; you must decide whether to
reconfigure the device or to ignore the error.
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Error Detection Pin Description

Table 10-3 lists the CRC_ERROR pin description for Arria II devices.

Table 10-3. CRC_ERROR Pin Description for Arria Il Devices

Pin Name Pin Type Description

Active high signal indicating that the error detection circuit has detected errors in the
configuration RAM bits. This is an optional pin and is used when you enable the error
detection GRG circuit. When you disable the error detection CRC circuit, it is a user I/0 pin.

/0 or When using the WYSIWYG function, the CRG error output is a dedicated path to the
CRC_ERROR output CRC ERROR pin.
open-drain -

To use the CRC_ERROR pin, you can tie this pin to V¢ o through a 10-kQ resistor.
Alternatively, depending on the input voltage specification of the system receiving the
signal, tie this pin to a different pull-up voltage.

Error Detection Block

The error detection block contains the logic necessary to calculate the 16-bit error
detection CRC signature for the configuration RAM bits in the Arria II device.

The CRC circuit continues running even if an error occurs. When a CRC error occurs,
the device sets the CRC_ERROR pin high. Table 104 lists the two types of CRC detection
that check the configuration bits for Arria II devices.

Table 10-4. Two Types of CRC Detection for Arria Il Devices

User Mode CRC Detection Configuration CRC Detection

m This is the configuration RAM error checking ability m This is the 16-bit configuration CRC that is embedded in
(16-bit error detection CRC) during user mode for use every configuration data frame.

by the CRC_ERROR pin. = During configuration, after a frame of data is loaded into the
m For each frame of data, the pre-calculated 16-bit error Arria Il device, the pre-computed configuration CRC is

detection CRC enters the CRC circuit at the end of the shifted into the CRC circuitry.

frame data and determines whether there is an error or

not.

m At the same time, the configuration CRC value for the data
frame shifted-in is calculated. If the pre-computed

m If an error occurs, the search engine finds the location configuration CRC and calculated configuration CRC values
of the error. do not match, nSTATUS is set low. Every data frame has a

16-bit configuration CRC; therefore, there are many 16-bit

configuration CRGC values for the whole configuration

bitstream as there are many data frames. Every device has

different lengths of the configuration data frame.

m The error messages can be shifted out through the
JTAG instruction or core interface logics while the
error detection block continues running.

m The JTAG interface reads out the 16-bit error detection
CRC result for the first frame and also shifts the 16-bit
error detection CRC bits to the 16-bit error detection
CRC storage registers for test purposes.

m You can deliberately introduce single error, double
errors, or double-adjacent errors to the configuration
memory for testing and design verification.

I'=" The “Error Detection Block” section focuses on the first type, the 16-bit CRC only,
when the device is in user mode.
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Error Detection Registers

There is one set of 16-bit registers in the error detection circuitry that stores the
computed CRC signature. A non-zero value on the syndrome register causes the

CRC_ERROR pin to be set high.

Figure 10-1 shows the block diagram of the error detection circuitry, syndrome
registers, and error injection block for Arria II devices.

Figure 10-1. Error Detection Circuitry, Syndrome Registers, and Error Injection Block for Arria Il Devices
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Table 10-5 lists the registers shown in Figure 10-1.

Table 10-5. Error Detection Registers for Arria Il Devices

Register

Description

Syndrome Register

This register contains the CRC signature of the current frame through the error detection
verification cycle. The CRC_ERROR signal is derived from the contents of this register.

Error Message
Register

This 46-bit register contains information on the error type, location of the error, and the actual
syndrome. The types of errors and location reported are single- and double-adjacent bit errors.
The location bits for other types of errors are not identified by the EMR. The content of the register
is shifted out through the SHIFT EDERROR REG JTAG instruction or to the core through the core
interface.

JTAG Update Register

This register is automatically updated with the contents of the EMR one cycle after the 46-bit
register content is validated. It includes a clock enable, which must be asserted prior to being
sampled into the JTAG shift register. This requirement ensures that the JTAG Update Register is
not being written into by the contents of the EMR at the same time that the JTAG shift register is
reading its contents.

User Update Register

This register is automatically updated with the contents of the EMR one cycle after the 46-bit
register content is validated. It includes a clock enable, which must be asserted prior to being
sampled into the user shift register. This requirement ensures that the user update register is not
being written into by the contents of the EMR at the same time that the user shift register is
reading its contents.

JTAG Shift Register

This register is accessible by the JTAG interface and allows the contents of the JTAG update
register to be sampled and read out by SHIFT EDERROR REG JTAG instruction.

User Shift Register

This register is accessible by the core logic and allows the contents of the user update register to
be sampled and read by user logic.

JTAG Fault Injection
Register

This 21-bit register is fully controlled by the EDERROR INJECT JTAG instruction. This register
holds the information of the error injection that you want in the bitstream.

Fault Injection Register

The content of the JTAG fault injection register is loaded into this 21-bit register when it is
updated.

Error Detection Timing

When you enable the error detection CRC feature through the Quartus II software, the
device automatically activates the CRC error detection process after entering user
mode, after configuration, and after initialization is complete.

If an error is detected within a frame, CRC_ERROR is driven high at the end of the error
location search, after the EMR is updated. At the end of this cycle, the CRC_ERROR pin is
pulled low for a minimum of 32 clock cycles. If the next frame contains an error,
CRC_ERROR is driven high again after the EMR is overwritten by the new value. You
can start to unload the error message on each rising edge of the CRC_ERROR pin. Error
detection runs until the device is reset.

The error detection circuitry runs off an internal configuration oscillator with a divisor
that sets the maximum frequency. Table 10-6 lists the minimum and maximum error
detection frequencies for Arria Il devices.

Table 10-6. Minimum and Maximum Error Detection Frequencies for Arria Il Devices

. Error Detection Maximum Error Minimum Error Detection L
Device Type Frequency Detection Frequency Frequency Valid Divisors (n)
Arria Il 100 MHz / 2» 50 MHz 390 kHz 1,2,3,4,5,6,7,8

July 2012  Altera Corporation
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You can set a lower clock frequency by specifying a division factor in the Quartus II
software (refer to “Software Support” on page 10-9). The divisor is a power of two (2),
where 1 is between 1 and 8. The divisor ranges from 2 through 256 (refer to

Equation 10-1).

Equation 10-1.

100MHz
211

error detection frequency =

"=~ The error detection frequency reflects the frequency of the error detection
q y q y
process for a frame because the CRC calculation in Arria II devices is done
on a per-frame basis.

The EMR is updated whenever an error occurs. If the error location and message are
not shifted out before the next error location is found, the previous error location and
message are overwritten by the new information. To avoid this, you must shift these
bits out within one frame CRC verification. The minimum interval time between each
update for the EMR depends on the device and the error detection clock frequency.
However, slowing down the error detection clock frequency slows down the error
recovery time for the SEU event.

Table 10-7 lists the estimated minimum interval time between each update for the
EMR in Arria II devices.

Table 10-7. Minimum Update Interval for Error Message Register in Arria Il Devices

Device Timing Interval (us)
EP2AGX45 11.04
EP2AGX65 11.04
EP2AGX95 14.88

EP2AGX125 14.88
EP2AGX190 19.64
EP2AGX260 19.64
EP2AGZ225 19.8
EP2AGZ300 21.8
EP2AGZ350 21.8

The CRC calculation time for the error detection circuitry to check from the first until
the last frame depends on the device and the error detection clock frequency.
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Software Support

Table 10-8 lists the minimum and maximum estimated clock frequency time for each
CRC calculation for Arria II devices. The minimum CRC calculation time is calculated
using the maximum error detection frequency with a divisor factor 1. The maximum

CRC calculation time is calculated using the minimum error detection frequency with
a divisor factor 8.

Table 10-8. CRC Calculation Time for Arria Il Devices

Device Minimum Time (ms) Maximum Time (s)
EP2AGX45 159.12 20.40
EP2AGX65 159.12 20.40
EP2AGX95 271.44 34.80
EP2AGX125 271.44 34.80
EP2AGX190 467.22 59.90
EP2AGX260 467.22 59.90
EP2AGZ225 225 62.44
EP2AGZ300 296 82.05
EP2AGZ350 296 82.05

Software Support

The Quartus II software, starting with version 9.1 supports the error detection CRC
feature for Arria II GX devices and starting with version 10.1 supports the error
detection CRC feature for Arria Il GZ devices. Enabling this feature in the Device and
Pin Options dialog box generates the CRC_ERROR output to the optional dual-purpose
CRC_ERROR pin.

To enable the error detection feature using the CRC, follow these steps:
Open the Quartus II software and load a project using an Arria II device.
On the Assignments menu, click Device. The Device dialog box appears.
. Click Device and Pin Options. The Device and Pin Options dialog box appears.

1.
2.
3
4. In the Category list, select Error Detection CRC tab.
5. Turn on Enable Error Detection CRC.

6

. In the Divide error check frequency by pull-down list, enter a valid divisor as
listed in Table 10-6 on page 10-7.

7. Click OK.
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Recovering From CRC Errors

The system that the Arria II device resides in must control device reconfiguration.
After detecting an error on the CRC_ERROR pin, strobing the nCONFIG signal low directs
the system to perform the reconfiguration at a time when it is safe for the system to
reconfigure the device.

Document Revision History

Table 10-9. Document Revision History

When the data bit is rewritten with the correct value by reconfiguring the device, the
device functions correctly.

While soft errors are uncommon in Altera® devices, certain high-reliability
applications require a design to account for these errors.

Table 10-9 lists the revision history for this chapter.

Date Version Changes
July 2012 4.2 Removed repeated paragraph in the “User Mode Error Detection” section.
m Updated “User Mode Error Detection” section.
June 2011 4.1 . .
m Minor text edits.
m Updated for the Quartus Il software version 10.1 release.
December 2010 4.0 m Added Arria Il GZ devices information.
m Minor text edits.
Updated for Arria Il GX v10.0 release:
July 2010 3.0
m Updated Table 10-3, Table 106, Table 10-7, and Table 10-8.
Updated for Arria Il GX v9.1 release:
November 2009 2.0 m Updated Table 10-7 and Table 10-8.
m Minor text edits.
February 2009 1.0 Initial release.
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AlIGX51011-4.0

o Arria Il Devices

This chapter describes the boundary-scan test (BST) features that are supported in
Arria®II devices and how to use the IEEE Std. 1149.1 and Std. 1149.6 BST circuitries in
Arria I devices. The features are similar to Arria GX devices, unless stated in this
chapter.

This chapter includes the following sections:

m  “BST Architecture for Arria II Devices” on page 11-1

m “BST Operation Control” on page 11-3

m “I/O Voltage Support in a JTAG Chain” on page 11-5

m “Disabling IEEE Std. 1149.1 BST Circuitry” on page 11-6

m “Boundary-Scan Description Language Support” on page 11-7

Arria I GX devices support IEEE Std. 1149.1 and IEEE Std. 1149.6, while Arria Il GZ
devices support IEEE Std. 1149.1 only. The IEEE Std. 1149.6 is only supported on the
high-speed serial interface (HSSI) transceivers in Arria II GX devices. The IEEE Std.
1149.6 enables board-level connectivity checking between transmitters and receivers
that are AC coupled (connected with a capacitor in series between the source and
destination).

BST Architecture for Arria Il Devices

For Arria II GX devices, the TDO output pin and all JTAG input pins are powered by
the Vo power supply of I/O Bank 8C, while for Arria II GZ devices, the TDO output
pin and all the JTAG input pins are powered by 2.5-V/3.0-V Vcpp supply of I/O
Bank 1A. All user I/O pins are tri-stated during JTAG configuration.

For more information about the IEEE Std. 1149.1 BST architecture, BST circuitry, and
boundary-scan register for Arria II devices, refer to the IEEE 1149.1 (JTAG)
Boundary-Scan Testing for Arria GX Devices chapter in volume 2 of the Arria GX Device
Handbook.

IEEE Std. 1149.6 Boundary-Scan Register for Arria Il GX Devices

The boundary-scan cell (BSC) for HSSI transmitters (GXB_TX [p,n]) and
receivers/input clock buffer (6XB_RX [p,n])/(REFCLK[0..7]) in Arria II GX devices are
different from the BSCs for I/O pins.

© 2010 Altera Corporation. All rights reserved. ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS and STRATIX are Reg. U.S. Pat. & Tm. Off.
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Figure 11-1 shows the Arria II GX HSSI transmitter boundary-scan cell.

Figure 11-1. HSSI Transmitter BSC with IEEE Std. 1149.6 BST Circuitry for Arria Il GX Devices
A T A

0 D Q D Q l °
1 ";)D—J

BSCAN

SDOUT
AC JTAG

Output
Buffer

=

Mission
(DATAOUT)
—p

Tx Output
Buffer

TX_BUF_OE

ACJTAG_BUF_OE

gl | T

T I
MEM_INIT SDIN SHIFT CLK UPDATE HIGHZ AC_TEST AC_MODE

A A MODE

BSTX0

Output
Buffer

Capture Upc'iate
Registers

Arria |l Device Handbook Volume 1: Device Interfaces and Integration December 2010 Altera Corporation



Chapter 11: JTAG Boundary-Scan Testing in Arria Il Devices 11-3
BST Operation Control

Figure 11-2 shows the Arria II GX HSSI receiver/input clock buffer BSC.

Figure 11-2. HSSI Receiver/Input Clock Buffer BSC with IEEE Std. 1149.6 BST Circuitry for Arria Il GX Devices
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BST Operation Control

Table 11-1 lists the boundary-scan register length for Arria II devices.

Table 11-1. Boundary-Scan Register Length for Arria Il Devices

Device Boundary-Scan Register Length
EP2AGX45 1,227
EP2AGX65 1,227
EP2AGX95 1,467
EP2AGX125 1,467
EP2AGX190 1,971
EP2AGX260 1,971
EP2AGZ225 2,274
EP2AGZ300 2,682
EP2AGZ350 2,682

December 2010 Altera Corporation Arria Il Device Handbook Volume 1: Device Interfaces and Integration



11-4 Chapter 11: JTAG Boundary-Scan Testing in Arria Il Devices
BST Operation Control

Table 11-2 lists the IDCODE information for Arria II devices.

Table 11-2. 32-Bit IDCODE for Arria Il Devices

IDCODE (32 Bits) (7)
Device
Version (4 Bits) Part Number (16 Bits) Manufacturer Identity (11 Bits) | LSB (1 Bit) (2)
EP2AGX45 0000 0010 0101 0001 0010 00001101110 1
EP2AGX65 0000 0010 0101 0000 0010 00001101110 1
EP2AGX95 0000 0010 0101 0001 0011 00001101110 1
EP2AGX125 0000 00100101 0000 0011 00001101110 1
EP2AGX190 0000 0010 0101 0001 0100 00001101110 1
EP2AGX260 0000 0010 0101 0000 0100 00001101110 1
EP2AGZ225 0000 0010 0100 1000 0001 00001101110 1
EP2AGZ300 0000 0010 0100 0000 1010 00001101110 1
EP2AGZ350 0000 0010 0100 1000 0010 00001101110 1

Notes to Table 11-2:
(1) The MSB is on the left.
(2) The 1DCODE LSB is always 1.

L=~ 1f the device is in the RESET state, when the nCONFIG or nSTATUS signal is low, the
device IDCODE might not be read correctly. To read the device IDCODE correctly, you
must issue the IDCODE JTAG instruction only when the nSTATUS signal is high.

“ e Forinformation about JTAG instructions, TAP controller state machine, timing
requirements, and how to select the instruction mode, refer to “IEEE Std. 1149.1 BST
Operation Control” in the IEEE 1149.1 (JTAG) Boundary-Scan Testing for Arria GX
Devices chapter in volume 2 of the Arria GX Device Handbook.

For Arria II GX devices, IEEE Std.1149.6 mandates the addition of two new
instructions: EXTEST PULSE and EXTEST TRAIN. These two instructions enable
edge-detecting behavior on the signal path containing the HSSI pins. These
instructions implement new test behaviors for HSSI pins and simultaneously behave
identically to the IEEE Std. 1149.1 EXTEST instruction for non-HSSI pins.

EXTEST PULSE Instruction Mode

The instruction code for EXTEST PULSE is 0010001111. The EXTEST PULSE instruction
generates three output transitions:

m Driver drives the data on the falling edge of TCK in UPDATE_IR/DR.

m Driver drives the inverted data on the falling edge of TCK after entering the
RUN TEST/IDLE state.

m Driver drives the data on the falling edge of TCK after leaving the RUN TEST/IDLE
state.

L=~ 1If you use DC-coupling on the HSSI signals, you must execute the EXTEST instruction.
If you use AC-coupling on the HSSI signals, you must execute the EXTEST PULSE
instruction.
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1/0 Voltage Support in a JTAG Chain

EXTEST TRAIN Instruction Mode

The instruction code for EXTEST TRAIN is 0001001111. The EXTEST TRAIN instruction
behaves like the EXTEST PULSE instruction with one exception: the output continues to
toggle on the TCK falling edge as long as the TAP controller is in the RUN_TEST/IDLE
state.

These two instruction codes are only supported in post-configuration mode for
Arria II GX devices.

You must not use the following private instructions as invoking such instructions
potentially damage the device, rendering the device useless:

= 1100010000
= 0011100101
= 0011001001
= 1100010011
= 0011100110
= 0000101010

You must take precaution not to invoke such instructions at any instance. Altera
recommends that you avoid toggling the JTAG pins when the device is not in used.

1/0 Voltage Support in a JTAG Chain

The JTAG chain can support several different devices. However, use caution if the
chain contains devices that have different Vcg levels. The output voltage level of the
TDO pin must meet the specification of the TDI pin it drives.

Table 11-3 and Table 11-4 show board design recommendations to ensure proper
JTAG chain operation.

Table 11-3. Supported TDO/TDI Voltage Combinations for Arria Il GX Devices (Part 1 of 2)

Device TDI Input Buffer Arria Il GX TDO Vo Voltage Level in I/0 Bank 8C

Power Veco=3.3V (1) | Voo =3.0V (1) | Veeio=2.5V (2)| Veeio=1.8V | Vggio=1.5V
Level shifter

Ve =33V v v v v 9 required
Level shifter

Veeio=3.0V v v v v 9 required
Arria Il GX Level shifter

Vecip=2.5V v v v v 9 required
Level shifter

Veoo=1.8V v v v v (3 oquired

Vecio=1.5V v v v v (3 v
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Table 11-3. Supported TDO/TDI Voltage Combinations for Arria Il GX Devices (Part 2 of 2)

Device TDI Input Buffer Arria Il GX TDO Vo Voltage Level in I/0 Bank 8C

Power Veco=3.3V (1) | Voo =3.0V (1) | Veeio=2.5V (2)| Veeio=1.8V | Vggio=1.5V
Level shifter

Vee=3.3V v v v v  (3) required
Veg=25V v (4) v (4) v v (3 Level shifter

Non-Arria Il GX required
Level shifter

V=18V N v (4) v (5) v required

V=15V v (4) v (4) v (5) v’ (6) v

Notes to Table 11-3:

(1) The TDO output buffer meets Voy (Min) = 2.4
(2) The TDO output buffer meets Voy (Min) = 2.0
)

(4) The input buffer must be 3.0-V tolerant.
(5) The input buffer must be 2.5-V tolerant.
(6) The input buffer must be 1.8-V tolerant.

Table 11-4. Supported TDO/TDI Voltage Combinations for Arria Il GZ Devices

V.
V.

An external 250-Q pull-up resistor is not required; however, they are recommended if signal levels on the board are not optimal.

Arria Il GZ TDO V¢cpp Voltage Level in 1/0 Bank 1A
Device TDI Input Buffer Power
Veew =3.0V (7) Veew =25V (2)
Veepp=3.0V v v
Arria |l GZ CCPD
Voepp =25V v v
Veg=3.3V v v
Vegg=25V v' (3 v
Non-Arria Il GZ o (9
Vee=1.8V v (3) N
Veg=15V v  (3) v' (4)

Notes to Table 11-4:

(1) The TDO output buffer meets Vo, (Min) = 2.4
(2) The TDO output buffer meets Vo (Min) = 2.0
(3) The input buffer must be 3.0-V tolerant.

(4) The input buffer must be 2.5-V tolerant.

V.
V.

=@ For more information about I/O voltage support in the JTAG chain, refer to the “1/O

Voltage Support in JTAG Chain” in the IEEE 1149.1 (JTAG) Boundary-Scan Testing for
Arria GX Devices chapter in volume 2 of the Arria GX Device Handbook.

Disabling IEEE Std. 1149.1 BST Circuitry

The IEEE Std. 1149.1 BST circuitry for Arria I devices is enabled after device
power up. Because the IEEE Std. 1149.1 BST circuitry is used for BST or in-circuit
reconfiguration, you must enable the circuitry only at specific times as mentioned in
“IEEE Std. 1149.1 BST Circuitry” in the [EEE 1149.1 (JTAG) Boundary-Scan Testing for
Arria GX Devices chapter in volume 2 of the Arria GX Device Handbook.
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1=

If you do not use the IEEE Std. 1149.1 circuitry in Arria II devices, permanently
disable the circuitry to ensure that you do not inadvertently enable it when it is not
required.

Table 11-5 lists the pin connections necessary for disabling the IEEE Std. 1149.1
circuitry in Arria II devices.

Table 11-5. Pin Connections Necessary for Disabling IEEE Std. 1149.1 Circuitry for Arria Il
Devices

Connection for Disabling
JTAG Pins
Arria Il GX Devices Arria Il GZ Devices

TMS Ve supply of Bank 8C Veepp Supply of Bank 1A
TCK GND

TDI Ve supply of Bank 8C ‘ Veepp Supply of Bank 1A
TDO Leave Open
TRST Not available | GND

Boundary-Scan Description Language Support

The boundary-scan description language (BSDL), a subset of VHDL, provides a
syntax that allows you to describe the features of an IEEE Std. 1149.6 BST-capable
device that can be tested. You can test software development systems, then use the
BSDL files for test generation, analysis, and failure diagnostics.

For more information about BSDL files for IEEE Std. 1149.6-compliant Arria II GX
devices, refer to the IEEE 1149.6 BSDL Files page on the Altera®website.

For more information about BSDL files for IEEE Std. 1149.1-compliant Arria Il GZ
devices, refer to the IEEE 1149.1 BSDL Files page on the Altera website.

You can also generate BSDL files (pre-configuration and post-configuration) for
Arria II devices with the Quartus® II software version 9.1 and later. For the procedure
to generate BSDL files using the Quartus II software, refer to Generating BSDL Files in
Quartus II.
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= m—— 12. Power Management in Arria ll
A I:l A ® Devices

This chapter describes the static and dynamic power of Arria® II devices. Static power
is the power consumed by the FPGA when it is configured, but no clocks are
operating. Dynamic power is composed of switching power when the device is
configured and running.

The PowerPlay Power Analyzer in the Quartus® II software optimizes all designs
with Arria II power technology to ensure performance is met at the lowest power
consumption. This automatic process allows you to concentrate on the functionality of
your design instead of the power consumption of your design.
“ e For more information about using the PowerPlay Power Analyzer in the Quartus IT
software, refer to the Power Estimation and Power Analysis section in volume 3 of the
Quartus II Handbook.

This chapter includes the following sections:
m “External Power Supply Requirements” on page 12-1
m “Power-On Reset Circuitry” on page 12-1

m “Hot Socketing” on page 122

External Power Supply Requirements

“ e For more information about the Arria II external power supply requirements and the

power supply pin connections, refer to the following:

m For more information about Altera-recommended power supply operating
conditions, refer to the Device Datasheet for Arria 1I Devices chapter.

m For more information about power supply pin connection guidelines and
power regulator sharing, refer to the Arria II Device Family Pin Connection
Guidelines.

Power-0On Reset Circuitry

The Arria II power-on reset (POR) circuitry generates a POR signal to keep the device
in the reset state until the power supply’s voltage levels have stabilized during
power-up. The POR circuitry monitors Vcc, Veea prr, Veees, Veerp, and Vo
supplies for I/O banks 3C and 8C in Arria II GX devices, where the configuration pins
are located. The POR circuitry tri-states all user I/O pins until the power supplies
reach the recommended operating levels. These power supplies are required to
monotonically reach their full-rail values without plateaus and within the maximum
power supply ramp time (tgappr). The POR circuitry de-asserts the POR signal after
the power supplies reach their full-rail values to release the device from the reset
state.
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The POR circuitry monitors Vee, Vecaux Veees, Veerow and Veepp supplies in
Arria II GZ devices. The POR circuitry keeps the Arria Il GZ devices in reset state
until the power supply outputs are within operating range (provided that the V¢
powers up fully before Vecaux)-

POR circuitry is important to ensure that all the circuits in the Arria II device are at
certain known states during power up. You can select the POR signal pulse width
between fast POR time or standard POR time using the MSEL pin settings. For fast
POR time, the POR signal pulse width is set to 4 ms for the power supplies to ramp up
to full rail. For standard POR time, the POR signal pulse width is set to 100 ms for the
power supplies to ramp up to full rail. In both cases, you can extend the POR time
with an external component to assert the nSTATUS pin low.

For more information about the POR specification, refer to the Device Datasheet for
Arria II Devices chapter.

For more information about MSEL pin settings, refer to the Configuration, Design
Security, and Remote System Upgrades in Arria II Devices chapter.

Hot Socketing

Arria I11/0O pins are hot-socketing compliant without the need for external
components or special design requirements. Hot-socketing support in Arria II devices
has the following advantages:

B You can drive the device before power up without damaging the device.

m [/O pins remain tri-stated during power up. The device does not drive out before
or during power-up. Therefore, it does not affect other buses in operation.

® You can insert or remove an Arria II device from a powered-up system board
without damaging or interfering with normal system and board operation.

Devices Gan Be Driven Before Power-Up

You can drive signals into regular Arria II I/O pins and transceiver before or during
power up or power down without damaging the device. Arria II devices support any
power-up or power-down sequence to simplify the system-level designs.

1/0 Pins Remain Tri-Stated During Power-Up

A device that does not support hot socketing may interrupt system operation or cause
contention by driving out before or during power up. In a hot-socketing situation, the
Arria II output buffers are turned off during system power up or power down. Also,
the Arria II device does not drive out until the device is configured and working
within recommended operating conditions.
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Hot Socketing

Insertion or Removal of an Arria Il Device from a Powered-Up System

Devices that do not support hot socketing can short power supplies when
powered up through the device signal pins. This irregular power up can damage both
the driving and driven devices and can disrupt card power up.

An Arria II device may be inserted into or removed from a powered up system board
without damaging or interfering with system-board operation.

For Arria II GX devices, you can power up or power down the Vecio, Vee, and Veepp
supplies in any sequence and at any time between them. For Arria II GZ devices, you
can power up or power down the V¢, Vccio, Veepp, and Veepgu supplies in any
sequence (provided that the V¢ powers up fully before Vccaux)-

For more information about the hot-socketing specification, refer to the Device
Datasheet for Arria Il Devices chapter and the Hot-Socketing and Power-Sequencing
Feature and Testing for Altera Devices white paper.

Hot-Socketing Feature Implementation

=

Arria II devices are immune to latch-up when using the hot-socketing feature. The
hot-socketing feature turns off the output buffer during power up and power down of
the Ve, Vecro, or Veepp power supplies for Arria II GX devices. Hot-socketing
circuitry generates an internal HOTSCKT signal when the V¢, Vccro, or Veepp power
supplies for Arria II GX devices are below the threshold voltage. To support the
startup current as reported by the PowerPlay Early Power Estimator (EPE) for

Arria II GX devices, fully power V¢ before Vccp begins to ramp.

The hot-socketing feature turns off the output buffer during power up and power
down of the V¢, Vcio, Vecpp, and Vecpam power supplies for Arria IT GZ devices.
To support the power-up sequence for all Arria II GZ devices, fully power V¢ before
Vccaux begins to ramp.

Hot-socketing circuitry is designed to prevent excess I/O leakage during power up.
When the voltage ramps up very slowly, it is still relatively low, even after the POR
signal is released and the configuration is completed. The CONF_DONE, nCEO, and
nSTATUS pins fail to respond, as the output buffer cannot flip from the state set by the
hot-socketing circuit at this low voltage. Therefore, the hot-socketing circuit is
removed on these configuration pins to ensure that they are able to operate during
configuration. Thus, it is the expected behavior for these pins to drive out during
power-up and power-down sequences.

Altera uses GND as reference for the hot-socketing operation and I/O buffer designs.
To ensure proper operation, Altera recommends connecting the GND between boards
before connecting to the power supplies. This prevents the GND on your board from
being pulled up inadvertently by a path to power through other components on your
board. A pulled up GND can otherwise cause an out-of-specification I/O voltage or
current condition with the Altera® device.
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Table 12-1 lists the revision history for this chapter.
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Additional Information
fAN ISR

This chapter provides additional information about the document and Altera.

About this Handhook

This handbook provides comprehensive information about the Arria® II devices.

How to Contact Altera

To locate the most up-to-date information about Altera products, refer to the

following table.
Contact (7) Contact Method Address
Technical support Website www.altera.com/support
) N Website www.altera.com/training
Technical training - ,
Email custrain@altera.com
Product literature Website www.altera.com/literature
Non-technical support (General) Email nacomp@altera.com
(Software Licensing) Email authorization@altera.com

Note to Table:
(1) You can also contact your local Altera sales office or sales representative.

Typographic Conventions

The following table shows the typographic conventions this document uses.

Visual Cue Meaning

Indicate command names, dialog box titles, dialog box options, and other GUI

Bold Type with Initial Capital labels. For example, Save As dialog box. For GUI elements, capitalization matches

Letters

the GUI.
Indicates directory names, project names, disk drive names, file names, file name
bold type extensions, software utility names, and GUI labels. For example, \qdesigns

directory, D: drive, and chiptrip.gdf file.
Italic Type with Initial Capital Letters | Indicate document titles. For example, Stratix IV Design Guidelines.

Indicates variables. For example, n+ 1.

italic type Variable names are enclosed in angle brackets (< >). For example, <file name>and
<project name>.pof file.

Indicate keyboard keys and menu names. For example, the Delete key and the
Options menu.

Quotation marks indicate references to sections within a document and titles of
Quartus Il Help topics. For example, “Typographic Conventions.”

Initial Capital Letters

“Subheading Title”
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Visual Cue

Courier type

Indicates signal, port, register, bit, block, and primitive names. For example, datal,
tdi, and input. The suffix n denotes an active-low signal. For example, resetn.

Indicates command line commands and anything that must be typed exactly as it
appears. For example, c: \gdesigns\tutorial\chiptrip.gdf.

Also indicates sections of an actual file, such as a Report File, references to parts of
files (for example, the AHDL keyword SUBDESIGN), and logic function names (for
example, TRI).

“ An angled arrow instructs you to press the Enter key.
1,2.,3.,and Numbered steps indicate a list of items when the sequence of the items is important,
a., b.,c.,andsoon such as the steps listed in a procedure.
EEsm Bullets indicate a list of items when the sequence of the items is not important.
e The hand points to information that requires special attention.

A question mark directs you to a software help system with related information.
e The feet direct you to another document or website with related information.

A caution calls attention to a condition or possible situation that can damage or
destroy the product or your work.

A warning calls attention to a condition or possible situation that can cause you
injury.

The envelope links to the Email Subscription Management Center page of the Altera
website, where you can sign up to receive update notifications for Altera documents.
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fAil IERA Section 1. Transceiver Architecture for
- ® Arria Il Devices

This section provides information about Arria® II device family transceiver
architecture and clocking. It also describes configuring multiple protocols, data rates,
and reset control and power down in the Arria II device family. This section includes
the following chapters:

m Chapter 1, Transceiver Architecture in Arria II Devices
m Chapter 2, Transceiver Clocking in Arria II Devices
m  Chapter 3, Configuring Multiple Protocols and Data Rates in Arria II Devices

m  Chapter 4, Reset Control and Power Down in Arria II Devices

Revision History

Refer to each chapter for its own specific revision history. For information about when
each chapter was updated, refer to the Chapter Revision Dates section, which appears
in this volume.
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1. Transceiver Architecture in Arria ll
Devices

ALTERAN

AlIGX52001-4.3

This chapter describes all available modules in the Arria® I1 GX and GZ transceiver
architecture and describes how these modules are used in the protocols shown in
Table 1-1. In addition, this chapter lists the available test modes, dynamic
reconfiguration, and ALTGX port names.

Arria II GX and GZ devices provide up to 24 full-duplex clock data recovery-based
(CDR) transceivers with physical coding sublayer (PCS) and physical medium
attachment (PMA), and support the serial protocols listed in Table 1-1 and Table 1-2.

Table 1-1 lists the serial protocols for Arria II GX devices.

Table 1-1. Serial Protocols for Arria Il GX Devices

Protocol Description
PCI Express® (PIPE) (PCIe®) | Gen1, 2.5 Gbps
Serial F%apidIO® (SRI0) 1.25 Gbps, 2.5 Gbps, and 3.125 Gbps
m SATA I, 1.5 Gbps

Serial ATA (SATA)/ m SATAII, 3.0 Gbps
Serial Attached SCSI (SAS) = SATAIIl, 6.0 Gbps

SAS, 1.5 Gbps and 3.0 Gbps

m HD-SDI, 1.485 Gbps and 1.4835 Gbps
m 3G-SDI, 2.97 Gbps and 2.967 Gbps
ASI 270 Mbps

Serial Digital Interface (SDI)

Common Public Radio
Interface (CPRI)

614.4 Mbps, 1228.8 Mbps, 2457.6 Mbps, 3072 Mbps,
4915.2 Mbps, and 6144 Mbps

OBSAI 768 Mbps, 1536 Mbps, 3072 Mbps, and 6144 Mbps

Gigabit Ethernet (GbE) 1.25 Gbps

XAUI 3.125 Gbps to 3.75 Gbps for HiGig/HiGig+ support
m 0C-12 (622 Mbps)

SONET/SDH
m 0C-48 (2.488 Gbps)

GPON 1.244 uplink and 2.488 downlink

SerialLite Il 0.6 Gbps to 3.75 Gbps

Interlaken —

CEl —

© 2012 Altera Corporation. All rights reserved. ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS and STRATIX are Reg. U.S. Pat. & Tm. Off.
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reserves the right to make changes to any products and services at any time without notice. Altera assumes no responsibility or liability arising out of the application or use of any
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specifications before relying on any published information and before placing orders for products or services.
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Chapter 1: Transceiver Architecture in Arria Il Devices

Table 1-2 lists the serial protocols for Arria Il GZ devices.

Table 1-2. Serial Protocols for Arria Il GZ Devices

Protocol

Description

PCle

Gen2, 5.0 Gbps

SRIO

1.25 Ghps, 2.5 Gbps, and 3.125 Gbps

Serial ATA (SATA)/
Serial Attached SCSI (SAS)

m SATA I, 1.5 Gbps

m SATAII, 3.0 Gbps

m SATAlI, 6.0 Gbps

m SAS, 1.5 Gbps and 3.0 Gbps

Serial Digital Interface (SDI)

m HD-SDI, 1.485 Gbps and 1.4835 Gbps
m 3G-SDI, 2.97 Gbps and 2.967 Gbps

ASI

270 Mbps

Common Public Radio
Interface (CPRI)

614.4 Mbps, 1228.8 Mbps, 2457.6 Mbps, 3072 Mbps,
4915.2 Mbps, and 6144 Mbps

0BSAI 768 Mbps, 1536 Mbps, 3072 Mbps, and 6144 Mbps

Gigabit Ethernet (GbE) 1.25 Gbps

XAUI 3.125 Gbps to 3.75 Gbps for HiGig/HiGig+ support
m 0C-12 (622 Mbps)

SONET/SDH m 0C-48 (2.488 Gbps)
m 0C-96 (4.976 Gbps)

GPON 1.244 uplink and 2.488 downlink

Interlaken 40G with 10 channels at 6.375 Gbps

CEl 6.375 Gbps

You can implement these protocols through the ALTGX MegaWizard " Plug-In
Manager, which also offers the highly flexible Basic functional mode to implement

proprietary serial protocols.
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Transceiver Block Overview

Transceiver Block Overview

Arria II GX devices offer two to four transceiver blocks per device while Arria II GZ
devices offer up to six transceiver blocks. Each block consists of four fully-duplex
(transmitter and receiver) channels, located on the left side of the device (in a die-top

view).

Figure 1-1 shows the die-top view of the transceiver block locations in Arria II GX

devices.

Figure 1-1. Transceiver Channels for Arria Il GX Devices

EP2AGX190FF35, EP2AGX260FF35

Transceiver Block GXBL3

Channel 3

Channel 2
CMuo
CMU1

Channel 1

Channel 0

EP2AGX95EF29, EP2AGX125EF29, EP2AGX190EF29,
EP2AGX260EF29, EP2AGX95EF35, EP2AGX125EF35

Transceiver Block GXBL2

Channel 3

Channel 2
CMU0
CMU1

Channel 1

Channel 0

Transceiver Block GXBLO

EP2AGX45DF25, EP2AGX65DF25, EP2AGX95DF25,
EP2AGX125DF25, EP2AGX45DF29, EP2AGX65DF29

Transceiver Block GXBL1

Channel 3

Channel 2
CMUo
CMU1

Channel 1

Channel 0

Channel 3

Channel 2
CMU0
CMU1

Channel 1

Channel 0
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Transceiver Block Overview

Figure 1-2 shows the die top view of the transceiver block locations in Arria Il GZ

devices.

Figure 1-2. Transceiver Channels for Arria Il GZ Devices

EP2AGZ225F40, EP2AGZ300F40, EP2AGZ350F40

Transceiver Block GXBL2

Channel 3

Channel 2
CMUO
CMU1

Channel 1

Channel 0
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Channel 3

Channel 2
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Channel 1

Channel 0

Transceiver Block GXBLO

Channel 3

Channel 2
CMUO
CMU1

Channel 1

Channel 0

Transceiver Block GXBR2

Channel 3

Channel 2
CMUO
CMU1

Channel 1
Channel 0

Transceiver Block GXBR1

Channel 3

Channel 2
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Channel 1

Channel 0

Transceiver Block GXBRO
Channel 3

Channel 2
CMUO
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Channel 1

Channel 0
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Transceiver Block Overview

Figure 1-3 shows the block diagram of the transceiver block architecture for

Arria II GX and GZ devices.

Figure 1-3. Top-Level View of a Transceiver Block for Arria Il GX and GZ Devices

Transceiver Block

Transceiver Channel 3 |

Transceiver Channel 2 |

CMU1 Block |

CMUO Block |

Transceiver Channel 1 |

Transceiver Channel 0 |

OCT Calibration Block |

"TChannei3

Channel2
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Channel0

{'Channel3

Channel0

- [Channel2
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Transceiver Block GXBL1

Transceiver Block GXBLO

Channel2

Channel3 -

Transceiver Block GXBR1

Channelt

| Channel0

Channel3

Channel2

Channell

Channel0

Transceiver Block GXBRO

Transceiver Block

Transceiver Channel 3 |

Transceiver Channel 2 |

CMU1 Block |

CMUO Block |

Transceiver Channel 1 |

Transceiver Channel 0 |

OCT Calibration Block |

The following sections describe all the modules of the transceiver blocks. The input
and output ports of these modules are described in the module sections, and are listed
in the “Transceiver Port List” on page 1-94.
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Clock Multiplier Units (CMU)

Each transceiver block contains two CMU blocks, which contain a CMU phase-locked
loop (PLL) that provides clocks to all the transmitter channels in the same transceiver
block. These two CMU blocks can provide two independent high-speed clocks per
transceiver block.

[ The CMU PLL is also known as the TX PLL.

The CMU PLLs in cMU0 and CMU1 are identical and each transmitter channel in the
transceiver block can receive a high-speed clock from either of the two CMU PLLs.
However, the cMU0 block has an additional clock divider after the cMUO PLL to support
bonded functional modes where multiple channels share a common clock to reduce
skew between the channels. With the ALTGX MegaWizard Plug-In Manager, you can
select the bonded functional modes used in x4 Basic, PCle, and XAUI
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Clock Multiplier Units (CMU)

Figure 1-4 shows a top-level block diagram of the connections between the CMU

blocks and the transceiver channels.

Figure 1-4. Top-Level Diagram of CMU Block Connections in a Transceiver Block

Notes to Figure 1-4:
(1) Clocks provided to support bonded channel functional mode.
(2) For more information, refer to the Transceiver Clocking for Arria Il Devices chapter.
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Clock Multiplier Units (CMU)

Figure 1-5 and Figure 1-6 show the top-level block diagram of CMU0 and CMU1 blocks,
respectively.

Figure 1-5. CMUO Block Diagram

CMUO Block

pll_powerdown (7)

PLL Cascade Clock

Global Clock Line

Dedicated refclkO

Dedicated refclk1

ITB Clock Lines (2)

YVYVYY

Input

CMUO PLL A

CMUO PLL High-Speed
Clock for Non-Bonded Modes

P pll_locked (3)

Jo Transmitter Channel

High-Speed Serial

Reference Clock

" Local Clock Divider

CMU1 PLL High-Speed Clock

for Bonded Modes (4)

Clock for Bonded
Modes (4) g
CMUO PLL[-#—p{ CMUO Clock ®To PCS Blocks
Divider »
Low-Speed
A Parallel Clock

Notes to Figure 1-5:
M

transceiver block. This port power downs one or both CMU PLLs (if used).

of transceiver blocks on one side of the device.

There is one p11_locked signal per CMU PLL.
Used in x4, x8, and XAUI functional modes. In x8 functional mode, only the cMuo channel of the master transceiver block provides clock output

to all eight transceiver channels configured in PCle functional mode.

Although each CMU PLL has its own p11_powerdown port, the ALTGX MegaWizard Plug-In Manager instantiation provides only one port per

The inter-transceiver block (ITB) clock lines shown are the maximum value. The actual number of ITB lines in your device depends on the number

Figure 1-6. CMU1 Block Diagram

pll_powerdown (1)
PLL Cascade Clock
Gilobal Clock Line
Dedicated refclkO

Dedicated refclk1
ITB Clock Lines (2)

Notes to Figure 1-6:
(1)

CMU1 Block

YYVYY

CMU1 PLL
Input Reference
Clock

\ 4

CMU1 PLL

CMU1 PLL High-Speed
Clock for Non-Bonded Modes|

P> pll_locked (3)

To Transmitter
P Channel Local

transceiver block. This port power downs one or both CMU PLLSs (if used).

@)
)

on one side of the device.

There is one p11_locked signal per CMU PLL.

Clock Divider

Although each CMU PLL has its own p11 powerdown port, the ALTGX MegaWizard Plug-In Manager instantiation provides only one port per

The ITB clock lines shown are the maximum value. The actual number of ITB lines in your device depends on the number of transceiver blocks
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CMU PLL

Figure 1-7 shows the block diagram of the CMU PLL.

Figure 1-7. Diagram of the CMU PLL

CMU PLL

Lock
Detect

M

PLL Cascade Clock
Gilobal Clock Line
Dedicated refclkO
Dedicated refclk1

ITB Clock Lines (1)
pll_powerdown (2) —p>|

CMU PLL
Input Reference

e M,/2,/4,/8

Charge Pump CMU PLL
+ Loop Filter veo n > High-Speed Clock

YVYVVY

— pll_locked (3)

Notes to Figure 1-7:

(1) The ITB clock lines shown are the maximum value. The actual number of ITB lines in your device depends on the number of transceiver blocks
on one side of the device.

(2) Although each CMU PLL has its own p11_powerdown port, the ALTGX MegaWizard Plug-In Manager instantiation provides only one port per
transceiver block. This port power downs one or both CMU PLLs (if used).

(3) Thereis onepll locked signal per CMU PLL.

“ e For more information about input reference clocks, refer to the “CMU PLL and

Receiver CDR Input Reference Clocks” section of the Transceiver Clocking in Arria 11
Devices chapter.

The phase frequency detector (PFD) in the CMU PLL tracks the voltage-controlled
oscillator (VCO) output with the input reference clock. This VCO runs at half the
serial data rate. The CMU PLL generates the high-speed clock from the input
reference clock through the two divider blocks (/M and /L) in the feedback path.
Table 1-3 lists the available /M and /L settings, which are set automatically in the
Quartus® II software, based on the input reference clock frequency and serial data
rate.

Table 1-3. Multiplier Block Heading to Clock Divider for Arria Il Devices

Multiplier Block Available Values
M 1,4,5,8,10, 16, 20, 25
/L 1,2,4

[~ You can set the PLL bandwidth in the ALTGX megafunction.

The high-speed clock output from the CMU PLL is forwarded to the cMU0 clock
divider block in bonded functional modes and the transmitter channel local clock
divider block in non-bonded functional modes. The output of either clock divider
block provides clocks for the PCS and PMA blocks.
“ = For more information about using two CMU PLLs to configure multiple transmitter
channels, refer to the Configuring Multiple Protocols and Data Rates in Arria II Devices
chapter.
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CMUO Clock Divider

The clock divider is only available only in the cMU0 block and is used in bonded
functional modes.

Figure 1-8 shows a diagram of the cMU0 clock divider block.

Figure 1-8. CMUO Clock Divider Block (Note 1)

CMUO Clock Divider Block

P> High-Speed Serial Clock (2)

CMUO High-Speed Clock Output - —> coreclkout to FPGA Fabric (3)
:D—P{/N(1,2,4)|——>| /S (4,5,8,10) [ >}

CMU1 High-Speed Clock Output

o Low-Speed Parallel Clock
" for Transmitter Channel PCS

Notes to Figure 1-8:

(1) The Quartus Il software automatically selects all the divider settings based on the input clock frequency, data rate, deserialization width, and
channel width settings.

(2) The high-speed serial clock is available to all the transmitter channels in the transceiver block. In a x8 configuration, only the cmuo clock divider
of the master transceiver block provides the high-speed serial clock to all eight channels.

(3) Ifthe byte serializer block is enabled in bonded channel modes, the coreclkout clock output is half the frequency of the low-speed parallel clock.
Otherwise, the coreclkout clock output is the same frequency as the low-speed parallel clock.

Transmitter Channel Local Glock Divider Block

Each transmitter channel contains a local clock divider block used automatically by
the Quartus Il software for non-bonded functional modes (for example, x1 PCle, Gbps
Ethernet (GbE), SONET/SDH, and SDI mode). This block allows each transmitter
channel to run at /1, /2, or /4 of the CMU PLL output data rate.

Figure 1-9 shows the transmitter local clock divider block.

Figure 1-9. Transmitter Local Clock Divider Block

o High-Speed Serial Clock
" for the Serializer

] . Low-Speed Parallel Clock
- - »
~4,5,8,0r10 " for the Transmitter PCS Blocks

+1,2,0r4

CMUO PLL High-Speed Clock
CMU1 PLL High-Speed Clock

vy

o tx_clkout for the
" FPGA Fabric

“ e For more information about transceiver channel local clock divider block clocking,

refer to the “Transceiver Channel Datapath Clocking” section in the Transceiver
Clocking in Arria Il Devices chapter.
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Transceiver Channel Architecture

Each transceiver channel consists of a transmitter channel and a receiver channel.
Each transmitter or receiver channel comprises the channel PCS and channel PMA
blocks. Figure 1-10 shows the Arria II GX and GZ transceiver channel architecture.

Figure 1-10. Transceiver Channel Architecture for Arria Il GX and GZ Devices (Note 1)

FPGA
Fabric

FPGA-to-Fabric Interface (2)

tx_clkout

" PClehard P\ \
" PIPE Interface /

PMA-to-PCS

Interface

Transmitter Channel PCS

Transmitter Channel
PMA

tx_clkout

5]

Notes to Figure 1-10:

(1) Shaded boxes are in the FPGA; unshaded boxes are in the I/0 periphery.

(2) The PCle hard IP block and PIPE interface are used only when the FPGA design includes the PCle megafunction. For more information about the
use of these two blocks, refer to the PCI Express Compiler User Guide.
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The FPGA fabric-to-transceiver interface and the PMA-to-PCS interface can support

an 8, 10, 16, or 20 bit-width data bus.

The transceiver channel is available in two modes:

m Single-width mode—In this mode, the PMA-to-PCS interface uses an 8- or 10-bit

wide data bus. The FPGA fabric-to-transceiver interface supports an 8- or 10-bit
wide data bus, with the byte serializer/deserializer disabled. When the byte
serializer/deserializer is enabled, the FPGA fabric-to-transceiver interface
supports a 16 or 20 bit-width data bus.

m Double-width mode—In this mode, both the PMA-to-PCS interface and the FPGA

fabric-to-transceiver uses an 16- and 20-bit wide data bus. The byte
serializer /deserializer is supported in Arria II GZ devices, but not in Arria II GX

devices. This mode is only supported for BASIC or Deterministic Latency protocol,
used for CPRI and OBSAI interfaces.
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Transmitter Channel Datapath

This section describes the Arria Il GX and GZ transmitter channel datapath
architecture. The sub-blocks in the transmitter datapath are described in order from
the transmitter (TX) phase compensation FIFO buffer at the FPGA
fabric-to-transceiver interface to the transmitter input buffer.

Figure 1-11 shows the transmitter channel datapath.

Figure 1-11. Transmitter Channel Datapath

°

Transmitter Channel PCS Transmitter Channel PMA
PCI
FPGA hard P PIPE TX Phase L >
Fabric Interface > Compensation P Byte Serializer 8B/10 Encoder ‘D—b Serializer —b{:;
FIFO — >
Transmitter PCS
This section describes the transmitter PCS modules, which consists of the TX phase
compensation FIFO, byte serializer, and 8B/10B encoder.
The tx_digitalreset signal resets all modules in the transmitter PCS block.
“% e For more information about the tx digitalreset signal, refer to the Reset Control and

Power Down in Arria Il Devices chapter.

TX Phase Compensation FIFO

This FIFO compensates for the phase difference between the low-speed parallel clock
and the FPGA fabric interface clock. Table 14 lists the available modes for the TX
phase compensation FIFO.

Table 1-4. Transmitter Phase Compensation FIFO Modes for Arria Il Devices

Mode FIFO Depth Latency Through FIFO Applicable Functional Modes (7)
e All functional modes except PCle and
Low Latency 4-words deep 2-10-3 parallel clock cycles Deterministic Latency
High Latency 8-words deep 4-t0-5 parallel clock cycles PCle
Register — 1 Deterministic Latency

Note to Table 1-4:

(1) Automatically set when you select a protocol in the ALTGX MegaWizard Plug-In Manager.
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Figure 1-12 shows the datapath and clocking of the TX phase compensation FIFO.

Figure 1-12. TX Phase Compensation FIFO

TX Phase —» tx_phase_comp_fifo_error (1)

Data Inpuéfrom Compensation
the FPGA > FIFO
Fabric of PIPE Data Output to
Interface (tx_datain) the Byte Serializer
wr_clk rd_clk — o1 the 8B/10B
A A Encoder or Serializer

tx_coreclk (2) ) ’_El:: tx_clkout (3)
coreclkout (4)
Notes to Figure 1-12:

(1) The tx phase comp fifo error is optional and available in all functional modes. This signal is asserted high to
indicate an overflow or underflow condition.

(2) Use this optional clock for the FIFO write clock if you instantiate the tx_coreclk port in the ALTGX MegaWizard
Plug-In Manager, regardless of the channel configurations. Otherwise, the same clock used for the read clock is also
used for the write clock. Ensure that there is 0 parts per million (PPM) frequency difference between the tx_coreclk
clock and the read clock of the FIFO.

(3) The tx clkout low-speed parallel clock is from the local clock divider from the associated transmitter channel and
is used in non-bonded configurations.

(4) The coreclkout clock is from the cMuo block of the associated transceiver block or the master transceiver block for
x4 bonded or x8 bonded channel configurations, respectively.

For more information about TX phase compensation FIFO clocking, refer to the
“Limitation of the Quartus II Software-Selected Transmitter Phase Compensation
FIFO Write (or Read) Clocks” section in the Transceiver Clocking in Arria II Devices
chapter.

An optional tx phase comp fifo error port is available in all functional modes and
is asserted high in an overflow or underflow condition. If this signal is asserted,
ensure that there is 0 PPM difference between the TX phase compensation FIFO read
and write clocks.

The output of this block can go to any of the following blocks:
m Byte serializer—If you enable this block.

m 8B/10B encoder—If you disable the byte serializer, but enable the 8B/10B encoder
and your channel width is either 8 or 16 bits.

m Serializer—If you disable both the byte serializer and the 8B/10B encoder, or if
you use low-latency PCS bypass mode.
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Byte Serializer

In Arria IT GX devices, you cannot enable the byte serializer in double-width mode.
However, in Arria Il GZ devices, you can enable both double-width and the byte
serializer to achieve a 32- or 40-bit PCS-FPGA interface.

Figure 1-13 shows the byte serializer datapath for Arria II GX devices.

Figure 1-13. Byte Serializer Datapath for Arria Il GX Devices

Input Data from the Output Data to the
TX Phase-Compensation —»  Byte Serializer |— 8B/10B Encoder (8 bits)
FIFO (16 or 20 bits) or Serializer (8 or 10 bits)
A

d— Low-Speed Parallel Clock

The byte serializer divides the input datapath width by two. This allows you to run
the transceiver channel at higher data rates while keeping the FPGA fabric frequency
within the maximum limit. This module is required in configurations that exceed the
FPGA fabric-to-transceiver interface clock upper frequency limit. It is optional in
configurations that do not exceed the FPGA fabric-to-transceiver interface clock
upper frequency limit.

For example, if you want to run the transceiver channel at 3.125 Gbps, without the
byte serializer, the FPGA fabric interface clock frequency must be 312.5 MHz

(3.125 Gbps/10), which violates the FPGA fabric interface frequency limit. When you
use the byte serializer, the FPGA fabric interface frequency is 156.25 MHz

(3.125 Gbps/20).

For more information about the maximum frequency limit for the FPGA
fabric-to-transceiver interface, refer to the Device Datasheet for Arria I Devices.

The byte serializer forwards the data from the TX phase compensation FIFO LSByte
first. For example, assuming a channel width of 20 bits, the byte serializer sends out
the least significant word datain[9:0] of the parallel data from the FPGA fabric,
followed by datain[19:10].

The data from the byte serializer is forwarded to the 8B/10B encoder if the module is
enabled and the input data width is 16 bits. Otherwise, the output is forwarded to the
serializer module in the transceiver PMA block.
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8B/10B Encoder
Figure 1-14 shows the inputs and outputs of the 8B/10B encoder.

Figure 1-14. 8B/10B Encoder

Input Data from TX
Phase Compensation
FIFO or Byte Serializer

tx_ctrlenable —9»|
tx_forcedisp —» 8B/10B Encoder —»
tx_dispval —»,
tx_invpolarity —»

Output Data to
Serializer (tx_dataout)

The 8B/10B encoder generates 10-bit code groups from the 8-bit data and 1-bit control
identifier. If the tx_ctrlenable input is high, the 8B/10B encoder translates the 8-bit
input data to a 10-bit control word (Kx.y). Otherwise, the 8B/10B encoder translates
the 8-bit input data to a 10-bit data word (Dx.y). Figure 1-15 shows an example of
how the second 8'hBC data is encoded as a control word, while the reset of the data
are encoded as a data word.

Figure 1-15. Control Word and Data Word Transmission

tx_datain[7:0] >< 83 >< 78 >< BC >< BC >< OF >< 00 >< BF >< 3C ><
tx_ctrlenable
code group >< D3.4 ><D24.3><D28.5><K28.5><D15.0>< DO0.0 ><D31.5><D28.1 ><

The IEEE 802.3 8B/10B encoder specification identifies only a set of 8-bit characters
for which tx_ctrlenable should be asserted. If you assert tx_ctrlenable for any
other set of characters, the 8B/10B encoder might encode the output 10-bit code as an
invalid code (it does not map to a valid Dx.y or Kx.y code), or an unintended valid
Dx.y code, depending on the value entered. It is possible for a downstream 8B/10B
decoder to decode an invalid control word into a valid Dx.y code without asserting
any code error flags. Altera recommends not asserting tx_ctrlenable for
unsupported 8-bit characters.

WARNING
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Figure 1-16 shows the conversion format. The LSB is transmitted first by default. You
can, however, enable the Transmitter Bit Reversal option in the ALTGX MegaWizard
Plug-In Manager to allow reversing the transmit bit order (MSB first) before it is
forwarded to the serializer.

Figure 1-16. 8B/10B Conversion Format

[7]6]5]4]3]2]1]0][controL_bif
G

v

8B/10B Encoder

v

j hgf i edcba
mse—~{9]8]7]e[5[4]3]2]1]o}tsB
Default Operation (Transmitter Bit Reversal Disabled)

During reset, the running disparity and data registers are cleared. Also, the 8B/10B
encoder outputs a K28.5 pattern from the RD- column continuously until

tx digitalreset is de-asserted. The input data and control code from the FPGA
fabric is ignored during the reset state. After power up or reset, the 8B/10B encoder
starts with a negative disparity (RD-) and transmits three K28.5 code groups for
synchronization before it starts encoding and transmitting data on its output.

While tx_digitalreset is asserted, the downstream 8B/10B decoder that receives the
data might observe synchronization or disparity errors.

Figure 1-17 shows the reset behavior of the 8B/10B encoder. When in reset
(tx_digitalreset is high), a K28.5- (K28.5 10-bit code group from the RD- column) is
sent continuously until tx digitalreset is low. Due to some pipelining of the
transmitter channel PCS, some “don’t cares” (10'hxxx) are sent before the three
synchronizing K28.5 code groups. User data follows the third K28.5 code group.

Figure 1-17. 8B/10B Encoder Output during tx_digitalreset Assertion

clock ‘

tx_digitalreset

dataout[9:0] >< K28.5- >< K28.5- >< K28.5- >< XXX >< L >< XXX >< K28.5- >< K28.5+ >< K28.5- >< Dx.y+ ><

In Basic functional mode, you can use the tx_forcedisp and tx_dispval ports to
control the running disparity of the output from the 8B/10B encoder. Forcing
disparity can either maintain the current running disparity calculations if the forced
disparity value (on the tx_dispval bit) happens to match the current running
disparity, or flip the current running disparity calculations if it does not match. If the
forced disparity flips the current running disparity, the downstream 8B/10B decoder
might detect a disparity error.
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Table 1-5 lists the tx_forcedisp and tx_dispval port values and the effects they have
on the data.

Table 1-5. tx_forcedisp and tx_dispval Port Values for Arria Il Devices

tx_forcedisp tx_dispval Description
0 X Current running disparity has no change.
1 0 Encoded data has positive disparity.
1 1 Encoded data has negative disparity.

Figure 1-18 shows an example of tx_forcedisp and tx_dispval port use, where data
is shown in hexadecimal radix.

Figure 1-18. 8B/10B Encoder Force Running Disparity Operations

tx_in[7:0] >< BC BC >< BC >< BC >< BC>§< BC>§< BC>§< BC ><

tx_ctrlenable J

tx_forcedisp

tx_dispval

RD-

Current Running Disparity RD+ RD- RD+ RD+ RD- RD+

dataout[9:0] 17C 283 >< 17C 283 283 17C 283 >< 17C ><

In this example, a series of K28.5 code groups are continuously sent. The stream
alternates between a positive running disparity K28.5 (RD+) and a negative running
disparity K28.5 (RD-) to maintain a neutral overall disparity. The current running
disparity at time n + 3 indicates that the K28.5 in time n + 4 must be encoded with a
negative disparity. Because tx_forcedisp is high at timen + 4, and tx_dispval is also
high, the K28.5 at time n + 4 is encoded as a positive disparity code group.

The optional tx_invpolarity port is available in all functional modes to dynamically
enable the transmitter polarity inversion feature as a workaround to board re-spin or
a major update to the FPGA fabric design when the positive and negative signals of a
serial differential link are accidentally swapped during board layout.

A high value on the tx_invpolarity port inverts the polarity of every bit of the input
data word to the serializer in the transmitter datapath. Correct data is seen by the
receiver, because inverting the polarity of each bit has the same effect as swapping the
positive and negative signals of the differential link. The tx_invpolarity signal is
dynamic and might cause initial disparity errors at the receiver of an 88/10B encoded
link. The downstream system must be able to tolerate these disparity errors.
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Figure 1-19 shows an example result with the tx_invpolarity feature in a 10-bit wide

datapath configuration.

Figure 1-19. Transmitter Polarity Inversion

Output from Transmitter PCS

o

Converted Data Output to

MSB

tx_invpolarity = high

»
|

LSB

the Transmitter Serializer

MSB

LSB

Transmitter PMA

This section describes the transmitter PMA modules that consist of the serializer and

the transmitter output buffer.

<o The tx_analogreset signal resets all modules in the transmitter PMA block. For more

information about this signal, refer to the Reset Control and Power Down in Arria 11

Devices chapter.
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Serializer

The serializer converts the incoming low-speed parallel signal from the transceiver
PCS to the high-speed serial data and sends its LSB first to the transmitter output
buffer. Figure 1-20 shows the serializer block diagram in an 8-bit PCS-to-PMA
interface.

Figure 1-20. Serializer Block in an 8-Bit PCS-PMA Interface

D7
D6
D5
D4
Data from the PCS Block 8
D3
D2
D1
DO ———To Output Buffer
A A
. Low-Speed
Parallel Clock from Local Divider Block —»] Parallel Clock
Parallel Clock from CMUO Clock Divider —»|
Parallel Clock from Master Transceiver Block (1) —»|
Serial Clock from Local Divider Block —>\| gggfgﬁiﬁ
Serial Clock from CMUO Clock Divider —»|
Serial Clock from Master Transceiver Block (1) —»|

Note to Figure 1-20:
(1) This clock is provided by the cvuo clock divider of the master transceiver block and is only used in x8 mode.

Figure 1-21 shows an example of serialized data with a 8'b01101010 value.

Figure 1-21. Serializer Bit Order (Note 1)

Low-Speed Parallel Clock
High-Speed Serial Clock

tx_datain[7:0] 00000000 >< 01101010 >< 00000000

tx_dataout[0] of1|o0o|(t1|oO0|1 1|0

Note to Figure 1-21:
(1) The input data to the serializer is 8 bits (channel width = 8 bits with the 8B/10B encoder disabled).
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Transmitter Qutput Buffer

The Arria II GX and GZ transmitter output buffers support the 1.5-V pseudo current
mode logic (PCML) I/O standard and can drive 40 inches of FR4 trace (with 50-Q
impedance) across two connectors.

['=" For data rates > 3.75 Gbps, Altera recommends limiting the FR4 trace length to
15 inches.

The transmitter output buffer power supply (Vccp) only provides voltage to the
transmitter output buffers in the transceiver channels. This is set to 1.5 V in the
ALTGX MegaWizard Plug-In Manager. The common mode voltage (Vcy,) for the
Arria II GX and GZ transmitter output buffers is 650 mV.

To improve signal integrity, the transmitter output buffer has the following additional
circuitry, which you can set in the ALTGX MegaWizard Plug-In Manager:

m Programmable differential output voltage (Vop)—This feature allows you to
customize the Vo to handle different trace lengths, various backplanes, and
various receiver requirements.

m Programmable pre-emphasis—Pre-emphasis boosts high frequencies in the
transmit data signal, which might be attenuated in the transmission media
because of data-dependent jitter and other intersymbol interference (ISI) effects. It
equalizes the frequency response at the receiver so the differences between the
low-frequency and high-frequency components are reduced, minimizing the ISI
effects from the transmission medium.

Pre-emphasis requirements increase as data rates through legacy backplanes
increase. Using pre-emphasis can maximize the data eye opening at the far-end
receiver.

m Programmable differential on-chip termination (OCT)—The Arria II GX
transmitter buffer includes a differential OCT of 100 Q2 . The Arria II GZ
transmitter buffer includes a differential OCT of 85, 100, 120, and 150 Q. The
resistance is adjusted in the calibration block to compensate for temperature,
voltage, and process changes (for more information, refer to “Calibration Block”
on page 1-47).

You can set the transmitter termination setting in the ALTGX MegaWizard Plug-In
Manager or through the Quartus II Assignment Editor by setting the assignment
output termination to 85, 100, 120, or 150 for Arria II GZ devices or 100 for

Arria II GX devices on the transmitter output buffer.

You can disable OCT and use external termination. In this case, the transmitter

common mode is tri-stated.

"=~ The Arria I GX and GZ transmitter output buffers in the transceiver block
are current-mode drivers. The resulting Vg is a function of the transmitter

termination value.
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m Receiver-detect capability to support PCle functional mode—This circuit detects if
there is a receiver downstream by sending out a pulse on the common mode of the
transmitter and monitoring the reflection. For more information, refer to “PCle
Mode” on page 1-62.

m Tristate-able transmitter buffer to support PCle electrical idle—This feature is only
active in PCle mode to work hand-in-hand with the receiver-detect capability. For
more information, refer to “PCle Mode” on page 1-62.

“ e For more information about the available settings in each feature, refer to the Device

Datasheet for Arria I Devices.
Figure 1-22 shows the transmitter output buffer block diagram.

Figure 1-22. Transmitter Output Buffer

_ 50Q
Programmable Receiver Transmitter
Pre-Emphasis —-[/c\: i Output
and Vyp Pins
50Q /

Receiver Channel Datapath

This section describes the Arria Il GX and GZ receiver channel datapath architecture.
The sub-blocks in the receiver datapath are described in order from the receiver input
buffer to the receiver (RX) phase compensation FIFO buffer at the FPGA
fabric-to-transceiver interface.

Figure 1-23 shows the receiver channel datapath in Arria II GX and GZ devices.

Figure 1-23. Receiver Channel Datapath

Receiver Channel PCS Receiver Channel
PMA

2 o 3
5 5| |£
E @ o c o S o E_> le) o

< = S £ S 3 i g g
< = Q= = < 8 w w c I
3 o |l ||8%0 Ik 8 £ T EHIE
a O o HEST = H o 2 2 < 2 [ Serial Input
T o T e er o 2 om 2 2 ©° 2 °r

& xXE 2 S =] 2 3 5 2 Data
= by L i
8 @ < & % a = o rx_datain
) © 4

T
Input Reference
Clock

Receiver PMA

This section describes the receiver PMA modules, which consists of the receiver input
buffer, CDR, and deserializer.
“ %@ Therx analogreset signal resets all modules in the receiver PMA block. For more
information about this signal, refer to the Reset Control and Power Down in Arria I
Devices chapter.
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Receiver Input Buffer

The receiver input buffer receives serial data from the rx_datain port and feeds it to
the CDR unit. Figure 1-24 shows the receiver input buffer.

Figure 1-24. Receiver Input Buffer for Arria Il GX Devices

—» To the Transmitter Output Buffer in

the Reverse Serial Pre-CDR Loopback
—» Configuration (1)
Receiver Input Buffer
From Serial Data Equalization
Input Pins = d’z: and |
(rx_datain) C—> ® DC Gain p- 10 CDR
Circuitry
100 @ ¢
2
Signal )
Threshold o Signal
Detection " Detect
® 0.82/1.1V Sl iy
\V

Notes to Figure 1-24:
(1) For more information about reverse serial pre-CDR loopback mode, refer to “Test Modes” on page 1-85.
(2) For Arria Il GZ devices, this is 85, 100, 120, and 150 Q.

Table 1-6 lists the electrical features supported by the receiver input buffer.

Table 1-6. Electrical Features Supported by the Receiver Input Buffer for Arria Il
Devices (Note 1)

1/0 Standard Programmahble Common Mode Voltage (V) Coupling
1.5V PCML 0.82 AC, DC
2.5V PCML 0.82 AC
LVPECL 0.82 AC
LVDS 1.1 AC, DC

Note to Table 1-6:

(1) The differential OCT setting for Arria [l GX and GZ transmitters and receivers is 85, 100, 120, and 150  for
Arria Il GZ devices or 100 Q for Arria Il GX devices.

The following sections describe the features supported in the Arria Il GX and GZ
receiver input buffers.

Programmable Differential 0CT

The Arria II GX transmitter buffer includes a differential OCT of 100 Q . The

Arria II GZ transmitter buffer includes a differential OCT of 85, 100, 120, and 150 Q.
The resistance is adjusted in the calibration block to compensate for temperature,
voltage, and process changes (for more information, refer to “Calibration Block” on
page 1-47). You can set this option in the Quartus II Assignment Editor by setting the
assignment input termination to OCT 100 Q for Arria Il GX devices and OCT 85, 100,
120, and 150 Q for Arria II GZ devices on the receiver input buffer.
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Programmable Common Mode Voltage

The Arria II GX and GZ receivers have on-chip biasing circuitry to establish the
required common mode voltage at the receiver input that supports two common
mode voltage settings of 0.82 V and 1.1 V. You can select the voltage in the ALTGX
MegaWizard Plug-In Manager. For the I/O standards supported by each common
mode voltage setting, refer to Table 1-6.

This feature is effective only if you use programmable OCT for the receiver input
buffers as well. If you use external termination, you must implement off-chip biasing
circuitry to establish the common mode voltage at the receiver input buffer.

AC and DC Coupling

A high-speed serial link can either be AC-coupled or DC-coupled, depending on the
serial protocol implementation. Most of the serial protocols require links to be
AC-coupled, protocols similar to SONET optionally allow DC coupling.

In an AC-coupled link, the AC-coupling capacitor blocks the transmitter DC common
mode voltage. The on-chip receiver termination and biasing circuitry automatically
restores the selected common mode voltage. AC-coupled links are required in GbE,
PCle, SRIO, SDI, and XAUI protocols.

Figure 1-25 shows an AC-coupled link.

Figure 1-25. AC-Coupled Link

AC-Coupling
Transmitter — - Capacitor Receiver
[:8 |—>| Transmission Medium |—| — a,>
L
|-
|—>| Transmission Medium |—| — ) i
AC-Coupling .
TX Termination | Capacitor } RX Termination

In a DC-coupled link, the transmitter DC common mode voltage is seen unblocked at
the receiver input buffer. The link common mode voltage depends on the transmitter
common mode voltage and the receiver common mode voltage. The on-chip or
off-chip receiver termination and biasing circuitry must ensure compatibility between
the transmitter and the receiver common mode voltage.
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Figure 1-26 shows a DC-coupled link.

Figure 1-26. DC-Coupled Link

Transmitter »| Transmission Medium Receiver

| -
Ll
=Cj>
|—>| Transmission Medium I—' ) .

TX Termination RX Termination

Figure 1-27 shows the DC-coupled link connection from an LVDS transmitter to an
Arria II GX and GZ receiver.

Figure 1-27. LVDS Transmitter to Arria Il GX and GZ Receiver (PCML) DC-Coupled Link

—»| Transmission Medium |—
L Transmission Medium —

Arria Il
| Receiver

LVDS Transmitter

Table 1-7 lists the settings for DC-coupled links between Altera devices. You must
comply with the data rates supported by the Arria Il GX and GZ receivers.

Table 1-7. DC-Coupled Settings for Arria Il Devices (Note 1) (Part 1 of 2)

. Transceiver Settings Receiver Settings
Hink TX VCM (V) RX VCM (V)
Arria Il PCML transmitter to Arria Il PCML receiver 0.65 0.82
Stratix Il GX PCML transmitter to Arria [l PCML receiver 0.6,0.7 0.82
Arria Il PCML transmitter to Stratix I GX PCML receiver 0.65 0.85
Arria [l PCML transmitter to Stratix IV GX PCML receiver 0.65 0.82
Stratix IV GX PCML transmitter to Arria [ PCML receiver 0.65 0.85
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Table 1-7. DC-Coupled Settings for Arria Il Devices (Note 1) (Part 2 of 2)

Transceiver Settings

Receiver Settings

Link

TX VCM (V)

RX VCM (V)

LVDS transmitter to Arria Il GX and GZ receiver

1.1

Note to Table 1-7:

(1) The differential OCT setting for Arria Il GX and GZ transmitters and receivers is 85, 100, 120, and 150 Q for Arria | GZ devices or 100 Q for
Arria Il GX devices except for the LVDS transmitter settings, which do not have OCT set on the transmitter (as shown in Figure 1-27).

Programmable Equalization, DC Gain, and Offset Cancellation

Each Arria I GX and GZ receiver input buffer has independently programmable
equalization circuitry that boosts the high-frequency gain of the incoming signal,
thereby compensating for the low-pass filter effects of the physical medium. The
amount of high-frequency gain required depends on the loss characteristics of the
physical medium. Arria II GX and GZ equalization circuitry supports equalization
settings that provide up to 7 dB (Arria II GX) and 16 dB (Arria II GZ) of

high-frequency boost.

The Arria II GX and GZ receiver input buffer also supports programmable DC gain
circuitry. Unlike equalization circuitry, DC gain circuitry provides equal boost to the
incoming signal across the frequency spectrum.

['=~  You can select the proper equalization and DC gain settings in the ALTGX
MegaWizard Plug-In Manager. The receiver buffer supports DC gain settings of 0 dB,
3 dB, and 6 dB for Arria II GX devices and up to 12 dB for Arria Il GZ devices.

This offset cancellation block cancels offset voltages between the positive and
negative differential signals within the equalizer stages in order to reduce the
minimum Vyp requirement. The receiver input buffer and receiver CDR require offset

cancellation.

L=~ The offset cancellation for the receiver channels option is automatically enabled in
both the ALTGX and ALTGX_RECONFIG MegaWizard Plug-In Managers for
Receiver, Transmitter, and Receiver only configurations. When offset cancellation is
automatically enabled, you must instantiate the dynamic reconfiguration controller to
connect the reconfiguration ports created by the ALTGX MegaWizard Plug-In

Manager.

«e For more information about offset cancellation, refer to AN 558: Implementing Dynamic

Reconfiguration in Arria II Devices. For the transceiver reset sequence with the offset
cancellation feature, refer to the Reset Control and Power Down in Arria II Devices

chapter.

Signal Threshold Detection Circuitry

Signal threshold detection circuitry has a hysteresis response that filters out any
high-frequency ringing caused by ISI effects or high-frequency losses in the
transmission medium. If the signal threshold detection circuitry senses the signal
level present at the receiver input buffer to be higher than the signal detect threshold,
it asserts the rx_signaldetect signal high. Otherwise, the rx_signaldetect signal is

held low.
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In PCIe mode, you can enable the optional signal threshold detection circuitry by
leaving the Force signal detection option unchecked in the ALTGX MegaWizard
Plug-In Manager.

The appropriate signal detect threshold level that complies with the PCle compliance
parameter VRX-IDLE-DETDIFFp-p is pending characterization.

If you enable the Force signal detection option in the ALTGX MegaWizard Plug-In
Manager, the rx_signaldetect signal is always asserted high, irrespective of the
signal level on the receiver input buffer. When enabled, this option senses whether the
signal level present at the receiver input buffer is above the signal detect threshold
voltage that you specified in the What is the signal detect and signal loss threshold?
option in the ALTGX MegaWizard Plug-In Manager.

The rx_signaldetect signal is also used by the LTR/LTD controller in the receiver
CDR to switch between LTR and LTD lock modes. When the signal threshold
detection circuitry de-asserts the rx_signaldetect signal, the LTR/LTD controller
switches the receiver CDR from lock-to-data (LTD) to lock-to-reference (LTR) lock
mode.

CDR

Each Arria II GX and GZ receiver channel has an independent CDR unit to recover the
clock from the incoming serial data stream. High-speed and low-speed recovered
clocks are used to clock the receiver PMA and PCS blocks. Figure 1-28 shows the CDR
block.

Figure 1-28. CDR Block

rx_locktorefclk » Clock and Data Recovery (CDR) Unit
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The CDR operates in two modes:

m LTR mode—The PFD in the CDR tracks the receiver input reference clock
(rx_cruclk) and controls the charge pump that tunes the VCO in the CDR. An
active high rx_pll locked status signal is asserted to indicate that the CDR has
locked to phase and frequency of the receiver input reference clock. In this mode,
the phase detector is inactive.

=" Depending on the data rate and the selected input reference clock
frequency, the Quartus II software automatically selects the appropriate
divider values such that the CDR output clock frequency is half the data
rate. This includes the pre-divider before the PFD.

m LTD mode—The phase detector in the CDR tracks the incoming serial data at the
receiver input buffer to keep the recovered clock phase-matched to the data.
Depending on the phase difference between the incoming data and the CDR
output clock, the phase detector controls the CDR charge pump that tunes the
VCO.

In this mode, the PFD and the /M divider block are inactive. In addition, the
rx pll locked signal toggles randomly and has no significance in LTD mode.

The CDR must be in LTD mode to recover the clock from the incoming serial data
during normal operation. The actual LTD lock time depends on the transition
density of the incoming data and the PPM difference between the receiver input
reference clock and the upstream transmitter reference clock. The receiver PCS
logic must be held in reset until the CDR asserts the rx_freglocked signal and
produces a stable recovered clock.
“ % e For more information about receiver reset recommendations, refer to the
Reset Control and Power Down chapter.

The CDR must be kept in LTR mode until it locks to the input reference clock after the
power-up and reset cycle. When locked to the input reference clock, the CDR output
clock is trained to the configured data rate and can switch to LTD mode to recover the
clock from the incoming data. You can use the optional input ports
(rx_locktorefclk and rx_locktodata) to control the LTR or LTD mode manually or
let the lock happen automatically.

Table 1-8 lists the relationship between the optional input ports and the LTR/LTD
controller lock mode.

Table 1-8. Optional Input Ports and LTR/LTD Controller Lock Mode for Arria Il Devices (Note 1)

rx_locktorefclk rx_locktodata LTR/LTD Controller Lock Mode
1 0 Manual - LTR Mode
X 1 Manual — LTD Mode
0 0 Automatic Lock Mode

Note to Table 1-8:

(1) Ifyoudo notinstantiate the optional rx_locktorefclkand rx_locktodata signals in the ALTGX megafunction,
the Quartus Il software automatically configures the LTR/LTD controller in automatic lock mode.
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Automatic Lock Mode

In automatic lock mode, the LTR/LTD controller relies on the PPM detector and the
phase relationship detector to set the CDR in LTR or LTD mode. Initially, the CDR is
set to LTR mode. After the CDR locks to the input reference clock, the LTR/LTD
controller automatically sets it to LTD mode and asserts the rx_freqlocked signal
when the following three conditions are met:

m Signal threshold detection circuitry indicates the presence of valid signal levels at
the receiver input buffer

m  CDR output clock is within the configured PPM frequency threshold setting with
respect to the input reference clock (frequency is locked)

m CDR output clock and input reference clock are phase matched within
approximately 0.08 UI (phase is locked)

If the CDR does not stay locked-to-data due to frequency drift or severe amplitude
attenuation, the LTR/LTD controller switches the CDR back to LTR mode to lock to
the input reference clock. The LTR/LTD controller switches the CDR from LTD to LTR
mode and de-asserts the rx_freglocked signal when the following conditions are met:

m Signal threshold detection circuitry indicates the absence of valid signal levels at
the receiver input buffer

m  CDR output clock is not in the configured PPM frequency threshold setting with
respect to the input reference clock

Manual Lock Mode

You may want to use manual lock mode if your application requires faster CDR lock
time. In manual lock mode, the LTR/LTD controller sets the CDR in LTR or LTD
mode, depending on the logic level on the rx_locktorefclk and rx locktodata
signals, as shown in Table 1-8 on page 1-27.

When the rx_locktorefclk signal is asserted high, the rx freglocked signal does not
have significance and is always driven low, indicating that the CDR is in LTR mode.
When the rx_locktodata signal is asserted high, the rx_freglocked signal is always
driven high, indicating that the CDR is in LTD mode. If both signals are de-asserted,
the CDR is in automatic lock mode.

You must comply with the different transceiver reset sequences depending on the
CDR lock mode.
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Deserializer

The deserializer block latches the serial input data from the receiver input buffer with
the high-speed serial recovery clock, deserializes it using the low-speed parallel
recovery clock, and drives the deserialized data to the receiver PCS channel.

The deserializer supports 8-, 10-, 16-, and 20-bit deserialization factors. Figure 1-29
shows the deserializer operation with a 10-bit deserialization factor.

Figure 1-29. 10-Bit Deserializer Operation

rx_datain from the input buffer D7

D6

D5

D4

o

D3

D2

A
High-Speed Serial Recovery

Clock from CDR

Low-Speed Parallel Recovery
Clock from CDR

Figure 1-30 shows the serial bit order of the deserializer block input and the parallel
data output of the deserializer block with a 10-bit deserialization factor. The serial
stream (10'b0101111100) is deserialized to a value 10'h17C. The serial data is assumed
to have received the LSB first.

Figure 1-30. 10-Bit Deserializer Bit Order

Low-Speed Parallel Clock J | | | |

High-Speed Serial Clock
datain o o1t 11 1 1 1|0|1]0|1T 1|0 O O O Of1[O0]1

dataout >< 0101111100 >< 1010000011
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Receiver PGS

This section describes the receiver PCS modules, which consist of the word aligner,
deskew FIFO, rate-match FIFO, 8B/10B decoder, byte deserializer, byte ordering, and
RX phase compensation FIFO.

The rx_digitalreset signal resets all modules in the receiver PCS block.

“ e For more information about this signal, refer to the Reset Control and Power Down in

Arria II Devices chapter.

Word Aligner

The word aligner receives parallel data from the deserializer and restores the word
boundary based on a pre-defined alignment pattern that must be received during link
synchronization.

[l=" Serial protocols such as GbE, PCle, SRIO, SONET/SDH, and XAUI specify a standard
word alignment pattern. The Arria II GX and GZ transceiver architecture allows you
to select a custom word alignment pattern specific to your implementation if you use
proprietary protocols.

Figure 1-31 shows the word aligner block diagram.

Figure 1-31. Word Aligner

. Receiver Al
rx_datain Polarity Bit Slip Circuitry — Data to Deskew FIFO
Inversion
Synchronization
rx_enapatternalign > State Machine Receiver
Bit — rx_bitslipboundaryselectout
rx_bitslip > Manual Reversal
Alignment
rx_ala2size >
) ) Run Length Violation P rx_rlv
rx_invpolarity >
— rx_syncstatus
rx_revbitorderwa — rx_patterndetect
- Word Aligner P

In addition to restoring word boundaries, the word aligner also implements the
following features:

B Programmable run length violation detection—This feature is available in all
functional modes. It detects consecutive 1s or Os in the data stream. If a preset
maximum number of consecutive 1s or Os is detected, the run length violation
status signal (rx_rlv) is asserted. This signal has lower latency when compared
with the parallel data on the rx_dataout port.

The rx_rlv signal in each channel is clocked by its parallel recovered clock and is
asserted for a minimum of two recovered clock cycles to ensure that the FPGA
fabric clock can latch the rx_rlv signal reliably because the FPGA fabric clock
might have phase differences, PPM differences (in asynchronous systems), or
both, with the recovered clock.
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Table 1-9 lists the detection capabilities of the run-length violation circuit.

Tahle 1-9. Detection Capabilities of the Run-Length Violation Circuit for Arria Il Devices

Run Length Violation Detector Range
PMA-PCS Interface Width
Minimum Maximum
3 bit 4 128
10 bit 5 160
16 bit 8 512
20 bit 10 640

m Receiver polarity inversion—This feature is available in all functional modes

except PCle. It offers an optional rx_invpolarity port to dynamically enable the
receiver polarity inversion feature as a workaround to board re-spin or a major
update to the FPGA fabric design when the positive and negative signals of a
serial differential link are accidentally swapped during board layout.

A high value on the rx_invpolarity port inverts the polarity of every bit of the
input data word to the word aligner in the receiver datapath. Because inverting
the polarity of each bit has the same effect as swapping the positive and negative
signals of the differential link, correct data is seen by the receiver. The
rx_invpolarity signal is dynamic and might cause initial disparity errors in an
8B/10B encoded link. The downstream system must be able to tolerate these
disparity errors.

Figure 1-32 shows an example result with the rx_invpolarity feature in a 10-bit
wide datapath configuration.

Figure 1-32. 10-Bit Receiver Polarity Inversion
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o | :
ER o |

0 ER
1 o |
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L=~ This generic receiver polarity inversion feature is different from the PCle
8B/10B polarity inversion feature because it inverts the polarity of the data
bits at the input of the word aligner, whereas the PCle 8B/10B polarity
inversion feature inverts the polarity of the data bits at the input of the
8B/10B decoder.
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m Receiver bit reversal—This feature is only available in Basic mode. By default, the
Arria I GX and GZ receiver assumes LSB-to-MSB transmission. If the transmission
order is MSB-to-LSB, the receiver forwards the bit-flipped version of the parallel
data to the FPGA fabric on the rx_dataout port. The receiver bit reversal feature is
available to correct this situation by flipping the parallel data so that the
rx_dataout port contains the correct bit-ordered data.

This feature is available through the rx_revbitordwa port in Basic mode only with
the word aligner configured in bit-slip mode. When you drive the rx_revbitordwa
signal high in this configuration, the 8-bit or 10-bit data D[7:0] or D[9:0] at the
output of the word aligner gets rewired to D[0:7] or D[0:9], respectively.

Figure 1-33 shows the receiver bit reversal feature in Basic mode with 10-bit wide
datapath configurations.

Figure 1-33. 10-Bit Receiver Bit Reversal in Basic Mode with Word Aligner in Bit-Slip Mode
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Table 1-10 lists the three modes of the word aligner and their supported data width,
functional mode, and allowed alignment pattern length for Arria II devices.

Table 1-10. Word Aligner Modes for Arria Il Devices

. Data Width . Allowed Word Alignment Pattern
Word Aligner Mode Supported (bits) Functional Mode Supported Length
8 Basic, 0C-12, and 0C-48 16 bits
. 10 Basic and Deterministic Latency 7 or 10 bits
Manual Alignment - — .
16 Basic and Deterministic Latency 8, 16, or 32 bits
20 Basic and Deterministic Latency 7,10, or 20 bits
8 Basic 16 bits
. 7 or 10 bits for Basic
Bit-Slip 10 Basic and SDI N/A for SDI
16 Basic and Deterministic Latency 8, 16, or 32 hits
20 Basic and Deterministic Latency 7,10, or 20 bits
Automatic Synchronization 10 Basic, GbE, PCle, Serial RapidlO, | 10 bits for all functional modes
State Machine and XAUI 7 bits or 10 bits for Basic
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Manual Alignment Mode

This mode is automatically used in SONET/SDH functional mode. In Basic mode,
you can configure the word aligner in manual alignment mode by selecting the Use
manual word alignment mode option in the word aligner tab of the ALTGX
MegaWizard Plug-In Manager.

In manual alignment mode, the input signal (rx_enapatternalign) controls the word
aligner. The 8-bit word aligner is edge-sensitive to the rx_enapatternalign signal;
the 10-bit word aligner is level-sensitive to this signal.

If the word alignment pattern is unique and does not appear between word
boundaries, you can constantly hold the rx_enapatternalign signal high because
there is no possibility of false word alignment. If there is a possibility of the word
alignment pattern occurring across word boundaries, you must control the
rx_enapatternalign signal to lock the word boundary after the desired word
alignment is achieved to avoid re-alignment to an incorrect word boundary.

With 8-bit width data, a rising edge on the rx_enapatternalign signal after
de-assertion of the rx_digitalreset signal triggers the word aligner to look for the
word alignment pattern in the received data stream.

In SONET/SDH OC-12 and OC-48 modes, the word aligner looks for 16'hF628 (A1A2)
or 32'hF6F62828 (A1A1A2A2), depending on whether the input signal (rx_ala2size)
is driven low or high, respectively. In Basic mode, the word aligner looks for the 16-bit
word alignment pattern programmed in the ALTGX MegaWizard Plug-In Manager.

With 10-bit width data, the word aligner looks for the programmed 7-bit or 10-bit
word alignment pattern in the received data stream, if the rx_enapatternalign signal
is held high. It updates the word boundary if it finds the word alignment pattern in a
new word boundary. If the rx_enapatternalign signal is de-asserted low, the word
aligner maintains the current word boundary even when it sees the word alignment
pattern in a new word boundary.

The rx_syncstatus and rx_patterndetect status signals have the same latency as the
datapath and are forwarded to the FPGA fabric to indicate word aligner status. On
receiving the first word alignment pattern after the assertion of the
rx_enapatternalign signal, both the rx_syncstatus and rx_patterndetect signals
are driven high for one parallel clock cycle synchronous to the most significant byte
(MSByte) of the word alignment pattern. Any word alignment pattern received
thereafter in the same word boundary causes only the rx_patterndetect signal to go
high for one clock cycle.

Any word alignment pattern received thereafter in a different word boundary causes
the word aligner to re-align to the new word boundary only if there is a rising edge in
the rx_enapatternalign signal (in the 8-bit word aligner) or if the
rx_enapatternalign signal is held high (in 10-bit word aligner). The word aligner
asserts the rx_syncstatus and rx_patterndetect signals for one parallel clock cycle
whenever it re-aligns to the new word boundary.
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Figure 1-34 shows word aligner behavior in SONET/SDH OC-12 functional mode.
The least significant byte (LSByte) (8'hF6) and the MSByte (8'h28) of the 16-bit word
alignment pattern are received in parallel clock cycles n and n + 1, respectively. The
rx_syncstatus and rx_patterndetect signals are both driven high for one parallel
clock cycle synchronous to the MSByte (8'h28) of the word alignment pattern. After
the initial word alignment, the 16-bit word alignment pattern (16'h28F6) is again
received across the word boundary in clock cycles m, m + 1, and m + 2. The word
aligner does not re-align to the new word boundary for lack of a preceding rising edge
on the rx_enapatternalignsignal. If there is a rising edge on the rx_enapatternalign
signal before the word alignment pattern occurs across these clock cycles, the word
aligner re-aligns to the new word boundary, causing both the rx_syncstatus and
rx_patterndetect signals to go high for one parallel clock cycle.

Figure 1-34. Manual Alignment Mode in 8-Bit PMA-PCS Interface Mode

rx_syncstatus

n n+1 m+1 m+2
rx_dataout[7:0] LICIE] >< 11110110 >< 00101000 >< LIC ><O110XXXX>< 10001111><XXXX0010><
F6 28 6x 8F x2

rx_enapatternalign

rx_patterndetect

[
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Figure 1-35 shows the manual alignment mode word aligner operation in 10-bit
PMA-PCS interface mode. In this example, a /K28.5/ (10'b0101111100) is specified as
the word alignment pattern. The word aligner aligns to the /K28.5/ alignment
pattern in cycle n because the rx_enapatternalign signal is asserted high. The
rx_syncstatus signal goes high for one clock cycle indicating alignment to a new
word boundary. The rx_patterndetect signal also goes high for one clock cycle to
indicate initial word alignment. At time n + 1, the rx_enapatternalign signal is
de-asserted to instruct the word aligner to lock the current word boundary. The
alignment pattern is detected again in a new word boundary across cycles n + 2 and
n + 3. The word aligner does not align to this new word boundary because the
rx_enapatternalign signal is held low. The /K28.5/ word alignment pattern is
detected again in the current word boundary during cycle n + 5, causing the
rx_patterndetect signal to go high for one parallel clock cycle.
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Figure 1-35. Word Aligner in 10-Bit PMA-PCS Manual Alignment Mode
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With a 16- or 20-bit width data, the word aligner starts looking for the programmed
8-bit, 16-bit, or 32-bit word alignment pattern in the received data stream as soon as
rx_digitalreset is de-asserted low. It aligns to the first word alignment pattern
received regardless of the logic level driven on the rx_enapatternalign signal. Any
word alignment pattern received thereafter in a different word boundary does not
cause the word aligner to re-align to this new word boundary. After the initial word
alignment, following de-assertion of the rx_digitalreset signal, if a word
re-alignment is required, you must use the rx_enapatternalign signal.

Figure 1-36 shows the manual alignment mode word aligner operation in 16-bit
PMA-PCS interface mode.

Figure 1-36. Manual Alignment Mode Word Aligner in 16-Bit PMA-PCS Interface Modes

n n+1 n+2 n+3 n+4
rx_dataout >< XXXX >< F628 >< XXXX >< XXXX >< XXXX >< F628 >< XXXX >< XXXX

rx_digitalreset |

rx_enapatternalign |

rx_syncstatus[1:0] 00 X 10 X 11 >< 00 X 10 >< 11
rx_patterndetect[1:0] » X * >< o0 >< 1 >< ®

Note to Figure 1-36:
(1) The rx_syncstatus de-assertion latency after the assertion of rx_enapatternalign depends on your RX PCS implementation.

July 2012  Altera Corporation Arria Il Device Handbook Volume 2: Transceivers



1-36

Chapter 1: Transceiver Architecture in Arria Il Devices
Receiver Channel Datapath

Bit-Slip Mode

In Basic, deterministic latency, and SDI functional modes, you can configure the word
aligner in bit-slip mode by selecting the Use manual bit slipping mode option in the
ALTGX MegaWizard Plug-In Manager.

Bit slip in the 10-bit wide word aligner allows 7-bit and 10-bit word alignment
patterns, whereas bit-slip in the 8-bit wide word aligner allows only a 16-bit word
alignment pattern. Other than this, the bit-slip operation is the same between the 8-bit
and 10-bit word aligner.

The rx_bitslip signal controls the word aligner operation in bit-slip mode. At every
rising edge of the rx_bitslip signal, the bit-slip circuitry slips one bit into the
received data stream, effectively shifting the word boundary by one bit. The
rx_patterndetect signal is driven high for one parallel clock cycle when the received
data after bit-slipping matches the 16-bit word alignment pattern programmed in the
ALTGX MegaWizard Plug-In Manager.

You can implement a bit-slip controller in the FPGA fabric that monitors either the
rx_dataout signal and/or the rx_patterndetect signal and controls the rx_bitslip
signal to achieve word alignment.

Figure 1-37 shows an example of the word aligner configured in bit-slip mode, which
has the following events:

m 8'b11110000 is received back-to-back
m 16'b0000111100011110 is specified as the word alignment pattern

B A rising edge on the rx_bitslip signal at time n + 1 slips a single bit 0 at the MSB
position, forcing the rx_dataout to 8'b01111000

B Another rising edge on the rx_bitslip signal at time n + 5 forces rx_dataout to
8'b00111100

®m  Another rising edge on the rx_bitslip signal at time n + 9 forces rx_dataout to
8'b00011110

B Another rising edge on the rx_bitslip signal at time n + 13 forces rx_dataout to
8'b00001111. At this instance, rx_dataout in cycles n + 12 and n + 13 are
8'b00011110 and 8'b00001111, respectively, which matches the specified 16-bit
alignment pattern 16'b0000111100011110. This results in the assertion of the
rx_patterndetect signal.

Figure 1-37. Example of Word Aligner Configured in Bit-Slip Mode
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Bit-Slip Mode Word Aligner with 16-Bit PMA-PCS Interface Modes

In some Basic double-width configurations with 16-bit PMA-PCS interface, you can
configure the word aligner in bit-slip mode by selecting the Use manual bit slipping
mode option in the ALTGX MegaWizard Plug-In Manager.

The word aligner operation for Basic double-width with 16-bit PMA-PCS interface is
similar to the word aligner operation in Basic single-width mode with 8-bit PMA-PCS
interface. The only difference is that the bit-slip word aligner in 16-bit PMA-PCS
interface modes allows 8-bit and 16-bit word alignment patterns, whereas the bit-slip
word aligner in 8-bit PMA-PCS interface modes allows only a 16-bit word alignment
pattern.

Word Aligner in Double-Width Mode with 20-Bit PMA-PCS Interface Modes
A 20-bit PMA-PCS interface is supported only in Basic double-width mode.

Table 1-11 shows the word aligner configurations allowed in functional modes with a
20-bit PMA-PCS interface.

Table 1-11. Word Aligner in 20-Bit PMA-PCS Interface Modes for Arria Il Devices

. Allowed Word Aligner Allowed Word Alignment
Functional Mode Configurations Pattern Length
Basic double-width Manual alignment, Bit-slip 7 bits, 10 bits, 20 bits

Manual Alignment Mode Word Aligner with 20-Bit PMA-PCS Interface Modes

The word aligner operation in Basic double-width mode with 20-bit PMA-PCS
interface is similar to the word aligner operation in Basic double-width mode with a
16-bit PMA-PCS interface. The only difference is that the manual alignment mode
word aligner in 20-bit PMA-PCS interface modes allows 7-, 10-, and 20-bit word
alignment patterns, whereas the manual alignment mode word aligner in 16-bit
PMA-PCS interface modes allows only 8-, 16-, and 32-bit word alignment patterns.

Bit-Slip Mode Word Aligner with 20-Bit PMA-PCS Interface Modes

In some Basic single-width configurations with a 20-bit PMA-PCS interface, you can
configure the word aligner in bit-slip mode by selecting the Use manual bit slipping
mode option in the ALTGX MegaWizard Plug-In Manager.

The word aligner operation for Basic double-width with 20-bit PMA-PCS interface is
similar to the word aligner operation in Basic single-width mode with an 8-bit
PMA-PCS interface. The difference is that the bit-slip word aligner in 20-bit PMA-PCS
interface modes allows only 7-, 10-, and 20-bit word alignment patterns, whereas the
bit-slip word aligner in 8-bit PMA-PCS interface modes allows only a 16-bit word
alignment pattern.
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Table 1-12. Word Aligner Options Available in Basic Single-Width and Double-Width Modes for Arria Il
Devices (Note 1) (Part 1 of 2)

Table 1-12 summarizes the word aligner options available in Basic single-width and

double-width modes.

State Machine

conditions are
satisfied.

PMA-PCS Word
Functional Interface Word Alignment | Alignment | rx_enapatternalign | rx_syncstatus | rx_patterndetect
Mode ; Mode Pattern Sensitivity Behavior Behavior
Width
Length
Asserted high for Asserted high for
one parallel clock
one parallel clock
- cycle when the
Manual . Rising Edge cycle when the :
. 16-bit . . word alignment
Alignment Sensitive word aligner attern anpears in
aligns to a new P pp
word boundar the current word
) Y boundary.
8-hit -
Asserted high for
one parallel clock
cycle when the
Bit-Slip 16-hit — — word alignment
pattern appears in
the current word
boundary.
Asserted high for Asserted high for
one parallel clock
one parallel clock
. cycle when the
Basic Manual . . cycle when the :
. . . 7-and 10-bit Level Sensitive . word alignment
Single-Width Alignment word aligner .
) pattern appears in
aligns to a new
word boundar the current word
Yy boundary.
Asserted high for
one parallel clock
cycle when the
10-bit Bit-Slip 7- and 10-bit — — word alignment
pattern appears in
the current word
boundary.
Asserted high for
Stays high as one parallel clock
Automatic long as the cycle when the
Synchronization | 7- and 10-bit — synchronization | word alignment

pattern appears in
the current word
boundary.
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Table 1-12. Word Aligner Options Available in Basic Single-Width and Double-Width Modes for Arria Il
Devices (Note 1) (Part 2 of 2)

PMA-PCS Word
Functional Interface Word Alignment | Alignment | rx_enapatternalign | rx_syncstatus | rx_patterndetect
Mode . Mode Pattern Sensitivity Behavior Behavior
Width
Length
Stays high after
the word aligner
aligns to the .
word aignment | (=268 P O
pattern. Goes low P
L . cycle when the
Manual 8-, 16-, and Rising Edge on receiving a :
. . o . word alignment
Alignment 32-bit Sensitive rising edge on .
pattern appears in
rx enapattern
- : the current word
align until a
) boundary.
16-bit new word
alignment pattern
is received.
Asserted high for
one parallel clock
e cycle when the
Bit-Slip 8,16 ,.and — — word alignment
32-hit )
pattern appears in
the current word
Basic boundary.
Double-Width Stays high after
the word aligner
ahgns.to the Asserted high for
word alignment
one parallel clock
pattern. Goes low
L . cycle when the
Manual 7-,10-, and Rising Edge on receiving a :
. . o L word alignment
Alignment 20-bit Sensitive rising edge on .
pattern appears in
rx enapattern
= . the current word
align untila
. boundary.
20-bit new word
alignment pattern
is received.
Asserted high for
one parallel clock
cycle when the
o 7-,10-, and :
Bit-Slip 20-bit — — word alignment

pattern appears in
the current word
boundary.

Note to Table 1-12:
(1) For more information about word aligner operation, refer to “Word Aligner” on page 1-30.
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Automatic Synchronization State Machine Mode

You must use this mode with 8B/10B encoded data if the input data to the word
aligner is 10 bits.

Protocols such as PCle, XAUI, Gigabit Ethernet, and SRIO require the receiver PCS
logic to implement a synchronization state machine to provide hysteresis during link
synchronization. Each of these protocols defines a specific number of synchronization
code groups that the link must receive to acquire synchronization and a specific
number of erroneous code groups that it must receive to fall out of synchronization.

The Quartus II software configures the word aligner in automatic synchronization
state machine mode for PCle, XAUI, Gigabit Ethernet, and SRIO functional modes. It
automatically selects the word alignment pattern length and the word alignment
pattern as specified by each protocol. In each of these functional modes, the
protocol-compliant synchronization state machine is implemented in the word
aligner.

By using Basic functional mode with the 10-bit PMA-PCS interface, you can configure
the word aligner in automatic synchronization state machine mode by selecting the
Use the automatic synchronization state machine option in the ALTGX MegaWizard
Plug-In Manager. Basic mode also allows you to program a custom 7-bit or 10-bit
word alignment pattern that the word aligner uses for synchronization.

Table 1-13 lists the synchronization state machine parameters that the Quartus I
software allows in supported functional modes. The synchronization state machine
parameters are fixed for PCle, XAUI, GbE, and SRIO modes as specified by the
respective protocol. You can program these parameters as suited to your proprietary
protocol implementation for Basic mode.

Table 1-13. Synchronization State Machine Parameters for Arria Il Devices

the error count by one

Basic
Parameter PCle XAUI GhE SRIO Mode
Num_ber of vallq synchromzat.lon.code groups or ordered sets 4 4 3 197 12256
received to achieve synchronization
Number qf erroneous code groups received to lose 17 4 4 3 1-64
synchronization
Number of continuous good code groups received to reduce 16 4 4 055 12256

After de-assertion of the rx_digitalreset signal in automatic synchronization state
machine mode, the word aligner starts looking for the word alignment pattern or
synchronization code groups in the received data stream. When the programmed
number of valid synchronization code groups or ordered sets is received, the
rx_syncstatus signal is driven high to indicate that synchronization is acquired. The
rx_syncstatus signal is constantly driven high until the programmed number of
erroneous code groups is received without receiving intermediate good groups; after
which the rx_syncstatus signal is driven low. The word aligner indicates loss of
synchronization (rx_syncstatus signal remains low) until the programmed number
of valid synchronization code groups are received again.
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Deskew FIFQ

Use this module, only available in XAUI mode, to align all four channels to meet the
XAUI maximum skew of 40 UI (12.8 ns) as seen at the receiver of the four lanes. The
deskew operation in XAUI functional mode is compliant to the PCS deskew state
machine diagram specified in 8 of the IEEE P802.3ae.

The deskew circuitry consists of a 16-word deep deskew FIFO in each of the four
channels and control logic in the CMUO channel of the transceiver block that controls
the deskew FIFO write and read operations in each channel. Figure 1-38 shows the
deskew FIFO block diagram.

Figure 1-38. Deskew FIFO (Note 1)

Data from the Word Aligner —»| —» Data to the Rate-Match FIFO
Deskew
FIFO
rx_syncstatus —pp» ——p» rx_channelaligned

Note to Figure 1-38:
(1) For more information about the deskew FIFO operation, refer to “XAUI” on page 1-79.

Rate-Match FIFO

In asynchronous systems, you can clock the upstream transmitter and local receiver
with independent reference clocks. Frequency differences in the order of a few
hundred PPM can corrupt the data when latching from the recovered clock domain
(the same clock domain as the upstream transmitter reference clock) to the local
receiver reference clock domain.

The rate match FIFO compensates for small clock frequency differences between the
upstream transmitter and the local receiver clocks by inserting or removing SKP
symbols or ordered-sets from the IPG or idle streams. It deletes SKP symbols or
ordered-sets when the upstream transmitter reference clock frequency is higher than
the local receiver reference clock frequency. It inserts SKP symbols or ordered-sets
when the local receiver reference clock frequency is higher than the upstream
transmitter reference clock frequency.

The rate match FIFO consists of a 20-word deep FIFO and necessary logic that controls
insertion and deletion of a SKP character or ordered-set, depending on the PPM
difference. This module is optional in Basic functional mode, but is mandatory and
cannot be bypassed in GbE, PCle, and XAUI functional modes.

Figure 1-39 shows the rate-match FIFO block diagram.

Figure 1-39. Rate Match FIFQ

Data from either the Word ) ;

— rx_rmfifodatainserted (7
Aligner, Basic, GIGE, xrmi : (1
and (PCle, Functional Mode) Rate Match — rx_rmfifodatadeleted (7)
or the Deskew FIFO —p FIFO
(XAUI functional Mode) (20-Word Deep) [—® rx_rmififofull (1)

— rx_fifoempty (7)

Note to Figure 1-39:

(1) These signals are not available in PCle functional mode because the rate match FIFO status is encoded in the
pipestatus[2:0] signal.
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8B/10B Decoder
Figure 1-40 shows the block diagram of the 8B/10B decoder.

Figure 1-40. 8B/10B Decoder

rx_dataout[7:0] or rx_dataout[15:0]
to the Byte Deserializer or
RX Phase Compensation FIFO

1

— rx_ctridetect[0]

datain[9:0] or datain[19:0] »| 8B/10B Decoder P rx_runningdisp
from the Word Aligner or

Rate-Match FIFO —» rx_errdetect[0]
— rx_disperr[0]
Recovered Clock or
tx_clkout[0]

The 8B/10B decoder is compliant to Clause 36 in the IEEE802.3 specification,
decoding the 10-bit data input into an 8-bit data and a 1-bit control identifier. This
module is required in GbE, PCle, SRIO, and XAUI functional modes, but is optional in
Basic functional mode.

Figure 1-41 shows a 10-bit code group decoded into an 8-bit data and a 1-bit control
identifier by the 8B/10B decoder.

Figure 1-41. 8B/10B Decoder Operation

j hgfiedcba
lofs]7[e]s[4]a[2]1]0]

MSB LSB
Received Last Received First

| 8B1/0B Conversion |

v

[ctr] [7]6]5]4]3]2] 1] 0]Parallel Data

HGFEDGCBA

The 8B/10B decoder indicates whether the decoded 8-bit code group is a data or
control code group on the rx_ctrldetect port. If the received 10-bit code group is one
of the 12 control code groups (/Kx.y/) specified in the IEEE802.3 specification, the
rx_ctrldetect signal is driven high. If the received 10-bit code group is a data code
group (/Dx.y/), the rx_ctrldetect signal is driven low.

Arria | Device Handbook Volume 2: Transceivers July 2012  Altera Corporation



Chapter 1: Transceiver Architecture in Arria Il Devices 1-43

Receiver Channel Datapath

Figure 1-42 shows the 8B/10B decoder decoding the received 10-bit /K28.5/ control
code group into an 8-bit data code group (8'hBC) driven on the rx_dataout port. The
rx_ctrldetect signal is asserted high synchronous with 8'hBC on the rx_dataout
port, indicating that it is a control code group. The rest of the codes received are data
code groups /Dx.y/.

Figure 1-42. 8B/10B Decoder in Control Code Group Detection

clock
datain[9:0] >< D3.4 ><D24.3><D28.5><K28.5><D15.0>< DO0.0 ><D31.5><D28.1 ><
rx_ctrldetect ’—’
rx_dataout[7:0] >< 83 >< 78 >< BC >< BC >< OF >< 00 >< BF >< 3C ><

Byte Deserializer

Some serial data rates violate the maximum frequency for the FPGA
fabric-to-transceiver interface. In such configurations, the byte deserializer is required
to reduce the FPGA fabric-to-transceiver interface frequency to half while doubling
the parallel data width. This module is optional in configurations that do not exceed
the FPGA fabric-to-transceiver interface clock upper frequency limit.

For example, at a 3.2 Gbps data rate with a deserialization factor of 10, the receiver
PCS datapath runs at 320 MHz. The byte serializer converts the 10-bit parallel
received data at 320 MHz into 20-bit parallel data at 160 MHz before forwarding it to
the FPGA fabric.

In Arria II GX devices, you cannot enable the byte deserializer in double-width mode.
However, in Arria Il GZ devices, you can enable both double-width mode and the
byte deserializer to achieve a 32- or 40-bit PCS-FPGA interface.

Figure 1-43 shows the block diagram of the byte deserializer with 8-bit or 10-bit
PMA-to-PCS interface.

Figure 1-43. Byte Deserializer

8-bit datain from the 8B/10B 16-bit or 20-bit output to the
Decoder or 10-bit datain—» | p  Byte Ordering or RX Phase
from the Word Aligner Byte Compensation FIFO
Serializer
rx_enabyteord —»| — rx_byteorderalignstatus

Receiver PCS Clock ———=
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Byte Ordering

Depending on when the receiver PCS logic comes out of reset, byte ordering at the
output of the byte deserializer may not match the original byte ordering of the
transmitted data. The byte misalignment resulting from byte deserialization is
unpredictable because it depends on which byte is being received by the byte
deserializer when it comes out of reset.

Figure 1-44 shows a scenario in which the MSByte and LSByte of the two-byte
transmitter data appears straddled across two word boundaries after getting byte
deserialized at the receiver.

Figure 1-44. MSByte and LSByte of the Two-Byte Transmitter Data Straddled Across Two Word Boundaries

Transmitter Receiver
tx_datain[15:8] | D2 E Byte { xx D1 D2 D3 D4 D5 D6 xx | Byte D1 DS D5 XX rx_dataout[15:8]
tx_datain[7:0] | D1 Serializer | : ; |Peserializer xx D2 D4 rx_dataout[7:0]

The byte ordering block looks for the user-programmed byte ordering pattern in the
byte-deserialized data. You must select a byte ordering pattern that you know appears
at the LSByte(s) position of the parallel transmitter data. If the byte ordering block
finds the programmed byte ordering pattern in the MSbyte(s) position of the
byte-deserialized data, it inserts the appropriate number of user-programmed PAD
bytes to push the byte ordering pattern to the LSByte(s) position, thereby restoring
proper byte ordering.

The byte ordering block is available in the following functional modes:

m SONET/SDH OC-48—The Quartus II software automatically configures the byte
ordering pattern and byte ordering PAD pattern in this mode.

m SONET/SDH OC-96—For Arria II GZ devices only.

m Basic mode with 16-bit FPGA fabric-to-transceiver interface, no 8B/10B decoder
(8-bit PMA-PCS interface) and word aligner in manual alighment mode—You can
program a custom 8-bit byte ordering pattern and 8-bit byte ordering PAD pattern
in the ALTGX MegaWizard Plug-In Manager.

B Basic mode with 16-bit FPGA fabric-to-transceiver interface, 8B/10B decoder, and
word aligner in automatic synchronization state machine mode—You can
program a custom 9-bit byte ordering pattern and 9-bit byte ordering PAD pattern
in the ALTGX MegaWizard Plug-In Manager. If a /Kx.y/ control code group is
selected as the byte ordering pattern, the MSB of the 9-bit byte ordering pattern
must be 1'b1. If a /Dx.y/ data code group is selected as the byte ordering pattern,
the MSB of the 9-bit byte ordering pattern must be 1'b0. The least significant 8 bits
must be the 8B/10B decoded version of the code group used for byte ordering.
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The byte ordering modules have two different modes of operation when you select
the rx_syncstatus signal from the word aligner option in the What do you want the
byte ordering to be based on? field in the ALTGX MegaWizard Plug-In Manager:

m  Word-Alignment-Based Byte Ordering—In this mode, the byte ordering block

starts looking for the byte ordering pattern in the byte-deserialized data every
time it sees a rising edge on the rx_syncstatus signal.

If the byte ordering block finds the first data byte that matches the programmed
byte ordering pattern in the MSByte position of the byte-deserialized data, it
inserts one programmed PAD pattern to push the byte ordering pattern into the
LSByte position after a rising edge on the rx_syncstatus signal.

If the byte ordering blocks finds the first data byte that matches the programmed
byte ordering pattern in the LSByte position of the byte-deserialized data, it
considers the data to be ordered and does not insert any PAD pattern. In either
case, the byte ordering block asserts the rx_byteorderalignstatus signal.

Figure 1-45 shows an example of the byte ordering operation where A is the
programmed byte ordering pattern and PAD is the programmed PAD pattern. The
byte deserialized data places the byte ordering pattern A in the MSByte position,
resulting in incorrect byte ordering. Assuming that a rising edge on the
rx_syncstatus signal had occurred before the byte ordering block sees the byte
ordering pattern A in the MSByte position, the byte ordering block inserts a PAD
byte and pushes the byte ordering pattern A into the LSByte position. The data at
the output of the byte ordering block has correct byte ordering as reflected on the
rx_byteorderalignstatus signal.

Figure 1-45. Example of Byte Ordering Operation

Transmitter Channel Receiver

rx_byteorderalignstatus

July 2012  Altera Corporation

If the byte ordering block sees another rising edge on the rx_syncstatus signal
from the word aligner, it de-asserts the rx_byteorderalignstatus signal and
repeats the byte ordering operation.

User-Controlled Byte Ordering—Unlike word-alignment-based byte ordering,
user-controlled byte ordering provides control to the user logic to restore correct
byte ordering at the receiver.

When enabled, an rx_enabyteord port is available as a trigger to the byte ordering
operation. A rising edge on the rx_enabyteord port triggers the byte ordering
block. If the byte ordering block finds the first data byte that matches the
programmed byte ordering pattern in the MSByte position of the byte-deserialized
data, it inserts one programmed PAD pattern to push the byte ordering pattern
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into the LSByte position after a rising edge on the rx_enabyteord signal. If the byte
ordering blocks find the first data byte that matches the programmed byte
ordering pattern in the LSByte position of the byte-deserialized data, it considers
the data to be byte ordered and does not insert any PAD byte. In either case, the
byte ordering block asserts the rx_byteorderalignstatus signal.

RX Phase Compensation FIF0

The RX phase compensation FIFO in each channel ensures reliable transfer of data
and status signals between the receiver channel and the FPGA fabric. The RX phase
compensation FIFO compensates for the phase difference between the parallel
receiver PCS clock (FIFO write clock) and the FPGA fabric clock (FIFO read clock).

Table 1-14 lists the RX phase compensation FIFO modes. The Quartus II software
automatically sets the mode that applies to a particular functional mode.

Table 1-14. RX Phase Compensation FIFO Modes for Arria Il Devices

FIFO Depth Latency Through FIFO Applicable Functional Modes

Low Latency

All functional modes except PCle and

4-words deep 2-t0-3 parallel clock cycles Deterministic Latency

High-Latency

8-words deep 4-t0-5 parallel clock cycles PCle

Register

— 1 Deterministic Latency

Figure 1-46 shows the RX phase compensation FIFO block diagram. The write clock
and read clock to the FIFO are at half-rate if the byte serializer is used in the
configuration.

Figure 1-46. RX Phase Compensation FIFO Block Diagram

Data from the Byte RX — rx_dataout to the FPGA fabric
Ordering, Byte Phase
Deserialization, Compensation
or 8B/10B Decoder FIFO —® rx_phase_comp_fifo_error (5)
tx_clkout (1)
rx_clkout (2) -
coreclkout (3) 74») Write Clock Read Clock
»

rx_coreclk (4) —————— P

Notes to Figure 1-46:

(1) The tx_clkout clock is from the transmitter channel clock divider and is used in non-bonded configurations with
the rate match FIFO.

(2) The rx clkout clock is from the receiver channel CDR and is used in non-bonded configurations that does not use
the rate match FIFQ.

(3) The coreclkout clock is from the cMuo block of the associated transceiver block or the master transceiver block for
x4 bonded or x8 bonded channel configurations, respectively.

(4) Use this clock for the FIFO read clock if you instantiate the rx_coreclk port in the ALTGX MegaWizard Plug-In
Manager, regardless of the channel configurations. Otherwise, use the same clock used for the write clock for the
read clock.

(5) The rx phase comp fifo error is optional and available in all functional modes. This signal is asserted high to
indicate an overflow or underflow condition.
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Calibration Block

This block calibrates the OCT resistors and the analog portions of the transceiver
blocks to ensure that the functionality is independent of process, voltage, or
temperature (PVT) variations. Figure 1-47 shows the location of the calibration block
and how it is connected to the transceiver blocks in Arria II GX devices.

Figure 1-47. Arria Il GX Transceiver Calibration Blocks Location and Connection (Note 1), (2),

3
2KQ
Calibration
Block L1
> GXBL3
> GXBL2
Arria Il GX
Device
| GXBLA1
| GXBLO
Calibration
Block LO
2KQ

Notes to Figure 1-47:

(1) You must connect a separate 2 kQ (tolerance max + 1%) external resistor on each RREF pin in the Arria Il device to
GND. To ensure proper operation of the calibration block, the RREF resistor connection in the board must be free from
external noise.

(2) The Quartus Il software automatically selects the appropriate calibration block based on the pin assignments of the
transceiver tx_dataout and rx_datain pins.

(3) For rRrEF pin information, refer to the Device Pin Connection Guidelines.
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Figure 1-48 shows the location of the calibration block and how it is connected to the
transceiver blocks in Arria II GZ devices.

Figure 1-48. Arria Il GZ Transceiver Calibration Blocks Location and Connection (Note 1), (2),

3
L7 s
GXBL3
GXBL2
Pl GXBLT
> GXBLO
Calibration
Block LO

Arria Il GZ
Device

Calibration
Block R1

2KQ

GXBR3

GXBR2

GXBR1

GXBRO

Calibration
Block RO

2KQ ]—=

Notes to Figure 1-48:

(1) You must connect a separate 2 kQ (tolerance max + 1%) external resistor on each RREF pin in the Arria Il device to
GND. To ensure proper operation of the calibration block, the RREF resistor connection in the board must be free from

external noise.

(2) The Quartus Il software automatically selects the appropriate calibration block based on the pin assignments of the

transceiver tx_dataout and rx_datain pins.

(3) For RREF pin information, refer to the Device Pin Connection Guidelines.

The calibration block internally generates a constant internal reference voltage,
independent of PVT variations and uses this voltage and the external reference
resistor on the RREF pin to generate constant reference currents. These reference
currents are used by the analog block calibration circuit to calibrate the transceiver

blocks.

The OCT calibration circuit calibrates the OCT resistors present in the transceiver
channels. You can enable the OCT resistors in the transceiver channels through the
ALTGX MegaWizard Plug-In Manager.
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Figure 1-49 shows the calibration block diagram. You can instantiate the cal_blk_clk
and cal_blk powerdown ports in the ALTGX MegaWizard Plug-In Manager to control
the calibration block. Drive the cal_blk_clk port of all ALTGX instances that are
associated with the same calibration block from the same input pin or logic.

Figure 1-49. Input Signals to the Calibration Blocks

RREF pin (1) —>
cal_blk_clk (2) —»
cal_blk_powerdown (3) ——P»

OCT Calibration Control <&

Calibration Block
Internal
Reference
Voltage
Generator
Reference
Signal
OCT Calibration Analog Block » Analog Block
Circuit Calibration Circuit " Calibration Control

Notes to Figure 1-49:

(1) You must connect a separate 2 kQ (tolerance max + 1%) external resistor on each RREF pin in the Arria Il GX and GZ
device to GND. To ensure proper operation of the calibration block, the RREF resistor connection in the board must

be free from external noise.

(2) Thisistheinputclock to the calibration block. You can use dedicated clock routes such as the global or regional clock;
however, if you do not have a suitable input reference clock or dedicated clock routing resources available, use
divide-down logic from the FPGA fabric to generate a slow clock, local clocking routing, or both.

(3) Drive this signal of all ALTGX instances that are associated with the same calibration block from the same input or
logic. During calibration, the link may experience higher bit error rates due to changes in the signaling condition. The
transceiver on-chip termination calibration process takes approximately 33,000 cal blk_clk cycles from the
de-assertion of the cal blk powerdown signal.
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PCle Hard IP Block

Figure 1-50 shows the block diagram of the PCle hard IP block used to implement the
PHY MAC, Data Link Layer, and Transaction Layer for PCle interfaces. When you use
this block, the PIPE interface is used as the interface between the FPGA fabric and the
transceiver.

Figure 1-50. PCle Hard IP High-Level Block Diagram

e N\
PCle hard IP
|Clock & Reset Selection|
TL
Interface
PCle Protocal Stack < - Adapter
A A A A
\ 4 \ 4
Local
Virtual P Mnmt IF
Retry Channel (LMI)
Buffer RX
& PCle
Buffer gl Reconfig
A J

“ e This block is enabled only when you use the PCle MegaCore function. For more

information about using this block, refer to the PCI Express Compiler User Guide.

You can configure the root port or end point in x1, x4, and x8 modes. You can also
include instances of both the soft and hard IP PCle MegaCore function in a single
device.

['=~ The PCle hard IP block ignores autonomous and speed change bits set in TS1 and TS2
ordered sets. Altera is fully compatible to the PCle Base Specification v2.0.

Functional Modes

You can configure Arria II GX and GZ transceivers in one of the following functional
modes with the ALTGX MegaWizard Plug-In Manager:

m Basic at 600 Mbps to 6.375 Gbps

m  Deterministic latency, used for CPRI and OBSAI protocols

m GbE (1.25 Gbps)

m PCle (Genl at 2.5 Gbps) (Gen2 at 5.0 Gbps for Arria Il GZ devices only)
SDI (HD at 1.485 and 1.4835 Gbps, 3G at 2.97 and 2.967 Gbps)

m SRIO(1.25 Gbps, 2.5 Gbps, and 3.125 Gbps)

m SONET/SDH (OC-12 and OC-48) (OC-96 for Arria II GZ devices only)
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m XAUI (3.125 Gbps up to HiGig and HiGig+ at 3.75 Gbps)

The following sections describe the functional modes available in the ALTGX
MegaWizard Plug-In Manager that you can set through the Which protocol will you
be using? option.

Table 1-15 lists the PCS latency for the different functional modes of Arria II devices.

Table 1-15. Functional Modes PCS Latency for Arria Il Devices (Note 1)

PCS Latency (FPGA Fabric-Transceiver Interface Clock Cycles)
Functional Mode
TX PCS RX PCS
Basic 2) (2)
I 6 (byte SERDES 8 (byte SERDES
Deterministic latency 4 enabled) disabled)
GbE 56 20-24
PCle 4-5.5 (byte SERDES 5-6 (byte SERDES 11.5-14.5 (byte 20-24 (byte SERDES
enabled) disabled) SERDES enabled) disabled)
sDI 4-5.5 (byte SERDES 5-6 (byte SERDES 6-8 (byte SERDES 9-11 (byte SERDES
enabled) disabled) enabled) disabled)
_ 6—7 (Rate Match FIFO | 19-20 (Rate Match
SRIO 4-5 disable) FIFO enable)
11-13 6.5-8.5
SONET/SDH 5-6 (0C-12) | 4-5.5(0C-48) | 4-5.5 (0C-96) (0C-12) 7-9 (0C-48) (0C-96)
XAUI 4.5-6 14.5-18

Notes to Table 1-15:

(1) Notall modes are support by both Arria Il GX and Arria Il GZ devices. Refer to the respective functional mode sections for the supported modes

in each device family.
For basic mode latency values, refer to Figure 1-51, Figure 1-52, Figure 1-53, and Figure 1-54.

2)

Basic Mode

July 2012  Altera Corporation

The Arria II GX and GZ transceiver datapath is highly flexible in Basic functional
mode. It allows 8-bit and 10-bit PM A-to-PCS interface, which is determined by
whether you bypass or use the 8B/10B encoder/decoder.

Depending on the targeted data rate, you can optionally bypass the byte serializer and
deserializer blocks in Basic mode but the transmitter and RX phase compensation
FIFOs are always enabled. The word aligner is always enabled in regular Basic mode,
but bypassed in low latency PCS mode, which can be enabled through the Enable low
latency PCS mode option in the ALTGX MegaWizard Plug-In Manager.

The low latency PCS mode creates a Basic functional mode configuration that
bypasses the following transmitter and receiver channel PCS blocks to form a low
latency PCS datapath:

m 8B/10B encoder and decoder

m Word aligner

m Deskew FIFO

m Rate match (clock rate compensation) FIFO

m Byte ordering
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Figure 1-51 shows the Arria Il GX and GZ transceiver configurations allowed in Basic
functional mode with an 8-bit wide PMA-PCS interface.

Figure 1-51. Transceiver Configurations in Basic Mode with an 8-Bit Wide PMA-to-PCS Interface

(Note 1)

i Functional Mode Basic 8-Bit PMA-PCS Interface Width
| y ‘:
' Data Rate (2) 0.6 - 3.0 Gbps I
| y E
Number of Channels 1, x4, x8
B el T
E Low-Latency PCS '
' Enabled '
: . v v \

' Word Aligner (Pattern Length) Manual Alignment Bit Slip Disabled

! (16-Bit) (16-Bit) Isable

Byte Ordering

FPGA Fabric-to-Transceiver
Interface Width

FPGA Fabric-to-Transceiver
Interface Frequency (MHz) (2)

TX PCS Latency
(FPGA Fabric-Transceiver
Interface Clock Cycles)

' RX PCS Latency
. (FPGA Fabric-Transceiver
© Interface Clock Cycles)

[Disabled]|

|Enabled|

[Disabled| |Enabled| [Disabled| |Enabled]

\4 \4 \ 4 \ 4 E
|eBit| [1eBit| [t68it| |e&Bit| [1e-8it| |sBit| [t68it| !
\ 4 \ 4 Y Y \ 4 \ 4 \4 E
75 375 | | 375 75- 37.5- 75- 375-| !
240 187.5| |1875| | 240 | |1875 240 | [1875] |

\ A \ \ E
4-55 |4-55 |4-55 |4-55| |4-55 3-4| |3-45 !
\4 A\ 4 y y E
11-13 | 7-9| [8-10| |11-13 |[7-9 3-4| [3-45 !

Notes to Figure 1-51:

(1) The 10-bit configuration is listed in Figure 1-52.

(2) The maximum data rate specification shown in Figure 1-51 is valid only for the -3 speed grade devices. For data rate
specifications for other speed grades offered, refer to the Device Datasheet for Arria Il Devices chapter.

(3) When you enable byte SERDES, the maximum data is 3G; otherwise, it is 1.92G.

Arria |l Device Handbook Volume 2: Transceivers

July 2012  Altera Corporation


http://www.altera.com/literature/hb/arria-ii-gx/aiigx_53001.pdf

Chapter 1: Transceiver Architecture in Arria Il Devices 1-53
Functional Modes

Figure 1-52 shows Arria Il GX and GZ transceiver configurations allowed in Basic
functional mode with a 10-bit wide PMA-to-PCS interface.

Figure 1-52. Transceiver Configurations in Basic Mode with a 10-Bit Wide PMA-to-PCS Interface (Noie 1)

8B/10B Encoder/Decoder

Rate Match FIFO

Eyte SERDES (3) [Disabled]Enabled]Disabled] [Enabled | [Disabled] [E

Byte Ordering [Disabled|[Disabled][Disabled|[Disabled | [Disabled]

FPGA Fabric-to-Transceiver
Interface Width

FPGA Fabric-to-Transceiver
Interface Frequency (MHz) (2)

TX PCS Latency (FPGA
Fabric-Transceiver Interface
Clock Cycles)

| RX PCS Latency (FPGA
| Fabric-Transceiver Interface
1 Clock Cycles)

Notes to Figure 1-52:
(1) The 8-bit configuration is listed in Figure 1-51.

(2) The maximum data rate specification shown in Figure 1-52 is valid only for the -3 speed grade devices with byte SERDES enabled. For data rate
specifications for other speed grades offered, refer to the Device Datasheet for Arria Il Devices chapter.

(3) When you enable byte SERDES, the maximum data is 3G; otherwise, it is 1.92G.
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Figure 1-53 shows Arria II transceiver configurations allowed in Basic double-width
functional mode with a 16-bit PMA-PCS interface.

Figure 1-53. Transceiver Gonfigurations in Basic Double-Width Mode with a 16-Bit PMA-PCS Interface for Arria Il
Devices

Basic Double-Wdith 16-Bit PMA-PCS Interface
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Notes to Figure 1-53:

(1) The maximum data rate specification shown in Figure 1-53 is valid only for the -3 (fastest) speed grade devices.

(2) The byte ordering block is available only if you select the word alignment pattern length of 16 or 32 bits.

(3) Arria Il GX I3 devices can support up to 6.375 Gbps. For more information, refer to the Device Datasheet for Arria Il Devices.
(4) The FPGA fabric-to-transceiver interface width of 32-bits applies to Arria Il GZ devices only.

(5) Byte SERDES is only supported for Arria [l GZ devices in double-wide mode.
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Figure 1-54 shows Arria II transceiver configurations allowed in Basic double-width
functional mode with a 20-bit PMA-PCS interface.

Figure 1-54. Transceiver Gonfigurations in Basic Double-Width Mode with a 20-Bit PMA-PCS Interface for Arria ll
Devices
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(7-, 10-, 20-Bit)

Data Rate (Gbps) v v v A 4 A 4 A y
[10-6575] [1.0-6375] [1.0-6375] [1.0-6875] [1.0-6.375 [1.0-6.375] [1.0-6:375][10- 6375 1.0-6.375|fr0-6.875] [ 10-6875] [r.0- 6.375]

S Ly

Byte Ordering [pisabled] Disabled|Enableate)| [Disabled| [Disabled] [Enableata)] [Disabled|pisabled]  [Disabled] [Disabled] [Disabled| [Disabled]  [Disabled]  [Disabled|

FPGA Fabric-to-Transceiver
Interface Width (4)

FPGA Fabric-to-Transceiver

Interface Frequency (MHz) 50-

318.75

25 -
159.375

169.375

‘25- ‘

TX PCS Latency (FPGA
Fabric-Transceiver Interface
Clock Cycles)

' RX PCS Latency (FPGA
| Fabric-Transceiver Interface
i Clock Cycles)

Notes to Figure 1-54:

1) The maximum data rate specification shown in Figure 1-54 is valid only for the -3 (fastest) speed grade devices.

The byte ordering block is available only if you select the word alignment pattern length of 20 bits.

Arria Il GX 13 devices can support up to 6.375 Gbps. For more information, refer to the Device Datasheet for Arria Il Devices.
The FPGA fabric-to-transceiver interface width of 40-bits applies to Arria || GZ devices only.

Byte SERDES is only supported for Arria Il GZ devices in double-wide mode.
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Deterministic Latency

=

=

This mode is typically used to create a CPRI or Open Base Station Architecture
Initiative Reference Point 3 (OBSAI RP3) interface to connect radio frequency (RF)
processing remote radio heads located at the top of cell phone towers with the base
band processing equipment typically found at the bottom of cell phone towers.

CPRI and OBSAI protocols have a requirement for the accuracy of the round trip
delay measurement for single-hop and multi-hop connections to be within

+ 16.276 ns. For single hops, the round trip delay may only vary within + 16.276 ns.
For multi-hop connections, the round trip variation is equal to + 16.276 ns divided by
the number of hops.

Deterministic latency is the only functional mode that allows 16-bit and 20-bit data on
the PCS-to-PMA interface. This is to allow data rates of 2457.6, 3072, 4915.2, and

6144 Mbps for the CPRI protocol and to allow 3072 and 6144 Mbps data rates for the
OBSAI protocol.

When you choose the deterministic latency protocol in the ALTGX MegaWizard
Plug-In Manager, the bit-slip circuitry in the transmitter channel is automatically
enabled and the RX phase compensation FIFO is automatically set to register mode. In
addition, two extra ports are created—the rx_bitslipboundaryselectout output port
from the receiver’s word aligner and the tx_bitslipboundaryselect input port for
the transceiver bit-slip circuitry. You can also set the TX phase compensation FIFO in
register mode.

In register mode, the phase compensation FIFO acts as a register and removes the
uncertainty in latency. To ensure that the phase relationship between the low-speed
parallel clock and the CMU PLL input reference clock is deterministic, you can enable
the CMU PLL feedback path, which is only available in this mode. When the feedback
path is enabled, you must provide an input reference clock to the CMU PLL that has
the same frequency as the low-speed parallel clock.

The information on the rx_bitslipboundaryselectout [4:0] output port helps
calculate the latency through the receiver datapath. Connect
rx_bitslipboundaryselectout [4:0] to tx_bitslipboundaryselect [4:0] to cancel
out the latency uncertainty.

The number of bits slipped in the receiver’s word aligner is shown on the

rx bitslipboundaryselectout [4:0] output port. In 8- or 10-bit channel width, the
number of bits slipped in the receiver path is given out sequentially on this output.
For example, if zero bits are slipped, the output on

rx_bitslipboundaryselectout [4:0] shows a value of 0(5'b00000); if two bits are
slipped, the output on rx_bitslipboundaryselectout [4:0] shows a value of 2
(5'p00010). In 16- or 20-bit channel width, the output is 19 minus the number of bits
slipped. For example, if zero bits are slipped, the output on
rx_bitslipboundaryselectout [4:0] shows a value of 19 (5'b10011); if two bits are
slipped, the output on rx_bitslipboundaryselectout [4:0] shows a value of 17
(5'p10001).

You can slip zero to nine bits with 8- or 10-bit channel width and you can slip zero to
19 bits with 16- or 20-bit channel width.
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Figure 1-55 shows the block diagram for deterministic latency.

Figure 1-55. Deterministic Latency Functional Mode
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Notes to Figure 1-55:
(1) The transmitter is in bit-slip mode.
(2) This block is optional in this mode.

(3) The RX phase compensation FIFO is automatically set in register mode. However, you have the option to set the TX phase compensation FIFQ in
register mode, which is not set by default.

(4) Typically, the 8B/10B encoder and decoder are used when you use deterministic latency to implement CPRI or OBSAI protocols. However, you
have the option to disable this module.

@ T Parallel
Parallel Recovered Clock Recovered Clock

rx_clkout[0]

IEEE 802.3 defines the 1000 Base-X PHY as an intermediate, or transition, layer that
interfaces various physical media with the media access control (MAC) in a GbE
system. It shields the MAC layer from the specific nature of the underlying medium.
The 1000 Base-X PHY, which has a physical interface data rate of 1.25 Gbps, is divided
into three sublayers—the physical coding sublayer (PCS), physical media attachment
(PMA), and physical medium dependent (PMD). These sublayers interface with the
MAC through the gigabit medium independent interface (GMII).
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Figure 1-56 shows the 1000 Base-X PHY position in a GbE OSI reference model.

Figure 1-56. 1000 Base-X PHY in a GbE 0SI Reference Model
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Physical

In GbE functional mode, Arria Il GX and GZ devices have built-in circuitry to support
the following PCS and PMA functions defined in the IEEE 802.3 specification:

8B/10B encoding and decoding
Synchronization

Upstream transmitter and local receiver clock frequency compensation (rate
matching)

Clock recovery from the encoded data forwarded by the receiver PMD

Optional rx_recovclkout port enables the recovered clock at the pin level (use
with the voltage-controlled crystal oscillator [VCXO])

Serialization and deserialization

[l'="  Arria I GX and GZ transceivers do not have built-in support for some PCS functions;
for example, auto-negotiation state machine, collision-detect, and carrier-sense. If
required, you must implement these functions in a PLD logic array or external
circuits.
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Figure 1-57 shows the transceiver datapath when configured in GbE functional mode.

Figure 1-57. GbE Functional Mode
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Notes to Figure 1-57:

(1) The word aligner uses automatic synchronization state machine mode (7-bit comma, 10-Bit /K28.5/).
(2) High-speed serial clock is running at 625 MHz.

(3) These clocks are running at 125 MHz.

RX Phase
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[0]

|
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Idle Ordered-Set Generation in GhE Mode

The IEEE 802.3 specification requires the GbE PHY to transmit idle ordered sets (/1/)
continuously and repetitively whenever the GMII is idle. This ensures that the
receiver maintains bit and word synchronization whenever there is no active data to
be transmitted.

In GbE functional mode, any /Dx.y/ following a /K28.5/ comma is replaced by the
transmitter with either a /D5.6/ (/11/ ordered set) or a /D16.2/ (/12/ ordered set),
depending on the current running disparity. The exception is when the data following
the /K28.5/ is /D21.5/ (/C1/ ordered set) or /D2.2/ (/C2/) ordered set. If the
running disparity before the /K28.5/ is positive, an /I1/ ordered set is generated. If
the running disparity is negative, an /12/ ordered set is generated. The disparity at
the end of an /I1/ is the opposite of that at the beginning of the /I1/. The disparity at
the end of an /12/ is the same as the beginning running disparity (right before the idle
code). This ensures a negative running disparity at the end of an idle ordered set. A
/Kx.y/ following a /K28.5/ is not replaced.

[l'=~ /D14.3/, /D24.0/, and /D15.8/ are replaced by /D5.6/ or /D16.2/ (for /11/
and /12/ ordered sets). /D21.5/ (part of the /C1/ order set) is not replaced.
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Figure 1-58 shows the automatic idle ordered set generation.

Figure 1-58. Example of Automatic Ordered Set Generation

clock
tx_datain[ ] ><K28.5><D14.3><K28.5><D24.0><K28.5><D15.8><K28.5><D21.51>< Dx.y ><
tx_dataout >< Dx.y ><K28.5>< D5.6 ><K28.5><D16.2><K28.5><D16.2><K28.5><D21.5><
Ordered Set >< mf >< n2/ >< n2/ >< /C1/ ><

GbE Mode Reset Condition

After de-assertion of the tx digitalreset signal, the GbE transmitter automatically
transmits three /K28.5/ comma code groups before transmitting user data on the
tx_datain port. This could affect the synchronization state machine behavior at the
receiver. Depending on when you start transmitting the synchronization sequence,
there could be an even or odd number of /Dx.y/ code groups transmitted between
the last of the three automatically sent /K28.5/ code groups and the first /K28.5/
code group of the synchronization sequence. If there is an even number of /Dx.y/
code groups received between these two /K28.5/ code groups, the first /K28.5/ code
group of the synchronization sequence begins at an odd code group boundary. An
IEEE802.3-compliant GbE synchronization state machine treats this as an error
condition and goes into the Loss-of-Sync state.

Figure 1-59 shows an example of even numbers of /Dx.y/ between the last
automatically sent /K28.5/ and the first user-sent /K28.5/. The first user-sent
/K28.5/ code group received at an odd code group boundary in cycle n + 3 takes the
receiver synchronization state machine in Loss-of-Sync state. The first
synchronization ordered-set /K28.5/Dx.y/ in cycles n + 3 and n + 4 are discounted
and three additional ordered sets are required for successful synchronization.

Figure 1-59. Example of Reset Condition in GhE Mode

n n+1 n+2 n+3 n+4

clock
tx_digitalreset E ! ! E E E
tx_dataout >< K28.5>< XXX >< K28.5>'< K28.5>'< K28.5>'< Dx.y >'< Dx.y >'< K28.5>'< Dx.y >< K28.5>< Dx.y >< K28.5>< Dx.y ><

Word Aligner in GbE Mode

The word aligner in GbE functional mode is configured in automatic synchronization
state machine mode, which complies with the IEEE P802.3ae standard. The Quartus I
software automatically configures the synchronization state machine to indicate
synchronization when the receiver acquires three consecutive synchronization
ordered sets. A synchronization ordered set is a /K28.5/ code group followed by an
odd number of valid /Dx.y/ code groups. The fastest way for the receiver to achieve
synchronization is to receive three continuous {/K28.5/, /Dx.y/} ordered sets.
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Receiver synchronization is indicated on the rx_syncstatus port of each channel. A
high on the rx_syncstatus port indicates that the lane is synchronized; a low on the
rx_syncstatus port indicates that the lane has fallen out of synchronization. Each
invalid code group increases the error count. The error count can be reduced by 1 if
the state machine sees four continuous valid code groups. The receiver loses
synchronization when it detects four invalid code groups separated by less than three
valid code groups, or when it is reset.

Rate Match FIF0 in GbE Mode

In GbE mode, the rate match FIFO is capable of compensating up to +100 PPM

(200 PPM total) difference between the upstream transmitter and the local receiver
reference clock. The GbE protocol requires the transmitter to send idle ordered sets
/11/ (/K28.5/D5.6/) and /12/ (/K28.5/D16.2/) during inter-packet gaps, adhering to
the rules listed in the IEEE P802.3ae specification.

The rate match operation begins after the synchronization state machine in the word
aligner indicates synchronization has been acquired by driving the rx_syncstatus
signal high. The rate match FIFO deletes or inserts both symbols of the /12/ ordered
sets (which consist of /K28.5/ and /D16.2/) to prevent the rate match FIFO from
overflowing or underflowing. It can insert or delete as many /12/ ordered sets as
necessary to perform the rate match operation.

"=~ If you have the auto negotiation state machine in the FPGA fabric, the rate match
FIFO is also capable of deleting or inserting the first two bytes of the /C2/ ordered set
(/K28.5/D2.2/Dx.y /Dx.y/) to prevent the rate match FIFO from overflowing or
underrunning during the auto negotiation phase.

The status flags rx_rmfifodatadeleted and rx_rmfifodatainserted, indicating rate
match FIFO deletion and insertion events, respectively, are forwarded to the FPGA
fabric. These two flags are asserted for two clock cycles for each deleted and inserted
/12/ ordered set, respectively.

Figure 1-60 shows an example of rate match FIFO deletion where three symbols must
be deleted. Because the rate match FIFO can only delete /I12/ ordered sets, it deletes
two /12/ ordered sets (four symbols deleted).

Figure 1-60. Example of Rate Match Deletion in GhE Mode

/12/ Skip Symbol Deleted

First /12/ Skip ~ Second /12/ Skip
Ordered Set Ordered Set

Third /12/ Skip
Ordered Set

dataout >< Dx.y ><K28.5><D16.2>< Dx.y ><
rx_rmfifodatadeleted ‘
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Figure 1-61 shows an example of rate match FIFO insertion in the case where one
symbol must be inserted. Because the rate match FIFO can only insert /12/ ordered
sets, it inserts one /12/ ordered set (two symbols inserted).

Figure 1-61. Example of Rate Match Insertion in GbE Mode

First /12/ Second /12/
Ordered Set Ordered Set

f_/H K—M
datain >< Dx.y ><K28.5><D16.2><K28.5><D16.2><

rx_rmfifodatainserted

=" The rate match FIFO does not insert or delete code groups automatically to overcome
FIFO empty or full conditions. In this case, the rate match FIFO asserts the
rx_rmfifofull and rx_rmfifoempty flags for at least two recovered clock cycles to
indicate rate match FIFO full and empty conditions, respectively. You must then assert
the rx_digitalreset signal to reset the receiver PCS blocks.

PCle Mode

Intel Corporation has developed a PHY interface for the PCle architecture
specification to enable implementation of a PCle-compliant physical layer device.
This specification also defines a standard interface between the physical layer device
and the media access control layer (MAC). Version 2.00 of the specification provides
implementation details for a PCle-compliant physical layer device at both

Genl (2.5 Gbps) and Gen2 (5 Gbps) signaling rates.

Arria II GX and GZ transceivers support x1, x4, and x8 lane configurations in PCle
functional mode at Gen1 (2.5 Gbps) data rates. Arria Il GZ devices also support x1
and x4 lane configurations in PCle functional mode at Gen2 (5.0 Gbps). In PCle x1
configuration, the PCS and PMA blocks of each channel are clocked and reset
independently. PCle x4 and x8 configurations support channel bonding for four-lane
and eight-lane PCle links, where the PCS and PMA blocks of all bonded channels
share common clock and reset signals.

You can configure Arria II GX and GZ transceivers to implement a Version 2.00
PCle-compliant PHY using one of the following methods:

m  PCle Compiler—This method allows you to use the Arria Il GX and GZ devices
built-in PCle hard IP blocks to implement the PHY-MAC layer, Data Link layer,
and Transaction layer of the PCle protocol stack. In this mode, each Arria II GX
and GZ transceiver channel uses a PIPE interface block that transfers data, control,
and status signals between the PHY-MAC layer and the transceiver channel PCS
and PMA blocks. The PIPE interface block is used only in this mode and cannot be
bypassed.

m ALTGX MegaWizard Plug-In Manager—This method requires implementing the
PHY-MAC layer, Data Link layer, and Transaction layer in the FPGA fabric using a
soft IP. Use this method if you do not use the PCle hard IP block. (You cannot
access the PCle hard IP block if you use this method.)
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“ e TFor descriptions of PCle hard IP architecture and PCle mode configurations allowed
when using the PCle hard IP block, refer to the PCI Express Compiler User Guide.

For more information about transceiver datapath clocking in different PCle
configurations, refer to the Transceiver Clocking in Arria II Devices chapter.

The transmitter datapath in PCle mode consists of the:

PIPE interface
TX phase compensation FIFO

Optional byte serializer (enabled for 16-bit and disabled for 8-bit FPGA
fabric-transceiver interface)

8B/10B encoder
10:1 serializer

Transmitter buffer with receiver detect circuitry

The receiver datapath in PCle mode consists of the:

Receiver input buffer with signal detect circuitry
1:10 deserializer
Word aligner that implements PCle-compliant synchronization state machine

Optional rate match FIFO (clock rate compensation) that can tolerate up to
600 PPM frequency difference

8B/10B decoder

Optional byte deserializer (enabled for 16-bit and disabled for 8-bit FPGA
fabric-transceiver interface)

RX phase compensation FIFO
PIPE interface

Table 1-16 lists features supported in PCle functional mode for Genl (2.5 Gbps) and
Gen2 (5.0 Gbps) data rate configurations.

Table 1-16. Supported Features in PCle Mode for Arria Il Devices (Part 1 of 2)

Feature 2.5 Gbps (Gen1) | 5.0 Ghps (Gen2) (1)
x1, x4, x8 link configurations v Onlysﬂ)sggeﬁ are
PCle-compliant synchronization state machine v v
+300 PPM (total 600 PPM) clock rate compensation v v
8-bit FPGA fabric-transceiver interface v —
16-bit FPGA fabric-transceiver interface v v
Transmitter buffer electrical idle v v
Receiver detection v v
8B/10B encoder disparity control when transmitting compliance pattern v v
Power state management v v
Receiver status encoding v v
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Table 1-16. Supported Features in PCle Mode for Arria Il Devices (Part 2 of 2)

Feature 2.5 Ghps (Gen1) 5.0 Gbps (Gen2) (1)
Dynamic switch between 2.5 Gbps and 5 Gbps signaling rate — v
Dynamically selectable transmitter margining for differential output voltage . v
control
Dynamically selectable transmitter buffer de-emphasis of -3.5 db and -6 db — v

Note to Table 1-16:
(1) For Arria Il GZ devices only.

Figure 1-62 shows the Arria Il GX and GZ transceiver datapath when configured in

PCle functional mode.

Figure 1-62. Arria Il GX and GZ Transceiver Datapath in PCle Mode (Note 1)
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Notes to Figure 1-62:

(1) The transceiver datapath clock varies between non-bonded (x1) and bonded (x4 and x8) configurations in PCle mode, described in the Transceiver

Clocking for Arria Il Devices chapter.

The word aligner uses automatic synchronization state machine mode (10-Bit /K28.5/).
This can be x1, x4, or x8 at 2.5 Gbps or x1 or x4 at 5.0 Gbps (for Arria Il GZ devices only).
The high-speed serial clock is running at 1.25 GHz.

The parallel clocks are running at 250 MHz.

This clock is running at 125 MHz if the byte serializer and deserializer are used. Otherwise, this clock is running at 250 MHz.
Ifyou use the PCle hard IP, you can enable the byte serializer and deserializer with an 8-bit FPGA fabric-to-transceiver interface running at 250 MHz

or disabled with a 16-bit FPGA fabric-to-transceiver interface running at 125 MHz. Otherwise, these blocks are always disabled and your 16-bit

FPGA fabric-to-transceiver interface is running at 125 MHz.
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Besides transferring data, control, and status signals between the PHY-MAC layer and
the transceiver, the PIPE interface block implements the following functions required
in a PIPE-compliant physical layer device:

m Manages the PIPE power states

m Forces the transmitter buffer in the electrical idle state

m Initiates the receiver detect sequence

m Controls 8B/10B encoder disparity when transmitting compliance pattern

m Indicates completion of various PHY functions, such as receiver detection and
power state transitions on the pipephydonestatus signal

m  Encodes receiver status and error conditions on the pipestatus[2:0] signal as
specified in the PIPE specification

The following subsections describe each Arria Il GX and GZ transceiver function.

Power State Management

The PCle specification defines four power states that the physical layer device must
support to minimize power consumption:

m PO is the normal operation state during which packet data is transferred on the
PCle link.

m POs, P1, and P2 are low-power states into which the physical layer must transition
as directed by the PHY-MAC layer to minimize power consumption.

The PCle specification provides the mapping of these power states to the long-term
sample storage module (LTSSM) states specified in the PCle Base Specification 2.0.
The PHY-MAC layer is responsible for implementing the mapping logic between the
LTSSM states and the four power states in the PCle-compliant PHY.

The PIPE interface in Arria II GX and GZ transceivers provide an input port
(powerdn[1:0]) to set the transceivers in one of the four power states, as shown in
Table 1-17.

Table 1-17. powerdn [1:0] Port Power State Functions and Descriptions for Arria Il Devices

powerdn [1:0] | Power - .
Values State Description Function
9h00 PO | Normal operation mode Transmlts normal data, transmits electrical idle, or
enters into loopback mode
2’01 POs | Low recovery time saving state Only transmits electrical idle
2h10 P1 | High recovery time power saving state Tran§m|tter buffer.|s powgred down and can perform a
receiver detect while in this state
; . Transmits electrical idle or a beacon to wake up the
2’b11 P2 | Lowest power saving state downstream receiver
"=~ When the device transitions from the PO power state to lower power states (P0s, P1,

and P2), the PCle specification requires the physical layer device to implement power
saving measures. Arria II GX and GZ transceivers do not implement these power
saving measures except when putting the transmitter buffer in electrical idle in the
lower power states.
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The PIPE interface block indicates a successful power state transition by asserting the
pipephydonestatus signal for one parallel clock cycle as specified in the PCle
specification. The PHY-MAC layer must not request any further power state transition
until the pipephydonestatus signal has indicated the completion of the current power
state transition request.

Figure 1-63 shows an example waveform for a transition from the PP0 to the P2 power

state.

Figure 1-63. Example of Power State Transition from PO to P2

w [ ] L)L) L L L L

powerdn[1:0] 2'b00 (PO) >< 2'b11 (P2)

pipephydonestatus

The PCle specification allows the PIPE interface to perform protocol functions such as
receiver detect, loopback, and beacon transmission in specified power states only.
This requires the PHY-MAC layer to drive the tx_detectrxloopback and
tx_forceelecidle signals appropriately in each power state to perform these
functions. Table 1-18 lists the logic levels that the PHY-MAC layer must drive on the
tx_detectrxloopback and tx_forceelecidle signals in each power state.

Tahle 1-18. Logic Levels for the PHY-MAC Layer for Arria Il Devices

Power State | tx_detectrxloopback Value tx_forceelecidle Value
0: normal mode 0: must be de-asserted
PO 1: loopback mode 1: illegal mode
0: illegal mode
POs Don’t care o
1: must be asserted in this state
p1 0: electrical state 0: illegal mode
1: receiver detect 1: must be asserted in this state
P2 Don’t care De-asserted in this state for sending beacon. Otherwise asserted.

Transmitter Buffer Electrical Idle

The PCle specification requires the transmitter buffer to be in electrical idle in the P1
power state, as shown in Table 1-18. During electrical idle, the transmitter buffer
differential and common mode output voltage levels are compliant to the PCle Base
Specification 2.0 for both PCle Genl and Gen2 data rates.

In Arria I GX and GZ transceivers, asserting the input signal tx_forceelecidle puts
the transmitter buffer in that channel in the electrical idle state. Figure 1-64 shows the
relationship between asserting the tx_forceelecidle signal and the transmitter
buffer output on the tx_dataout port. Time T1 taken from the assertion of the
tx_forceelecidle signal to the transmitter buffer reaching electrical idle voltage
levels is a minimum of 8 ns. When in the electrical idle state, the PCle protocol
requires the transmitter buffer to stay in electrical idle for a minimum of 20 ns for both
Genl and Gen?2 data rates.
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Figure 1-64. Transmitter Buffer Electrical Idle State

tx_forcelecidle
tx_dataout >< >< E >< ><

>
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T1 >20 ns
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Receiver Detection

During the detect substate of the LTSSM state machine, the PCle protocol requires the
transmitter channel to perform a receiver detect sequence to detect if a receiver is
present at the far end of each lane. The PCle specification requires that a receiver
detect operation be performed during the P1 power state where the transmitter
output buffer is in electrical idle (tri-stated).

This feature requires the transmitter output buffer to be tri-stated (in electrical idle
mode), have OCT utilization, and run at 125 MHz on the fixedclk signal. You can
enable this feature in PCle functional mode by setting the tx forceelecidle and
tx_detectrxloopback ports to 1'bl.

When the tx_detectrxloopback signal is asserted high in the P1 power state, the PIPE
interface block sends a command signal to the transmitter buffer in that channel to
initiate a receiver detect sequence. On receiving this command signal, the receiver
detect circuitry creates a step voltage at the transmitter output buffer common mode
voltage. If an active receiver (that complies with the PCle input impedance
requirements) is present at the far end, the time constant of the step voltage on the
trace is higher compared to when the receiver is not present. The receiver-detect
circuitry monitors the time constant of the step signal seen on the trace to decide if a
receiver was detected or not.

If a far-end receiver is successfully detected, the PIPE interface block asserts the
pipephydonestatus signal for one clock cycle and synchronously drives the
pipestatus[2:0] signal to 3'b011. If a far-end receiver is not detected, the PIPE
interface block asserts the pipephydonestatus signal for one clock cycle and
synchronously drives the pipestatus[2:0] signal to 3'b000.

[l =~ There is some latency after asserting the tx_detectrxloopback signal before receiver
detection is indicated on the pipephydonestatus port. In addition, the
tx_forceelecidle port must be asserted at least 10 parallel clock cycles prior to the
tx_detectrxloopback port to ensure that the transmitter buffer is tri-stated.

'~ For the receiver detect circuitry to function reliably, the AC-coupling capacitor on the
serial link and the receiver termination values used in your system must be compliant
to the PCle Base Specification 2.0. Receiver detect circuitry communicates the status of
the receiver detect operation to the PIPE interface block.
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Figure 1-65 and Figure 1-66 show the receiver detect operation where a receiver was
successfully detected and where a receiver was not detected, respectively.

Figure 1-65. Receiver Detect Successful Operation

powerdown[1:0] >< 2'b10(P1)

tx_detectrxloopback L
pipephydonestatus

pipestatus[2:0] 3'b000 ><3'b01 1><

Figure 1-66. Receiver Detect Unsuccessful Operation

powerdown[1:0] >< 2'b10(P1)

tx_detectrxloopback
pipephydonestatus

pipestatus[2:0] >< 3'b000

Compliance Pattern Transmission Support

The LTSSM state machine can enter the polling.compliance substate where the
transmitter must transmit a compliance pattern as specified in the PCle Base
Specification 2.0. The polling.compliance substate is intended to assess if the
transmitter is electrically compliant with the PCle voltage and timing specifications.

The compliance pattern is a repeating sequence of the following four code groups:

m /K28.5/

m /D215/
m /K285/
m /D10.2/

The PCle protocol requires the first /K28.5/ code group of the compliance pattern to
be encoded with negative current disparity. To satisfy this requirement, the PIPE
interface block provides an input signal (tx_forcedispcompliance). A high level on
the tx forcedispcompliance signal forces the associated parallel transmitter data on
the tx _datain port to transmit with a negative current running disparity.

For 8-bit transceiver channel width configurations, you must drive the
tx_forcedispcompliance signal high in the same parallel clock cycle as the first
/K28.5/ of the compliance pattern on the tx_datain port. For 16-bit transceiver
channel width configurations, you must drive only the LSB of the
tx_forcedispcompliance[1:0] signal high in the same parallel clock cycle as
/K28.5/D21.5/ of the compliance pattern on the tx datain port.
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Figure 1-67 and Figure 1-68 show the required level on the tx_forcedispcompliance
signal while transmitting the compliance pattern in 8-bit and 16-bit channel width
configurations, respectively.

Figure 1-67. Compliance Pattern Transmission Support, 8-Bit Wide Channel Configuration

K28.5 D215 K285 D102 K285 D215 K285 D10.2

tx_datain[7:0] >< BC >< B5 >< BC >< 4A >< BC >< B5 >< BC >< 4A ><
tx_ctrldetect J ‘ ‘ ‘ ‘ ‘
tx_forcedispcompliance

Figure 1-68. Compliance Pattern Transmission Support, 16-Bit Wide Channel Configuration

/K28.5/D21.5/ /K28.5/D10.2/ /K28.5/D21.5/ /K28.5/D10.2/

tx_datain[15:0] B5BC BC4A B5BC >< BC4A
tx_ctridetect[1 :0]>< 01
tx_forcedispcompliance[1:0] 01 00
Receiver Status

The PCle specification requires the PHY to encode the receiver status on a 3-bit
RxStatus[2:0] signal. The PIPE interface block receives status signals from the
transceiver channel PCS and PMA blocks and drives the status on the 3-bit output
signal (pipestatus[2:0]) to the FPGA fabric. The encoding of the status signals on the
pipestatus[2:0] portis compliant with the PCle specification and is listed in

Table 1-19.

Table 1-19. Encoding of the Status Signals on the pipestatus[2:0] Port for Arria Il Devices

pipestatus[2:0] Description Error Condition Priority (7)
3'b000 Received data OK N/A
3'b001 One SKP symbol added 5
3'0010 One SKP symbol deleted 6
3'b011 Receiver detected N/A
3'b100 8B/10B decode error 1
3'b101 Elastic buffer (rate match FIFO) overflow 2
3'0110 Elastic buffer (rate match FIFO) underflow 3
3'b111 Received disparity error 4

Note to Table 1-19:

(1) The PIPE interface follows the priority listed in Table 1-19 while encoding the receiver status on the
pipestatus [2:0] port. Two or more error conditions; for example, 8B/10B decode error (code group violation),
rate match FIFO overflow or underflow, or receiver disparity error, can occur simultaneously. When this happens,
PIPE drives 3'b100 on the pipestatus[2:0] signal.
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Fast Recovery Mode

The PCle Base Specification fast training sequences (FTS) are used for bit and byte
synchronization to transition from LOs to LO (PIPE POs to PO) power states. The PCle
specification requires the physical layer device to acquire bit and byte synchronization
after you transition from L0Os to LO state within 16 ns to 4 ps.

If the Arria II GX and GZ receiver CDR is configured in Automatic Lock mode, the
receiver cannot meet the PCle specification of acquiring bit and byte synchronization
within 4 ps due to the signal detect and PPM detector time. To meet this specification,
each Arria II GX and GZ transceiver has built-in fast recovery circuitry that you can
optionally enable in the ALTGX MegaWizard Plug-In Manager with the Enable fast
recovery mode option.

Fast recovery circuitry controls the receiver CDR rx_locktorefclk and
rx_locktodata signals to force the receiver CDR in LTR or LTD modes, by relying on
the Electrical Idle Ordered Sets (EIOS), NFTS sequences received in LO power state,
and the signal detect signal from the receiver input buffer to control the receiver CDR
lock mode. It is self-operational and does not require user inputs.

When you enable fast recovery mode, the rx_locktorefclk and rx_locktodata ports
are not available in the ALTGX MegaWizard Plug-In Manager.

Electrical Idle Inference

The PCle protocol allows inferring the electrical idle condition at the receiver instead
of detecting the electrical idle condition using analog circuitry. PCle Base Specification
2.0, section .2.4.3, specifies conditions to infer electrical idle at the receiver in various

sub-states of the LTSSM state machine.

In all PCIe modes (x1, x4, and x8), each receiver channel PCS has an optional
electrical idle inference module designed to implement the electrical idle inference
conditions specified in the PCle Base Specification 2.0.

You can enable the electrical idle inference module by selecting the Enable electrical
idle inference functionality option in the ALTGX MegaWizard Plug-In Manager. This
feature infers electrical idle depending on the logic level driven on the
rx_elecidleinfersel[2:0] input signal. The electrical idle inference module drives
the pipeelecidle signal high in each receiver channel when an electrical idle
condition is inferred. For the electrical idle inference module to correctly infer an
electrical idle condition in each LTSSM substate, you must drive the
rx_elecidleinfersel[2:0] signal appropriately, as shown in Table 1-20.

Table 1-20. Electrical Idle Inference Conditions for Arria Il Devices (Part 1 of 2)

rx_elecidleinfersel[2:0] LTSSM State Description
L0 Absence of update FC or alternatively skip ordered set in 128 us
window
Recovery.RevrGfg Absence of TS1 or TS2 ordered set in 1280 Ul interval
Recovery.Speed when
successful speed Absence of TS1 or TS2 ordered set in 1280 Ul interval

negotiation = 1'b1
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Table 1-20. Electrical Idle Inference Conditions for Arria Il Devices (Part 2 of 2)

rx_elecidleinfersel[2:0] LTSSM State Description

Recovery.Speed when

3'b110 successful speed Absence of an exit from electrical idle in 2000 Ul interval
negotiation = 1'b0
3'b111 Loopback.Active (as slave) | Absence of an exit from electrical idle in 128 us window
I =~ The electrical idle inference module cannot detect an electrical idle exit condition

based on the reception of the electrical idle exit ordered set (EIEOS), as specified in the
PCle Base Specification.

If you select the Enable Electrical Idle Inference Functionality option in the ALTGX
MegaWizard Plug-In Manager and drive rx_elecidleinfersel[2:0] = 3'b0xx, the
electrical idle inference block uses EIOS detection from the fast recovery circuitry to
drive the pipeelecidle signal. Otherwise, the electrical idle inference module is
disabled. In this case, the rx_signaldetect signal from the signal detect circuitry in
the receiver input buffer is inverted and driven as the pipeelecidle signal.

PCle Cold Reset Requirements

The PCle Base Specification 2.0 defines the following three types of conventional
resets to the PCle system components:

m Cold reset—fundamental reset after power up
B  Warm reset—fundamental reset without removal and re-application of power

m  Hot reset—in-band conventional reset initiated by higher layer by setting the hot
reset bit in the TS1 or TS2 training sequences

Figure 1-69 shows the PCle cold reset timing requirements.

Figure 1-69. PCle Cold Reset Requirements

1 2 3 4
Power Rail 3 3 3 3
l l . Marker 1: Power becomes stable
PERST# ! ! !
! : i Marker 2: PERST# gets de-asserted
< Tpyper. 100 ms “; Tos éo ms 3 Marker 3: Maximum time for
! © the LTSSM to enter the Detect state
| . Marker 4: Maximum time for
T, 100 ms the link to become active
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SDI

The following is the time taken by a PCle port, implemented in an Arria II GX or GZ
device, to go from the power-up to the link-active state:

m Power-on reset—begins after power rails become stable, which typically takes
12 ms

m FPGA configuration and programming—begins after power on reset.
Configuration time depends on the FPGA density

m Time taken from de-assertion of PERST# to link active—typically takes 40 ms

To meet the PCle specification of 200 ms from the power-on to the link-active state, the
Arria II GX and GZ device configuration time must be less than 148 ms (200 ms to 12
ms for power on reset, 40 ms for the link to become active after PERST# de-assertion).

For the typical Arria II GX and GZ configuration times using the Fast Passive Parallel
(FPP) configuration scheme at 125 MHz, refer to the Device Datasheet for Arria I1
Devices.

For more information about the FPP configuration scheme, refer to the Configuration,
Design Security, Remote System Upgrades in Arria Il Devices chapter.

Most flash memories available in the market can run up to 100 MHz. Altera
recommends using a MAX II device to convert the 16-bit flash memory output at
62.5 MHz to 8-bit configuration data input to the Arria Il GX and GZ devices at
125 MHz.

The Society of Motion Picture and Television Engineers (SMPTE) defines various SDI
standards for the transmission of uncompressed video.

The following three SMPTE standards are popular in video broadcasting applications:

m SMPTE 259M standard, more popularly known as the standard-definition (SD)
SDI—is defined to carry video data at 270 Mbps.

m SMPTE 292M standard, more popularly known as the high-definition (HD)
SDI—is defined to carry video data at 1485 Mbps or 1483.5 Mbps.

m SMPTE 424M standard, more popularly known as the third-generation (3G)
SDI—is defined to carry video data at 2970 Mbps or 2967 Mbps.

Table 1-21 lists the data rates, refclk frequencies, and interface widths supported by
Arria II GX and GZ transceivers in SDI mode.

Table 1-21. SDI Mode Data Rates, refclk Frequencies, and Interface Widths in Arria Il Devices (Part 1 of 2)

Configuration | Data Rate (Mbps) Frgzﬁgzzti ;:f(?\:lkllz) FPGA Fabri‘t’:v-it;t-;ransceiver Byte Seriallij;taar!/l:eserializer
14835 74175 20-bit Used
HD ' 148.35 10-bit Not used
1485 74.25 20-hit Used
148.5 10-bit Not used
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Table 1-21. SDI Mode Data Rates, refclk Frequencies, and Interface Widths in Arria Il Devices (Part 2 of 2)

Configuration | Data Rate (Mbps) Fr::{:g:(r:ti ;sef((l:\,lkl-lz) FPGA Fabri‘t,:iit;t-;'ransceiver Byte Seriallijiczlrsl’geserializer
148.35
2967 5967
3G 148.5 20-bit Used
2970 29}

Figure 1-70 shows the transceiver datapath when configured in SDI mode.

Figure 1-70. SDI Mode Datapath (Note 1)
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Notes to Figure 1-70:
(1) For the frequency, data rate, and interface width supported, refer to Table 1-21 on page 1-72.

(2) This allows the fabric-to-transceiver interface to run below the maximum interface frequency. For more information, refer to Table 1-21 on
page 1-72.

(3) The word aligner uses bit-slip mode. However, this block is not useful because word alignment and framing occurs after de-scrambling. Altera
recommends driving the ALTGXB megafunction rx_bitslip signal low to prevent the word aligner from inserting bits in the received data stream.

In HD-SDI mode, the transmitter is purely a parallel-to-serial converter. SDI
transmitter functions, such as scrambling and cyclical redundancy check (CRC) code
generation, must be implemented in the FPGA logic array. Similarly, SDI receiver
functions, such as de-scrambling, framing, and CRC checker, must be implemented in
the FPGA logic array.
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SRIO

The RapidIO Trade Association defines a high-performance, packet-switched
interconnect standard to pass data and control information between microprocessors,
digital signal, communications and network processors, system memories, and
peripheral devices.

The SRIO physical layer specification defines three line rates—1.25 Gbps, 2.5 Gbps,
and 3.125 Gbps. It also defines two link widths—single-lane (x1) and bonded
four-lane (x4) at each line rate. Arria II GX and GZ transceivers support only
single-lane (x1) configuration at all three line rates. You can instantiate four x1
channels configured in SRIO mode to achieve one non-bonded x4 SRIO link. The four
receiver channels in this x4 SRIO link do not have lane alignment or deskew
capability.

Arria II GX and GZ transceivers, when configured in SRIO functional mode, provide
the following PCS and PMA functions:

m 8B/10B encoding and decoding

m Word alignment

m Lane synchronization state machine

m  Clock recovery from the encoded data
m Serialization and deserialization

Arria II GX and GZ transceivers do not have built-in support for some PCS functions,
such as pseudo-random idle sequence generation and lane alignment in x4 mode.
Depending on your system requirements, you must implement these functions in the
logic array or external circuits.
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Figure 1-71 shows the ALTGX transceiver datapath when configured in SRIO mode.

Figure 1-71. SRIO Mode Datapath
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Notes to Figure 1-71:

Low-Speed Parallel Clock (6)

rx_clkout[0]

(1) This allows the fabric-to-transceiver interface to run below the maximum interface frequency and is always enabled for SRIO functional mode.
(2) The word aligner uses the automatic synchronization state machine (10 bit /K28.5/) and is compliant with the SRIO protocol.

(3) This module is optional.

(4) This can run at 1.25, 2.5, or 3.125 Gbps.

(5) This is running at half the rate of the data rate.

(6) This is running at 62.5 MHz for 1.25 Gbps data rate, 125 MHz for 2.5 Gbps data rate, or 156.25 MHz for 3.125 Gbps data rate.

In SRIO mode, the ALTGX MegaWizard Plug-In Manager automatically defaults the
synchronization state machine to indicate synchronization (a high logic level on the
rx_syncstatus port) when the receiver acquires 127 K28.5 (10'b0101111100 or
10'b1010000011) synchronization code groups without receiving an intermediate
invalid code group. When synchronized, the state machine indicates loss of
synchronization (a low logic level on the rx_syncstatus port) when it detects three
invalid code groups separated by less than 255 valid code groups, or when it is reset.

L=~ SRIO only allows one insertion or deletion of the skip character /R/from the /K/,
/R/, /R/, /R/ clock compensation sequence. However, the Arria Il GX and GZ rate
match FIFO may perform multiple insertions or deletions if the PPM difference is
more than the +200 PPM range. Ensure that the PPM difference in your system is less
than +200 ppm.
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SONET/ SDH

e

SONET/SDH is one of the most common serial-interconnect protocols used in
backplanes deployed in communications and telecom applications. SONET/SDH
defines various optical carrier (OC) subprotocols for carrying signals of different
capacities through a synchronous optical hierarchy.

You can use Arria II GX and GZ transceivers as physical layer devices in a

SONET /SDH system. These transceivers provide support for SONET/SDH
protocol-specific functions and electrical features; for example, alignment to an A1A2
or A1A1A2A2 pattern.

In SONET /SDH systems, Al is defined as 8'hF6 and A2 is defined as 8'h28. Transport
overhead bytes Al and A2 are used for restoring frame boundary from the serial data
stream. Frame sizes are fixed, so the Al and A2 bytes appear within the serial data
stream every 125 ps. In an OC-12 system, 12 A1l bytes are followed by 12 A2 bytes.
Similarly, in an OC-48 system, 48 A1 bytes are followed by 48 A2 bytes.

OC-96 systems are for Arria Il GZ devices only and have 96 A 1 bytes followed by 96
A2 bytes.

Arria II GX transceivers are designed to support the protocols OC-12 at 622 Mbps
with 8-bit channel width and OC-48 at 2488.32 Mbps with 16-bit channel width.
Arria II GZ transceivers are designed to support the protocol OC-96 at 4,967 Mbps.

Figure 1-72 shows the transceiver datapath when configured in SONET/SDH OC-12
mode.

Figure 1-72. SONET/SDH 0C-12 Datapath

Transmitter Channel PCS Transmitter Channel PNIA
TX Phase
Compensation
»  FIFO »| |Serializer —>|X
wrelk rdclk
‘ ingh-Speed
Low-Speed Parallel Clock 1 erial Clock|
Local
tx_clkout Clock
" " Divider
abric-Transmitter —
erface Clock
Receiver Channel PCS Receiver Channel PMA
RX Phase
f Word De-
- C tion | A < o
- omsle;ga on |« Aligner [ rializer[ ¥ CPR <_<b

| ]

Parallel Recovered Clock

rx_clkout

Fabric-Receiver
terface Clock

Arria |l Device Handbook Volume 2: Transceivers July 2012  Altera Corporation



Chapter 1: Transceiver Architecture in Arria Il Devices 1-77
Functional Modes

SONET/SDH 0C-48 Datapath

Figure 1-73 shows the transceiver datapath when configured in SONET/SDH OC-48
mode.

Figure 1-73. SONET/SDH 0C-48 Datapath
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SONET/SDH 0C-96 Datapath

Figure 1-74 shows the transceiver datapath when configured in SONET /SDH OC-96
mode.

Figure 1-74. SONET/SDH 0C-96 Datapath
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Unlike Ethernet, where the LSB of the parallel data byte is transferred first,
SONET/SDH requires the MSB to be transferred first. To facilitate the MSB-to-LSB
transfer, you must enable the Flip Transmitter input data bits and Flip Receiver
output data bits options in the ALTGX MegaWizard Plug-In Manager.

Depending on whether data bytes are transferred MSB-to-LSB or LSB-to-MSB, you
must select the appropriate word aligner settings in the ALTGX MegaWizard Plug-In
Manager.

Word Aligner in SONET/SDH Mode

The word aligner in SONET /SDH functional mode is configured in manual
alignment mode. You can configure the word aligner to either align to a 16-bit A1A2
pattern or a 32-bit AIA1A2A2 pattern, controlled by the rx_ala2size input port to the
transceiver.

[l=~ Alow level on the rx_ala2size port configures the word aligner to align to a 16-bit
A1A2 pattern; a high level configures the word aligner to align to a 32-bit ATA1A2A2
pattern.

In OC-96 configurations, the word aligner is only allowed to align to an A1A1A2A2
pattern, so the input port rx_ala2size is unavailable. Barring this difference, the
OC-96 word alignment operation is similar to that of the OC-12 and OC-48
configurations.

You can also configure the word aligner to flip the word alignment pattern bits
programmed in the ALTGX MegaWizard Plug-In Manager and compare them with
the incoming data for alignment. This feature offers flexibility to the SONET
backplane system for either a MSB-to-LSB or LSB-to-MSB data transfer. Table 1-22
lists word alignment patterns that you must program in the ALTGX MegaWizard
Plug-In Manager based on the bit-transmission order and the word aligner bit-flip
option.

Table 1-22. Word Aligner Settings for Arria Il Devices

Serial Bit Transmission Order Flip th::lﬂg:]lg:?snment Word Alignment Pattern
MSB-to-LSB On 16'hF628
MSB-to-LSB 0Off 16'h146F
LSB-to-MSB Off 16'h28F6

0C-48 and 0C-96 Byte Serializer and Deserializer

The OC-48 and OC-96 transceiver datapath includes the byte serializer and
deserializer to allow the PLD interface to run at a lower speed. The OC-12
configuration does not use the byte serializer and deserializer blocks. The byte
serializer and deserializer blocks are explained in “Byte Serializer” on page 1-14 and
“Byte Deserializer” on page 1-43, respectively.

The OC-48 byte serializer converts 16-bit data words from the FPGA fabric and
translates the 16-bit data words into two 8-bit data bytes at twice the rate. The OC-48
byte deserializer takes in two consecutive 8-bit data bytes and translates them into a
16-bit data word to the FPGA fabric at half the rate.
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The OC-96 byte serializer converts 32-bit data words from the FPGA fabric and
translates them into two 16-bit data words at twice the rate. The OC-96 byte
deserializer takes in two consecutive 16-bit data words and translates them into a
32-bit data word to the FPGA fabric at half the rate.

Byte Ordering in SONET/SDH 0C-48 Mode

Because of byte deserialization, the MSByte of a word might appear at the rx_dataout
port along with the LSByte of the next word. In a SONET/SDH OC-48 configuration,
you can use the byte ordering block that is built into the datapath to perform byte
ordering. Byte ordering in a SONET/SDH OC-48 configuration is in word
alignment-based mode, where the byte ordering block is triggered by the rising edge
of the rx_syncstatus signal.

At the rising edge of the rx_syncstatus signal, the byte ordering block compares the
LSByte coming out of the byte deserializer with the A2 byte of the A1A2 alignment
pattern. If the LSByte coming out of the byte deserializer does not match the A2 byte
set in the ALTGX MegaWizard Plug-In Manager, the byte ordering block inserts a
PAD character, as shown in Figure 1-75. Inserting this PAD character enables the byte
ordering block to restore the correct byte order.

The PAD character is defaulted to the Al byte of the A1A2 alignment pattern.

Figure 1-75. SONET/SDH 0C-48 Byte Ordering Example

From Byte Deserializer ————9 —> —> To PLD Core ———»»>
rx_dataout
— xx I Ordering
rx_dataout | A1 Block
rx_clkout eee eoe
rx_syncstatus rx_syncstatus

rx_byteorderalignstatus

July 2012

XAUI

Use this functional mode for XAUI, HiGig, or HiGig+ protocols.

The XAUTI is an optional, self-managed interface that you can insert between the
reconciliation sublayer and the PHY layer to transparently extend the physical reach
of the XGMIL
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Figure 1-76 shows the relationships between the XGMII and XAUI layers.

Figure 1-76. XAUI and XGMII Layers
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PP MAC (Optional)
Presentation MAC
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Network XG l\gll Elxtended
e ublayer
Data Link e (XAUI) I 10 Gigibit Attachment Unit Interface
Physical XG'\glllth;t%?ded

I 10 Gigibit Media Independent Interface

Physical Layer Device

’
’
’

Medium Dependant Interface

Medium

10 Gbps

The XGMII interface consists of four 8-bit lanes. At the transmit side of the XAUI
interface, the data and control characters are converted within the XGMII extender
sublayer (XGXS) into an 8B/10B encoded data stream. Each data stream is then
transmitted across a single differential pair running at 3.125 Gbps (3.75 Gbps for
HiGig/HiGig+). At the XAUI receiver, the incoming data is decoded and mapped
back to the 32-bit XGMII format. This provides a transparent extension of the physical
reach of the XGMII and also reduces the interface pin count.

XAUI functions as a self-managed interface because code group synchronization,
channel deskew, and clock domain decoupling are handled with no upper layer
support requirements. This functionality is based on the PCS code groups that are
used during the IPG time and idle periods.

Arria II GX and GZ transceivers configured in XAUI mode provide the following
protocol features:

m  XGMII-to-PCS code conversion at the transmitter—The 8B/10B encoder in the
Arria II GX and GZ transmitter datapath is controlled by a transmitter state
machine that maps various 8-bit XGMII codes to 10-bit PCS code groups. This
state machine complies with the IEEE P802.3ae PCS transmit source state diagram.

B PCS-to-XGMII code conversion at the receiver—The 8B/10B decoder in the
Arria II GX and GZ receiver datapath is controlled by a XAUI receiver state
machine that converts received PCS code groups into specific 8-bit XGMII codes.

8B/10B encoding and decoding
IEEE P802.3ae-compliant synchronization state machine
+100 PPM clock rate compensation

Channel deskew of four lanes of the XAUI link
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Figure 1-77 shows the ALTGX megafunction transceiver datapath when configured in

XAUI mode.

Figure 1-77. Transceiver Datapath in XAUI Mode
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Notes to Figure 1-77:
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(1) This allows the fabric-to-transceiver interface to run below the maximum interface frequency.
(2) The word aligner uses the automatic synchronization state machine (10-bit /K28.5/).
(3) This is running at half the rate of the data rate.
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Word Aligner in XAUI Mode

The word aligner in XAUI functional mode is configured in automatic
synchronization state machine mode that is compliant to the PCS synchronization
state diagram specified in section 8 of the IEEE P802.3ae specification. The Quartus II
software automatically configures the synchronization state machine to indicate
synchronization when the receiver acquires four /K28.5/ comma code groups
without intermediate invalid code groups.

Receiver synchronization is indicated on the rx_syncstatus port of each channel. A
high on the rx_syncstatus port indicates that the lane is synchronized. The receiver
loses synchronization when it detects four invalid code groups separated by less than
four valid code groups, or when it is reset.

Deskew FIF0 in XAUI Mode

The XAUI protocol requires the physical layer device to implement deskew circuitry
to align all four channels. The skew introduced in the physical medium and the
receiver channels can cause the /A/ code groups to be received misaligned with
respect to each other. To enable the deskew circuitry at the receiver to align the four
channels, the transmitter sends an /A/ (/K28.3/) code group simultaneously on all
four channels during an inter-packet gap (IPG). The deskew operation begins only
after link synchronization is achieved on all four channels as indicated by a high level
on the rx_syncstatus signal from the word aligner in each channel. Until the first
/A/ code group is received, the deskew FIFO read and write pointers in each channel
are not incremented. After the first /A/ code group is received, the write pointer
starts incrementing for each word received but the read pointer is frozen. If the /A/
code group is received on each of the four channels in 10 recovered clock cycles of
each other, the read pointer of all four deskew FIFOs is released simultaneously,
aligning all four channels.

['=~ The deskew FIFO operation in XAUI functional mode is compliant to the PCS deskew
state machine diagram specified in 8 of the IEEE P802.3ae specification.
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Figure 1-78 shows lane skew at the receiver input and how the deskew FIFO uses the
/A/ code group to align the channels.

Figure 1-78. Deskew FIF0-Lane Skew at the Receiver Input

Lanes Skew at

Receiver Input

| Lanes are Deskewed by Aligning

| the /A/ Code Groups

Lane 0| K | K | R | A | K | R | R | K | K | R | K | R |
Lane1| K | K | R | A | K | R | R | K | K | R | K | R |
Lane2| K K R A K R R K K R K R

Lane 3| K K R A K R R K K R K R
Lane 0| K K R A K R R K K R K R
Lane 1| K | K | R | A | K | R | R | K | K | R | K | R
Lane2| K | K | R | A | K | R | R | K | K | R | K |
Lane 3| K | K | R | A | K | R | R | K | K | R | K | R |

After alignment of the first ||A|| column, if three additional aligned ||A|| columns are
observed at the output of the deskew FIFOs of the four channels, the
rx_channelaligned signal is asserted high, indicating channel alignment is acquired.
After acquiring channel alignment, if four misaligned ||A|| columns are seen at the
output of the deskew FIFOs in all four channels with no aligned ||A|| columns in
between, the rx_channelaligned signal is de-asserted low, indicating loss of channel
alignment.

Rate Match FIFO in XAUI Mode

In XAUI mode, the rate match FIFO is capable of compensating up to +100 PPM
(200 PPM total) difference between the upstream transmitter and the local receiver
reference clock. The XAUI protocol requires the transmitter to send /R/ (/K28.0/)
code groups simultaneously on all four lanes (denoted as the ||R|| column) during
inter-packet gaps, adhering to rules listed in the IEEE P802.3ae specification.

The rate match operation begins after rx_syncstatus and rx_channelaligned are
asserted. The rx_syncstatus signal is from the word aligner, indicating that
synchronization is acquired on all four channels; the rx_channelaligned signal is
from the deskew FIFO, indicating channel alignment.

The rate match FIFO looks for the ||R|| column (simultaneous /R/ code groups on all
four channels) and deletes or inserts ||R|| columns to prevent the rate match FIFO
from overflowing or underrunning. The rate match FIFO can insert or delete as many
||R|| columns as necessary to perform the rate match operation.

The rx_rmfifodatadeleted and rx_rmfifodatainserted flags indicate rate match
FIFO deletion and insertion events, respectively, and are forwarded to the FPGA
fabric. If an ||R|| column is deleted, the rx_rmfifodeleted flag from each of the four
channels goes high for one clock cycle per deleted ||R|| column. If an ||R|| column is
inserted, the rx_rmfifoinserted flag from each of the four channels goes high for one
clock cycle per inserted ||R|| column.
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Figure 1-79 shows an example of rate match deletion in the case where three ||R||
columns must be deleted.

Figure 1-79. Example of Rate Match Deletion in XAUI Mode

First Second Third Fourth
IRl (IRl (IRl (IRl
Column Column Column Column

datain[3] ><K285><K283><K285><K280><K285><K280><K280><K280><K285><
datain[2] ><K285><K283><K285><K280><K285><K280><K280><K280><K285><
datain[1] ><K285><K283><K285><K280><K285><K280><K280><K280><K285><
datain[0] ><K285><K283><K285><K280><K285><K280><K280><K280><K285><

dataout[3] >< K28.5 >< K28.3 >< K28.5 >< K28.5 >< K28.0>< K28.5 ><

dataout[2] >< K28.5 >< K28.3 >< K28.5 >< K28.5 >< K28.0>< K28.5 ><

dataout[1] >< K28.5>< K28.3>< K28.5>< K28.5>< K28.0>< K28.5><

dataout[0] >< K28.5 >< K28.3 >< K28.5 >< K28.5 >< K28.0>< K28.5 ><
rx_rmfifodatadeleted ‘

Figure 1-80 shows an example of rate match insertion in the case where two ||R||
columns must be inserted.

Figure 1-80. Example of Rate Match Insertion in XAUI Mode

First Second
(IRl IRl
Column Column
— —

dataout[3] >< K28.5 >< K28.3 >< K28.5 >< K28.0 >< K28.5>< K28.0 ><

dataout[2] >< K28.5 >< K28.3 >< K28.5 >< K28.0 >< K28.5>< K28.0 ><

dataout[1] >< K28.5 >< K28.3 >< K28.5 >< K28.0 >< K28.5>< K28.0 ><

dataout[0] >< K28.5 >< K28.3 >< K28.5 >< K28.0 >< K28. 5>< K28.0 ><
datain[3] >< K28.5 >< K28.3 >< K28.5 >< K28.0 ><K280><K28 o>< K28.5 >< K28.0 ><
datain[2] ><K28 5><K28 3><K28 5><K28 o>< K28. o>< K28. 0><K28 5><K28 o><
datain[1] ><K28 5><K28 3><K28 5><K28 o>< K28. 0><K28 0><K28 5><K28 o><
datain[0] ><K28 5><K28 3><K28 5><K28 o>< K28. o>< K28. 0><K28 5><K28 o><

rx_rmfifodatainserted ’—\—

The rate match FIFO does not insert or delete code groups automatically to overcome
FIFO empty or full conditions. In this case, the rate match FIFO asserts the
rx_rmfifofull and rx_rmfifoempty flags for at least three recovered clock cycles to
indicate rate match FIFO full and empty conditions, respectively. You must then assert
the rx_digitalreset signal to reset the receiver PCS blocks.

CAUTION
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Test Modes

Arria I GX and GZ devices provide various loopback options, pattern generators, and
verifiers that allow you to ensure the working of different functional blocks in the
transceiver channel. These modes include:

m Serial loopback

m Reverse serial loopback

m Reverse serial pre-CDR loopback
m PCle reverse parallel loopback

m BIST and PRBS Modes

& If you generate a Transmitter-only or Receiver-only configuration and enable
loopback mode, you will have an extra port that you must connect to the transceiver’s
counterpart port. These ports are described in Table 1-31 on page 1-98 (the PMA port
list).

Serial Loophack

This option is available for all functional modes except PCle mode. Figure 1-81 shows
the datapath for serial loopback.

Figure 1-81. Serial Loopback Datapath
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The data from the FPGA fabric passes through the transmitter channel and loops back
to the receiver channel, bypassing the receiver input buffer. The received data is
available to the FPGA logic for verification. Using this option, you can check the
operation for all enabled PCS and PMA functional blocks in the transmitter and
receiver channels.

When you enable the serial loopback option, the ALTGX MegaWizard Plug-In
Manager provides the rx_seriallpbken port to dynamically enable serial loopback on
a channel-by-channel basis when the signal is asserted high.
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When you enable serial loopback, the transmitter channel sends the data to both the
tx_dataout output port and the receiver channel. The differential output voltage on
the tx_dataout ports is based on the selected Vp settings. The looped back data is
received by the receiver CDR and then timed again through different clock domains.
You must provide an alignment pattern for the word aligner to enable the receiver
channel to retrieve the byte boundary.

Reverse Serial Loopback

Reverse serial loopback is available in Basic functional mode only and is often
implemented when using a bit error rate tester (BERT) on the upstream transmitter. In
this mode, the data is received through the rx_datain port, timed again through the
receiver CDR, and sent out to the tx_dataout port. The received data is also available
to the FPGA logic. You can enable the reverse serial loopback option using the ALTGX
MegaWizard Plug-In Manager. Unlike other loopback modes, there is no dynamic pin
control to enable or disable reverse serial loopback.

Figure 1-82 shows the transceiver channel datapath for reverse serial loopback mode.

Figure 1-82. Reverse Serial Loophack Datapath (Noie 1)

FPGA
Fabric

Note to Figure 1-82:

Transmitter Channel
PMA

tx_dataout
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Loopback
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FIFO
Ordering I

Byte Deserializer
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Byte
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(1) The only active block of the transmitter channel is the transmitter buffer.

You can change the output differential voltage on the transmitter buffer through the
ALTGX MegaWizard Plug-In Manager. However, you cannot alter the pre-emphasis
settings for the transmitter buffer.
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Reverse Serial Pre-CDR Loopback

Reverse serial pre-CDR loopback is available in Basic functional mode only. In this
mode, the data received through the rx_datain port is looped back to the tx_dataout
port before the receiver CDR. The received data is also available to the FPGA logic.
You can enable the reverse serial pre-CDR loopback option using the ALTGX
MegaWizard Plug-In Manager. Unlike other loopback modes, there is no dynamic pin
control to enable or disable reverse serial pre-CDR loopback.

Figure 1-83 shows the transceiver channel datapath for reverse serial pre-CDR
loopback mode.

Figure 1-83. Reverse Serial Pre-CDR Loopback Datapath (Note 1)

FPGA Transmitter Channel
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Note to Figure 1-83:
(1) The only active block of the transmitter channel is the transmitter buffer.

You can change the Vg on the transmitter buffer through the ALTGX MegaWizard
Plug-In Manager. However, you cannot change the pre-emphasis settings for the
transmitter buffer.
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PCle (Reverse Parallel Loopback)

PCle reverse parallel loopback is only available in PCle functional mode for the Gen1
and Gen2 data rates. As shown in Figure 1-84, the received serial data passes through
the receiver CDR, deserializer, word aligner, and rate match FIFO buffer. The data is
then looped back to the transmitter serializer and transmitted out through the

tx dataout port. The received data is also available to the FPGA fabric through the
rx_dataout port. This loopback mode is compliant with the PCle Base Specification
2.0. To enable PCle reverse parallel loopback mode, assert the tx_detectrxloopback
port.

Figure 1-84. PCle Reverse Parallel Loopback Mode Datapath
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Built-In Self Test (BIST) and Pseudo Random Binary Sequence (PRBS)

Each transceiver channel in Arria II GX and GZ devices contain a pattern generator
and a pattern verifier circuit. Using these patterns, you can verify the functionality of
the functional blocks in the transceiver channel without requiring user logic. The
functionality is provided as an optional mechanism for debugging transceiver
channels. To use the Arria I GX and GZ pattern generator and verifier, use the pattern
BIST and PRBS sub-protocols under Basic functional mode.
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Figure 1-85 shows the datapath for the BIST mode.

Figure 1-85. Enabled PCS Functional Blocks in Parallel Loopback
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BIST mode allows you to verify the complete PCS blocks for both the transmitter and
receiver channel. This mode is available only with a built-in 16-bit incremental pattern
generator and verifier; therefore, you must set the channel width to 16 bits in this
mode. The incremental pattern 00-FF is looped back to the receiver channel at the PCS
functional block boundary before the PMA and is sent out to the tx dataout port.

The received data is verified by the verifier, but is not available in the FPGA fabric.
The Vp of the transmitted serial data on the tx_dataout port is based on the selected

Vop settings.
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Figure 1-86 shows the datapath for the PRBS patterns. The generated pattern is sent to
the serializer. The verifier checks the data from the word aligner.

Figure 1-86. Datapath for the PRBS Mode
FPGA Transmitter Channel PCS PRBS, High Frequency, Low Transmitter Channel

Serializer
%%
tx_dataout

L
Receiver Channel:|;
PMA

PRBS Verifier

Receiver Channel PCS

rx_datain

Word Aligner
Deserializer

Note to Figure 1-86:
(1) Serial loopback can be dynamically enabled through the rx_seriallpbken port.

PRBS mode has two pattern generator options, selectable in the BIST tab of the
MegaWizard Plug-In Manager when you choose PRBS as a sub protocol under Basic
functional mode.

m PRBS7, PRBSS, PRBS10, and PRBS23 generator and verifier—This is the generator
and verifier interface with the serializer and deserializer in the PMA blocks. The
advantage of using a PRBS data stream is that the randomness yields an
environment that stresses the transmission medium. In the data stream, you can
observe both random jitter and deterministic jitter using a time interval analyzer,
bit error rate tester, or oscilloscope.

The PRBS repeats after completing an iteration. The number of bits the PRBSx
pattern sends before repeating the pattern is (2/*x-1) bits. This mode is available as
a sub protocol under Basic functional mode.

m High-frequency and low-frequency pattern generator—The high-frequency
patterns generate alternate ones and zeros and the low-frequency patterns
generate five ones and five zeroes in single width mode, and ten ones and ten
zeroes in double width mode. These patterns do not have a corresponding verifier.

Table 1-23 lists various PRBS patterns and corresponding word alignment patterns.

Table 1-23. Patterns in PRBS Mode for Arria Il Devices (Part 1 of 2)

Patterns Polynomial GI;?lglgli:N '((;;h Worc:’:tliglr:nent Maximum Data Rate
PRBS 7 X7+ X541 8 bit 16’h3040 2.5

PRBS 8 X8+ X7 +1 8 bit 16’hFF5A 25

PRBS 10 X104 X7 41 10 bit 10°h3FF 3.125

PRBS 23 X234 X18 4 4 8 bit 16’hFFFF 25
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Table 1-23. Patterns in PRBS Mode for Arria Il Devices (Part 2 of 2)

. Channel Width | Word Alignment .
Patterns Polynomial | = s pit (1) Pattern Maximum Data Rate
High frequency (7) | 1010101010 8 or 10 bit NA 2.5 for 8-bit pattern and 3.125 for 10-bit pattern
Low frequency (7) | 0000011111 10 bit NA 3.125

Note to Table 1-23:
(1) A verifier is not available for the specified patterns.

Figure 1-87 shows the enabled input and output ports of the pattern generator and
pattern verifier.

Figure 1-87. Input and Output Ports for the BIST and PRBS Modes

tx_datain[ ] —» ——p» tx_dataout
tx_digitalreset —»|
rx_digitalreset —P»| aia;tg;r;tgin&erz;gr ——p» rx_bisterr
tx_seriallpbken[ ] (1) —»>|

pll_inclk —»| ——p» rx_bistdone

Note to Figure 1-87:
(1) rx_serilalpbken is optional.

You can reset the PRBS pattern generator and verifier by asserting the
tx digitalreset and rx digitalreset signals, respectively.

[l=” rx digitalreset does not reset the BIST output signals when the following
conditions are true:

B pll powerdown is high in BIST mode

B pll powerdown or rx_analogreset is high in PRBS mode

Dynamic Reconfiguration

Dynamic reconfiguration allows you to reconfigure the transceiver block without
reconfiguring the FPGA. For hot-plug or open-standard systems, this feature allows
you to support multiple data rates or standards without reconfiguring the system. For
all systems, it allows you to make changes to the bit error rate to compensate
in-system for the effects of process and temperature.
“ e For more information, refer to AN 558: Implementing Dynamic Reconfiguration in
Arria II Devices.
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Dynamic Reconfiguration

Each transceiver channel has multiple physical medium attachment controls that you
can program to achieve the desired bit error ratio (BER) for your system. When you
enable the dynamic reconfiguration feature, you can reconfigure the following
portions of each transceiver channel dynamically (one channel at a time) without
powering down the other transceiver channels or the FPGA fabric of the device:

m Transmit and receive analog settings

m Transmit data rate in multiples of 1, 2, and 4

m  Channel and clock multiplier unit PLL

m CMUPLL only

The dynamic reconfiguration controller is a soft IP that uses FPGA-fabric resources.
You can use only one dynamic reconfiguration controller per transceiver block. You
cannot use the dynamic reconfiguration controller to control multiple Arria II GX and
GZ devices or off-chip interfaces. Figure 1-88 shows the conceptual view of the

dynamic reconfiguration controller architecture.

Figure 1-88. Block Diagram of the Dynamic Reconfiguration Controller

PMA controls

PMA control ports (1), (2) P reconfiguration
logic
Data Rate
rate_switch_ctrl[1:0] (TX only) P> Switch

Control Logic
reconfig_clk ——»|
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reset_reconfig_address CMU PLL
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—® rate_switch_out[1:0] (TX only)
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— channel_reconfig_done

reconfig_mode_sel[2:0]

Notes to Figure 1-88:

(1) The PMA control ports consist of the Vgp controls, pre-emphasis controls, DC gain controls, and manual equalization controls.

(2) Only PMA reconfiguration mode supports manual equalization controls.
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The dynamic reconfiguration controller requires input from one of the following;:

m Its input ports through user logic where they are translated to the address and
data bus inside the controller. The address and data bus are then converted into
serial data and forwarded to the selected transceiver channel

® A Memory Initialization File (.mif) where the controller receives 16-bit words from
the .mif that you generate and sends this information to the transceiver channel
selected

The different modes of dynamic reconfiguration are:
m PMA settings reconfiguration, available for the following PMA settings:
m Pre-emphasis settings

m Equalization settings (channel reconfiguration mode does not support
equalization settings)

m  DC gain settings
m  Vgp settings
m  Receiver offset cancellation

Process variations create offsets in analog circuit voltages, pushing them outside
the expected range. The Arria II GX and GZ devices provide an offset cancellation
circuit per receiver channel to counter the offset variations due to process.

Calibration of the offset cancellation circuit is done at power-up. The receiver
input buffer and receiver CDR require offset calibration. Offset cancellation is
automatically executed whenever the device is powered on. The control logic for
offset cancellation is integrated into the dynamic reconfiguration controller.

The offset cancellation for the receiver channels option is automatically enabled in
both the ALTGX and ALTGX_RECONFIG MegaWizard Plug-In Managers for
Receiver, Transmitter, and Receiver only configurations. It is not available for
Transmitter only configurations.

"=~ When offset cancellation is automatically enabled, you must instantiate the
dynamic reconfiguration controller to connect the reconfiguration ports
created by the ALTGX MegaWizard Plug-In Manager.

* =@ For more information about implementing the ALTGX_RECONFIG

MegaWizard Plug-In Manager, refer to AN 558: Implementing Dynamic
Reconfiquration in Arria II Devices.

You must always connect the ALTGX_RECONFIG instance to the ALTGX (with
receiver channels) instance in your design. Connect the reconfig_fromgxb,
reconfig togxb, and necessary clock signals to both the ALTGX_RECONFIG and
ALTGX (with receiver channels) instances.

“ =@ The offset cancellation process changes the transceiver reset sequence. For

more information, refer to the Reset Control and Power Down chapter.
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m Transceiver channel reconfiguration—for transceiver channels, dynamic
reconfiguration involves the reconfiguration of the following:

m Data Rate Reconfiguration—achievable by switching between two TX PLLs set
to different data rates or reconfiguring the RX PLLS or reconfiguring the local
dividers in the transmit side

"=~ Ensure that the functional mode of the transceiver channel supports the
reconfigured data rate.

m  CMU PLL Reconfiguration

m Functional Mode Reconfiguration

= Ensure that the various clocks involved support the transition.

Transceiver Port List

You instantiate the Arria Il GX and GZ transceivers with the ALTGX megafunction
instance in the Quartus II MegaWizard Plug-In Manager. The ALTGX megafunction
instance allows you to configure the transceivers for your intended protocol and
select optional control and status ports to and from the instantiated transceiver
channels.

These signals are available if you enable the block associated with them.

Table 1-24 lists the CMU port names and descriptions for the ALTGX megafunction.

Table 1-24. ALTGX Megafunction CMU Ports for Arria Il Devices

Port Name

Input/Output Description

pll inclk

Input Input reference clock for the CMU PLL.

pll powerdown

Asynchronous active-high signal to power down both CMU PLLs. The minimum
pulse width for this signal is specified in the Device Datasheet for Arria Il Devices
chapter.

Note: Asserting the p11 powerdown sSignal does not power down the refclk
buffers.

Note: While each CMU PLL has its own pl1 powerdown port, the ALTGX

MegaWizard Plug-In Manager instantiation provides only one port per transceiver
block. This port power downs one or both CMU PLLs (if used).

Input

coreclkout

A low-speed parallel clock generated by the cvMuo clock divider for bonded
channel configurations. This signal is generated by the cvuo clock divider in the
master transceiver block in x8 bonded channel configurations and is not available
in non-bonded channel configurations.

If the byte serializer block is enabled in bonded channel modes, the coreclkout
clock output is half the frequency of the low-speed parallel clock. Otherwise, the
coreclkout clock output is the same frequency as the low-speed parallel clock.

You can also use this clock on the write and read clock ports of the TX phase
compensation FIFOs in all bonded channels if tx_coreclk is not enabled in the
ALTGX MegaWizard Plug-In Manager.

Output

pll locked

Output Asynchronous active-high signal to indicate whether the CMU PLL is locked.
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Table 1-25 lists the word aligner port names and descriptions for the ALTGX
megafunction.

Table 1-25. ALTGX Megafunction Word Aligner Ports for Arria Il Devices (Part 1 of 2)

Port Name Input/Output Description

Available only in SONET 0C-12 and 0C-48 modes to select between one of the
following two word alignment options:

rx_ala2size Input Logic Level ~ Word Alignment Pattern
0 16-bit A1A2
1 32'bit ATA1A2A2

Asynchronous bit-slip control when the word aligner is configured in bit-slip
. . mode. At every rising edge of this signal, the word aligner slips one bit into the
rx_bitslip Input received data stream, effectively shifting the word boundary by one bit.

The minimum pulse-width is two recovered clock cycles.

Asynchronous manual word alignment enable control. This signal is
rx enapatternalign Input edge-sensitive with 8-bit width data and level sensitive with 10-bit width data.

The minimum pulse-width is two recovered clock cycles.

Asynchronous receiver polarity inversion control. When asserted high, the
rx_invpolarity Input polarity of every bit of the 8-bit or 10-bit input data word to the word aligner is
inverted.

Asynchronous receiver bit reversal control. Available only in Basic mode with
the word aligner configured in bit-slip mode.

When asserted high in Basic mode, the 8-bit or 10-bit dataD[7:0] orD[9:0]
at the output of the word aligner is rewired to D[0:7] or D[0:9], respectively.

rx_revbitorderwa Input

rx_bitslipboundary Asynchronous signal indicating the number of bits slipped in the word aligner

selectout Output when the word aligner is configured in manual mode.
Word alignment pattern detect indicator. A high level indicates that the word
alignment pattern is found on the current word boundary. The width of this
signal depends on the channel width shown below:
rx_patterndetect Output | Ghannel Width  rx_patterndetect width
8/10 1
16/20 2
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Table 1-25. ALTGX Megafunction Word Aligner Ports for Arria Il Devices (Part 2 of 2)

Port Name Input/Output Description

Asynchronous run-length violation indicator. A high pulse is driven when the
number of consecutive 1s or 0s in the received data stream exceeds the
programmed run length violation threshold.

This signal is driven for a minimum of two recovered clock cycles in
configurations without byte serializer and a minimum of three recovered clock
cycles in configurations with byte serializer.

Word alignment synchronization status indicator. For word aligner in automatic
synchronization state machine mode, this signal is driven high if the conditions
required to remain in synchronization are met.

rx rlv Output

For word aligner in manual alignment mode, this signal is driven high for one
parallel clock cycle synchronous to the MSByte of the word alignment pattern.

rx_syncstatus Output This signal is not available for word aligner in bit-slip mode.
The width of this signal depends on the channel width shown below:
Channel Width  rx syncstatus width

8/10 1

16/20 2

Table 1-26 lists the deskew FIFO port name and description for the ALTGX
megafunction.

Table 1-26. ALTGX Megafunction Deskew FIFO Port for Arria Il Devices

Port Name Input/Output Description

Indicates whether all the channels are aligned. This signal is only available in
XAUI mode. A high level indicates that the XAUI deskew state machine is either
ina ALIGN_ACQUIRED_1, ALIGN_ACQUIRED_2, ALIGN_ACQUIRED_3, or
ALIGN_ACQUIRED_4 state, as specified in the PCS deskew state diagram in
rx_channelaligned Output IEEE P802.3ae specification.

A low level indicates that the XAUI deskew state machine is either in a
LOSS_OF_ALIGNMENT, ALIGN_DETECT_1, ALIGN_DETECT_2, or
ALIGN_DETECT_3 state, as specified in the PCS deskew state diagram in IEEE
P802.3ae specification.

Table 1-27 lists the rate match (clock rate compensation) FIFO port names and
descriptions for the ALTGX megafunction.

Table 1-27. ALTGX Megafunction Rate Match (Clock Rate Compensation) FIFO Ports for Arria Il Devices (Part 1 of 2)

Port Name Input/Output Description

Rate match FIFO deletion status indicator. A high level indicates that the rate
match pattern byte was deleted to compensate for the PPM difference in

rx_rmfifodatadeleted |  Ouiput | oo vlock frequencies between the upstream transmitter and the local
receiver.
Rate match FIFO insertion status indicator. A high level indicates that the rate
. . match pattern byte was inserted to compensate for the PPM difference in
rx_rmfifodatainserted Output

reference clock frequencies between the upstream transmitter and the local
receiver.
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Table 1-27. ALTGX Megafunction Rate Match (Clock Rate Compensation) FIFO Ports for Arria Il Devices (Part 2 of 2)

Port Name Input/Output Description

Asynchronous rate match FIFO empty status indicator. A high level indicates
that the rate match FIFO is empty.

rx_rmfifoempty Output This signal is driven for a minimum of two recovered clock cycles in
configurations without byte serializer and a minimum of three recovered clock
cycles in configurations with byte serializer. You must then assert the
rx_digitalreset signal to reset this signal.

Asynchronous rate match FIFO full status indicator. A high level indicates that
the rate match FIFQ is full.

rx rmfifofull Output This signal is driven for a minimum of two recovered clock cycles in

h configurations without byte serializer and a minimum of three recovered clock
cycles in configurations with byte serializer. You must then assert the
rx_digitalreset signal to reset this signal.

Table 1-28 lists the 8B/10B decoder port names and descriptions for the ALTGX
megafunction. These ports are 1-bit wide with 8-bit channel width and 2-bit wide
with 16-bit channel width.

Table 1-28. ALTGX Megafunction 8B/10B Decoder Ports for Arria Il Devices

Port Name Input/Output Description

Receiver control code indicator.

Output A high level indicates that the associated received code group is a control
(/Kx.y/) code group. A low level indicates that the associated received code
group is a data (/Dx.y/) code group.

8B/10B disparity error indicator port.

rx_disperr Output A high level indicates that a disparity error was detected on the associated
received code group.

rx_ctrldetect

8B/10B code group violation or disparity error indicator.

A high level indicates that a code group violation or disparity error was detected
on the associated received code group. Use with the rx_disperr signal to
differentiate between a code group violation and/or a disparity error as follows:
rx_errdetect Output [rx_errdetect: rx disperr]
2’b00—no error

2’b10—code group violation
2’b11—disparity error or both

8B/10B running disparity indicator.

rx_runningdisp Output A high level iqdicatgs thgt data on the r.x_.dataout port was received with a
negative running disparity. A low level indicates that data on the rx_dataout
port was received with a positive running disparity.

July 2012  Altera Corporation Arria Il Device Handbook Volume 2: Transceivers



1-98 Chapter 1: Transceiver Architecture in Arria Il Devices
Transceiver Port List

Table 1-29 lists the byte ordering block port names and descriptions for the ALTGX
megafunction.

Tahle 1-29. ALTGX Megafunction Byte Ordering Block Ports for Arria Il GX and GZ Devices

Port Name Input/Output Description

Asynchronous enable byte ordering control. The byte ordering block is
rx_enabyteord Input rising-edge sensitive to this signal. A low-to-high transition triggers the byte
ordering block to restart the byte ordering operation.

Byte ordering status indicator. A high level indicates that the byte ordering
rx_byteorderalignstatus Output block has detected the programmed byte ordering pattern in the LSByte of the
received data from the byte deserializer.

Table 1-30 lists the RX phase compensation FIFO port names and descriptions for the
ALTGX megafunction.

Table 1-30. ALTGX Megafunction RX Phase Compensation FIFQ Ports for Arria Il Devices

Port Name Input/Qutput Description

Clock from the cMuo block of the associated transceiver block or the master
coreclkout Input transceiver block for x4 bonded or x8 bonded channel configurations,
respectively. This is the default read and write clocks for those configurations.

Optional read clock port for the RX phase compensation FIFO. If not enabled,
the Quartus Il software automatically selects

rx_coreclk Input rx_clkout/tx clkout/coreclkout as the read clock for the RX phase
compensation FIFO. If selected, you must drive this port with a clock that has 0
PPM difference with respect to the FIFO write clock.

Recovered clock from the receiver channel. This is the default read and write
rx_clkout Input clocks for the RX phase compensation FIFO in non-bonded configurations
without the rate-match FIFQ.

Clock from the transmitter channel local clock divider. This is the default read
tx_clkout Input and write clocks for the RX phase compensation FIFO in non-bonded
configurations with the rate-match FIFO.

Parallel data output from the receiver to the FPGA fabric. The bus width
rx_dataout Output depends on the channel width multiplied by the number of channels per
instance.

RX phase compensation FIFO full or empty indicator. A high level indicates that
the RX phase compensation FIFQ is either full or empty.

rx_phase_comp_

fifo_error Output

Table 1-31 lists the receiver physical medium attachment (PMA) port names and
descriptions for the ALTGX megafunction.

Table 1-31. ALTGX Megafunction Receiver PMA Ports for Arria Il Devices (Part 1 of 2)

Port Name Input/Output Description
rx_cruclk Input Input reference clock for the receiver CDR.
rx_datain Input Receiver serial data input port.
Asynchronous receiver CDR LTD mode control signal. When asserted high, the
rx_locktodata Input receiver CDR is forced to LTD mode. When de-asserted low, the receiver CDR
lock mode depends on the rx locktorefclk signal level.
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Table 1-31. ALTGX Megafunction Receiver PMA Ports for Arria Il Devices (Part 2 of 2)

Port Name Input/Output Description

Asynchronous receiver CDR LTR mode control signal.

The rx_locktorefclk and rx_locktodata Signals control whether the
receiver CDR is in LTR or LTD mode, as follows:

rx_locktorefclk Input rx_locktodata/rx locktorefclk
0/0—receiver CDR is in automatic mode
0/1—receiver CDR is in LTR mode
1/x—receiver CDR is in LTD mode

rx_seriallpbken Input Active-high serial loopback control port.

Input on a Receiver-only configuration when you enable serial loopback. You

rx_seriallpbkin nput must connect this port to the tx_seriallpbkout port.
i revseriallobkin Inout Input on a Transmitter-only configuration when you enable reverse serial
- p p loopback. You must connect this port to the rx_revseriallpbkout port.
Asynchronous receiver CDR lock mode indicator. A high level indicates that the
rx_freglocked Output receiver CDR is in LTD mode. A low level indicates that the receiver CDR is in
LTR mode.
Asynchronous active high receiver CDR LTR indicator. The receiver CDR is
rx_pll_locked Output )
locked to the input reference clock.
. Output on a Receiver-only configuration when you enable reverse serial
rx_revseriallpbkout Output loopback. You must connect this port to the tx_revseriallpbkin port.
x_seriallpbkout Output Output on a Transmitter-only configuration when you enable serial loopback.

You must connect this port to the tx_seriallpbkout port.

Asynchronous signal threshold detect indicator for PCle mode only. A high
level indicates that the signal present at the receiver input buffer is above the
rx_signaldetect Output programmed signal detection threshold value.

If the electrical idle inference block is disabled in PCle mode, the
rx_signaldetect signal is inverted and driven on the pipeelecidle port.

Table 1-32 lists the TX phase compensation FIFO port names and descriptions for the
ALTGX megafunction.

Table 1-32. ALTGX Megafunction TX Phase Compensation FIFO Ports for Arria Il Devices

Port Name Input/Output Description

Optional write clock port for the TX phase compensation FIFQ. If enabled, you
tx_coreclk Input must drive this port with a clock that is frequency locked to
tx_clkout/coreclkout (with 0 PPM frequency difference).

Parallel data input from the FPGA fabric to the transmitter. The bus width

tx_datain Input depends on the channel width multiplied by the number of channels per
instance.
FPGA fabric-transceiver interface clock. Each channel has a tx_clkout signal
tx_clkout Input -

in non-bonded channel configurations.

tx_phase_comp_fifo_
error

TX phase compensation FIFO full or empty indicator. A high level indicates that
the TX phase compensation FIFQ is either full or empty.

Clock from the cMuo block of the associated transceiver block or of the master
coreclkout Input transceiver block for x4 bonded or x8 bonded channel configurations,
respectively. This is the default read and write clocks for those configurations.

Output
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Table 1-33 lists the 8B/10B encoder port names and descriptions for the ALTGX
megafunction.

Table 1-33. ALTGX Megafunction 8B/10B Encoder Ports for Arria Il Devices

Port Name Input/Output Description

Indicates the number of bits to slip at the transmitter for word alignment at the
receiver.

tx

- Input
bitslipboundaryselect pu

8B/10B encoder /Kx.y/ or /Dx.y/ control.

When asserted high, the 8B/10B encoder encodes the data on the tx_datain
port as a /Kx.y/ control code group. When de-asserted low, it encodes the data
on the tx_datain port as a /Dx.y/ data code group. The width of this signal
tx_ctrlenable Input depends on the channel width shown below:

Channel Width  tx_ctrlenable
8 1
16 2

8B/10B encoder force disparity value. A high level on the tx_dispval signal
when the tx_forcedisp signal is asserted high forces the 8B/10B encoder to
encode the data on the tx_datain port with a negative starting running
disparity. A low level on the tx_dispval signal when the tx_forcedisp
signal is asserted high forces the 8B/10B encoder to encode the data on the
tx_dispval Input tx_datain port with a positive starting running disparity. The width of this
signal depends on the channel width shown below:

Channel Width  tx dispval
8 1
16 2

8B/10B encoder force disparity control. When asserted high, it forces the
8B/10B encoder to encode the data on the tx_datain port with a positive or
negative disparity, depending on the tx_dispval signal level. When
de-asserted low, the 8B/10B encoder encodes the data on the tx datain port
according to the 8B/10B running disparity rules. The width of this signal

Ix_forcedisp Input depends on the channel width shown below:
Channel Width  tx forcedisp
8 1
16 2
Asynchronous transmitter polarity inversion control. Useful feature for
correcting situations where the positive and negative signals of the differential
tx_invpolarity Input serial link are accidentally swapped during board layout. When asserted high
the polarity of every bit of the 8-bit or 10-bit input data to the serializer is
inverted.

Table 1-34 lists the transmitter PMA port names and descriptions for the ALTGX
megafunction.

Table 1-34. ALTGX Megafunction Transmitter PMA Ports for Arria Il Devices

Port Name Input/OQutput Description
fixedclk Input 125-MHz clock for receiver detect and offset cancellation in PCle mode.
tx_dataout Output Transmitter serial data output port.
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Table 1-35 lists the reconfiguration block port names and descriptions for the ALTGX
megafunction.

=@ For more information about these ports, refer to AN 558: Implementing Dynamic
Reconfiguration in Arria Il Devices.

Table 1-35. ALTGX Megafunction Reconfiguration Block Ports for Arria Il Devices

Port Name Input/Output Description

Dynamic reconfiguration clock. This clock is also used for offset cancellation
in all modes except PCle mode.

The width of this signal is determined by the value you set in the What is the
reconfig_fromgxb Input number of channels controlled by the reconfig controller? option in the
Reconfiguration settings screen.

The width of this signal is fixed to four bits. It is independent of the value you
reconfig_togxb[3:0] Output set in the What is the number of channels controlled by the reconfig
controller? option in the Reconfiguration settings screen.

reconfig clk Input

Table 1-36 lists the PIPE interface port names and descriptions for the ALTGX
megafunction.

Table 1-36. ALTGX Megafunction PIPE Interface Ports for Arria Il Devices (Available only in PCle functional mode)
(Part 1 of 2)

Port Name Input/Output Description

PCle polarity inversion control. Functionally equivalent to the RxPolarity
signal defined in PIPE specification revision 2.00. Available only in PCle mode.

pipegblobinvpolarity Input When asserted high, the polarity of every bit of the 10-bit input data to the
8B/10B decoder is inverted.
PCle power state control. Functionally equivalent to the PowerDown [1:0]
signal defined in PIPE specification revision 2.00. The width of this signal is
2 bits and is encoded as follows:

powerdn Input m 2'b00: PO—Normal Operation

m 2'b01: POs—Low Recovery Time Latency, Low Power State
m 2'b10: P1—Longer Recovery Time Latency, Lower Power State
m 2'b11: P2—Lowest Power State

Receiver detect or PCle loopback control. Functionally equivalent to the
TxDetectRx/Loopback signal defined in PIPE specification revision 2.00.
When asserted high in the P1 power state with the tx forceelecidle signal
asserted, the transmitter buffer begins the receiver detection operation. When
the receiver detect completion is indicated on the pipephydonestatus port,
tx_detectrxloopback Input this signal must be de-asserted.

When asserted high in the PO power state with the tx forceelecidle Signal
de-asserted, the transceiver datapath is dynamically configured to support
parallel loopback, as described in “PCle (Reverse Parallel Loopback)” on

page 1-88.

Forces the 8B/10B encoder to encode with a negative running disparity.
Functionally equivalent to the TxCompliance signal defined in PIPE
tx_forcedispcompliance Input specification revision 2.00. Must be asserted high only when transmitting the
first byte of the PCI Express Compliance Pattern to force the 8B/10B encode
with a negative running disparity, as required by the PCle protocol.
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Table 1-36. ALTGX Megafunction PIPE Interface Ports for Arria Il Devices (Available only in PCle functional mode)

(Part 2 of 2)
Port Name Input/Qutput Description

Force transmitter buffer to PCle electrical idle signal levels. Functionally

tx_forceelecidle Input equivalent to the TxElec1dle signal defined in PIPE specification revision
2.00.
Asynchronous signal to indicate whether electrical idle is detected or inferred at
the receiver. Functionally equivalent to the RxElecIdle signal defined in PIPE
specification revision 2.00.

pipeelecidle Output !f you enable the elgctrical id_Ig inference blpck, ?t d“rives tlhis signal high whfn it
infers an electrical idle condition, as described in “Electrical Idle Inference” on
page 1-70. Otherwise, it drives this signal low. If the electrical idle inference
block is disabled, the rx_signaldetect signal from the signal detect circuitry
in the receiver input buffer is inverted and driven on this port.
PHY function completion indicator. Functionally equivalent to the PhyStatus

. signal defined in PIPE specification revision 2.00. Asserted high for one parallel

Pipephydonestatus Output clock cycle to communicate completion of several PHY functions, such as
power state transition and receiver detection.
PCle receiver status port. Functionally equivalent to the RxStatus [2:0] signal
defined in PIPE specification revision 2.00. The width of this signal is 3 bits per
channel. The encoding of receiver status on the pipestatus port is as follows:
m 000—Received data OK
m 001—1 skip added
m 011—Receiver detected
m 100—8B/10B decoder error
m 101—Elastic buffer overflow
m 110—Elastic buffer underflow
m 111—Received disparity error
Valid data and control on the rx_dataout and rx_ctrldetect ports

rx_pipedatavalid Output indicator. Functionally equivalent to the Rxvalid signal defined in PIPE
specification revision 2.00.

Table 1-37 lists the reset and power down port names and descriptions for the ALTGX

megafunction.

For more information, refer to the Reset Control and Power Down in Arria I Devices

chapter.

Table 1-37. ALTGX Megafunction Reset and Power Down Ports for Arria Il Devices

Port Name Input/Output Description
Asynchronous transceiver block power down signal. When asserted high, all
gxb_powerdown Input digital and analog circuitry in the PCS, PMA, CMU of the transceiver block is
powered down, except for the refclk buffers.
rx_analogreset Input Active-high receiver PMA reset.
rx_digitalreset Input Active-high receiver PGS reset.
tx_digitalreset Input Active-high transmitter PCS reset.
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Table 1-38 lists the calibration block port names and descriptions for the ALTGX
megafunction.

Tahle 1-38. ALTGX Megafunction Calibration Block Ports for Arria Il Devices

Port Name Input/Output Description
cal blk clk Input Clock for transceiver calibration blocks.
cal_blk_powerdown Input Calibration block power down control.

Table 1-39 lists the verifier port names and descriptions for the ALTGX megafunction.

Table 1-39. ALTGX Megafunction Verifier Ports for Arria Il Devices

Port Name Input/Output Description

For BIST mode, the rx_bisterr signal asserts and stays high when the
verifier detects an error.

rx_bisterr output For PRBS mode, the rx_bisterr signal assets and stays high for a minimum
of three rx_clkout clock cycles when the verifier detects an error and
de-asserts if the following PRBS sequence has no error.

For BIST mode, the rx_bistdone port asserts and stays high when the verifier
either receives one full cycle of incremental pattern or detects an error in the
rx_bistdone output receiver data.

For PRBS mode, the rx_bistdone port asserts high and stays high when the
verifier a full cycle of PRBS pattern.

Document Revision History

Table 1-40 lists the revision history for this chapter.

Tahle 1-40. Document Revision History (Part 1 of 2)

Date Version Changes

m Removed Fiber Channel in Table 1-2.

July 2012 4.3 m Finalized information in Table 1-4, Table 1-14, and Table 1-15.

m Removed OC-3 (155 Mbps) from Table 1-1 and Table 1-2.

m Updated Table 1-1.

m Added Table 1-15.

m Updated Figure 1-55.

m Minor text edits.

m Added Table 1-38.

m Updated Figure 1-1, Figure 1-2, Figure 1-3, Figure 1-24, Figure 1-35, Figure 1-36,
Figure 1-49, Figure 1-53, Figure 1-54, Figure 1-87 and Figure 1-88.

June 2011 41 m Updated Table 1-2, Table 1-6, and Table 1-7.

”

m Updated the “Transmitter Output Buffer”, “Programmable Differential OCT”, “Dynamic
Reconfiguration”, “PCle Hard IP Block”, and “GIGE” sections.

m Minor text edits.

December 2011 4.2
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Tahle 1-40. Document Revision History (Part 2 of 2)

Date

Version

Changes

December 2010

4.0

Updated to add Arria || GZ information.

Updated Figure 1-7.

Updated Table 1-20.

Updated the “Programmable Equalization, DC Gain, and Offset Cancellation” section.
Minor text edits.

July 2010

3.0

Updated Figure 1-1, Figure 14, Figure 1-45, Figure 1-74, Figure 1-76, Figure 1-48,
Figure 1-49, and Figure 1-50.

Updated the “Transceiver Block Overview”, “Programmable Equalization, DC gain, and
Offset Cancellation”, “TX Phase Compensation FIFO”, “Transmitter Output Buffer”,

» o

“Functional Modes”, “PCle Mode” “Reverse Serial Loopback”, “Reverse Serial Pre-CDR
Loopback”, and “Dynamic Reconfiguration” sections.

Moved Table 1-17 to the Arria Il Device Family Datasheet.

Converted protocol information to Table 1-1.

Minor text edits. For example, change “PCI Express (PIPE)” to “PCle” and “8B10B” to
“8B/10B”.

November 2009

2.1

Updated figures.
Updated Base Specification references to 2.0.
Removed table 1-4 from 2.0 version and referenced Arria |1 GX Device Data Sheet

June 2009

2.0

Reorganized.

Added “Deterministic Latency” on page 1-44 and “Built-In Self Test (BIST) and Pseudo
Random Binary Sequence (PRBS)” on page 1-77.

Updated all figures.
Port list tables were updated.

March 2009

1.1

Updated:

Dynamic Reconfiguration Controller Architecture

All AN 558: Implementing dynamic Reconfiguration in Arria Il GX Devices
Transceiver Channel Reconfiguration

Table 1.2 and Table 1.4

Figure 1.69 and Figure 1.70

Added:

Offset Cancellation in the Receiver Buffer and Receiver CDR
Basic Double-Width Mode Configurations

February 2009

1.0

Initial release.
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This chapter describes the Arria® Il GX and GZ transceiver clocking architecture,
including the input reference clocking, transceiver channel datapath clocking, FPGA
fabric-transceiver interface clocking, and FPGA fabric phase-locked loop
(PLL)-transceiver PLL cascading.

This chapter includes the following sections:

m “CMU PLL and Receiver CDR Input Reference Clocking”

m “Transceiver Channel Datapath Clocking” on page 2-6

m “FPGA Fabric-Transceiver Interface Clocking” on page 2-28

m “FPGA Fabric PLL-Transceiver PLL Cascading” on page 2-56

m “Using the CMU PLL for Clocking User Logic in the FPGA Fabric” on page 2-66

CMU PLL and Receiver CDR Input Reference Clocking

Each transceiver block in the Arria II GX and GZ device contains the following:
m Two clock multiplier unit (CMU) PLLs (CMU0 PLL and CMU1 PLL)
m Four clock data recovery (CDR) units, one in each receiver channel

The CMU PLLs and receiver CDRs require an input reference clock to operate. The
CMU PLL synthesizes the input reference clock to generate the high-speed serial clock
used in the transmitter physical media attachment (PMA). The receiver CDR uses the
input reference clock as a training clock when it is in lock-to-reference (LTR) mode.

The CMU PLLs and receiver CDRs in each transceiver block can derive input
reference from one of the following sources:

m refclk0 and refclkl pins of the same transceiver block

m refclk0 and refclkl pins of other transceiver blocks on the same side of the
device using the inter-transceiver block (ITB) clock network

m Dedicated CLK input pins on the FPGA global clock network
m  Clock output pins from the left side and right side PLLs in the FPGA fabric

© 2011 Altera Corporation. All rights reserved. ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS and STRATIX are Reg. U.S. Pat. & Tm. Off.
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www.altera.com/common/legal.html. Altera warrants performance of its semiconductor products to current specifications in accordance with Altera’s standard warranty, but
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Figure 2-1 shows the input reference clock sources for CMU PLLs and receiver CDRs
within a transceiver block.

Figure 2-1. Input Reference Clock Sources in a Transceiver Block

refclk0 >
refclk1 >

Transceiver Block
Channel 3

A

ITB Clock Lines
Global Clock Line (1)
PLL Cascade Clock

Channel 2

ITB Clock Lines
Gilobal Clock Line (1)
PLL Cascade Clock

CMU1 Block

ITB Clock Lines CMU1 PLL
Global Clock Line (1)
PLL Cascade Clock

CMUO Block

ITB Clock Lines CMUO PLL
Global Clock Line (1)
PLL Cascade Clock

Channel 1

ITB Clock Lines
Global Clock Line (1)
PLL Cascade Clock

Channel 0

ITB Clock Lines
Global Clock Line (1)
PLL Cascade Clock

Note to Figure 2-1:

(1) One global clock line is available for each CMU PLL and receiver CDR in a transceiver block. This configuration allows each CMU PLL and receiver
CDR to derive its input reference clock from a separate FPGA CLK input pin.
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Figure 2-2 shows the input reference clock sources for CMU PLLs and receiver CDRs

in four transceiver blocks on the left side of the EP2AGX260FF35 device.

Figure 2-2. Input Reference Clock Sources Across Transceiver Blocks
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1855

June 2011

refclk0 and refclk1 Pins

Each transceiver block has two dedicated refclk pins that you can use to drive the
CMU PLL, receiver CDR, input reference clock, or all three. Each of the two CMU

PLLs and four receiver CDRs within a transceiver block can derive its input reference
clock from either the refclk0 or refclkl pin.

&

The refclk pins provide the cleanest input reference clock path to the CMU PLLs.

Altera recommends using the refclk pins to drive the CMU PLL input reference clock
for improved transmitter output jitter performance.

Altera Corporation

Arria Il Device Handbook Volume 2: Transceivers
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Table 2-1 lists the electrical specifications for the input reference clock signal driven

on the refclk pins.

Table 2-1. Electrical Specifications for the Input Reference Clock for Arria Il Devices

Protocol 1/0 Standard Coupling Termination
m Gigabit Ethernet 1.2-V PCML
(GbE) 1.5-V PCML
m XAUI 2.5-V PCML
- ?Segla('))Rapid")@ Differential LVPECL AC On-chip
m SONET/SDH LVDS
m SDI
m Basic
1.2-V PCML
1.5-V PCML
PCI Express (PIPE) 2.5-V PCML AC On-chip
(1), (2) DIfferential LVPECL
LVDS
HCSL DC Off-chip

Notes to Table 2-1:

(1) In PCI Express® (PIPE) (PCle) mode, you have the option of selecting the HCSL standard for the reference clock
if compliance to the PCle protocol is required. The Quartus® Il software automatically selects DC coupling with
external termination for the refc1k pins signal if configured as HCSL.

(2) For an example termination scheme, refer to Figure 2-3.

Figure 2-3 shows an example termination scheme for a reference clock signal when

configured as HCSL.
Figure 2-3. Termination Scheme for a Reference Clock Signal When Configured as HCSL
(Note 1)
Rs (2) Arria Il
PCle
e AN REFCLK +
REFCLK
Rs (2)
Source REFCLK -
Rp=50Q Rp=50Q

Notes to Figure 2-3:

(1) No biasing is required if the reference clock signals are generated from a clock source that conforms to the PCle
specification.

(2) Select resistor values as recommended by the PCle clock source vendor.
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Inter-Transceiver Block Clock Lines

The ITB clock lines provide an input reference clock path from the refclk pins of one
transceiver block to the CMU PLLs and receiver CDRs of other transceiver blocks. In
designs that have channels located in different transceiver blocks, the ITB clock lines
eliminate the need to connect the on-board reference clock crystal oscillator to the
refclk pin of each transceiver block. The ITB clock lines also drive the clock signal on
the refclk pins to the clock logic in the FPGA fabric.

Each refclk pin drives one ITB clock line for a total of up to eight ITB clock lines on
the left side of the device, as shown in Figure 2—4.

Figure 2-4. Inter-Transceiver Block Clock Lines (Note 1)
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Note to Figure 2-4:

RN AR

[\

refclk1

(1) This figure shows the ITB clock lines on the left side of the EP2AGX60FF35 device. The number of ITB clock lines available in any Arria Il GX or
GZ device is equal to the number of refclk pins available in that device.

June 2011
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Dedicated CLK Input Pins on the FPGA Global Clock Network

Arria II GX and GZ devices provide six differential CLK[5:0] input pins located in
non-transceiver I/O banks that you can use to provide the input reference clock to the
transceiver blocks. The Quartus II software automatically chooses the global clock
network to route the input reference clock signal from the CLK pins to the transceiver
blocks.

For more information, refer to the “Dedicated Clock Input Pins” section in the Clock
Networks and PLLs in Arria 1I Devices chapter.

One global clock resource is available for each CMU PLL and receiver CDR within a
transceiver block. This configuration allows each CMU PLL and receiver CDR to
derive its input reference clock from a separate FPGA CLK input pin.

Clock Output from Left and Right PLLs in the FPGA Fabric

You can use the synthesized clock output from one of the left or right PLLs to provide
the input reference clock to the CMU PLLs and receiver CDRs. Arria II GX devices
provide a dedicated clock path from the left PLLs (PLL_L1, PLL_L2, PLL_L3, and
PLL_L4) in the FPGA fabric to the PLL cascade network located on the left side of the
device.

Arria II GZ devices also provide a dedicated clock path from the right PLLs (PLL_R1,
PLL_R2, PLL_R3, and PLL_R4) in the FPGA fabric to the PLL cascade network located
on the right side of the device. The additional clock multiplication factors available in
the left and right PLLs allow more options for on-board crystal oscillator frequencies.
For more information, refer to “FPGA Fabric PLL-Transceiver PLL Cascading” on
page 2-56.

Transceiver Channel Datapath Clocking

The following sections describe transmitter and receiver channel datapath clocking in
various configurations. Datapath clocking varies with physical coding sublayer (PCS)
configurations in different functional modes and channel bonding options.

Transmitter Channel Datapath Clocking

This section describes transmitter channel PMA and PCS datapath clocking in
non-bonded and bonded channel configurations. Transmitter datapath clocking in
bonded channel configurations provide low channel-to-channel skew when
compared with non-bonded channel configurations.

The following factors contribute to transmitter channel-to-channel skew:
m High-speed serial clock and low-speed parallel clock skew between channels

m  Unequal latency in the transmitter phase compensation FIFO

Arria |l Device Handbook Volume 2: Transceivers June 2011  Altera Corporation
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In non-bonded channel configurations, the high-speed serial clock and low-speed
parallel clock in each channel are generated independently by its local clock divider,
as shown in Figure 2-5 on page 2-8, resulting in higher channel-to-channel clock
skew. The transmitter phase compensation FIFO in each non-bonded channel has its
own pointers and control logic that can result in unequal latency in the transmitter
phase compensation FIFO of each channel. The higher transceiver clock skew and
unequal latency in the transmitter phase compensation FIFO in each channel can
result in higher channel-to-channel skew in non-bonded channel configurations.

In bonded channel configurations, the high-speed serial clock and low-speed parallel
clock for all bonded channels are generated by the same CMUO clock divider block
(refer to Figure 2-6 on page 2-11), resulting in lower channel-to-channel clock skew.
The transmitter phase compensation FIFO in all bonded channels share common
pointers and control logic generated in the CMUO channel, resulting in equal latency in
the transmitter phase compensation FIFO of all bonded channels. The lower
transceiver clock skew and equal latency in the transmitter phase compensation
FIFOs in all channels provide lower channel-to-channel skew in bonded channel
configurations.

Non-Bonded Channel Configurations

The following functional modes support non-bonded transmitter channel
configuration:

m PCle x1—Genl and Gen2 (Gen2 for Arria II GZ only)
m GbE

m SRIO

m SONET/SDH

m SDI

m  Common Public Radio Interface (CPRI)/OBSAI

m Basic (except Basic x4 mode)

Altera Corporation Arria Il Device Handbook Volume 2: Transceivers
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Figure 2-5. Transmitter Datapath Clocking in a Non-Bonded Configuration

Figure 2-5 shows the transmitter channel datapath clocking in a non-bonded
configuration.
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In non-bonded channel configurations, each channel can derive its clock
independently from either CMUO PLL or CMU1 PLL within the same transceiver block.
The CMU PLL synthesizes the input reference clock to generate a clock that runs at a
frequency of half the configured data rate. This half-rate clock from the CMU PLL is
fed to the local clock divider block in each channel. Depending on the configured
functional mode, the local clock divider block in each channel generates the
low-speed parallel clock and high-speed serial clock. The serializer in the transmitter
channel PMA uses both the low-speed parallel clock and high-speed serial clock for
its parallel-in, serial-out operation. The low-speed parallel clock clocks both the
8B/10B encoder (if enabled) and the read port of the byte serializer (if enabled) in the
transmitter channel PCS.

If the configured functional mode does not use the byte serializer, the low-speed
parallel clock provides a clock to the read port of the transmitter phase compensation
FIFO. The low-speed parallel clock is also driven directly on the tx_clkout port as the
FPGA fabric-transceiver interface clock. You can use the tx_clkout port to clock
transmitter data and control logic in the FPGA fabric.

If the configured functional mode uses a byte serializer to reduce the FPGA
fabric-transceiver interface speed, the low-speed parallel clock is divided by two. This
divide-by-two version of the low-speed parallel clock provides a clock to the write
port of the byte serializer and the read port of the transmitter phase compensation
FIFO. It is also driven on the tx_clkout port as the FPGA fabric-transceiver interface
clock. You can use tx_clkout to clock transmitter data and control logic in the FPGA
fabric.

Table 2-2 lists the transmitter channel datapath clock frequencies in non-bonded
functional modes that have a fixed data rate.

Table 2-2. Transmitter Channel Datapath Clock Frequencies in Non-Bonded Functional Modes for Arria Il Devices

|
Functional Mode (2) Data Rate sls:;aLg::::ck Frequency Withowt Byte With Byt
ency (MHz) Serializer (MHz) | Serializer (MHz)
PCle x1 (Gen 1) 2.5 Gbps 1.25 GHz 250 250 (1) 125
PCle x1 (Gen 2) 5 Gbps 2.5 GHz 500 — 250
GbE 1.25 Gbps 625 MHz 125 125 —
1.25 Gbps 625 MHz 125 — 625
SRIO 2.5 Gbps 1.25 GHz 250 — 125
3.125 Gbps 1.5625 GHz 3125 — 156.25
SONET/SDH 0C12 622 Mbps 311 MHz 7775 7775 —
SONET/SDH 0C48 2.488 Gbps 1.244 GHz 311 — 155.5
D.5DI 1.485 Gbps 742.5 MHz 1485 1485 74.25
14835Gbps | 741.75 MHz 148.35 148.35 74175
36.50] 2.97 Gbps 1.485 GHz 297 — 1485
2.967 Gbps 1.4835 GHz 296.7 — 148.35

Notes to Table 2-2:

(1) 250 MHz when you enable the PCle hard IP.
(2) Altera also supports CPRI and OBSAI. For more information, refer to AN 610: Implementing CPRI and OBSAI Protocols in Altera Devices.

June 2011
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Bonded Channel Configurations

Arria II GX and GZ devices support x4 PCS and PMA channel bonding that allows
bonding of four channels within the same transceiver block. These devices also
support x8 channel bonding in PCle and Basic modes that allows bonding of eight
PCS and PMA channels across two transceiver blocks on the same side of the device.
Arria II GX and GZ devices with at least two transceiver blocks support x8 bonding.

Bonding is not supported on the receive side for Basic x4 and Basic x8 functional
modes. If you use rate matcher, the clocking scheme for Basic x4 and Basic x8
functional modes, the clocking is similar to PCle x4 mode, as shown in Figure 2-6 on
page 2-11 and PCle x8 mode, as shown in Figure 2-7 on page 2-14.

x4 Bonded Channel Configurations

The following functional modes support x4 bonded transmitter channel
configuration:

m PCle x4—Genl and Gen2 (Gen2 for Arria II GZ only)
m XAUI
m Basic x4

In x4 bonded channel configurations, the receiver datapath clocking varies depending
on whether the configured functional mode uses the deskew FIFO or not.

Figure 2-6 shows the transmitter channel datapath clocking in x4 channel bonding

configurations.

The Quartus II Compiler generates an error if you do not make the following
assignments:

m tx_dataout [0] of the x4 bonded link (XAUI or PCle x4) to physical channel 0 of
the transceiver block

m tx_dataout [1] to physical channel 1 of the transceiver block

m tx_dataout [2] to physical channel 2 of the transceiver block

B tx dataout [3] to physical channel 3 of the transceiver block

Arria |l Device Handbook Volume 2: Transceivers June 2011  Altera Corporation
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Figure 2-6. Transmitter Datapath Clocking in x4 Bonded Configurations
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Note to Figure 2-6:
(1) InArria Il GX and GZ devices, there is only one dedicated PCle hard IP, which supports PCle Gen 1 x1, x4, and x8; and PCle Gen 2 x1 and x4.

High-Speed Serial Clock
Low-Speed Parallel Clock

June 2011
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In x4 bonded channel configurations, CMUO_PLL or CMU1_PLL synthesizes the input
reference clock to generate a clock that runs at a frequency of half the configured data
rate. The half-rate clock from either of the CMU PLLs is fed to the CMUO clock divider
in the CMUO_Channel. Depending on the configured functional mode, the CMUO clock
divider block generates the high-speed serial clock and low-speed parallel clock. The
serializer in the transmitter channel PMA of the four bonded channels uses the same
low-speed parallel clock and high-speed serial clock from the cMU0 block for their
parallel-in, serial-out operation. The low-speed parallel clock provides a clock to the
8B/10B encoder and the read port of the byte serializer (if enabled) in the transmitter
channel PCS.

If the configured functional mode does not use the byte serializer, the low-speed
parallel clock from the cMU0 clock divider block clocks the read port of the transmitter
phase compensation FIFO in all four bonded channels. This low-speed parallel clock
is also driven directly on the coreclkout port as the FPGA fabric-transceiver interface
clock. You can use the coreclkout signal to clock transmitter data and control logic in
the FPGA fabric for all four bonded channels.

If the configured functional mode uses the byte serializer, the low-speed parallel clock
from the cMU0 clock divider is divided by two. This divide-by-two version of the
low-speed parallel clock provides a clock to the write port of the byte serializer and
the read port of the transmitter phase compensation FIFO in all four bonded channels.
It is also driven on the coreclkout port as the FPGA fabric-transceiver interface clock.
You can use the coreclkout signal to clock transmitter data and control logic in the
FPGA fabric for all four bonded channels.

In x4 bonded channel configurations, the transmitter phase compensation FIFOs in all
four bonded channels share common read and write pointers and enable signals
generated in the cMU0 block channel of the transceiver block, ensuring equal
transmitter phase compensation FIFO latency across all four bonded channels,
resulting in low transmitter channel-to-channel skew.

Table 2-3 lists the transmitter datapath clock frequencies in x4 bonded functional
modes that have a fixed data rate.

Table 2-3. Transmitter Datapath Clock Frequencies in x4 Bonded Functional Modes for Arria Il Devices

High-Speed Low-Speed FPGA Fal:}r;g;‘:‘(r::::cﬁ;v:; Interface
. Data Rate Serial Clock Parallel Clock q y
Functional Mode (7) (Gbps) Frequency Frequency : :
(GHz) (MHz) Wlthl_llll_ Byte \_Nlt'h Byte
Serializer Serializer (MHz)
PCle x4 (Gen 1) 2.5 1.25 250 — (2) 125
PCle x4 (Gen 2) 5 2.5 500 — 250
XAUI 3.125 1.5625 312.5 — 156.25

Notes to Table 2-3:

(1) Alteraalso supports CPRI x4 and OBSAI x4. For more information, refer to AN 670: Implementing CPRI and OBSAI Protocols in Altera Devices.

(2) 250 MHz when you enable the PCle hard IP.
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x8 Bonded Channel Configuration

The PCle x8 and Basic x8 functional modes support x8 bonded channel configuration
in Arria Il GX and GZ devices with two transceiver blocks. The eight bonded channels
are located in two transceiver blocks, referred to as the master transceiver block and
slave transceiver block, with four channels each. The CMU0 clock divider in the CMU0
block of the master transceiver block provides the serial PMA clock and parallel PCS
clock to all eight bonded channels. The serializer in the transmitter channel PMA of
the eight bonded channels uses the same low-speed parallel clock and high-speed
serial clock from the CMUO of the master transceiver block for their parallel-in,
serial-out operation. The low-speed parallel clock from the CMUO of the master
transceiver block clocks the 8B/10B encoder and read port of the byte serializer (if
enabled) in the transmitter channel PCS of all eight channels.

For an 8-bit FPGA fabric-transceiver channel interface that does not use the byte
serializer, the low-speed parallel clock from the CMUO clock divider block in the master
transceiver block clocks the read port of the transmitter phase compensation FIFO in
all eight bonded channels. This low-speed parallel clock is also driven directly on the
coreclkout port as the FPGA fabric-transceiver interface clock. You can use the
coreclkout signal to clock the transmitter data and control logic in the FPGA fabric
for all eight bonded channels.

For a 16-bit FPGA fabric-transceiver channel interface that uses the byte serializer, the
low-speed parallel clock from the cMUO clock divider block in the master transceiver
block is divided by two. This divide-by-two version of the low-speed parallel clock
provides a clock to the write port of the byte serializer and the read port of the
transmitter phase compensation FIFO in all eight bonded channels. It is also driven on
the coreclkout port as the FPGA fabric-transceiver interface clock. You can use the
coreclkout signal to clock the transmitter data and control logic in the FPGA fabric
for all eight bonded channels.

In the x8 bonded channel configuration, the transmitter phase compensation FIFOs in
all eight bonded channels share common read and write pointers and enable signals
generated in the CMUO block of the master transceiver block, ensuring equal
transmitter phase compensation FIFO latency across all eight bonded channels,
resulting in low transmitter channel-to-channel skew.
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Figure 2-7 shows transmitter datapath clocking in PCle x8 channel bonding
configurations.

Figure 2-7. Transmitter Datapath Clocking in a x8 Bonded Configuration
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High-Speed Serial Clock
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Note to Figure 2-7:

(1) InArria Il GX and GZ devices, there is only one dedicated PCle hard IP, which supports PCle Gen 1 x1, x4, and x8; and PCle Gen 2 (Arria Il GZ
only) x1 and x4.

Figure 2-8 through Figure 2-10 show allowed master and slave transceiver block
locations and PCle logical lane-to-physical transceiver channel mapping in all
Arria II GX and GZ devices.

=~ The Quartus Il Compiler generates an error if you do not map the PCle logical lanes to
the physical transceiver channels, as shown in Figure 2-8 through Figure 2-10 on
page 2-16.
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Figure 2-8 shows the PCle x8 link in two transceiver block Arria II GX devices.

Figure 2-8. One PCle x8 Link in Two Transceiver Block Arria Il GX Devices

EP2AGX45DF25, EP2AGX65DF25, EP2AGX95DF25,
EP2AGX125DF25, EP2AGX45DF29,EP2AGX65DF29
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PCle Lane 4 - - Channel0
Transceiver Block GXBLO
(Master)
PCle Lane 3 g > Channel3
PCle Lane 2 g - Channel2
PCle Lane 1 g » Channeli
PCle Lane 0 g - Channel0

Figure 2-9 shows the PCle x8 link in three transceiver block devices for Arria II GX
devices.

Figure 2-9. One PCle x8 Link in Three Transceiver Block Arria Il GX Devices (Note 1)
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A A
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Note to Figure 2-9:

(1) Arria Il GX and GZ devices with three transceiver blocks allow a maximum of one PCle x8 link occupying two
transceiver blocks. You can configure the other transceiver block to implement other functional modes.
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Figure 2-10 shows the PCle x8 link in four transceiver block Arria II GX devices.

Figure 2-10. Two PCle x8 Link in Four Transceiver Block Arria Il GX Devices
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Note to Figure 2-10:

» Channel0

Second PCle x8 Link (1)

First PCle x8 Link

(1) The second x8 link does not have PCle hard IP support. Use soft IP support for the second x8 link.

Arria |l Device Handbook Volume 2: Transceivers

June 2011

Altera Corporation



Chapter 2: Transceiver Clocking in Arria Il Devices 2-17
Transceiver Channel Datapath Clocking

Figure 2-11 shows two PCle x8 links in four transceiver block Arria II GZ devices.

Figure 2-11. One PCle x8 Link in Two Transceiver Block Devices and Two PCle x8 Links in Four Transceiver Block
Arria Il GZ Devices
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Note to Figure 2-11:
(1) The PCle hard IP b