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About this Handbook

®

How to Contact
Altera

Typographic
Conventions

This handbook provides comprehensive information about the Altera®
HardCopy® devices.

For the most up-to-date information about Altera products, refer to the
following table.

Contact
Contact Method Address
Technical support Website www.altera.com/support/
Technical training Website www.altera.com/training
Email custrain@altera.com
Product literature Website www.altera.com/literature
Altera literature services Email literature @altera.com
Non-technical (General) Email nacomp @altera.com
(SoftwareLicensing) | g, authorization @altera.com

Note to table:
(1)  You can also contact your local Altera sales office or sales representative.

This document uses the typographic conventions shown below.

Visual Cue

Bold Type with Initial
Capital Letters

Command names, dialog box titles, checkbox options, and dialog box options are
shown in bold, initial capital letters. Example: Save As dialog box.

bold type

External timing parameters, directory names, project names, disk drive names,
filenames, filename extensions, and software utility names are shown in bold
type. Examples: fyax, \qdesigns directory, d: drive, chiptrip.gdf file.

Italic Type with Initial Capital
Letters

Document titles are shown in italic type with initial capital letters. Example: AN 75:
High-Speed Board Design.

Altera Corporation
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Visual Cue

Italic type

Internal timing parameters and variables are shown in italic type.
Examples: tpja, n+ 1.

Variable names are enclosed in angle brackets (< >) and shown in italic type.
Example: <file name>, <project name>.pof file.

Initial Capital Letters

Keyboard keys and menu names are shown with initial capital letters. Examples:
Delete key, the Options menu.

“Subheading” Title”

References to sections within a document and titles of on-line help topics are
shown in quotation marks. Example: “Typographic Conventions.”

Courier type

Signal and port names are shown in lowercase Courier type. Examples: datal,
tdi, input. Active-low signals are denoted by suffix n, e.g., resetn.

Anything that must be typed exactly as it appears is shown in Courier type. For
example: c:\gdesigns\tutorial\chiptrip.gdf. Also, sections of an
actual file, such as a Report File, references to parts of files (e.g., the AHDL
keyword SUBDESIGN), as well as logic function names (e.g., TRI) are shown in
Courier.

1,2.,3.,and Numbered steps are used in a list of items when the sequence of the items is
a., b, c.,etc. important, such as the steps listed in a procedure.

H e ° Bullets are used in a list of items when the sequence of the items is not important.
v The checkmark indicates a procedure that consists of one step only.

The hand points to information that requires special attention.

A A caution calls attention to a condition or possible situation that can damage or
CAUTION destroy the product or the user’s work.

0 A warning calls attention to a condition or possible situation that can cause injury
to the user.

“ The angled arrow indicates you should press the Enter key.

e The feet direct you to more information on a particular topic.
X Altera Corporation
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Revision History
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This section provides designers with the data sheet specifications
HardCopy® II devices. These cpaters contain feature definitions of the
internal architecture, configuration and JTAG boundary-scan testing
information, DC operationg conditions, AC timing parameters, a
reference to power consumption, and ordering information for
HardCopy II devices.

This section contains the following:

“Introduction to HardCopy II Devices” on page 1-1
“Description, Architecture, and Features” on page 2-1
“Boundary-Scan Support” on page 3-1

“DC and Switching Specifications and Operating Conditions” on
page 4-1

“Quartus II Support for HardCopy II Devices” on page 5-1
“Script-Based Design for HardCopy II Devices” on page 6-1
“Timing Constraints for HardCopy II Devices” on page 7-1

“Migrating Stratix II Device Resources to HardCopy II Devices” on
page 8-1

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 the complete handbook.

Section I-1
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1. Introduction to Hard Il
A U—ED A ntroduction to HardCopy

o Devices

Introduction

Feature
Overview

Altera Corporation
September 2008

HardCopy®II devices are low-cost, high-performance structured ASICs
with pin-outs, densities, and architecture that complement Stratix®1II
devices. HardCopy II device features, such as phase-locked loops (PLLs),
memory, and I/O elements (IOEs), are functionally and electrically
equivalent to the Stratix I FPGA features. The combination of Stratix II
FPGAs for in-system prototype and design verification, HardCopy II
devices for high-volume production, and the Quartus®II software for
design, provide a complete, low-risk design solution.

HardCopy II devices improve on the successful and proven methodology
of the two previous generations of HardCopy series devices. Altera®
HardCopy II devices use the same base arrays across multiple designs for
a given device density and are customized using only two metal layers.
HardCopy II devices offer up to 90% cost reduction compared to Stratix I
FPGA prototypes.

The Quartus II software provides a complete set of tools, common for
both designing Stratix Il FPGA prototypes and for quickly migrating the
design to a HardCopy II companion device. HardCopy II devices are also
supported through other front-end design tools from Synopsys,
Synplicity, and Mentor Graphics®.

HardCopy II structured ASICs are manufactured on a 1.2 'V, 90 nm
all-layer-copper metal fabrication process (up to nine layers of metal).
HardCopy II devices offer the following features:

B Fine-grained HCell architecture resulting in a low-cost,
high-performance, low-power structured ASIC

B Customized using only two metal layers for fast turn-around times
and low non-recurring expenses (NRE)

B Fully tested prototypes are available in approximately 10 to 12 weeks

from the date of your design submission

Support for instant-on or instant-on-after-50-ms power-up modes

Preserves the design functionality of a Stratix Il FPGA prototype

1,000,000 to 3,600,000 usable gates for both logic and DSP functions
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B System performance up to 350 MHz
m  Up to 50% power reduction (dynamic and static) for typical designs
compared to Stratix I FPGA prototypes

= The actual performance and power consumption improvements
mentioned in this datasheet are design-dependent.

B Internal Memory

e Up to 8,847,360 RAM bits available (including parity bits)

e  True dual-port memory, suitable for use in first-in-first-out
(FIFO) buffers

B Phase-Locked Loops (PLLs)

e Up to 16 global clocks with 24 clocking resources per device
region

e  Clock control block supports dynamic clock network
enable/disable and dynamic global clock network source
selection

e Up to 12 PLLs (four enhanced PLLs and eight fast PLLs) per
device which provide identical features as the FPGA
counterparts, including spread spectrum, programmable
bandwidth, clock switchover, real-time PLL reconfiguration,
advanced multiplication, and phase shifting

B I/0 Standards and Intellectual Property (IP)

e Support for numerous single-ended and differential I/O
standards such as LVTTL, LVCMOS, PCI, PCI-X, SSTL, HSTL,
and LVDS

e High-speed differential I/O support on up to 116 channels with
dynamic phase alignment (DPA) circuitry for
1-Gigabit-per-second (Gbps) performance

e Support for high-speed networking and communications bus
standards including Parallel RapidIO, SPI-4 Phase 2 (POS-PHY
Level 4), HyperTransport™ technology, and SFI-4

e  Support for high-speed external memory, including DDR and
DDR2 SDRAM, RLDRAM II, QDRII SRAM, and SDR SDRAM

e Support for multiple intellectual property megafunctions from
Altera MegaCore®functions, and Altera Megafunction Partners
Program (AMPPSM) megafunctions

B Packaging

e Pin-compatible with Stratix Il FPGA prototypes

e Up to 951 user I/O pins available

e Available in wire bond and flip-chip space-saving
FineLine BGA packages (Table 1-3).

1-2 Altera Corporation
September 2008



Feature Overview

The HardCopy II device family consists of five devices. Table 1-1
summarizes the features available in the HardCopy II devices.

Table 1-1. HardCopy Il Device Family Features

Feature HC210W (7) HC210 HC220 HC230 HC240
ASIC equivalent gates (2) 1,000,000 1,000,000 1,900,000 2,900,000 3,600,000
M4K RAM blocks 190 190 408 614 768 (3)
(4 Kbits plus parity)
M-RAM blocks 0 0 2 6 9
(512 Kbits plus parity)
Total RAM bits 875,520 875,520 3,059,712 6,368,256 8,847,360
(including parity bits)
Enhanced PLLs 2 2 2 4 4
Fast PLLs 2 2 2 4 8
Maximum user I/O pins (4), (5) 308 334 494 698 951

Notes to Table 1-1:

(O]

@

HC210W devices are in a wire bond package. All other HardCopy II devices and Stratix Il FPGAs use a flip-chip
package. Devices in a wire bond package offer different performance and signal integrity characteristics compared
to devices in a flip-chip package.

This is the number of ASIC equivalent gates available in the HardCopy Il base array, shared between both adaptive
logic module (ALM) logic and DSP functions from a Stratix Il FPGA prototype. Each Stratix II adaptive logic
module (ALM) is equal to approximately 30 ASIC equivalent gates. The number of ASIC equivalent gates usable

is bounded by the number of ALMs in the companion Stratix I FPGA device.

(3) Total number of usable M4K blocks is 768, which allows migration compatibility when prototyping with an
EP25180 device. This may be different from the Quartus II software total physical M4K count of the HC240.

(4) TheI/0 pin counts include the dedicated CLK input pins, which can be used for clock signals or data inputs.

(5)  The Quartus I11/0 pin counts include an additional pin (PLLENA), which is not available as a general-purpose I/O
pin. The PLLENA pin can only be used to enable the PLLs.

Altera Corporation
September 2008
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Mi gration and HardCopy II devices offer pin-to-pin compatibility to the Stratix Il
. prototype, which makes them drop-in replacements for the FPGAs.

Pa(:kag ing Therefore, the same system board and software developed for

Overview prototyping and field trials can be retained, enabling the fastest

time-to-market for high-volume production. When migrating a specific
Stratix Il FPGA to a HardCopy II device, there are a number of FPGA
prototype choices, as shown in Table 1-2. Depending on the design
resource needs, designers can choose an appropriate HardCopy Il device.

Table 1-2. Stratix Il FPGA to HardCopy Il Migration Paths

HardCpr I Package Stratix Il Device

Device EP2S30 EP2S60 EP2S90 EP2S130 | EP2S180
HC210W 484-pin FineLine BGA (1) v v v (2)
HC210 484-pin FineLine BGA v v v 2)
HC220 672-pin FineLine BGA 4
HC220 780-pin FineLine BGA v v (2)
HC230 1,020-pin FineLine BGA v v v (2)
HC240 1,020-pin FineLine BGA v
HC240 1,508-pin FineLine BGA N4

Notes to Table 1-2:

(1) The HC210W device uses a wire bond package while the Stratix Il FPGA prototype device uses a pin-compatible
flip-chip package.

(2) Depending on design specific resource utilization, an opportunistic migration path may exist between this device
pair. Be sure to confirm your design is a potential candidate for such a path by fitting with the Quartus II software
and consulting an Altera applications engineer.

1-4 Altera Corporation
September 2008



Document Revision History

HardCopy II devices are available in the packages shown in Table 1-3.

Table 1-3. HardCopy Il Package Options and I/0 Pin Counts Notes (1), (2)

484-Pin 484-Pin - . . .
Package Fi“e”(g;’ BGA Fi"eL;;;’ BGA Fin?aﬁn?;GA Finﬁ?nZISGA Fi;;l]LZigeF;gA Fi:qul::eF;gA
Type Wire bond Flip-chip Flip-chip Flip-chip Flip-chip Flip-chip
Dimension
Pitch (mm) 1.00 1.00 1.00 1.00 1.00 1.00
Area (mm2) 529 529 729 841 1,089 1,600
Length x width 23 x 23 23 x 23 27 x 27 29 x 29 33 x 33 40 x 40
(mm x mm)
Device Maximum User 1/0 Pins
HC210W 308
HC210 334
HC220 492 494
HC230 698
HC240 742 951

Notes to Table 1-3:

()]

pin. The PLLENA pin can only be used to enable the PLLs.

@
©)

Stratix IT Device Handbook.

Document

Table 1-4 shows the revision history for this chapter.

Revision History

The Quartus III/O pin counts include an additional pin (PLLENA) which is not available as a general-purpose I/O

The I/O pin counts include the dedicated CLK input pins, which can be used for clock signals or data inputs.
The EP2590 FPGA prototype uses a 484-pin hybrid FineLine BGA package. For more information, refer to the

Table 1-4. Document Revision History (Part 1 of 2)

Date and Document
Version Changes Made Summary of Changes
September 2008, Updated chapter number and metadata. —

v2.6

June 2007, v2.5

Minor text edits.

Altera Corporation

September 2008
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Table 1-4. Document Revision History (Part 2 of 2)

Date and Document

. hanges M mm f Chan
Version Changes Made Summary of Changes
December 2006 e Minor updates for the Quartus Il software version 6.1.0 A minor update to the
v2.4 e Merged Table 1-3 and Table 1-4 chapter, due to changes in
® Added revision history the Quartus Il software

version 6.1 release.
Merged Table 1-3 and Table

1-4.

March 2006, v2.3 e Updated Table 1-1 and Table 1-3.

e Minor edits and clarifications throughout.
October 2005, v2.2. | Updated graphics
July 2005, v2.2. Updated graphics
May 2005, v2.0 e Updated Table 1-1.

e Updated migration process time.

e Updated “Features” section.
January 2005 Added document to the HardCopy Series Handbook.
v1.0
1-6 Altera Corporation
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2. Description, Architecture,
® and Features

Introduction

Altera® HardCopy ®1I devices feature an architecture that provides
high-density, high-performance, and low-power consumption suitable
for a variety of applications. HardCopy II devices are low-cost structured
ASICs with pin-outs, densities, and architecture that complement
Stratix® Il FPGAs. HardCopy II devices make optimal use of die area and
core resources while offering features that are functionally equivalent to
the Stratix I FPGA. The combination of Stratix Il FPGAs for in-system
prototype and design verification, HardCopy II devices for high-volume
production, and the Quartus® II design software, provide a complete,
seamless path from prototype to volume production. Table 2-1 provides
an overview of the HardCopy II device features.

Table 2-1. HardCopy Il Family Overview (Part 1 of 2)
Feature HC210W (7) HC210 HC220 HC230 HC240
ASIC gates (2) 1,000,000 1,000,000 1,900,000 2,900,000 3,600,000
M4K RAM blocks (4k 190 190 408 614 768 (3)
bits plus parity)
M-RAM blocks (512k 0 0 2 6 9
bits plus parity)
Total RAM bits 875,520 875,520 3,059,712 6,368,256 8,847,360
(including parity bits)
Enhanced PLLs 2 2 2 4 4
Fast PLLs 2 2 2 4 8
Package (maximum 484-pin 484-pin 672-pin 1,020-pin 1,020-pin
user I/O pins) (4), (5) FineLine FineLine BGA | FineLine BGA | FineLine BGA | FineLine BGA
BGA (308) (334) (492) (698) (742)
780-pin 1,508-pin
FineLine BGA FineLine BGA
(494) (951)

Altera Corporation

September 2008
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Table 2-1. HardCopy Il Family Overview (Part 2 of 2)

Feature HC210W (7) HC210 HC220 HC230 HC240
FPGA prototype EP2S30 EP2S30 EP2S60 EP2S90 EP25180
options EP2S60 EP2S60 EP2S90 EP25130
EP2S90 EP2S90 EP2S130 EP2S180

Notes to Table 2—1:

(1) HC210W devices use a wire bond package. All other HardCopy II devices and Stratix Il FPGAs use a flip-chip
package. Devices in a wire bond package offer different performance and signal integrity characteristics compared
to devices in a flip-chip package.

(2)  This is the number of ASIC gates available in the HardCopy Il base array for both logic and DSP functions that can
be implemented in a Stratix II FPGA prototype.

(3) Total number of usable M4K blocks is 768, which allows migration compatibility when prototyping with an
EP25180 device. This may be different from the Quartus II software total physical M4K count of the HC240.

(4) TheI/0 pin counts include the dedicated clock input pins, which can be used for clock signals or data inputs.

(5) The Quartus II1/O pin counts include an additional pin (PLLENA), which is not available as a general-purpose I/ O
pin. The PLLENA pin can only be used to enable the PLLs.

Functional
Description

2-2

The HardCopy II device family provides greater flexibility to design with
FPGA prototypes before moving to structured ASICs for production.
Before seamlessly migrating to the HardCopy II structured ASIC,
designers can prototype and test their design functionality using a
Stratix I FPGA. There are multiple options for the prototype FPGA,
allowing designers to choose the right HardCopy II device for volume
production and maximum cost savings. The Quartus II design software
includes features such as the Device Resource Guide, to help select the
optimal HardCopy II device based on the design requirements.

For more information on the Device Resource Guide, refer to the
Quartus II Support for HardCopy II Devices chapter in the HardCopy Series
Handbook.

HardCopy II devices require minimal involvement from the designer in
the device migration process. Additionally, unlike ASICs, the designer is
not required to generate test benches, test vectors, or timing and
functional simulations since prototyping is performed using an FPGA.

HardCopy II devices consist of base arrays that are common to all designs
for a particular device density, with design-specific customization done
using two metal layers. The reprogrammable FPGA logic, routing,
memory, and FPGA configuration-related logic are stripped from
HardCopy II devices. Removing all programmable and configuration
resources and replacing them with direct metal connections results in
considerable die size reduction and cost savings. A fine-grain architecture
consisting of an array of HCells extends the die reduction and cost
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savings, which results in low-cost structured ASICs with
high-performance and low-power suitable for a wide variety of
applications.

The SRAM configuration cells of the Stratix Il FPGAs are replaced in
HardCopy II devices with metal connections, which define the function
of logic, memory, phase-locked loop (PLL), and I/O elements (IOEs) in
the device. These resources are interconnected using metallization layers.
Once a HardCopy II device is manufactured, the functionality of the
device is fixed.

HardCopy II devices are manufactured using the same 90-nm process
technology and operate using the same core voltage (1.2 V) as Stratix 11
FPGAs. Additionally, almost all architectural features in HardCopy II
devices are functionally equivalent to features found in the Stratix II
FPGA architecture. HardCopy II devices feature HCells, memory blocks,
PLLs, and IOEs (Figure 2-1).

Figure 2-1. Example Block Diagram of HC230 Device
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HardCopy Il and
Stratix Il
Similarities and
Differences

2-4

HardCopy II devices preserve the functionality of Stratix Il FPGAs.
Implementation of these architectural features in HardCopy II structured
ASICs matches Stratix II FPGA implementation, with a few exceptions.
Table 2-2 shows a qualitative comparison of HardCopy II device feature
implementation versus Stratix Il FPGA feature implementation. Other
sections within this chapter provide details on similarities and differences
of a particular HardCopy II feature.

Table 2-2. HardCopy Il Device vs. Siratix Il FPGA Feature Implementation
Feature Equivalent Different
Logic blocks v
DSP blocks v
Memory 4
Clock networks v
PLLs v
1/0 features v
Configuration (7) v

Note to Table 2-2:
(1) HardCopy II structured ASICs do not need to be configured upon power-up.

The major similarities and differences between Stratix II FPGAs and
HardCopy II devices are highlighted below:

B HardCopy Il may result in a power reduction of up to 50% than an
equivalent Stratix Il FPGAs operating at the same frequency. Power
consumption is design dependent and is a direct result of design
performance and resource utilization.

B HardCopy II devices offer up to 100% performance improvement
when compared to Stratix Il FPGA prototypes. The performance
improvement is achieved by efficient use of logic blocks, metal
interconnect optimization, die size reduction, and customized signal
buffering.

B Logic blocks, known as HCells, are the basic building block of the
core logic in HardCopy Il devices and replace Stratix Il adaptive logic
modules (ALMs). HCells implement logic and DSP functions.

B DSP block functions are implemented using HCells, instead of
dedicated DSP blocks.

B M4K and M-RAM memory blocks can implement various types of
memory (the same as Stratix II FPGAs), with or without parity,
including true dual-port, simple dual-port, and single-port RAM,
ROM, and first-in first-out (FIFO) buffers.
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B Unlike Stratix Il FPGAs, the HardCopy Il M4K block contents cannot
be pre-loaded with a Memory Initialization File (.mif) when used as
RAM. When used as ROM, HardCopy II M4K blocks are initialized
to the ROM contents.

B When used as RAM, and you select the non-registered output mode,
HardCopy II M4K and M-RAM blocks power up with outputs
unknown. In Stratix Il FPGAs, M4K blocks power up with outputs
cleared, while M-RAM blocks power up with outputs unknown. If
registered outputs mode is selected, the outputs are cleared on both
the M4K and M-RAM blocks in HardCopy IL

B The memory contents are unknown under both instances.

B All HardCopy II clock network features are the same as in Stratix II
FPGAs.

B Enhanced PLL and fast PLL implementations in HardCopy II
devices are the same as in Stratix II FPGAs.

B All Stratix II I/O features and supported I/O standards are offered
in HardCopy II devices.

B The Joint Test Action Group (JTAG) boundary scan order and length
in HardCopy II devices is different than that of the Stratix Il FPGA.
Use a HardCopy II boundary-scan description language (BSDL) file
that describes the re-ordered and shortened boundary scan chain.

B Unlike Stratix II devices, HardCopy II devices are customized using
two metal layers. Therefore, configuration circuitry is not required.
FPGA configuration emulation and other configuration modes,
including remote system upgrades and design security using
configuration bitstream encryption, are not supported in
HardCopy II devices.

B Even though configuration is not required, the CRC_ERROR pin
function is supported by the HardCopy II using Quartus II software
version 6.0 and above. There is no need to recompile the Stratix II
design to eliminate this feature.

= Only supplementary information to highlight HardCopy II
similarities and differences compared to the Stratix I FPGA
architecture and functionality is provided in this chapter. For
more information on similarities and differences of available
resources of the HardCopy II, refer to the Migrating Stratix II
Device Resources to HardCopy II Devices chapter of this Handbook.
In addition, the Stratix II Device Handbook has detailed
explanations of architectural features and functions that are
similar to the HardCopy II devices.

(
o
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HCells
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HardCopy II devices are built using an array of fine-grained architecture
blocks called HCells. HCells are a collection of logic transistors based on
1.2V, 90 nm process technology, similar to Stratix I devices. The
construction of logic using HCells allows flexible functionality such that
when HCells are combined, all viable logic combinations of Stratix II
functionality are replicated. These HCells constitute the array of HCells
area in Figure 2-1. Only HCells needed to implement the customer
design are assembled together, which optimizes HCell utilization. The
unused area of the HCell logic fabric is powered down, resulting in
significant power savings compared with the Stratix Il FPGA prototype.

The Quartus II software uses the library of pre-characterized HCell
macros to place Stratix II ALM and DSP configurations into the
HardCopy II HCell-based logic fabric. An HCell macro defines how a
group of HCells are connected together within the array. HCell macros
can construct all combinations of combinational logic, adder, and register
functions that can be implemented by a Stratix I ALM. HCells not used
for ALM configurations can be used to implement DSP block functions.

Based on design requirements, the Quartus II software will chose the
appropriate HCell macros to implement the design functionality. For
example, Stratix II ALMs offer flexible look-up table (LUT) blocks,
registers, arithmetic blocks, and LAB-wide control signals. In
HardCopy Il devices, if your design requires these architectural elements,
the Quartus II synthesis tool will map the design to the appropriate
HCells, resulting in improved design performance compared to the
Stratix II FPGA prototype.

Stratix I FPGAs have dedicated DSP blocks to implement various DSP
functions. Stratix I DSP blocks consist of a multiplier block, an

adder /subtractor/accumulator block, a summation block, input and
output interfaces, and input and output registers. In HardCopy II
devices, HCell macros implement Stratix II DSP block functionality with
area efficiency and performance on par with the dedicated DSP blocks in
Stratix IT FPGAs.

There are eight HCell macros which implement the eight supported
modes of operation for the Stratix II DSP block:

9 x 9 multiplier

9 x 9 two-multiplier adder (9 x 9 complex multiply)

9 x 9 four-multiplier adder

18 x 18 multiplier

18 x 18 two-multiplier adder (18 x 18 complex multiply)
18 x 18 four-multiplier adder

52-bit (18 x 18) multiplier-accumulator

36 x 36 multiplier
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Only HCells that are required to implement the design’s DSP functions
are enabled. HCells not needed for DSP functions can be used for ALM
configurations, which results in efficient logic usage. In addition to area
management, the placement of these HCell macros allows for optimized
routing and performance.

An example of efficient logic area usage can be seen when comparing the
18 x 18 multiplier implementation in Stratix I FPGAs using the dedicated
DSP block versus the implementation in HardCopy II devices using
HCells. If the Stratix II DSP function only calls for one 18 x 18 multiplier,
the other three 18 x 18 multipliers and the DSP block’s adder output block
are not used (Figure 2-2). In HardCopy II devices, the HCell-based logic
fabric that is not used for DSP functions can be used to implement other
combinational logic, adder, and register functions.

Figure 2-2. Stratix Il DSP Block versus HardCopy Il HCell 18 x 18-Bit Multiplier Inplementation

Stratix Il DSP Block HardCopy Il HCell-Based Logic Fabric
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HardCopy II devices support all Stratix II DSP configurations (9 x 9,

18 x 18, and 36 x 36 multipliers) and all Stratix Il DSP block features, such
as dynamic sign controls, dynamic addition/subtraction, saturation,
rounding, and dynamic input shift registers, except for dynamic mode
switching.
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Embedded
Memory

Dynamic mode switching allows the designer to set up each Stratix II
DSP block to dynamically switch between the following three modes:

B Up to four 18-bit independent multipliers
m  Up to two 8-bit multiplier-accumulators
B One 36-bit multiplier

Each half of a Stratix II DSP block has separate mode control signals.
Since DSP block functions are implemented in HardCopy II devices using
HCells, HardCopy II devices do not support dynamic mode switching. If
this feature is used, the Quartus Il software flags the DSP implementation
and does not allow you to migrate the design. The fitter reports that all
HardCopy II devices are not compatible with the design. To migrate your
Stratix II design to a HardCopy II companion device, disable dynamic
switching in the DSP blocks.

For more information on the Stratix II DSP operational modes, refer to
the Stratix II Device Handbook.

HardCopy II memory blocks can implement various types of memory
with or without parity, including true dual-port, simple dual-port, and
single-port RAM, ROM, and FIFO buffers. HardCopy II devices support
the same memory functions and features as Stratix Il FPGAs.

Functionally, the memory in both devices are identical. However, the
number of available memory blocks differs based on density (Table 2-3).

Table 2-3. HardCopy Il Embedded Memory Resources

Feature HC210W HC210 HC220 HC230 HC240
M4K RAM blocks (4 Kbits) 190 190 408 614 768
M-RAM blocks (512 Kbits) 0 0 2 6 9
Total RAM bits (bits) 875,520 875,520 3,059,712 6,368,256 8,847,360

2-8

Since device functionality is fixed in HardCopy II devices, M4K block
contents cannot be preloaded or initialized with a MIF when they are
configured as RAM. When the M4K blocks are used as ROM, they will
initialize to the design’s ROM contents.

When using the non-registered outputs mode for the HardCopy I M4K
memory block, the outputs power up uninitialized. When using the
registered outputs mode for the HardCopy II M4K memory blocks, the
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PLLs and Clock
Networks
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outputs are cleared on power up. The designer needs to take these into
consideration when designing logic that might evaluate the initial
power-up values of the memory block.

HardCopy II embedded memory consists of M4K and M-RAM memory
blocks and have a one-to-one mapping from Stratix Il M4K and M-RAM
resources. Table 2—4 shows the size and features of the different RAM
blocks.

For more information on the Stratix II memory block features, refer to
the Stratix II Device Handbook.

Both HardCopy II enhanced and fast PLLs are feature rich, supporting
advanced capabilities such as clock switchover, reconfigurable phase
shift, PLL reconfiguration, and reconfigurable bandwidth. PLLs are used
for general-purpose clock management, supporting multiplication,
division, phase shifting, and programmable duty cycle. In addition,
enhanced PLLs support external clock feedback mode, spread-spectrum
clocking, and counter cascading. Fast PLLs offer high speed outputs to
manage the high-speed differential I/O interfaces.

[l="  All Stratix Il PLL features are supported by HardCopy II PLLs.

Similar to Stratix Il FPGAs, HardCopy II devices also support a
power-down mode where unused clock networks can be disabled.
HardCopy II and Stratix II clock control blocks support dynamic
selection of the input clock from up to four possible sources, giving the
designer the flexibility to choose from multiple (up to four) clock sources.
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Tahle 2-4. HardCopy Il Embedded Memory Features (Part 1 of 2) Notes (1), (2), (3)

Feature M4K Blocks M-RAM Blocks
Maximum performance (7), (4) 350 MHz 350 MHz
Total RAM bits (including parity bits) 4,608 589,824
Configurations 4K x 1 64K x 8
2K x 2 64K x 9
1K x 4 32K x 16
512x 8 32K x 18
512x 9 16K x 32
256 x 16 16K x 36
256 x 18 8K x 64
128 x 32 8K x 72
128 x 36 4K x 128
4K x 144
Parity bits v v
Byte enable v v
Pack mode v 4
Address clock enable v v
Single-port memory N4 v
Simple dual-port memory N4 v
True dual-port memory v v
Embedded shift register v
ROM v
FIFO buffer V4 v
Simple dual-port mixed width support v v
True dual-port mixed width support v v
Memory initialization file (.mif i
y initialization file (.mif) Not supported, except in ROM Not supported
mode
Mixed-clock mode v v

Power-up condition (2)

Outputs unknown

Outputs unknown

Register clears (3)

Output registers only

Output registers only

Same-port read-during-write

New data available at positive clock
edge

New data available at positive clock
edge

Mixed-port read-during-write

Outputs set to unknown or old data

Unknown output

2-10
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Tahle 2-4. HardCopy Il Embedded Memory Features (Part 2 of 2) Notes (1), (2), (3)

Feature

M4K Blocks M-RAM Blocks

Note to Table 2—4:

(1) Maximum performance information is preliminary until device characterization.

(2) The memory cells power up randomly, so reads before writes are not valid. Make sure you write to the memory
location before you read it.

(3) Even though the output register is cleared, the memory cells power up randomly. So reads before write are not
valid. Make sure you write to the memory location first before reading it.

(4) Violating the setup or hold time requirements on the address registers could corrupt the memory contents. This
applies to both read and write operations.

Enhanced and Fast PLLs
The number of PLLs available differs based on density (Table 2-5).

Table 2-5. HardCopy Il PLLs

Feature HC210W HC210 HC220 HC230 HC240
Enhanced PLLs 2 2 2 4 4

Fast PLLs 2 2 2 4 8

The target HardCopy II device may not support the same number of
enhanced PLLs as the prototyping Stratix Il FPGA. However, since
HardCopy II enhanced PLLs and fast PLLs offer a similar feature set
(Table 2-7 on page 2-13), a fast PLL could be used in place of an enhanced
PLL. The type of PLL used in the design should be chosen using the
Quartus II software to accommodate the resources available in the
HardCopy II device.

Table 2-6 shows which PLLs are available in each device density.

Figure 2-3 shows the location of each PLL. During the prototyping stage
using the FPGA, you must select the appropriate number of enhanced
and fast PLLs that will be used in your HardCopy II device. Use Table 2-6
to ensure that the FPGA prototyping design uses the same PLL resources
available in the HardCopy II device.

Table 2-6. HardCopy Il PLLs Available (Part10f2) Note (1)

Fast PLLs Enhanced PLLs
Device
1 2 3 4 7 8 9 10 5 6 1 12
HC210W v v v v
HC210 v v v v
Altera Corporation 2-11
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Table 2-6. HardCopy Il PLLs Available (Part2 of2) Note (1)
Fast PLLs Enhanced PLLs
Device
1 2 3 4 7 8 9 10 5 6 11 12
HC220 N4 N4 v v
HC230 v v v v v v v v
HC240 v v v v/ v/ v/ v/ v v v v v

Note to Table 2-6:
(1) PLL performance in the HC210W device may differ from the Stratix Il FPGA prototype.

Figure 2-3. HardCopy Il PLL Locations  Notes (1), (2)

CLK[3..0] —

PLLs

FPLLBCLK | 8

2] 6 |
CLK[7..4]

Notes to Figure 2-3:
(1) The PLLs may be located in the periphery or in the core of the device.
(2)  This is the die-level top view of the device and is only a graphical representation of the PLL locations.
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PLL functionality in HardCopy II devices remains the same as in Stratix II
FPGA PLLs. Therefore, the HardCopy II PLLs support PLL
reconfiguration (the PLL can be dynamically configured in user mode).

HardCopy Il enhanced and fast PLLs support a one-to-one mapping from
Stratix II PLL resources. Table 2-7 shows the features of the different
PLLs. For more information on the Stratix II PLL features, refer to the
Stratix II Device Handbook.

Table 2-7. HardCopy Il PLL Features

Feature Enhanced PLL Fast PLL
Clock multiplication and division m/(n x post-scale counter) (1) | m/(n x post-scale counter) (2)
Phase shift Down to 125-ps increments (3) | Down to 125-ps increments (3)
Clock switchover v v (4)
PLL reconfiguration v v
Reconfigurable bandwidth v v
Spread-spectrum clocking v
Programmable duty cycle v v
Number of clock outputs per PLL (5) 6 4
Number of dedicated external clock outputs | Three differential or six singled- (6)
per PLL ended
Number of feedback clock inputs per PLL 1(7)

Notes to Table 2—7:

@
@
@)

(O]
©®)
©)

@)

For enhanced PLLs, m and n range from 1 to 512 and post-scale counters range from 1 to 512 with 50% duty cycle.
For non-50% duty-cycle clock outputs, post-scale counters range from 1 to 256.

For fast PLLs, n can range from 1 to 4. The post-scale and m counters range from 1 to 32. For non-50% duty-cycle
clock outputs, post-scale counters range from 1 to 16.

The smallest phase shift is determined by the voltage controlled oscillator (VCO) period divided by eight. The
supported phase shift range is from 125 to 250 ps. HardCopy II devices can shift all output frequencies in
increments of at least 45°. Smaller degree increments are possible depending on the frequency and divide
parameters. For non-50% duty cycle clock outputs post-scale counters range from 1 to 256.

HardCopy II fast PLLs only support manual clock switchover.

The clock outputs can be driven to internal clock networks or to a pin.

The PLL clock outputs of the fast PLLs can drive to any I/O pin to be used as an external clock output. For
high-speed differential I/O pins, the device uses a data channel to generate the transmitter output clock
(txclkout).

If the design uses external feedback input pins, you will lose one (or two, if fgy is differential) dedicated external
clock output pin.

Altera Corporation 2-13
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Clock Networks

There are 16 clock pins (CLK[15. . 0]) in HardCopy II devices that can
drive either the global- or regional-clock networks. The CLK pins can
drive clock ports or data inputs.

HardCopy II devices provide 16 dedicated global-clock networks and
32 regional-clock networks; the same as in Stratix II FPGAs. These clocks
are organized to provide 24 unique clock sources per device quadrant
with low skew and delay. This clocking scheme provides up to 48 unique
clock domains within the entire HardCopy II device. Table 2-8 lists the
clock resources and features available in HardCopy II devices.

Table 2-8. Clock Network Resources and Features Available in HardCopy Il Devices

Resources and Features Availability
Number of global clock networks 16
Number of regional clock networks 32

Global clock input sources

Clock input pins, PLL outputs, logic array

Regional clock input sources

Clock input pins, PLL outputs, logic array

Number of unique clock sources in a quadrant 24 (16 global clocks and 8 regional clocks)

Number of unique clock sources in the entire device |48 (16 global clocks and 32 regional clocks)

Power-down mode

Global- and regional-clock networks,
dual-regional-clock region

Clocking regions for high fan-out applications Quadrant region, dual-regional, entire device via global-

or regional-clock networks

1/0 Structure and
Features

2-14

HardCopy II devices also support the same features as the Stratix II clock
control block, which is available for each global- and regional-clock
network. The control block has two functions:

B Clock source selection (dynamic selection for global clocks):
You user can either dynamically select between two PLL outputs,
between two clock pins (CLKp or CLKn), or a combination of the
clock pins or PLL outputs.

B Clock power-down (dynamic clock enable or disable):
In HardCopy II devices, you can dynamically turn the clock off or on
in user-mode.

The structure and features of the HardCopy IITOE remains the same as in
Stratix II. Any feature implemented in Stratix II IOEs can be migrated to
Hardcopy II IOEs.
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The IOE feature set in HardCopy II devices can be classified in one of
three categories:

B General purpose IOEs—The most commonly used I/O type in
designs.

B Memory Interface IOEs—Includes features to interface with
common external memory standards.

B High-speed IOEs—Supports high-speed data transmission and
reception.

All1/0 pins in Stratix I FPGAs support general-purpose I/O standards,
which includes the LVTTL and LVCMOS 1/0 standards. In Stratix I
FPGAs, the PCI clamping diode and memory interfaces are supported on
the top and bottom I/0O pins, while high-speed interfaces are supported
on the left and right side I/O pins of the device.

The new general purpose IOEs in HardCopy II devices are a cost saving
and area efficient advantage. The complex memory interface and the
high-speed IOE circuitry is removed to save die area while still offering
the more commonly-used features. The memory interface IOE supports
all the features available in the general purpose IOE. The high-speed IOE
also supports all the same features and I/O standards as the general
purpose IOE, except for the PCI clamping diode (supported on the
bottom general purpose IOEs in HC210 and HC220 devices).

In order to increase the I/O area efficiency of HardCopy II devices, the
features available on any given IOE depends on the location.

Table 2-9 shows which I/O standards are supported by the different IOE
types.

Table 2-9. HardCopy Il Supported I/0 Standards (Part 1 of 3)

Veeio Level (V) Memory .
1/0 Standard Type Interface p Generil(I]E H'g?oip%d
Input Output IOEs urpose 10Ls $

3.3-V LVTTL/ Single-ended 3.3/2.5 3.3

LVCMOS v v v
2.5-V LVTTL/ Single-ended 3.3/2.5 2.5

LVCMOS v v v
1.8-V LVTTL/ Single-ended 1.8/1.5 1.8

LVCMOS v v v
1.5-V LVCMOS Single-ended 1.8/1.5 15 v v v
SSTL-2 class | Voltage 25 2.5 v

referenced

Altera Corporation 2-15
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Table 2-9. HardCopy Il Supported I/0 Standards (Part 2 of 3)

Veeio Level (V) Memory .
1/0 Standard Type Interface P EilirT(I]Es nglllosEgeed
Input | Output loes | P
SSTL-2 class Il Voltage 25 2.5 v
referenced
SSTL-18 class | Voltage 1.8 1.8 v
referenced
SSTL-18 class Il Voltage 1.8 1.8 v
referenced
1.8-V HSTL class | Voltage 1.8 1.8 v
referenced
1.8-V HSTL class Il Voltage 1.8 1.8 v
referenced
1.5-V HSTL Class | Voltage 1.5 1.5 v
referenced
1.5-V HSTL Class Il Voltage 1.5 1.5 v
referenced
PCI/PCI-X Single-ended 3.3 3.3 v (2) v ()
Differential SSTL-2 Pseudo 3.3/2.5/ (3)
class | and Il input differential (1) 1.8/1.5
Differential SSTL-2 Pseudo 25 (3)
class | and Il output | differential (1)
Differential SSTL-18 Pseudo 3.3/2.5/ (3)
class | and Il input differential (7) 1.8/1.5
Differential SSTL-18 Pseudo 1.8 (3)
class | and Il output | differential (1)
1.8-V differential Pseudo 3.3/2.5/ (3)
HSTL class | and Il differential (7) 1.8/1.5
input
1.8-V differential Pseudo 1.8 (3)
HSTL class | and Il Differential (1)
output
1.5-V differential Pseudo 3.3/2.5/ (3)
HSTL class | and Il differential (7) 1.8/1.5
input
1.5-V differential Pseudo 1.5 (3)
HSTL class | and Il Differential (1)
output
LVDS Differential 2.5 2.5 (5) (4), (6) v
HyperTransport™ Differential 25 25 (5) (4), (6) v
technology
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Table 2-9. HardCopy Il Supported I/0 Standards (Part 3 of 3)

Veeio Level (V) Memory -
1/0 Standard Type Interface P Gener:;l(I]E nglllosEpeed
Input Output I0Es urpose 10Es $
LVPECL Differential 3.3/2.5/ (8 (8) (8)
1.8/1.5

Notes to Table 2-9:

)

@
()
O]

©)
(6)
@)
®

Pseudo-differential HSTL and SSTL inputs only use the positive-polarity input in the speed path. The negative
input is not connected internally. Pseudo-differential HSTL and SSTL outputs use two single-ended outputs with
the second output programmed as inverted. This is similar to a Stratix II device implementation.

The PCI clamping diode is only supported on the I/O pins on the top and bottom sides of the device.

This I/0O standard is only supported on the DQS, CLK and PLL_FB input pins or on the PLL_OUT output pins.
This I/O standard is only supported on the bottom CLK and PLL_FB input pins or on the bottom PLL_OUT output
pins.

This I/0 standard is only supported on the CLK and PLL_FB input pins or on the PLL_OUT output pins.

Also supported on CLK9 and CLK11 pins.

This I/O standard is only supported on CLK and PLL_FB input pins.

LVPECL inputI/O standard is supported on the top and bottom CLK and PLL_FB input pins. LVPECL outputI/O
standard is supported on the top and bottom PLL_0OUT output pins. LVPECL support is similar to Stratix IT devices.

The three types of IOEs are located in different areas of the device and are
described in the following sections. HardCopy II devices have eight /O
banks, just as in Stratix Il FPGAs. Figures 2—4 through 2-6 show which
I/0 type each bank supports.

Altera Corporation 2-17
September 2008




HardCopy Series Handbook, Volume 1

Figure 2-4. 1/0 Type Support in HC210 and HC220 Devices  Notes (1), (2)

Bank 9 Bank 4

Bank 3
PLL5 Memory Interface IOEs

Memory Interface IOEs

N

1/0 banks 3 & 4 support 3.3-V, 2.5-V, 1.8-V LVTTL/
LVCMOS, 1.5-V LVCMOS, SSTL-2, SSTL-18, 1.8-V
HSTL, 1.5-V HSTL & PCI/PCI-X I/0 standards.

Bank 2 CLK, PLL_FB input pins & PLL_OUT output
High-Speed 10Es —1 pins support differential SSTL, differential HSTL,
1gh-opeed 1UES LVDS & HyperTransport technology. CLK & PLL_FB
pins support LVPECL. DQS input pins support
differential SSTL and differential HSTL 1/0 standards.

1/0 Banks 5 & 6 Support 3.3,
2.5- & 1.8-V LVTTL/LVCMOS
&1.5-V LVCMOS

PLL 1 1/0 Banks 1 & 2 Support 3.3-,
2.5- & 1.8-V LVTTL/LVCMOS, 1.5-V
PLL2 LVCMOS, LVDS & HyperTransport Technology

1/0 banks 7 & 8 support 3.3-V, 2.5-V, 1.8-V LVTTL/
) Bank1 | LVCMOS, 1.5-V LVCMOS & PCI/PCI-X 1/0 standards.
High-Speed I0Es
CLK, PLL_FB input pins & PLL_OUT output
pins support differential SSTL, differential HSTL,
LVDS & HyperTransport technology. CLK &
PLL_FB pins support LVPECL.

AN

Bank 5
General-Purpose 10Es

Bank 6
General-Purpose 10Es

Bank 8 PLL6 Bank 7

General Purpose |IOEs Bank 10 General Purpose IOEs
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Figure 2-5. I/0 Type Support in HC230 Devices

Notes (1), (2)
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Memory Interface IOEs PLL11| PLL5 Memory Interface IOEs
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PLL1
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1/0 banks 3 & 4 support 3.3-V, 2.5-V, 1.8-V LVTTL/
LVCMOS, 1.5-V LVCMOS, SSTL-2, SSTL-18, 1.8-V
HSTL, 1.5-V HSTL & PCI/PCI-X I/0 standards.

CLK, PLL_FB input pins & PLL_OUT output
pins support differential SSTL, differential HSTL,
LVDS & HyperTransport technology. CLK & PLL_FB
pins support LVPECL. DQS input pins support

ial SSTL and dii ial HSTL 1/0

1/0 Banks 1 & 2 Support 3.3-,
2.5- & 1.8-V LVTTL/LVCMOS, 1.5-V
LVCMOS, LVDS & HyperTransport Technology

1/0 Banks 5 & 6 Support 3.3-,
2.5- & 1.8-V LVTTL/LVCMOS
&1.5-V LVCMOS

1/0 banks 7 & 8 support 3.3-V, 2.5-V, 1.8-V LVTTL/
LVCMOS, 1.5-V LVCMOS & PCI/PCI-X I/0 standards.
CLK, PLL_FB input pins, SSTL-2, SSTL-18, 1.8-V HSTL, 1.5-V HST,
& PLL_OUT output
pins support differential SSTL, differential HSTL,
LVDS & HyperTransport technology. CLK & PLL_FB
pins support LVPECL. DQS input pins support
differential SSTL and differential HSTL I/0 standards.

Bank 5
General-Purpose |0Es

Bank 6
General-Purpose |0Es

PLL8
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Figure 2-6. /0 Type Support in HC240 Devices  Notes (1), (2)
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HyperTransport Technology

N

1/0 banks 3 & 4 support 3.3-V, 2.5-V, 1.8-V LVTTL/
LVCMOS, 1.5-V LVCMOS, SSTL-2, SSTL-18, 1.8-V
HSTL, 1.5-V HSTL & PCI/PCI-X I/0 standards.

CLK, PLL_FB input pins & PLL_OUT output
pins support differential SSTL, differential HSTL,
LVDS & HyperTransport technology. CLK & PLL_FB
pins support LVPECL. DQS input pins support
differential SSTL and differential HSTL 1/0 standards.

1/0 Banks 5 & 6 Support 3.3,

2.5- & 1.8-VLVTTL/LVCMOS,
1.5-V LVCMOS, LVDS &
HyperTransport Y

Bank 5
High-Speed I0Es

PLL4

PLL3

1/0 banks 7 & 8 support 3.3-V, 2.5-V, 1.8-V LVTTL/
LVCMOS, 1.5-V LVCMOS & PCI/PCI-X I/0 standards.

Bank 1 CLK, PLL_FB input pins SSTL-2, SSTL-18, 1.8-V HSTL, 1.5-V HST,
High-Speed I0Es & PLL_OUT output

pins support differential SSTL, differential HSTL,
LVDS & HyperTransport technology. CLK & PLL_FB
pins support LVPECL. DQS input pins support
differential SSTL and differential HSTL 1/0 standards.

N

Bank 6
High-Speed I0Es

PLL 12
PLL 8 Bank 8

PLL6

Memory Interface IOEs Bank 12

Bank 10

Bank 7
Memory Interface IOEs

[FILLE)

Notes to Figures 2—4 through 2—6:

(1) Inaddition to supporting external memory interfaces, memory interface IOEs have the same features as general
purpose IOEs. In addition to supporting high-speed I/O interfaces, high-speed IOEs have the same features as

general purpose IOEs, except for the PCI clamping diode and LVPECL clock input support.

(2) This is a top view of the silicon die which corresponds to a reverse view for flip-chip packages. It is a graphical

representation only.

1= When planning I/O placement for designs targeting

HardCopy II devices, care should be taken to ensure the same

I/0 standards are supported in the same HardCopy I11/0
banks as in the Stratix II I/O banks.

General Purpose I0E

The general purpose IOEs in HC210 and HC220 devices are located on the
right side and at the bottom of the device. The general purpose IOEs in

HC230 devices are located on the right side of the device. (Directions are
based on a top view of the silicon die.) HC240 devices do not have general
purpose IOEs. The general purpose IOE functionality is supported in the

memory interface IOEs for these devices. The high-speed IOEs also
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provide the same features as the general purpose IOEs except for the PCI
clamping diode. In Stratix I FPGAs, all IOEs support the general purpose
IOE features except the PCI diode, which is only supported on the top
and bottom I/0O pins.

The general purpose IOE has many features, including:

Dedicated single-ended I/O buffers

3.3-V, 64-bit, 66 MHz PCI compliance

3.3-V, 64-bit, 133 MHz PCI-X 1.0 compliance
JTAG boundary-scan test (BST) support

On-chip driver series termination (non-calibrated)
Output drive strength control

Tri-state buffers

Bus-hold circuitry

Programmable pull-up resistors

Open-drain outputs

PCI clamping diode (supported on the bottom I/O pins only)
Double data rate (DDR) registers

General purpose IOEs support the following I/O standards:

3.3-VLVTTL/LVCMOS
2.5-V LVITL/LVCMOS
1.8-V LVITL/LVCMOS
1.5-V LVCMOS

3.3-V PCI

3.3-V PCI-X mode 1

The general purpose CLK and PLL_FB input pins and the PLL_OUT
output pins support the following I/O standards:

m LVDS
B HyperTransport technology
B LVPECL (on input clocks and PLL_OUT only)

The programmable drive strengths available vary depending on the I/O
standard being used and are listed in Table 2-10.

Table 2-10. Programmable Drive Strength Support for General-Purpose
I0Es (Part 10f2)

1/0 Standard Programmable Drive Strength Options (mA)
3.3-V LVTTL 4,8,12
3.3-V LVCMOS 4,8
2.5-V LVTTL/LVCMOS 4,8,12
2-21



HardCopy Series Handbook, Volume 1

2-22

Table 2-10. Programmable Drive Strength Support for General-Purpose
I0Es (Part 2 of 2)

1/0 Standard Programmable Drive Strength Options (mA)
1.8 V LVTTL/LVCMOS 2,4,6,8
1.5V LVCMOS 2,4

General purpose IOEs support non-calibrated on-chip series termination.
50- and 25-Q on-chip series termination is available for 3.3-V or 2.5-VI/O
standards. 50-Q on-chip series termination is available for 1.8- and 1.5-V
I/0 standards (pending characterization).

Memory Interface 10E

Memory interface IOEs in HC210 and HC220 devices are located on the
top of the device. Memory interface IOEs in HC230 and HC240 devices
are located on the top and the bottom of the device. In Stratix II FPGAs,
the top and bottom IOEs support the memory interface IOE features.

The memory interface IOE has many features, including:

Dedicated single-ended I/O buffers
3.3-V, 64-bit, 66 MHz PCI compliance
3.3-V, 64-bit, 133 MHz PCI-X 1.0 compliance
JTAG BST support

On-chip driver series termination
VRer pins

Output drive strength control
Tri-state buffers

Bus-hold circuitry

Programmable pull-up resistors
Open-drain outputs

PCI clamping diode

DQ and DQS I/0O pins

Double data rate (DDR) registers

The following I/O standards are supported when using the memory
interface IOEs and can be used to interface to external memory, including
DDR and DDR2 SDRAM, and QDRII, RLDRAM II, and SDR SRAM:

3.3-VLVTTL/LVCMOS
2.5-V LVTTL/LVCMOS
1.8-V LVITL/LVCMOS
1.5-V LVCMOS

3.3-V PCI

3.3-V PCI-X mode 1
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SSTL-2 class I and II
SSTL-18 class I and 1T
1.8-V HSTL class I and II
1.5-V HSTL class I and II

The memory interface DQS, CLK, and PLL_FB input pins and the
PLL OUT output pins support the following I/O standards:

LVTTL/LVCMOS

SSTL-2 class I and II

SSTL-18 class I and II

1.8-V HSTL class I and II

1.5-V HSTL class I and II

Differential SSTL-2 class I and II

Differential SSTL-18 class I and II

1.8-V differential HSTL class I and II

1.5-V differential HSTL class I and II

LVDS (not supported on DQS pins)

HyperTransport technology (not supported on DQS pins)
LVPECL on input clocks and PLL_OUT only (not supported on DQS
pins)

Pseudo-differential HSTL and SSTL inputs are supported on clock and
DQS pins, while outputs are supported on dedicated PLL._OUT and DQS
pins. Pseudo-differential HSTL and SSTL I/O standards use two
single-ended outputs with the second output programmed as inverted.
Pseudo-differential HSTL and SSTL inputs treat differential inputs as two
single-ended HSTL and SSTL inputs and only decode one of them. This
I/0 support is the same as in Stratix II FPGAs.

The functionality of all DQS circuitry in HardCopy II devices is the same
as in Stratix Il FPGAs. Table 2-11 shows the number of DQS/DQ groups
supported in each HardCopy II device density and package.

Table 2-11. DQS and DQ Bus Mode Support (Part 1 of 2)

Device Package Number of x4 | Number of x8/x9 Number of Number of
Groups Groups x16/x18 Groups | x32/x36 Groups
HC210W | 484-pin FineLine BGA 4 2 0 0
(Wire Bond)
HC210 | 484-pin FineLine BGA 0 0
HC220 672-pin FineLine BGA 2 0
780-pin FineLine BGA 2 0
HC230 | 1,020-pin FineLine BGA 36 18 8 4
Altera Corporation 2-23
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Table 2-11. DQS and DQ Bus Mode Support (Part 2 of 2)
Device Package Nun(;:):l::sf N Numgt:;z:):alxg x1 l'i‘l/thh Z‘.rrgflps x3glll>lcgl: Erl‘:lflps
HC240 1,020-pin FineLine BGA 36 18 8 4
1,508-pin FineLine BGA 36 18 8 4
The programmable drive strengths available vary depending on the I/O
standard used. The options are listed in Table 2-12.
Table 2-12. Programmable Drive Strength Support for Memory Interface
I0Es
1/0 Standard Programmable Drive Strength Options (mA)
3.3-V LVTTL 4,8,12,16, 20, 24
3.3-V LVCMOS 4,8,12,16, 20, 24
2.5-V LVTTL/LVCMOS 4,8,12,16
1.8-V LVTTL/LVCMOS 2,4,6,8,10,12
1.5-V LVCMOS 2,4,6,8
SSTL-2 class | 8,12
SSTL-2 class I 16, 20, 24
SSTL-18 class | 4,6,8,10,12
SSTL-18 class Il 8,16, 18, 20
1.8-V HSTL class | 4,6,8,10,12
1.8-V HSTL class Il 16, 18, 20
1.5-V HSTL class | 4,6,8,10,12
1.5-V HSTL class Il 16, 18, 20
Memory interface IOEs support both non-calibrated and calibrated
on-chip series termination. 50- and 25-Q on-chip series termination is
available for 3.3-, 2.5-, or 1.8-V I/O standards. 50-Q2 on-chip series
termination is available for 1.5- or 1.2-V I/O standards (pending
characterization).
= If on-chip series termination is enabled, programmable drive
strength support is not available.
2-24 Altera Corporation
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High-Speed I0E

High-speed IOEs in HC210, HC220, and HC230 devices are located on the
left side of the device. High-speed IOEs in HC240 devices are located on
the left and right sides of the device. (Directions are based on a top view
of the silicon die.) Unlike Stratix II left and right side I/O pins,
HardCopy II left and right side I/O pins do not support SSTL or HSTL
I/0 standards or the PCI clamping diode. In Stratix II FPGAs, the right
and left IOEs support the high-speed IOE features.

The high-speed IOE has many features, including;:

Dedicated single-ended I/O buffers

Differential I/ O buffer

JTAG BST support

On-chip driver series termination (non-calibrated)
On-chip termination for differential I/O standards
Output drive strength control

Tri-state buffers

Bus-hold circuitry

Programmable pull-up resistors

Open-drain outputs

Transmit serializer

Receive deserializer

Dynamic phase alignment (DPA)

Double data rate (DDR) registers

The following I/O standards are supported when using high-speed IOEs:

3.3-VLVITL/LVCMOS
2.5-V LVITL/LVCMOS
1.8-V LVTTL/LVCMOS
1.5-V LVCMOS

LVDS

HyperTransport technology
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The SERDES and DPA circuitry and functionality is the same in
HardCopy Il devices as in Stratix Il FPGAs. HardCopy Il devices support
differential I/O standards at rates up to 1 Gbps when using DPA, and at
rates up to 840 Mbps when not using DPA. Table 2-13 provides the
number of differential channels per HardCopy II device.

Table 2-13. Number of Differential Channels in HardCopy Il Devices

Notes (1), (2)

HC210W HC210 HC220 HC230 HC240
484-Pin . . . . . .
Channel FineLine 484-Pin 672-Pin 780-Pin 1,020-Pin | 1,020-Pin | 1,508-Pin
BGA (Wire- FineLine FineLine FineLine FineLine FineLine FineLine
BGA BGA BGA BGA BGA BGA
Bond)
Transmitter 13 19 29 29 44 88 116
channels
Receiver 17 21 31 31 46 92 116
channels

Notes to Table 2-13:

(1) The pin count does not include dedicated PLL input and output pins.

(2) The total number of receiver channels includes the non-dedicated clock channels that can optionally be used as
data channels.

2-26

HardCopy Il high-speed IOEs, which are on the left and /or right sides of
the device, support fewer programmable drive strengths than Stratix II
side IOEs. The programmable drive strengths available vary depending
on the I/O standard being used. The options are listed in Table 2-14.

Table 2-14. Programmable Drive Strength Support for High-Speed I0Es
1/0 Standard Programmable Drive Strength Options (mA)
3.3-V LVTTL 4,8,12
3.3-V LVCMOS 4,8
2.5-V LVTTL/LVCMOS 4,8,12
1.8-V LVTTL/LVCMOS 2,4,6,8
1.5-V LVCMOS 2,4

High-speed IOEs support non-calibrated on-chip series termination and
differential termination on the receiver channels. 50- and 25-Q on-chip
series termination is available for 3.3- or 2.5-V I/O standards. 50-Q
on-chip series termination is available for 1.8- and 1.5-V I/O standards
(pending characterization).

Altera Corporation
September 2008




Power-Up Modes

Power-U p The functionality of structured ASICs is determined before they are
produced. Therefore, they do not require programmability. HardCopy II
MO d es structured ASICs follow the same principle, enabling traditional

ASIC-like power up. Although prototyping FPGAs require configuration
upon power up, the HardCopy II structured ASICs do not need to be
configured. HardCopy II devices do not support configuration and
designers should take this into account in the prototyping-to-production
development process. The HardCopy II device does not require a
configuration device, but you must ensure that the nCE pin is low and
that the nCONFIG and nSTATUS pins are high after power up.

I'=~  HardCopy II devices do not support FPGA configuration
emulation and other configuration modes, including remote
system upgrades and design security using configuration
bitstream encryption.

HardCopy II devices support both instant on and instant on after 50 ms
power-up modes. In the instant on power-up mode, the HardCopy II
device is available for use shortly after the device powers up to a safe
operating voltage. The on-chip power-on reset (POR) circuit will reset all
registers. The nCE, nCONFIG, and nSTATUS signals must be at the
appropriate logic levels for the CONF_ DONE output to be tristated once the
POR has elapsed. This option is similar to an ASIC’s functionality upon
power up and is the most likely scenario in production.

In the instant on after 50 ms power-up mode, the HardCopy II device
behaves similarly to the instant on mode, except that there is an
additional delay of 50 ms, during which time the device will be held in
reset. The CONF_DONE output is pulled low during this time, and then
tri-stated after the 50 ms have elapsed.

«®  For more information about which power-up modes HardCopy II
devices support, refer to the Power-Up Modes and Configuration Emulation
in HardCopy Series Devices chapter in the HardCopy Series Handbook.
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Table 2-15 shows the revision history for this chapter.

Revision History

Table 2-15.Document Revision History

Date and D_ocument Changes Made Summary of Changes
Version

September 2008, Updated chapter number and metadata. —

v2.5

June 2007, v2.4 e Added Note 4 to Table 2—4. —

December 2006 e Updated Table 2—1, Table 2-4, and Table 2—-11. —

v2.3 e Added revision history.

March 2006, v2.2

e Updated Table 2—1, Table 2-9, Table 2—13.
e Updated Figure 2-5 and Figure 2—6.

October 2005, v2.1

Updated graphics.

May 2005, v2.0

e Added Table 2-1.

e Updated HCell information for DSP functions in the
Functional Description section.

e Updated Table 2-9.

e Updated Figures 2—4, 2-5, and 2-6.

January 2005,
v1.0

Added document to the HardCopy Series Handbook.
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All HardCopy® II structured ASICs provide Joint Test Action Group
(JTAG) boundary-scan test (BST) circuitry that complies with the IEEE
Std. 1149.1-1990 specification. The BST architecture offers the capability
to efficiently test components on printed circuit boards (PCBs) with tight
lead spacing by testing pin connections, without using physical test
probes, and capturing functional data while a device is in normal
operation. Boundary-scan cells in a device can force signals onto pins, or
capture data from pin or core logic signals. Forced test data is serially
shifted into the boundary-scan cells. Captured data is serially shifted out
and externally compared to expected results.

A device using the JTAG interface 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. The TDO output is powered by Vcio.
HardCopy II devices support the JTAG instructions shown in Table 3-1.

Table 3-1. HardCopy Il JTAG Instructions (Part 1 of 2)

JTAG Instruction Instruction Code Description

SAMPLE/PRELOAD |00 0000 0101 [Allows a snapshot of signals at the
device pins to be captured and
examined during normal device
operation, and permits an initial data
pattern to be output at the device
pins.

EXTEST (1) 00 0000 1111 |Allows the external circuitry and
board-level interconnects to be
tested by forcing a test pattern at the
output pins and capturing test results
at the input pins.

BYPASS 11 1111 1111 |Places the 1-bit BYPASS register
between the TDI and TDO pins,
which allows the BST data to pass
synchronously through selected
devices to adjacent devices during
normal device operation.
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Table 3-1. HardCopy Il JTAG Instructions (Part 2 of 2)

JTAG Instruction Instruction Code Description

USERCODE 00 0000 0111 |[Selectsthe 32-bit USERCODE
register and places it between the
TDI and TDO pins, allowing the
USERCODE to be serially shifted out
of TDO.

IDCODE 00 0000 0110 |Selectsthe IDCODE register and
places it between TDI and TDO,
allowing the IDCODE to be serially
shifted out of TDO.

HIGHZ (1) 00 0000 1011 |[Places the 1-bit BYPASS register
between the TDI and TDO pins,
which allows the BST data to pass
synchronously through selected
devices to adjacent devices during
normal device operation, while
tri-stating all of the 1/0 pins.

CLAMP (1) 00 0000 1010 |Places the 1-bit BYPASS register
between the TDI and TDO pins,
which allows the BST data to pass
synchronously through selected
devices to adjacent devices during
normal device operation while
holding I/0 pins to a state defined by
the data in the boundary-scan
register.

Note to Table 3-1:
(1) Bushold and weak pull-up resistor features override the high-impedance state of
HIGHZ, CLAMP, and EXTEST.

e«  The BSDL files for HardCopy II devices are different from the
corresponding Stratix® II FPGAs. For more information, or to receive
BSDL files for IEEE Std. 1149.1- compliant Hardcopy II devices, visit the
Altera website at www.altera.com.

The HardCopy II device instruction register length is 10 bits and the
USERCODE register length is 32 bits. The USERCODE registers are not
reprogrammable and are mask-programmed. The designer can choose an
appropriate 32 bit sequence which will be programmed into the
USERCODE registers.
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Tables 3-2 and 3-3 show the boundary-scan register length and device
IDCODE information for HardCopy II devices.

Table 3-2. HardCopy Il Boundary-Scan Register Length

Device Boundary-Scan Register Length
HC210W 1050

HC210 1050

HC220 1530

HC230 2154

HC240 2910

Table 3-3. 32-Bit HardCopy Il Device IDCODE

IDCODE (32 Bits) (1)

Device ‘(’:rle't‘;')‘ Part Number (16 Bits) Ma““'?ﬂ“;‘:{s')"e“““’ LSB (1 Bit) (2)
HC210W 0000 0010 0000 1100 0001 000 0110 1110 1
HC210 0000 0010 0000 1100 0010 000 0110 1110 1
HC220 0000 0010 0000 1100 0011 000 0110 1110 1
HC230 0000 0010 0000 1100 0100 000 0110 1110 1
HC240 0000 0010 0000 1100 0101 000 0110 1110 1

Notes to Table 3-3:

(1) The most significant bit (MSB) is on the left.
(2) The least significant bit (LSB) of IDCODE is always 1.
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Boundary-Scan Test (BST) on HardCopy Il Devices

In order to run the boundary-scan test on HardCopy II devices, you need
two files:

1. The generic HardCopy II BSDL file you can download from the
Altera website at www.altera.com.

2. The PIN file for your design from the Quartus II software.

With these two files, you must run through a tool called the
BSDLCustomizer.
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BSDLCustomizer is a TCL script which is used to modify the BSDL file’s
port definitions and boundary-scan chain groups’ attributes according to
the design and pin assignments from the Quartus II software PIN file.

Once you run the generic BSDL file and your PIN file through the
BSDLCustomizer tool, a modified BSDL file is created which should be
used for the boundary-scan test.

Before running the boundary scan test on your board make sure that the
nCONFIG pin is externally pulled low and that the nSTATUS pin is low.

For more information on the BSDLCustomizer tool, refer to the
BSDLCustomizer User Guide that you can download with the

BSDLCustomizer tool from the Altera website at www.altera.com.

Figure 3-1 shows the timing requirements for the JTAG signals.

Figure 3-1. HardCopy Il JTAG Waveforms

TDI X X X X

tyce ;
—ticH—«—tycL— typsu itupn
TCK ] |
topzxie— typco i i tupxz
TDO ' X

Table 3—4 shows the JTAG timing parameters and values for HardCopy II
devices.

Table 3-4. HardCopy Il JTAG Timing Parameters and Values (Part 1 of 2)

Symbol Parameter Min Max Unit
ticp TCK clock period 30 ns
tycH TCK clock high time 13 ns
ticL TCK clock low time 13 ns
typsu JTAG port setup time 3 ns
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Table 3-4. HardCopy Il JTAG Timing Parameters and Values (Part 2 of 2)
Symbol Parameter Min Max Unit

typH JTAG port hold time 5 ns

typco JTAG port clock to output 11 ns

typzx JTAG port high impedance to 14 ns
valid output

typxz JTAG port valid output to high 14 ns
impedance

tyssu Capture register setup time 4 ns

tysH Capture register hold time 5 ns

e For more information on JTAG or boundary-scan testing, refer to AN 39:

IEEE Std. 1149.1 (JTAG) Boundary-Scan Testing in Altera Devices.

Il="  Like Stratix Il FPGAs, HardCopy II devices support the
SignalTap® II embedded logic analyzer, which monitors design
operation over a period of time through the JTAG interface. The
SignalTap II logic analyzer is a useful feature during the FPGA
prototyping phase, but should be removed if not needed once
the design has been migrated to a HardCopy II device.
HardCopy II is a mask programmed device, and the Signal Tap
logic cannot be eliminated after the HardCopy II device is
fabricated.

Table 3-5 shows the revision history for this chapter.

Revision History

Table 3-5. Document Revision History (Part 1 of 2)

Date and Document
Version

Changes Made Summary of Changes

September 2008,
v2.4

Updated chapter number and metadata. —

June 2007, v2.3

® Added resource information —

e Figure 3—1 changes
o New section on Boundary-Scan Test (BST) on HardCopy
Il devices.
December 2006 e Minor updates for Quartus Il 6.1.0 software version Updated for Quartus Il 6.1
v2.2 e Added revision history software version.

October 2005, v2.1

Updated graphics. —

Altera Corporation
September 2008
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Table 3-5. Document Revision History (Part 2 of 2)
Date and Document
Version Changes Made Summary of Changes
May 2005, v2.0 Updated Table 3-2. —
January 2005 Added document to the HardCopy Series Handbook. —
v1.0
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A I:l E DY/A 4. DC and Switching

o Specifications and Operating
Conditions

|ntr0d u ct| on This chapter provides preliminary information on absolute maximum

ratings, recommended operating conditions, DC electrical characteristics,
and other specifications for HardCopy®1I devices.

Absolute HardCopy II devices are offered in both commercial and industrial
. grades. All parameter limits are representative of worst-case supply
Maximum voltage and junction temperature conditions. Unless otherwise noted, the

i arameter values in this chapter apply to all HardCopy II devices.
atings P pter apply Py

Table 4-1 contains the absolute maximum ratings for the HardCopy II
device family.

Table 4-1. HardCopy Il Device Absolute Maximum Ratings  Notes (1), (2), (3)

Symbol Parameter Conditions Minimum | Maximum | Unit
VeeinT Supply voltage With respect to ground -0.5 1.8 \%
Veeio Supply voltage With respect to ground -0.5 4.6 \%
Veerp Supply voltage With respect to ground -0.5 4.6 Vv
Veea Analog power supply for With respect to ground -0.5 1.8 \%

PLLs
Veep Digital power supply for With respect to ground -0.5 1.8 \Y
PLLs
V, DC input voltage(4) — -0.5 4.6 \Y
lout DC output current, per pin — -25 40 mA
Tsta Storage temperature No bias -65 150 °C
T, Junction temperature Ball-grid array (BGA) -55 125 °C
packages under bias

Notes to Table 4-1:

@
@

®)
4)

Refer to the Operating Requirements for Altera Devices Data Sheet for more information.

Conditions beyond those listed in Table 4-1 may cause permanent damage to a device. Additionally, device
operation at the absolute maximum ratings for extended periods of time may have adverse effects on the device.
Supply voltage specifications apply to voltage readings taken at the device pins, not at the power supply.
During transitions, the inputs may overshoot to the voltage shown in Table 4-2 based upon the input duty cycle.
The DC case is equivalent to a 100% duty cycle. During transitions, the inputs may undershoot to —2.0 V for input
currents less than 100 mA and periods shorter than 20 ns.

Altera Corporation 4-1
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Recommended
Operating

Table 4-2. Maximum Duty Cycles in Voltage Transitions
Vin (V) Maximum Duty Cycles

4 100%

41 90%

4.2 50%

4.3 30%

4.4 17%

45 10%

operating conditions.

Conditions

Table 4-3 contains the HardCopy II device family’s recommended

Table 4-3. HardCopy Il Device Recommended Operating Conditions

Note (1) (Part 1 of 2)

Symbol Parameter Conditions Minimum | Maximum | Unit
Veeint Supply voltage for internal 100 ps < rise time < 100 ms (2) 1.15 1.25 \
logic and input buffers
Vecio Supply voltage for output 100 ps < rise time < 100 ms (2), (6) 3.135 3.465 \Y
buffers, 3.3-V operation (3.0) (3.6)
Supply voltage for output 100 ps < rise time < 100 ms (2) 2.375 2.625 \
buffers, 2.5-V operation
Supply voltage for output 100 ps < rise time < 100 ms (2) 1.71 1.89 \Y
buffers, 1.8-V operation
Supply voltage for output 100 ps < rise time < 100 ms (2) 1.425 1.575 \
buffers, 1.5-V operation
Veerp Supply voltage for pre-drivers 100 ps < rise time < 100 ms (3) 3.135 3.465 \%
as well as configuration and
JTAG /O buffers
Veea Analog power supply for PLLs 100 ps < rise time < 100 ms (3) 1.15 1.25 \Y
Veep Digital power supply for PLLs 100 ps < rise time < 100 ms (3) 1.15 1.25 \Y
V, Input voltage (4), (5) -0.5 4.0 \Y
Vo Output voltage — 0 Veeio \Y
4-2
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DC Electrical Characteristics

Table 4-3. HardCopy Il Device Recommended Operating Conditions

Note (1) (Part 2 of 2)

Symbol Parameter Conditions Minimum | Maximum | Unit
T, Operating junction For commercial use 0 85 °C
temperature For industrial use -40 100 °C

Notes to Table 4-3:
1)
2
3

©)

Supply voltage specifications apply to voltage readings taken at the device pins, not at the power supply.
Maximum Vc rise time is 100 ms, and V¢ must rise monotonically.
Vcepp must ramp-up from 0V to 3.3 V within 100 ps to 100 ms. If Vccpp is not ramped up within this specified
time, the HardCopy II device will not power up successfully.

During transitions, the inputs may overshoot to the voltage shown in Table 4-2 based upon the input duty cycle.

The DC case is equivalent to a 100% duty cycle. During transitions, the inputs may undershoot to —2.0 V for input

currents less than 100 mA and periods shorter than 20 ns.
®)
are powered.

(©)

Vccio maximum and minimum conditions for PCI and PCI-X are shown in parentheses.

All pins, including dedicated inputs, clock, I/O, and JTAG pins, may be driven before Vccint, Veepp, and Vecio

DC Electrical Table 4-4 shows the HardCopy II device family’s DC electrical
. g characteristics.
Characteristics
Table 4-4. HardCopy Il Device DC Operating Conditions Note (1) (Part 1 of 2)
Symbol Parameter Conditions Device | Minimum | Typical | Maximum | Unit
I Input pin leakage V| = Vgeio max to -10 — 10 HA
current o0V (2) all
loz Tri-stated I/O pin Vo = Vo max to -10 — 10 HA
leakage current oV (2) all
ICClNTO VCClNT Supply current V| = ground, no HC210W — 0.09 (3) (5) A
(standby) load, no toggllng HC210 _ 0.09 (3) (5) A
inputs
P HC220 — 0.19 (3) (5) A
T,=25°C HC230 — 0.34 (3) (5) A
HC240 — 0.52 (3) (5) A
lccppo Vcepp supply current | V| = ground, no HC210W — 3(3) (5) mA
(standby) load, no toggling HC210 _ 3(3) (5) mA
inputs
P HC220 — 4 (3) (5) mA
T,=25°C HC230 — 5(3) (5) mA
Veepp =33V HC240 —_ 5(3) (5) mA
Altera Corporation 4-3
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Table 4-4. HardCopy Il Device DC Operating Conditions Note (1) (Part2 of 2)

Symbol Parameter Conditions Device | Minimum | Typical | Maximum | Unit
lccioo Vccio supply current | V| = ground, no HC210W — 3(3) (5) mA
(standby) load, no toggling HC210 _ 3(3) (5) mA
inputs
HC220 — 3(3) (5) mA
T,=25°C HC230 — 3(3) (5) mA
HC240 — 3(3) (5) mA
RCONF(4) Value of /10 pin V,=0; Vcc|0 =33V — 10 25 50 kQ
pull-up resistor . _ —
before and during Vi=0 Voo =25V 5 35 70 kQ
configuration V,=0;Veeo=1.8V — 30 50 100 kQ
V,=0; Vcc|0 =18V — 40 75 150 kQ
V| =0; VCClO =12V — 50 90 170 kQ
Recommendedvalue — — — 1 2 kQ
of 1/0 pin external —
pull-down resistor
before and during -
configuration _

Notes to Table 4—4:

(1) Typical values are for TA = 25° C, Voenr = 1.2V, and Vo = 1.5+, 1.8-, 2.5-, and 3.3-V.
(2) This value is specified for normal device operation. The value may vary during power-up. This applies for all

Vo settings (3.3-, 2.5-, 1.8-, and 1.5-V).

(3) This specification is preliminary and pending further device characterization.
(4) Pin pull-up resistor values will lower if an external source drives the pin higher than V¢cjo.
(6) Maximum values depend on the actual Ty and design utilization. See the PowerPlay Early Power Estimator or the

Quartus 11 PowerPlay Power Analyzer feature for maximum values.

1/0 Standard Tables 4-5 through 4-27 show the HardCopy II device family’s [/O

standard specifications.

Specifications

Table 4-5. LVTTL Specifications (Part 1 of 2)

Symbol Parameter Conditions Minimum Maximum Unit
Veeio (1) Output-supply voltage — 3.135 3.465 \Y
Viy High-level input voltage — 1.7 4.0 \
Vi Low-level input voltage — -0.3 0.8 \
Vou High-level output voltage lon=-4mA (2), (3) 2.4 — \Y
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Table 4-5. LVTTL Specifications (Part 2 of 2)

Symbol

Parameter

Conditions

Minimum

Maximum

Unit

VoL

Low-level output voltage

loL=4mA (2), (3)

0.45

Notes to Table 4-5:
(1) HardCopy II devices comply to the narrow range for the supply voltage as specified in the EIA /JEDEC Standard,

JESDS-B.
(2) Drive strength is programmable according to values in Table 2-10, Table 2-12, and Table 2-14.

(3) Drive strength varies based on pin location. Refer to the Description, Architecture, and Features chapter in the

HardCopy II Device Family Data Sheet section of volume 1 of the HardCopy Series Handbook for more information.

Table 4-6. LVCMOS Specifications

Symbol Parameter Conditions Minimum | Maximum | Unit
Veeio (1) | Output-supply voltage — 3.135 3.465 \Y
Vi{ High-level input voltage — 1.7 4.0
\" Low-level input voltage — -0.3 0.8 \Y
Vou High-level output voltage | Vceio = 3.0, lon =-0.1 mA (2), (3) | Vccio—0.2 — \Y
VoL Low-level output voltage | Vecio = 3.0, lop =0.1 mA (2), (3) — 0.2 Vv

Notes to Table 4-6:
(1) HardCopy II devices comply to the narrow range for the supply voltage as specified in the EIA /JEDEC Standard,

JESDS-B.
(2) Drive strength is programmable according to values in Tables 2-10, 2-12, and 2-14.

(3) Drive strength varies based on pin location. Refer to the Description, Architecture, and Features chapter in the

HardCopy II Device Family Data Sheet section in volume 1 of the HardCopy Series Handbook for more information.

Table 4-7. 2.5-V I/0 Specifications (Part 1 of 2)

Symbol Parameter Conditions Minimum Maximum Unit
Vecio (1) Output-supply voltage — 2.375 2.625 \
Vi{ High-level input voltage — 1.7 4.0 Vv
Vi Low-level input voltage — -0.3 0.7 \
Vonu High-level output voltage lon=-1mA (2), (3) 2.0 — \Y
Altera Corporation 4-5
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Table 4-7. 2.5-V I/0 Specifications (Part 2 of 2)

Symbol

Parameter

Conditions

Minimum

Maximum Unit

VoL

Low-level output voltage

loo=1mA (2), (3)

0.4 \

Notes to Table 4-7:
(1) HardCopy II devices Vcjo voltage-level support of 2.5 + -5% is narrower than defined in the normal range of the
EIA /JEDEC Standard.
(2) Drive strength is programmable according to values in Tables 2-10, 2-12, and 2-14.
(3) Drive strength varies based on pin location. Refer to the Description, Architecture, and Features chapter in the
HardCopy II Device Family Data Sheet section in volume 1 of the HardCopy Series Handbook for more information.

Table 4-8. 1.8-V I/0 Specifications

Symbol Parameter Conditions Minimum Maximum Unit
Veeio (1) | Output-supply voltage — 1.71 1.89 \"
Vi{ High-level input voltage — 0.65 % Veeio 2.25 \Y
" Low-level input voltage — -0.3 0.35 x Vceio \%
Vonu High-level output voltage |loy =-2t0-8 mA (2), (3) Veeio — 0.45 — \Y
VoL Low-level output voltage |lo. =2to 8 mA (2), (3) — 0.45 \Y

Notes to Table 4-8:
(1) HardCopy II devices Vcjo voltage-level support of 1.8 + -5% is narrower than defined in the normal range of the
EIA/JEDEC Standard.
(2) Drive strength is programmable according to values in Tables 2-10, 2-12, and 2-14.
(3) Drive strength varies based on pin location. Refer to the Description, Architecture, and Features chapter in the
HardCopy II Device Family Data Sheet section in volume 1 of the HardCopy Series Handbook for more information.

Table 4-9. 1.5-V I/0 Specifications (Part 1 of 2)

Symbol Parameter Conditions Minimum Maximum Unit
Veeio (1) Output-supply voltage — 1.425 1.575 \
Viy High-level input voltage — 0.65 x Vceio Vo + 0.3 \Y
Vi Low-level input voltage — -0.3 0.35 x Veeio \
Vou High-level output voltage lon=-2mA (2), (3) 0.75 x Veeio — Vv
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Table 4-9. 1.5-V I/0 Specifications (Part 2 of 2)

Symbol Parameter Conditions Minimum Maximum Unit

VoL Low-level output voltage loo=2mA (2), (3) — 0.25 x Veeio \

Notes to Table 4-9:
(1) HardCopy II devices Vcjo voltage-level support of 1.5 + -5% is narrower than defined in the normal range of the

EIA /JEDEC Standard.

(2) Drive strength is programmable according to values in Tables 2-10, 2-12, and 2-14.

(3) Drive strength varies based on pin location. Refer to the Description, Architecture, and Features chapter in the
HardCopy II Device Family Data Sheet section in volume 1 of the HardCopy Series Handbook for more information.

Figure 4-1 and Figure 4-2 show receiver input and transmitter
waveforms, respectively, for all differential I/O LVPECL and
HyperTransport technology.

Figure 4-1. Receiver Input Waveforms for Differential I/0 Standards

Single-Ended Waveform

Positive Channel (p) = V|y
"""""" Vip ><

Negative Channel (n) =V,

Ground

Differential Waveform (Mathematical Function of Positive & Negative Channel)

Vip

p-n=0V

Vip (Peak-to-peak) Vip
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Figure 4-2. Transmiter Output Waveforms for Differential I/0 Standards

Single-Ended Waveform

Positive Channel (p) = Voy
""""""" Vop ><

Negative Channel (n) = Vo

Ground

Differential Waveform (Mathematical Function of Positive & Negative Channel)

Vop
p-n=0V
Vop
Table 4-10. 2.5-V LVDS I/0 Specifications
Symbol Parameter Conditions | Minimum | Typical | Maximum | Unit
Vecio 1/0 supply voltage for I/O banks — 2.375 25 2.625 \
that support high-speed IOEs (1), —
(2)
Vip Input differential voltage swing — 100 350 900 mV
(single-ended)
Vicm Input common mode voltage — 200 1,250 1,800 mV
Vop Output differential voltage R =100 Q 250 — 450 mV
(single-ended)
Vocm Output common mode voltage R =100 Q 1.125 — 1.375 \
R Receiver differential input discrete — 90 100 110
resistor (external to HardCopy Il
devices)

Notes to Table 4-10:

(1) IOEs=1/0 elements.

(2) For information on which I/O banks support high-speed IOEs, refer to the Description, Architecture, and Features
chapter in the HardCopy II Device Family Data Sheet section in volume 1 of the HardCopy Series Handbook.
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Table 4-11. 3.3-V LVDS I/0 Specifications Note (1)
Symbol Parameter Conditions | Minimum | Typical | Maximum | Unit
Veeio Output and feedback pins in PLL — 3.135 3.3 3.465 \'%
banks 9, 10, 11, and 12 (2)
Vip Input differential voltage swing — 100 350 900 mV
(single-ended)
Vicm Input common mode voltage — 200 1,250 1,800 mV
Vop Output differential voltage R.=100 Q 250 — 710 mV
(single-ended)
Vocm Output common mode voltage R, =100 Q 0.84 — 1.570 Vv
R, Receiver differential input discrete — 90 100 110
resistor (external to HardCopy Il
devices)

Notes to Table 4-11:

(1) Like Stratix II devices, 3.3-V LVDS is supported by the top and bottom clock input differential buffers, and by the
PLL clock output and feedback pins.

(2)  The top and bottom clock input differential buffers in I/O banks 3, 4, 7, and 8 are powered by V¢ciyt, not Vcro-
The PLL clock output and feedback differential buffers are powered by vCC PLLOUT. For differential clock output
and feedback operation, connect VCC_PLLOUT to 3.3 V.

Table 4-12. LVPECL Specifications (Part 10f2) Note (1)

Symbol Parameter Conditions Minimum Typical Maximum | Unit

Vecio 1/0 supply voltage for I/O — 3.135 3.3 3.465 Vv
banks that support high-
speed IOEs (2)

Vp (peak- | Input differential voltage — 300 600 1,000 mV

to-peak) swing
(single-ended)

Viem Input common mode R. =100 Q 1.0 — 25 mV
voltage

Vop Output differential voltage | R, =100 Q 525 — 970 mV
(single-ended)

Vocm Output common mode R. =100 Q 1.650 — 2.275 \
voltage

Altera Corporation 4-9
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Table 4-12. LVPECL Specifications (Part2 of2) Note (1)

Symbol

Parameter

Conditions

Minimum

Typical

Maximum

Unit

Re

Receiver differential input
discrete resistor (external to
HardCopy Il devices)

90

100

110

Notes to Table 4-12:

(1) Like Stratix IT devices, LVPECL is supported by the top and bottom clock input differential buffers, and by the PLL
clock output and feedback pins.

(2) The top and bottom clock input differential buffers in I/O banks 3, 4, 7, and 8 are powered by Vit not Vcio.
The PLL clock output and feedback differential buffers are powered by vCC_PLLOUT. For differential clock output
and feedback operation, connect VCC_PLLOUT to 3.3 V.

Table 4-13. HyperTransport Technology Specifications
Symbol Parameter Conditions Minimum | Typical | Maximum | Unit

Vecio 1/0 supply voltage for I/O — 2.375 2.5 2.625 \
banks that support
high-speed IOEs (1), (2)
Output and feedback pins in — 3.135 3.3 3.465 \Y
PLL banks 9, 10, 11, and 12

Vp (peak- | Input differential voltage — 300 600 900 mV

to-peak) swing (single-ended)

Vicm Input common mode voltage — 385 600 845 mV

Vop Output differential voltage R. =100 Q 400 600 820 mV
(single-ended)

AVop Change in Vop between high R. =100 Q — — 75 mV
and low

Vocwm Output common mode R. =100 Q 440 600 780 \%
voltage

AVocm Change in Vocp between R.=100Q — — 50 mV
high and low

R, Receiver differential input — 90 100 110 Q
discrete resistor (external to
HardCopy Il devices)

Notes to Table 4-13:

(1)  For information on which I/O banks support high-speed IOEs, refer to the Description, Architecture, and Features
chapter in the HardCopy II Device Family Data Sheet section in volume 1 of the HardCopy Series Handbook.

(2) The top and bottom clock input differential buffers in I/O banks 3, 4, 7, and 8 are powered by Vit not Vcio.
The PLL clock output and feedback differential buffers are powered by vCC_PLLOUT. For differential clock output
and feedback operation, connect VCC_PLLOUT to 3.3 V.

4-10
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Table 4-14. 3.3-V PCI Specifications

Symbol Parameter Conditions Minimum | Typical | Maximum | Unit
Veeio Output-supply voltage — 3 3.3 3.6 \Y
V4 High-level input voltage — 0.5 x Vecio — Voo + 0.5
Vi Low-level input voltage — -0.3 — 0.3 x Vg0 \
Von High-level output voltage lout =-500 pA 0.9 x Veeio — — \
VoL Low-level output voltage lout = 1,500 pA — — 0.1 X Vegio \Y

Table 4-15. PCI-X Mode 1 Specifications

Symbol Parameter Conditions Minimum | Typical Maximum | Unit
Veeio Output-supply voltage — 3 — 3.6 \Y
Viy High-level input voltage — 0.5 x Vg0 — Veeio + 0.5
Vi Low-level input voltage — -0.3 — 0.35x VCCIO| V
Vipu Input pull-up voltage — 0.7 x Vecio — — \'%
Vou High-level output voltage lout = -500 pA 0.9 x Veeio — — \Y
VoL Low-level output voltage lout = 1,500 pA — — 0.1 x Vecio \

Table 4-16. SSTL-18 Class | Specifications (Part 1 of 2)

Symbol Parameter Conditions Minimum | Typical | Maximum | Unit
Veeio Output-supply voltage — 1.71 1.8 1.89 \Y
VRer Reference voltage — 0.855 0.9 0.945 \Y
Vi1 Termination voltage — Vger —0.04 | VREF | VRge+0.04 | V
ViHoc) High-level DC input voltage — Vger + 0.125 — — \Y
ViLoo) Low-level DC input voltage — — — Vgep—0.125| V
ViHac) High-level AC input voltage — Vger + 0.25 — — \
ViLac) Low-level AC input voltage — — — Vger — 0.25 \Y
Vou High-level output voltage lon=-6.7mA (1), (2) | Vi1 +0.475 — — \Y
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Table 4-16. SSTL-18 Class | Specifications (Part 2 of 2)

Symbol Parameter Conditions Minimum | Typical | Maximum | Unit
VoL Low-level output voltage loo=6.7mA (1), (2) — — Vi1—-0475 | V

Notes to Table 4-16:

(1)  This specification is supported across all the programmable drive settings available for this1/O standard as shown
in the I/O Structure and Features section located in the Description, Architecture, and Features chapter in volume 1 of
the HardCopy Series Devices Handbook.

(2) Drive strength varies based on pin location. Refer to the Description, Architecture, and Features chapter in the
HardCopy II Device Family Data Sheet section in volume 1 of the HardCopy Series Handbook for more information.

Table 4-17. SSTL-18 Class Il Specifications
Symbol Parameter Conditions Minimum | Typical | Maximum | Unit
Vceio Output-supply voltage — 1.71 1.8 1.89 \'
VRer Reference voltage — 0.855 0.9 0.945 \Y
Vot Termination voltage — Vger — 0.04 ViRer | VRep+0.04 | V
ViHoc) High-level DC input voltage — Vger + 0.125 — — \%
ViLoe) Low-level DC input voltage — — — Vger—0.125| V
ViH(ac) High-level AC input voltage — VRer + 0.25 — — \Y
ViLac) Low-level AC input voltage — — — Veep— 025 | V
Von High-level output voltage lon=-13.4mA (1), (2) V7-0.28 — — \
VoL Low-level output voltage lo=13.4mA (1), (2) — — 0.28 \

Notes to Table 4-17:

(1) This specification is supported across all the programmable drive settings available for this /O standard as shown
in the I/O Structure and Features section located in the Description, Architecture, and Features chapter in volume 1 of
the HardCopy Series Devices Handbook.

(2) Drive strength varies based on pin location. Refer to the Description, Architecture, and Features chapter in the
HardCopy II Device Family Data Sheet section in volume 1 of the HardCopy Series Handbook for more information.

Table 4-18. SSTL-18 Differential Specifications (Part 1 of 2)

Symbol Parameter Conditions Minimum Typical | Maximum | Unit
Veeio Output-supply voltage — 1.71 1.8 1.89 \Y
Vswingpey | DC differential input voltage — 0.25 — — \
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Table 4-18. SSTL-18 Differential Specifications (Part 2 of 2)

Symbol Parameter Conditions Minimum Typical | Maximum | Unit
Vxac) AC differential input cross point — (Veciop) —0.175 — (Veciop) + \
voltage 0.175
VSWlNG(AC) AC differential input Voltage — 0.5 — — \
Viso Input clock signal offset voltage — — 0.5 x — \Y
Vecio
AViso Input clock signal offset voltage — — +200 — \Y
variation
Vox(ac) AC differential cross point — (Vecioe) —0.125 (Veciop) + \'
voltage 0.125
Table 4-19. SSTL-2 Class I Specifications
Symbol Parameter Conditions Minimum Typical Maximum Unit
Veeio Output-supply voltage — 2.375 2.5 2.625
Vi1 Termination voltage — Vger — 0.04 VRer Vger + 0.04
VRer Reference voltage — 1.188 1.25 1.313 \'
V|H (DC) High-level input Voltage —_— VREF +0.18 — 3.0 \
ViL ooy Low-level input voltage — -0.3 — Vger —0.18 \
ViH (ac) High-level input voltage — Vger + 0.35 — — \'%
ViL (ac) Low-level input voltage — — — Vger — 0.35 Vv
Vou High-level output lon=-8.1mA (1), (2) | Vir+0.57 — — \
voltage
VoL Low-level output lo=8.1mA (1), (2) — — Vi1 -0.57 \
voltage

Notes to Table 4-19:

@

This specification is supported across all the programmable drive settings available for this I/O standard as shown

in the I/O Structure and Features section of the Description, Architecture, and Features chapter in volume 1 of the
HardCopy Series Devices Handbook.

@

Drive strength varies based on pin location. Refer to the Description, Architecture, and Features chapter in the

HardCopy II Device Family Data Sheet section in volume 1 of the HardCopy Series Handbook for more information.
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Table 4-20. SSTL-2 Class Il Specifications

Symbol Parameter Conditions Minimum Typical Maximum Unit
Vecio Output-supply voltage — 2.375 2.5 2.625 \
Vi Termination voltage — Vger — 0.04 VRer Vger + 0.04
VRer Reference voltage — 1.188 1.25 1.313 \
Vi (oc) High-level input voltage — Vger + 0.18 — Veeio + 0.3 \
ViL oo Low-level input voltage — -0.3 — Vger—0.18 \'
ViH (ac) High-level input voltage — Vger + 0.35 — — \
ViLac) Low-level input voltage — — — Vger — 0.35 \
VoH High-level output lon=-16.4mA (1), (2)| Vir+0.76 — — Vv

voltage
VoL Low-level output lo=16.4mA (1), (2) — — Vi1 -0.76 \
voltage

Notes to Table 4-20:

(1) This specification is supported across all the programmable drive settings available for this I/O standard as shown
in the I/O Structure and Features section located in the Description, Architecture, and Features chapter in volume 1 of
the HardCopy Series Devices Handbook.

(2)  Drive strength varies based on pin location. Refer to the Description, Architecture, and Features chapter in the
HardCopy II Device Family Data Sheet section in volume 1 of the HardCopy Series Handbook for more information.

Table 4-21. SSTL-2 Differential Specifications

Symbol Parameter Conditions Minimum Typical | Maximum | Unit
Veeio Output-supply voltage — 2.375 2.5 2.625 \Y
VSWING (DC) DC differential input Voltage — 0.36 — — \
Vx (ac) AC differential input cross point — (Vecior) — 0.2 — (Vcciop) +0.2| V
voltage

Vswing (ac) | AC differential input voltage — 0.7 — — \

Viso Input clock signal offset voltage — — 0.5 x — Vv

Vecio

AViso Input clock signal offset voltage — — +200 — \
variation

Vox (ac) AC differential output cross point — (Vecior) — 0.2 — (Vcciop) +0.2| V
voltage
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Table 4-22. 1.5-V HSTL Class | Specifications

Symbol Parameter Conditions Minimum | Typical | Maximum | Unit
Vecio Output-supply voltage — 1.425 1.5 1.575 Vv
VRer Input reference voltage — 0.713 0.75 0.788 Vv
Vit Termination voltage — 0.713 0.75 0.788 \
Vi (oc) DC high-level input voltage — Vger + 0.1 — — \
ViL oo DC low-level input voltage — -0.3 — Vger — 0.1 Vv
Vi (ac) AC high-level input voltage — Vger+ 0.2 — — \Y
ViLac) AC low-level input voltage — — — Vger — 0.2 \
VoH High-level output voltage lon=8mA (1), (2) | Vecio— 0.4 — — \Y
VoL Low-level output voltage lo=-8mA (1), (2) — — 0.4 \%

Notes to Table 4-22:

(1)  This specification is supported across all the programmable drive settings available for this I/O standard as shown
in the I/O Structure and Features section located in the Description, Architecture, and Features chapter in volume 1 of
the HardCopy Series Devices Handbook.

(2) Drive strength varies based on pin location. Refer to the Description, Architecture, and Features chapter in the
HardCopy II Device Family Data Sheet section in volume 1 of the HardCopy Series Handbook for more information.

Table 4-23. 1.5-V HSTL Class Il Specifications (Part 1 of 2)

Symbol Parameter Conditions Minimum | Typical | Maximum | Unit
Vecio Output-supply voltage — 1.425 1.5 1.575 \
VRer Input reference voltage — 0.713 0.75 0.788 \
Vit Termination voltage — 0.713 0.75 0.788 \
ViH (o) DC high-level input voltage — Vger + 0.1 — — \
ViL ooy DC low-level input voltage — -0.3 — Vger — 0.1 \'
ViH (ac) AC high-level input voltage — Vger + 0.2 — — \
ViL ac) AC low-level input voltage — — — Vger — 0.2 \Y
Vonu High-level output voltage | loy =16 mA (1), (2) Vecio— 0.4 — — \
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Table 4-23. 1.5-V HSTL Class Il Specifications (Part 2 of 2)

Symbol Parameter Conditions Minimum | Typical | Maximum | Unit

VoL Low-level output voltage lo=-16mA (1), (2) — — 0.4 \Y

Notes to Table 4-23:

(1)  This specification is supported across all the programmable drive settings available for this I/O standard as shown
inthe I/O Structure and Features section of the Description, Architecture, and Features chapter in volume 1 of the
HardCopy Series Devices Handbook.

(2)  Drive strength varies based on pin location. Refer to the Description, Architecture, and Features chapter in the
HardCopy II Device Family Data Sheet section in volume 1 of the HardCopy Series Handbook for more information.

Table 4-24. 1.5-V Differential HSTL Specifications

Symbol Parameter Conditions Minimum | Typical | Maximum Unit
Veeio 1/0 supply voltage — 1.425 15 1.575 \Y
Voirpc) | DC input differential voltage — 0.2 — — \
Vempey | DC common mode input voltage — 0.68 — 0.9 \Y
Vpirac) | AC differential input voltage — 0.4 — — \Y
Vox ac) | AC differential cross point — 0.68 — 0.9 \

voltage

Table 4-25. 1.8-V HSTL Class | Specifications (Part 1 of 2)

Symbol Parameter Conditions Minimum | Typical | Maximum Unit
Veeio Output-supply voltage — 1.71 1.8 1.89 \Y,
VRer Input reference voltage — 0.85 0.9 0.95 \
Vit Termination voltage — 0.85 0.9 0.95 \'%
Vi (oc) DC high-level input voltage — Vger + 0.1 — — Vv
ViL ooy DC low-level input voltage — -0.3 — Vger — 0.1 \

Vi Ac) AC high-level input — Vger + 0.2 — — \
ViL (ac) AC low-level input voltage — — — Vger — 0.2 \Y
Vou High-level output voltage | lop =8 mA (1), (2) Vecio— 0.4 — — \
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I/0 Standard Specifications

Table 4-25. 1.8-V HSTL Class | Specifications (Part 2 of 2)

Symbol

Parameter

Conditions

Minimum

Typical

Maximum

Unit

VoL

Low-level output voltage

lo=-8mA (1), (2)

0.4

Notes to Table 4-25:

(1)  This specification is supported across all the programmable drive settings available for this I/O standard as shown
in the I/O Structure and Features section located in the Description, Architecture, and Features chapter of the HardCopy
Series Devices Handbook.

(2)  Drive strength varies based on pin location. Refer to the Description, Architecture, and Features chapter in the
HardCopy II Device Family Data Sheet section in volume 1 of the HardCopy Series Handbook for more information.

Table 4-26. 1.8-V HSTL Class Il Specifications

Symbol Parameter Conditions Minimum | Typical | Maximum Unit
Vceio Output-supply voltage — 1.71 1.8 1.89 \%
VRer Input reference voltage — 0.85 0.9 0.95 \
Vot Termination voltage — 0.85 0.9 0.95 \%
ViH (o) DC high-level input voltage — Vger + 0.1 — — \
ViL o) DC low-level input voltage — -0.3 — Vger — 0.1 \
ViH (ac) AC high-level input voltage — Vger + 0.2 — — \%
ViL (ac) AC low-level input voltage — — — Vger — 0.2 Vv
Von High-level output voltage | loy =16 mA (7), (2) | Voo — 0.4 — — \
VoL Low-level output voltage lor=-16 mA (1), (2) — — 0.4 \Y

Notes to Table 4-26:
(1) This specification is supported across all the programmable drive settings available for this I/O standard as shown
in the I/O Structure and Features section located in the Description, Architecture, and Features chapter in volume 1 of

the HardCopy Series Devices Handbook.

(2) Drive strength varies based on pin location. Refer to the Description, Architecture, and Features chapter in the
HardCopy II Device Family Data Sheet section in volume 1 of the HardCopy Series Handbook for more information.

Table 4-27. 1.8-V Differential HSTL Specifications (Part 1 of 2)

Symbol Parameter Conditions | Minimum | Typical | Maximum Unit
Veeio I/0 supply voltage — 1.71 1.8 1.89 \
Voirpcy | DC input differential voltage — 0.2 — Vecio+ 0.6V \%
Vem ey | DC common mode input voltage — 0.78 — 1.12 \'%
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Table 4-27. 1.8-V Differential HSTL Specifications (Part 2 of 2)

Symbol Parameter Conditions | Minimum | Typical | Maximum Unit
Vpirac) | AC differential input voltage — 0.4 — Vecio+ 0.6V \%
Voxac) | AC differential cross point voltage — 0.68 — 0.9 \
Bus Hold Table 4-28 shows the HardCopy II device family’s bus hold

. . specifications.
Specifications
Table 4-28. Bus Hold Parameters
Vcc|o Level
15V 1.8V 25V 33V

Parameter Conditions | Min Max Min Max Min Max Min Max Unit
Low Vin> Vi 25 — 30 — 50 — 70 — MA
sustaining (maximum)
current
ngh V|N < V|H -25 — -30 — -50 — -70 — IJA
sustaining (minimum)
current
Low overdrive |0V <V < — 160 — 200 — 300 — 500 MA
current Vceio
Highoverdrive |0V <V < — -160 — -200 — -300 — -500 A
current Veeio
Bus-hold — 0.50 1.00 0.68 1.07 0.70 1.70 | 0.80 2.00 \
trip point
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On-Chip Termination Specifications

On-Chi p Table 4-29 defines the specification for internal termination specification
. . when using series or differential on-chip termination for HC210W

Termination devices only.

Specifications

Table 4-29. Series On-Chip Termination Specification for I/0 Banks Supporting Memory Interface I0Es for
HC210W  Notes (1), (2), (3)

Resistance Tolerance
Symbol Description Conditions Commercial | Industrial ]
Unit
Max Max
25 Q Rgs | Internal series termination with Vecio=3.325V +10 +15 %
3.3/25 calibration (25-Q setting)
Internal series termination Vecio=3.325V +30 +30 %
without calibration (25-Q setting)
50 Q Rg | Internal series termination with Veci0=3.325V +10 +15 %
3.3/2.5 calibration (50-Q setting)
Internal series termination Vecio=3.325V +30 +30 %
without calibration (50-Q setting)
25 Q Rg | Internal series termination with Vecio=18V +10 +15 %
1.8 calibration (25-Q setting)
Internal series termination Vecio=18V +30 + 30 %
without calibration (25-Q setting)
50 Q Rs | Internal series termination with Vecio=18V +10 +15 %
1.8 calibration (50-Q setting)
Internal series termination Vecio=18V +30 + 30 %
without calibration (50-Q setting)
50 Q Rs | Internal series termination with Vecio=15V +13 +15 %
1.5 calibration (50-Q setting)
Internal series termination Vecio=15V + 36 + 36 %
without calibration (50-Q setting)

Notes to Table 4-29:

(1)  For information on which I/0O banks support memory interface IOEs, refer to the Description, Architecture, and
Features chapter in the HardCopy II Device Family Data Sheet section in volume 1 of the HardCopy Series Handbook.

(2)  The resistance tolerances for calibrated SOCT and POCT are at the time of initial of calibration. If the temperature
or voltage changes over time, the tolerance may also change.

(3) This table applies only to the HC210W device.
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Tables 4-30 and 4-31 define the specification for internal termination
specification when using series or differential on-chip termination.

Table 4-30. Series On-Chip Termination Specification for I/0 Banks Supporting Memory Interface 10Es
Notes (1), (2), (3)

Resistance Tolerance
Symbol Description Conditions Commetcial | Industrial ]
Unit
Max Max
25 Q Rs | Internal series termination with Vecio=3.325V +5 +10 %
3.3/25 calibration (25-Q setting)
Internal series termination Vecio=3.325V + 30 + 30 %
without calibration (25-Q setting)
50 Q Rs | Internal series termination with Vecio=3.325V +5 +10 %
3.3/25 calibration (50-Q setting)
Internal series termination Vecio=3.325V + 30 + 30 %
without calibration (50-Q setting)
25 Q Rs | Internal series termination with Vecio=1.8V +5 +10 %
1.8 calibration (25-Q setting)
Internal series termination Vecio=1.8V + 30 + 30 %
without calibration (25-Q setting)
50 Q Rs | Internal series termination with Vecio=1.8V +5 +10 %
1.8 calibration (50-Q setting)
Internal series termination Vecio=1.8V + 30 + 30 %
without calibration (50-Q setting)
50 Q Rs | Internal series termination with Vecio=15V +8 +10 %
1.5 calibration (50-Q setting)
Internal series termination Vecio=15V + 36 + 36 %
without calibration (50-Q setting)

Notes to Table 4-30:

(1)  For information on which I/O banks support memory interface IOEs, refer to the Description, Architecture, and
Features chapter in the HardCopy II Device Family Data Sheet section in volume 1 of the HardCopy Series Handbook.

(2) The resistance tolerances for calibrated SOCT and POCT are at the time of initial calibration. If the temperature or
voltage changes over time, the tolerance may also change.

(3) This table applies only to HC210, HC220, HC230 and HC240 devices.
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Pin Capacitance

Table 4-31. Series and Differential On-Chip Termination Specification for I/0 Banks Supporting
High-Speed and General Purpose I0Es  Notes (1), (3), (4)

Resistance Tolerance
Symbol Description Conditions Commercial | Industrial Unit
Max Max

25 Q Rg Internal series termination without Vecio =3.3/25V + 30 + 30 %
3.3/25 calibration (25-Q setting)

50 Q Rg Internal series termination without Veeio = + 30 + 30 %
3.3/2.5/1.8 | calibration (50-Q setting) 3.3/2.5/1.8V

50 Q Rg Internal series termination without Vecio=15V + 36 + 36 %
1.5 calibration (50-Q setting)

Rp (2) Internal differential termination for — +20 +25 %

LVDS or HyperTransport technology

Notes to Table 4-31:

@

For information on which I/O banks support high-speed IOEs, refer to the Description, Architecture, and Features

chapter in the HardCopy II Device Family Data Sheet section in volume 1 of the HardCopy Series Handbook.

@
®)

Rp is only supported on high-speed IOEs.
The resistance tolerances for calibrated SOCT and POCT are at the time of initial calibration. If the temperature or

voltage changes over time, the tolerance may also change.

O]

Pin Capacitance

This table applies only to HC210, HC220, HC230, and HC240 devices.

Table 4-32 shows the HardCopy II device family’s pin capacitance.

Table 4-32. HardCopy Il Device Capacitance

Note (1) (Part10f2)

HC210, HC220,
Symbol Parameter HC210W HC230, HC240 Unit
Typical Typical

Capio Input capacitance on I/O pins in 1/0 5.7 5.0 pF
banks supporting general-purpose
IOEs.

Cwmio Input capacitance on I/O pins in I/O 5.7 5.0 pF
banks supporting memory interface
IOEs.

Chsio Input capacitance on I/O pins in I/O 7.2 6.1 pF
banks supporting high-speed IOEs.

Cclkts Input capacitance on top/bottom clock 6.0 6.0 pF
input pins CLK[4..7] and CLK[12..15].
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Table 4-32. HardCopy Il Device Capacitance

Note (1) (Part2 of 2)

HC210, HC220,
Symbol Parameter HC210W HC230, HC240 Unit
Typical Typical

CeoLkLR Input capacitance on left/right clock 4.3 6.1 pF
inputs CLKO, CLK2, CLK8, CLK10.

CoLkLR+ Input capacitance on left/right clock 4.2 3.3 pF
inputs CLK1, CLK3, CLK9, and CLK11.

CouTtrs Input capacitance on dual-purpose clock 6.9 6.7 pF
output/feedback pins in PLL banks 9, 10,
11, and 12.

Note to Table 4-32:

(1) Capacitance is sample-tested only. Capacitance is measured using time-domain reflections (TDR). Measurement

accuracy is within + 0.5 pEF.

Maximum Input

Tables 4-33 and 4-34 show the maximum input clocking rates of

ClOCk Rates HardCopy II1/Os.

Table 4-33. HardCopy Il Maximum Input Clock Rates of HC210, HC220, HC230 and HC240 Devices (Part
10f2)
Memory | High | General | CLK CLK
I/0Standard Interface | Speed | Purpose | [0..3, | [4..7, |FPLL_CLK| PLL_FB | Unit
I0Es I0Es I0Es | 8..11] | 12..15]

LVTTL 500 500 500 500 500 500 500 MHz
25V 500 500 500 500 500 500 500 MHz
1.8V 500 500 500 500 500 500 500 MHz
15V 500 500 500 500 500 500 500 MHz
LVCMOS 500 500 500 500 500 500 500 MHz
SSTL2 class | 500 — — — 500 — 500 MHz
SSTL2 class II 500 — — — 500 — 500 MHz
SSTL18 class | 500 — — — 500 — 500 MHz
SSTL18 class I 500 — — — 500 — 500 MHz
1.5V HSTL class | 500 — — — 500 — 500 MHz
1.5 V HSTL class Il 500 — — — 500 — 500 MHz
1.8 V HSTL class | 500 — — — 500 — 500 MHz
1.8 V HSTL class Il 500 — — — 500 — 500 MHz
PCI (1) 500 — 500 — 500 — 500 MHz
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Maximum Input Clock Rates

Table 4-33. HardCopy Il Maximum Input Clock Rates of HC210, HC220, HC230 and HC240 Devices (Part

20f2)
Memory | High | General | CLK CLK
I/0Standard Interface | Speed | Purpose | [0..3, | [4..7, |FPLL_CLK| PLL_FB | Unit
I0Es IOEs I0Es | 8..11] |12..15]

PCI-X (1) 500 — 500 — 500 — 500 MHz
Differential SSTL2 class | 500 — — — 500 — 500 MHz
(2), (3)
Differential SSTL2 class Il 500 — — — 500 — 500 MHz
(2), (3)
Differential SSTL18 class | 500 — — — 500 — 500 MHz
(2), (3)
Differential SSTL18 class Il 500 — — — 500 — 500 MHz
(2), (3)
1.8-V Differential HSTL 500 — — — 500 — 500 MHz
class | (2), (3)
1.8-V Differential HSTL 500 — — — 500 — 500 MHz
class Il (2), (3)
1.5-V Differential HSTL 500 — — — 500 — 500 MHz
class | (2), (3)
1.5-V Differential HSTL 500 — — — 500 — 500 MHz
class Il (2), (3)
LVDS — 520 — 717 450 717 450 MHz
LVPECL — — — — 450 — 450 MHz
HyperTransport — 520 — 717 — 717 — MHz

Notes to Table 4-33:

(1) The PCI clamping diode is only supported on the top and bottom I/O pins.

(2) This I/O standard is only supported on the DQS, CLK, and PLL_FB input pins.

(3) For HC210 and HC220, differential HSTL /SSTL input is supported on top/bottom PLL_FB, the top clock pins and
DQS pins located on the top I/Os.

Altera Corporation
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Table 4-34. HardCopy Il Maximum Input Clock Rates of HC210W Devices Note (3) (Part 1 0f 2)

Memory | High | General CLK CLK FPLL C _
1/0 Standard Interface | Speed | Purpose | [0..3, | [4..7, LK PLL_FB | Unit
10Es I0Es 10Es 8..11] | 12..15]
LVTTL 350 350 350 350 350 350 350 MHz
2.5-V LVTTL/LVCMOS 350 350 350 350 350 350 350 MHz
1.8-V LVTTL/LVCMOS 350 350 350 350 350 350 350 MHz
1.5-V LVTTL/LVCMOS 270 270 270 270 270 270 270 MHz
LVCMOS 350 350 350 350 350 350 350 MHz
SSTL2 class | 350 — — — 350 — 350 MHz
SSTL2 class Il 350 — — — 350 — 350 MHz
SSTL18 class | 350 — — — 350 — 350 MHz
SSTL18 class Il 350 — — — 350 — 350 MHz
1.5-V HSTL class | 350 — — — 350 — 350 MHz
1.5-V HSTL class Il 350 — — — 350 — 350 MHz
1.8-V HSTL class | 350 — — — 350 — 350 MHz
1.8-V HSTL class Il 350 — — — 350 — 350 MHz
PCI (1) 315 — 315 — 315 — 315 | MHz
PCI-X (1) 315 — 315 — 315 — 315 MHz
Differential SSTL2 class | (2) — — — — 350 — 350 MHz
Differential SSTL2 class Il (2) — — — — 350 — 350 MHz
Differential SSTL18 class | (2) — — — — 350 — 350 MHz
Differential SSTL18 class Il (2) — — — — 350 — 350 MHz
1.8-V differential HSTL class | — — — — 350 — 350 MHz
)
1.8-V differential HSTL class || — — — — 350 — 350 MHz
@)
1.5-V differential HSTL class | — — — — 350 — 350 MHz
@)
1.5-V differential HSTL class II — — — — 350 — 350 MHz
@)
LVDS — 320 — 320 320 320 320 MHz
LVPECL — — — — 320 — 320 MHz
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Maximum Output Clock Rates

Tahle 4-34. HardCopy Il Maximum Input Clock Rates of HC210W Devices Note (3) (Part 2 of 2)

Memory | High | General CLK CLK FPLL C
1/0 Standard Interface | Speed | Purpose | [0..3, | [4..7, LK PLL_FB | Unit
I0Es I0Es I0Es 8..11] | 12..15]
HyperTransport — 320 — 320 — 320 MHz

Notes to Table 4-34:
(1) The PCI clamping diode is only supported on the top and bottom I/O pins.
(2) For HC210W, differential HSTL/SSTL input is supported on the top clock pins, the DQS pins on the top I/O banks and

top/bottom PLL_FB input pins.
(3) These numbers are preliminary and pending further silicon characterization.

Maximum Tables 4-35 and 4-36 show the maximum output toggle rates of
Ou tpu t Clock HardCopy I1I/O's for all available drive strengths.
Rates
Table 4-35. HardCopy Il Maximum Output Clock Rate of HC210, HC220, HC230 and HC240 Devices
Note (1) (Part 1 of 5)
General Purpose
Drive Memory | High I0Es CLK[0, | CLK _
1/0 Standard Strength Interface | Speed - 2,8, [4..7, | PLL_OUT | Unit
IOEs I0Es | Bottom | Right | 10] 2) | 12..15]
Column | Row
3.3-V LVTTL 4 mA 225 225 225 225 225 225 225 MHz
8 mA 355 355 355 355 355 355 355 MHz
12 mA 475 475 475 475 475 475 475 MHz
16 mA 594 — — — — 594 594 MHz
20 mA 700 — — — — 700 700 MHz
24 mA (3) 794 — — — — 794 794 MHz
3.3-V LVCMOS 4mA 250 250 250 250 250 250 250 MHz
8 mA 480 480 480 480 480 480 480 MHz
12 mA 710 — — — — 710 710 MHz
16 mA 925 — — — — 925 925 MHz
20 mA 985 — — — — 985 985 MHz
24 mA (3) 1040 — — — — 1040 1040 MHz
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Table 4-35. HardCopy Il Maximum Output Clock Rate of HC210, HC220, HC230 and HC240 Devices
Note (1) (Part 2 of 5)

General Purpose
Drive Memory | High I0Es CLK[0, | CLK _
1/0 Standard Strength Interface | Speed - 2,8, | [4..7, | PLL_OUT | Unit
I0Es I0Es | Bottom | Right | 10] 2) | 12..15]
Column | Row

2.5V 4mA 194 194 | 194 | 194 | 194 | 194 194 | MHz
M:IALO/ 5 8 mA 380 380 | 380 | 380 | 380 | 380 380 | MHz
12 mA 575 575 | 575 | 575 | 575 | 575 575 | MHz
16mA (3)| 845 — — — — 845 845 | MHz
18-V 2mA 109 109 | 109 | 109 | 109 | 109 109 | MHz
M:IALO/ S 4mA 250 250 | 250 | 250 | 250 | 250 250 | MHz
6 mA 390 390 | 390 | 390 | 390 | 390 390 | MHz
8 mA 570 570 | 570 | 570 | 570 | 570 570 | MHz
10 mA 805 — — — — 805 805 | MHz
12mA (3)| 1040 — — — — | 1040 | 1040 | MHz
15-V 2mA 200 200 | 200 | 200 | 200 | 200 200 | MHz
tx-IC“II\-/ILO/ S 4mA 370 370 | 370 | 370 | 370 | 370 370 | MHz
6 mA 430 — — — — 430 430 | MHz
8mA(3) | 495 — — — — 495 495 | MHz
SSTL2 8 mA 300 — — — — 300 300 | MHz
class | 12mA (3)| 400 — — — — 400 400 | MHz
SSTL2 16 mA 350 — — — — 350 350 | MHz
class Il 20 mA 350 — — — — 350 350 | MHz
24mA (3)| 400 — — — — 400 400 | MHz
SSTL18 4mA 150 — — — — 150 150 | MHz
class | 6 mA 250 — — — — 250 250 | MHz
8 mA 300 — — — — 300 300 | MHz
10 mA 400 — — — — 400 400 | MHz
12mA (3)| 550 — — — — 550 550 | MHz
SSTL18 8 mA 200 — — — — 200 200 | MHz
class Il 16 mA 350 — — — — 350 350 | MHz
18 mA 400 — — — — 400 400 | MHz
20mA (3)| 500 — — — — 500 500 | MHz
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Maximum Output Clock Rates

Table 4-35. HardCopy Il Maximum Output Clock Rate of HC210, HC220, HC230 and HC240 Devices
Note (1) (Part 3 of 5)

General Purpose
Drive Memory | High I0Es CLK[0, | CLK _
1/0 Standard Strength Interface | Speed - 2,8, | [4..7, | PLL_OUT | Unit
I0Es I0Es | Bottom | Right | 10] 2) | 12..15]
Column | Row

1.8-V HSTL 4 mA 300 . — — — 300 300 MHz
class | 6 mA 450 — — — — 450 450 | MHz
8 mA 600 — — — — 600 600 MHz
10 mA 650 - — — — 650 650 MHz
12 mA (3) 700 — — — — 700 700 MHz
1.8-V HSTL 16 mA 500 — — — — 500 500 MHz
class Il 18 mA 500 — — — — 500 500 | MHz
20 mA (3) 550 — — — — 550 550 MHz
1.5-V HSTL 4 mA 300 — — — — 300 300 MHz
class | 6 mA 500 — — — — 500 500 | MHz
8 mA 650 — — — — 650 650 MHz
10 mA 700 — — — — 700 700 MHz
12 mA (3) 700 — — — — 700 700 MHz
1.5-V HSTL 16 mA 600 — — — — 600 600 MHz
class Il 18 mA 600 — — — — 600 600 | MHz
20 mA (3) 650 — — — — 650 650 MHz
PCI (4) — 790 — 790 — — 790 790 MHz
PCI-X (4) — 790 — 790 — — 790 790 MHz
LvVDS — — 717 — — — — 400 MHz
HyperTransport — — 717 — — — — — MHz
LVPECL — — — — — — — 400 MHz
Differential 8 mA 300 — — — — 300 300 MHz
?5“—2 classl 1o ma 3| 400 — — — — 400 400 | MHz
Differential 16 mA 350 — — — — 350 350 MHz
?;T'-Q classll oo ma (3| 350 — — — — 350 350 | MHz
24 mA (3) 400 — — — — 400 400 MHz
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Table 4-35. HardCopy Il Maximum Output Clock Rate of HC210, HC220, HC230 and HC240 Devices
Note (1) (Part 4 of 5)

General Purpose
Drive Memory | High I0Es CLK[0, | CLK _
1/0 Standard Strength Interface | Speed - 2,8, | [4..7, | PLL_OUT | Unit
I0Es I0Es | Bottom | Right | 10] 2) | 12..15]
Column | Row
Differential 4 mA 150 — — — — 150 150 MHz
?5?“-1 8class| |""ga 250 — — — — 250 250 | MHz
8 mA 300 — — — — 300 300 MHz
10 mA 400 — — — — 400 400 MHz
12 mA (3) 550 — — — — 550 550 MHz
Differential 8 mA 200 — — — — 200 200 MHz
?;T“E‘ class Il ™46 ma 350 — — — — 350 350 | MHz
18 mA 400 — — — — 400 400 MHz
20 mA (3) 500 — — — — 500 500 MHz
1.8-Vdifferential | 4 mA 300 — — — — 300 300 MHz
Z_?T'- class | 6 mA 450 — — — — 450 450 | MHz
8 mA 600 — — — — 600 600 MHz
10 mA 650 — — — — 650 650 MHz
12 mA (3) 700 — — — — 700 700 MHz
1.8-V differential 16 mA 500 — — — — 500 500 MHz
;‘;T'— class Il 18 mA 500 — — — — 500 500 | MHz
20 mA (3) 550 — — — — 550 550 MHz
1.5-V differential 4 mA 300 — — — — 300 300 MHz
;‘;T'— class | 6 mA 500 — — — — 500 500 | MHz
8 mA 650 — — — — 650 650 MHz
10 mA 700 — — — — 700 700 MHz
12 mA (3) 700 — — — — 700 700 MHz
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Maximum Output Clock Rates

Table 4-35. HardCopy Il Maximum Output Clock Rate of HC210, HC220, HC230 and HC240 Devices
Note (1) (Part 5 of 5)

General Purpose
Drive Memory | High I0Es CLK[0, | CLK
1/0 Standard Strenath Interface | Speed - 2,8, [4..7, | PLL_OUT | Unit
g IOEs | I0Es | Bottom | Right | 10] (2) | 12..15]
Column | Row

1.5-V differential 16 mA 600 — — — — 600 600 MHz
F';T'- class Il 18 mA 600 — _ _ _ 600 600 | MHz
20 mA (3) 650 — — — — 650 650 MHz

Notes to Table 4-35:
1)

The toggle rate applies to 0 pF output load for all I/O standards except for LVDS and HyperTransport technology

on row I/0O pins. For LVDS and HyperTransport technology on row 1/0O pins, the toggle rates apply to load from

O0to5pF
@
®)
*)
®)

This is the default setting in the Quartus® II software if supported by the pin location.
The PCI clamping diode is only supported on the top and bottom I/O pins.
Like Stratix II devices, differential HSTL and SSTL is supported only on the column CLK, PLL_OUT and memory

CLK [1, 3, 9, 11] and FPLL_CLK are dedicated input clocks, and are excluded from this table.

interface DQS IOE pins. For HC210 and HC220, only the top column clock pins support Differential HSTL and SSTL.

Table 4-36. HardCopy Il Maximum Output Clock Rate for HC210W Devices  Notes (1), (6) (Part 1 of 4)

General Purpose
Drive Memory | High I0Es CLK[0, | CLK _
1/0 Standard Strength Interface | Speed - 2,8, | [4..7, | PLL_OUT | Unit
I0Es I0Es | Bottom | Right | 10] (2) | 12..15]
Column | Row
3.3-V LVTTL 4mA 100 100 100 100 100 100 100 MHz
8 mA 170 170 170 170 170 170 170 MHz
12 mA 230 230 230 230 230 230 230 MHz
16 mA 240 — — — — 240 240 MHz
20 mA 280 — — — — 280 280 MHz
24 mA (3) 300 — — — — 300 300 MHz
3.3-V LVCMOS 4mA 175 175 175 175 175 175 175 MHz
8 mA 230 230 230 230 230 230 230 MHz
12 mA 260 — — — — 260 260 MHz
16 mA 270 — — — — 270 270 MHz
20 mA 290 — — — — 290 290 MHz
24 mA (3) 310 — — — — 310 310 MHz
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Table 4-36. HardCopy Il Maximum Output Clock Rate for HC210W Devices  Notes (1), (6) (Part2 of 4)

General Purpose
Drive Memory | High I0Es CLK[0, | CLK _
1/0 Standard Strength Interface | Speed - 2,8, | [4..7, | PLL_OUT | Unit
I0Es I0Es | Bottom | Right | 10] (2) | 12..15]
Column | Row

2.5V 4mA 136 136 | 136 136 | 136 | 136 136 | MHz
LVTTL/LVCMOS [ "g'1a 230 230 | 230 | 230 | 230 | 230 230 | MHz
12 mA 370 370 | 370 | 370 | 370 | 370 370 | MHz
16mA (3)| 405 — — — — 405 405 | MHz
18-V 2mA 77 77 77 77 77 77 77 MHz
LVTTL/LVEMOS ™4 1y 150 150 | 150 150 | 150 | 150 150 | MHz
6 mA 180 180 | 180 180 | 180 | 180 180 | MHz
8 mA 200 200 | 200 | 200 | 200 | 200 200 | MHz
10 mA 250 — — — — 250 250 | MHz
12mA (3] 290 — — — — 290 290 | MHz
1.5-V 2mA 60 60 60 60 60 60 60 MHz
LVTTL/LVCMOS [ A 110 110 | 110 110 | 110 | 110 110 | MHz
6 mA 150 — — — — 150 150 | MHz
8mA(3) | 190 — — — — 190 190 | MHz
SSTL2 class | 8 mA 210 — — — — 210 210 | MHz
12mA (3] 280 — — — — 280 280 | MHz
SSTL2 class Il 16 mA 245 — — — — 245 245 MHz
20 mA 245 — — — — 245 245 | MHz
24mA (3)| 280 — — — — 280 280 | MHz
SSTL18 class | 4 mA 105 — — — — 105 105 MHz
6 mA 175 — — — — 175 175 | MHz
8 mA 210 — — — — 210 210 | MHz
10 mA 220 — — — — 220 220 | MHz
12mA (3)| 230 — — — — 230 230 | MHz
SSTL18 class Il 8 mA 140 — — — — 140 140 | MHz
16 mA 220 — — — — 220 220 | MHz
18 mA 220 — — — — 220 220 | MHz
20mA (3)| 350 — — — — 350 350 | MHz
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Table 4-36. HardCopy Il Maximum Output Clock Rate for HC210W Devices  Notes (1), (6) (Part 3 of 4)

General Purpose

Drive Memory | High I0Es CLK[0, | CLK _

1/0 Standard Strength Interface | Speed - 2,8, | [4..7, | PLL_OUT | Unit
I0Es I0Es | Bottom | Right | 10] (2) | 12..15]
Column | Row

1.8-VHSTLclass|| 4mA 210 — — — — 210 210 MHz
6 mA 210 — — — — 210 210 MHz
8 mA 220 — — — — 220 220 MHz
10 mA 250 — — — — 250 250 MHz
12mA (3)| 270 — — — — 270 270 MHz
1.8-VHSTLclass | 16 mA 190 — — — — 190 190 MHz
I 18 mA 200 — — — — 200 200 | MHz
20mA (3)| 210 — — — — 210 210 MHz
1.5-VHSTL class | 4 mA 150 — — — — 150 150 MHz
6 mA 160 — — — — 160 160 MHz
8 mA 170 — — — — 170 170 MHz
10 mA 180 — — — — 180 180 MHz
12 mA (3) 190 — — — — 190 190 MHz
1.5-V HSTLclass | 16 mA 170 — — — — 170 170 MHz
I 18 mA 170 — — — — 170 170 | MHz
20 mA (3) 170 — — — — 170 170 MHz
PCI (4) — 315 — 315 — — 315 315 MHz
PCI-X (4) — 315 — 315 — — 315 315 MHz
LvVDS — — 320 — — — — 280 MHz
HyperTransport — — 320 — — — — — MHz
LVPECL — — — — — — — 280 MHz
Differential SSTL2 | 8 mA 210 — — — — 210 210 MHz
class | (5) 12mA (3)| 280 — — — — 280 280 | MHz
Differential SSTL2 16 mA 245 — — — — 245 245 MHz
class Il (5) 20 mA 245 — — — — 245 245 | MHz
24mA (3)| 280 — — — — 280 280 MHz
Differential 4 mA 105 — — — — 105 105 MHz
SSTL18class | (5) g ma 175 — — — — 175 175 | MHz
8 mA 210 — — — — 210 210 MHz
10 mA 220 — — — — 220 220 MHz
12mA (3)| 230 — — — — 230 230 MHz

Altera Corporation 4-31

September 2008




HardCopy Series Handbook, Volume 1

Table 4-36. HardCopy Il Maximum Output Clock Rate for HC210W Devices  Notes (1), (6) (Part 4 of 4)

General Purpose
Drive Memory | High I0Es CLK[0, | CLK _
1/0 Standard Strength Interface | Speed - 2,8, | [4..7, | PLL_OUT | Unit
I0Es I0Es | Bottom | Right | 10] (2) | 12..15]
Column | Row

Differential 8 mA 140 — — — — 140 140 MHz
SSTL18classll (5)[ 15 ma 220 — — — — 220 220 | MHz
18 mA 220 — — — — 220 220 MHz
20mA (3)| 220 — — — — 220 220 MHz
1.8-V differential 4mA 210 — — — — 210 210 MHz
HSTL class | (3) 6 mA 210 — — — — 210 210 | MHz
8 mA 220 — — — — 220 220 MHz
10 mA 250 — — — — 250 250 MHz
12mA (3)| 270 — — — — 270 270 MHz
1.8-V differential 16 mA 190 — — — — 190 190 MHz
HSTLclass Il (9) [ yg ma 200 — — — — 200 200 | MHz
20mA (3)| 210 — — — — 210 210 MHz
1.5-V differential 4 mA 150 — — — — 150 150 MHz
HSTL class | (9) 6 mA 160 — — — — 160 160 | MHz
8 mA 170 — — — — 170 170 MHz
10 mA 180 — — — — 180 180 MHz
12 mA (3) 190 — — — — 190 190 MHz
1.5-V differential 16 mA 170 — — — — 170 170 MHz
HSTL class Il (9) | 1g'ma 170 — — — — 170 170 | MHz
20 mA (3) 170 — — — — 170 170 MHz

Notes to Table 4-36:

(1)  The toggle rate applies to 0 pF output load for all I/O standards except for LVDS and HyperTransport technology on
row I/O pins. For LVDS and HyperTransport technology on row I/O pins, the toggle rates apply to load from 0 to
5pFE

(20 CLK [1, 3, 9, 11] and FPLL CLK are dedicated input clocks, and excluded from this table.

(3)  This is the default setting in the Quartus II software if supported by the pin location.

(4) The PCI clamping diode is only supported on the top and bottom I/O pins.

(5) Like Stratix IT devices, differential HSTL and SSTL is supported only on the column CLK, PLL OUT and memory
interface DQS IOE pins. For HC210 and HC220, only the top column clock pins support Differential HSTL and SSTL.

(6) These numbers are preliminary and pending further silicon characterization.
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Tables 4-37 and 4-38 show the maximum output toggle rates of
HardCopy I11/0s using OCT.

Table 4-37. HardCopy Il Maximum Output Clock Rate for HC210, HC220, HC230 and HC240 Devices (0CT)
Note (1) (Part 1 of 2)

General Purpose
Drive Memory | High I0Es CLK[0, | CLK
1/0 Standard Strength Interface | Speed - 2,8, | [4..7, |PLL_OUT| Unit
I0Es I0Es | Bottom | Right | 10] (2) | 12..15]
Column | Row
3.3-V LVTTL OCT 50 Q 400 400 400 400 400 400 400 MHz
2.5-V LVTTL OCT 50 Q 350 350 350 350 350 350 350 MHz
1.8-V LVTTL OCT 50 Q 550 550 550 550 550 550 550 MHz
3.3-VLVCMOS |OCT 50 Q 350 350 350 350 350 350 350 MHz
1.5-V LVCMOS |OCT 50 Q 450 450 450 450 450 450 450 MHz
SSTL-2Class| |OCT 50 Q 500 — — — — 500 500 MHz
SSTL-2 Class Il |OCT 25 Q 550 — — — — 550 550 MHz
SSTL-18 Class | | OCT 50 Q 400 — — — — 400 400 MHz
SSTL-18 Class Il | OCT 25 Q 500 — — — — 500 500 MHz
1.5-V HSTL OCT 50 Q 550 — — — — 550 550 MHz
Class |
1.8-V HSTL OCT 50 Q 600 — — — — 600 600 MHz
Class |
1.8-V HSTL OCT 50 Q 500 — — — — 500 500 MHz
Class Il
Differential OCT 50 Q 500 — — — — 500 500 MHz
SSTL-2 Class |
3)
Differential OCT25Q 550 — — — — 550 550 MHz
SSTL-2 Class Il
3)
Differential OCT 50 Q 400 — — — — 400 400 MHz
SSTL-18 Class |
(3)
Differential OCT 25 Q 500 — — — — 500 500 MHz
SSTL-18Class|l
3)
1.8-V Differential | OCT 50 Q 600 — — — — 600 600 MHz
HSTL Class | (3)
1.8-V Differential | OCT 25 Q 500 — — — — 500 500 MHz
HSTL Class Il (3)
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Table 4-37. HardCopy Il Maximum Output Clock Rate for HC210, HC220, HC230 and HC240 Devices (0CT)
Note (1) (Part 2 of 2)

General Purpose

HSTL Class | (3)

Drive Memory | High I0Es CLK[0, | CLK
1/0 Standard Strenath Interface | Speed - 2,8, | [4..7, |PLL_OUT| Unit
g IOEs | IOEs |Bottom | Right |1g] (2) | 12..15]
Column | Row
1.5-V Differential | OCT 50 Q| 550 — — — — 550 550 MHz

Notes to Table 4-37:

(O]

The toggle rate applies to 0 pF output load for all I/O standards except for LVDS and HyperTransport technology

on row I/0 pins. For LVDS and HyperTransport technology on row I/O pins, the toggle rates apply to load from

0to5pF
@
®G)

CLK [1, 3, 9, 11] and FPLL_CLK are dedicated input clocks, and excluded from this table.
Like Stratix II devices, differential HSTL and SSTL is supported only on the column CLK, PLL_OUT and memory

interface DOS IOE pins. For HC210 and HC220, only the top column clock pins support Differential HSTL and

SSTL.

Table 4-38. HardCopy Il Maximum Output Clock Rate for HC210W using OCT  Notes (1), (4) (Part10f2)

] General Purpose
Drive Memory | High I0Es CLK[0, | CLK
1/0 Standard Strenath Interface | Speed - 2,8, | [4..7, |PLL_OUT | Unit
g IOEs | IOEs |Bottom | Right |1g] (2) [ 12..15]
Column| Row
3.3-V LVTTL OCT50Q| 280 280 280 280 280 280 280 MHz
2.5-V LVTTL OCT50Q| 245 245 245 245 245 245 245 MHz
1.8-V LVTTL OCT50Q| 290 290 290 290 290 290 290 MHz
3.3-VLVCMOS |OCT50Q| 245 245 245 245 245 245 245 MHz
1.5-V LVCMOS | OCT 50 Q 190 190 190 190 190 190 190 MHz
SSTL-2Class| |[OCT50Q| 280 — — — — 280 280 MHz
SSTL-2Class Il |OCT25Q| 280 — — — — 280 280 MHz
SSTL-18Class | |[OCT50Q| 230 — — — — 230 230 MHz
SSTL-18Class Il |OCT25 Q| 220 — — — — 220 220 MHz
1.5-V HSTL OCT 50 Q 190 — — — — 190 190 MHz
Class |
1.8-V HSTL OCT50Q| 270 — — — — 270 270 MHz
Class |
1.8-V HSTL OCT50Q| 210 — — — — 210 210 MHz
Class Il
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Table 4-38. HardCopy Il Maximum Output Clock Rate for HC210W using OCT  Notes (1), (4) (Part2 of 2)

] General Purpose
Drive Memory | High I0Es CLK[0, | CLK '
1/0 Standard Strenath Interface | Speed - 2,8, | [4..7, |PLL_OUT | Unit
g IOEs | IOEs |Bottom | Right |1g] (2) | 12..15]
Column | Row

Differential OCT 50 Q 280 — — — — 280 280 MHz
SSTL-2 Class |
(3)
Differential OCT25Q 280 — — — — 280 280 MHz
SSTL-2 Class Il
3)
Differential OCT 50 Q 230 — — — — 230 230 MHz
SSTL-18 Class |
(3)
Differential OCT25Q 220 — — — — 220 220 MHz
SSTL-18Class I
3)
1.8-V Differential | OCT 50 Q 270 — — — — 270 270 MHz
HSTL Class | (3)
1.8-V Differential | OCT 25 Q 210 — — — — 210 210 MHz
HSTL Class Il (3)
1.5-V Differential | OCT 50 Q 190 — — — — 190 190 MHz
HSTL Class | (3)

Notes to Table 4-38:

(1) The toggle rate applies to 0 pF output load for all I/O standards except for LVDS and HyperTransport technology
on row 1/0 pins. For LVDS and HyperTransport technology on row I/O pins, the toggle rates apply to load from
O0to5pF

(2) CLK [1, 3, 9, 11] and FPLL_ CLK are dedicated input clocks, and excluded from this table.

(3) Like Stratix II devices, differential HSTL and SSTL is supported only on the column CLK, PLL_OUT and memory
interface DQS IOE pins. For HC210 and HC220, only the top column clock pins support differential HSTL and SSTL.

(4) These numbers are preliminary and pending further silicon characterization.

Hi g hSp e ed | / 0 Table 4-39 provides high-speed timing specifications definitions.
Specifications

Table 4-39. HighSpeed Timing Specifications and Definitions (Part 1 of 2)

HighSpeed Timing Specifications Definitions
tc Highspeed receiver/transmitter input and output clock period.
fuscLk Highspeed receiver/transmitter input and output clock frequency.
J De-serialization factor (width of parallel data bus).
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Table 4-39. HighSpeed Timing Specifications and Definitions (Part 2 of 2)

HighSpeed Timing Specifications

Definitions

W

PLL multiplication factor

trise

Low-to-high transmission time.

traLL

High-to-low transmission time.

Timing unit interval (TUI)

The timing budget allowed for skew, propagation delays, and data
sampling window. (TUI = 1/(Receiver Input Clock Frequency x
Multiplication Factor) = tC/w).

fHSDF{

Maximum/minimum LVDS data transfer rate (fyspr = 1/TUI), non-DPA.

fHSDFiDPA

Maximum/minimum LVDS data transfer rate (fysprppa = 1/TUI), DPA.

Channel-to-channel skew (TCCS)

The timing difference between the fastest and slowest output edges,
including tCO variation and clock skew. The clock is included in the
TCCS measurement.

Sampling window (SW)

The period of time during which the data must be valid in order to
capture it correctly. The setup and hold times determine the ideal strobe
position within the sampling window.

Input jitter (peak-to-peak)

Peak-to-peak input jitter on highspeed PLLs.

Output jitter (peak-to-peak)

Peak-to-peak output jitter on highspeed PLLs.

touty

Duty cycle on highspeed transmitter output clock.

tLock

Lock time for highspeed transmitter and receiver PLLs.

Table 4-40 shows the high-speed I/0O timing specifications for HC210W
F484 WireBond devices.

Table 4-40. HardCopy Il High-Speed I/0 Specifications for HC210W Device Notes (1), (2) (Part 1 0of 2)

Symbol Conditions Min | Typ | Max Unit
fuscLk (clock frequency) | W =2 to 32 (LVDS, HyperTransport technology) 16 — 320 MHz
fuscLk = fuspr / W (3)

W =1 (SERDES bypass, LVDS only) 16 — 320 MHz
W =1 (SERDES used, LVDS only) 150 | — 320 MHz
fuspr (data rate) J =4 to 10 (LVDS, HyperTransport technology) 150 | — 640 Mbps
J =2 (LVDS, HyperTransport technology) 4) | — 640 Mbps
J =1t(LVDS only) 4) | — 320 Mbps
fusorora (DPA data rate) |J =4 to 10 (LVDS, HyperTransport technology) 150 | — 640 Mbps
TCCS All differential standards — — 240 ps
SW All differential standards 400 | — — ps
Output jitter — — — (5) ps

4-36

Altera Corporation
September 2008




HighSpeed I/O Specifications

Table 4-40. HardCopy Il High-Speed I/0 Specifications for HC210W Device Notes (1), (2) (Part2 of 2)

Symbol Conditions Min | Typ | Max Unit
Output trise All differential 1/0 standards — — (5) ps
Output tra | All differential I/O standards — — (5) ps
touty — — — 45 | 50 55 %
DPA run length — — — — — | 6,400 ul
DPA jitter tolerance — — — 5) | — — ul
(peak-to-peak)
DPA lock time Standard Training Transition — — — | Number of
Pattern Density repetitions
SP14 0000000000 10% b)) | — —
1111111111
Parallel Rapid I/O 10010000 25% b)) | — —
— 10010000 50% b)) | — —
Miscellaneous 10101010 100% 5) | — —
— 10101010 — b)) | — —

Notes to Table 4-40:

(1) These numbers are preliminary and pending further silicon characterization.

(2) When] =4 to 10, the SERDES block is used.

When | = 1 or 2, the SERDES block is bypassed.

(3) The input clock frequency and the W factor must satisfy the following fast PLL VCO specification: 150 < input
clock frequency x W < 640.

(4) The minimum specification is dependent on the clock source (fast PLL, enhanced PLL, clock pin, and so on) and
the clock routing resource (global, regional, or local) used. The I/O differential buffer and input register do not
have a minimum toggle rate.

(5) Contact the Altera Applications Group for more information.

Table 4-41 shows the high-speed I/0O timing specifications for HC210,
HC220, HC230 and HC240 HardCopy II devices.

Table 4-41. HardCopy Il High-Speed 1/0 Specifications for HC210, HC220, HC230 and HC240 Devices
Note (1) (Part10f2)

Symbol Conditions Min | Typ | Max Unit
fuscLk (clock frequency) | W =2 to 32 (LVDS, HyperTransport technology) 16 — 520 MHz
fuscik = fusor / W 2)

W =1 (SERDES bypass, LVDS only) 16 — 500 MHz
W =1 (SERDES used, LVDS only) 150 | — | 717 MHz
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Table 4-41. HardCopy Il High-Speed 1/0 Specifications for HC210, HC220, HC230 and HC240 Devices
Note (1) (Part2 of 2)

Symbol Conditions Min | Typ | Max Unit
fuspr (data rate) J =4to 10 (LVDS, HyperTransport technology) | 150 | — | 1,040 Mbps
J =2 (LVDS, HyperTransport technology) (3) — | 760 Mbps
J =1 (LVDS only) (3) — | 500 Mbps
fusorora (DPA data rate) | J =4 to 10 (LVDS, HyperTransport technology) | 150 | — | 1,040 Mbps
TCCS All differential standards — — 200 ps
SW All differential standards 330 | — — ps
Output jitter — — — 190 ps
Output tgise All differential I/O standards — — 160 ps
Output tea All differential I/O standards — — 180 ps
touty — 45 50 55 %
DPA run length — —_ — | 6,400 Ul
DPA jitter tolerance — 044 | — — Ul
(peak-to-peak)
DPA lock time Standard Training Transition — — — | Numberof
Pattern Density repetitions
SP14 0000000000 10% 256 | — —
1111111111
Parallel Rapid I/O 10010000 25% 256 | — —
— 10010000 50% 256 | — —
Miscellaneous 10101010 100% 256 | — —
— 10101010 — 256 | — —

Notes to Table 4-41:

(1) When] =4 to 10, the SERDES block is used.
When | = 1 or 2, the SERDES block is bypassed.

(2) The input clock frequency and the W factor must satisfy the following fast PLL VCO specification: 150 < input
clock frequency x W < 1,040.

(3) The minimum specification is dependent on the clock source (fast PLL, enhanced PLL, clock pin, and so on) and
the clock routing resource (global, regional, or local) used. The I/O differential buffer and input register do not
have a minimum toggle rate.
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PLL Timing

Tables 4-42 and 443 describe the HardCopy II PLL specifications when
operating in both the commercial junction temperature range (0° to 85° C)

Sp ecifications and the industrial junction temperature range (—40° to 100° C), except for

the clock switchover feature. Like the Stratix II devices, the clock
switchover feature is only supported from the 0° to 100° C junction
temperature range.

Table 4-42. HardCopy Il Enhanced PLL Specifications (Part 1 of 2)

Name Description Min Typ Max Unit

fin Input clock frequency for HC210, 2 — 500 MHz
HC220, HC230 and HC240 devices
Input clock frequency for the 2 — 320 (1) MHz
HC210W device

finpFD Input frequency to the PFD 2 — 420 MHz

leDUTY Input clock duty CyCIe 40 — 60 %

feinDuTY External feedback input clock duty 40 — 60 %
cycle

tNOITTER Input or external feedback clock — 0.5 — ns
input jitter tolerance in terms of (PP)
period jitter. Bandwidth < 0.85 MHz
Input or external feedback clock — 1 — ns
input jitter tolerance in terms of (pp)
period jitter. Bandwidth > 0.85 MHz

touTuITTER Dedicated clock output period jitter — — 250 ps for>100 MHz | psor
for HC210, HC220, HC230 and outclk mul
HC240 devices 25 mUl for < 100 MHz

outclk
Dedicated clock output period jitter — — 300 ps for>100 MHz | ps or
for HC210W device outclk muUl
30 mUl for < 100 MHz
outclk

trcomp External feedback compensation — — 10 ns
time

fout Output frequency for internal global | 1.5 (2) — 550 MHz
or regional clock

toutpbuTy Duty cycle for external clock output 45 50 55 %
(when set to 50%).

fscANCLK Scanclk frequency — — 100 MHz

tCONFIGEPLL Time required to reconfigure scan — 174/fscancLk — ns
chains for enhanced PLLs

fout ext PLL external clock output 1.5 (2) — (1) MHz
frequency
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Table 4-42. HardCopy Il Enhanced PLL Specifications (Part 2 of 2)

Name

Description

Typ

Max

Unit

tLock

Time required for the PLL to lock
from the time it is enabled or the
end of device configuration

0.03

ms

toLock

Time required for the PLL to lock
dynamically after automatic clock
switchover between two identical
clock frequencies

ms

fswitcHover

Frequency range where the clock
switchover performs properly

500

MHz

fCLKW

PLL closed loop bandwidth

0.13

1.2

16.9

MHz

fvco

PLL VCO operating range for
HC210,HC220, HC230 and HC240
devices

300

1,040

MHz

PLL VCO operating range for
HC210W devices

300

840

MHz

fSS

Spread spectrum modulation
frequency

100

500

MHz

% spread

Percent down spread for a given
clock frequency

0.4

0.5

0.6

%

teLL_PSERR

Accuracy of PLL phase shift

ps

tAResET

Minimum pulse width on ARESET
signal.

10 (3)

ns

500 (4)

ns

tAF{ESET?F(ECONFIG

Minimum pulse width on the areset
signal when using PLL
reconfiguration. Reset the PLL after
scan done goes high.

500

ns

Notes to Table 4-42:
(1) Limited by I/O fyax.
(2)  If the counter cascading feature of the PLL is used, there is no minimum output clock frequency.

(3) Applicable when the PLL input clock has been running continuously for at least 10 us.
(4) Applicable when the PLL input clock has stopped toggling or has been running continuously for less than 10 us.
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Table 4-43. HardCopy Il Fast PLL Specifications (Part 1 of 2)

Name Description Min Typ Max Unit
fin Input clock frequency for HC210, HC220, 16 — 717 MHz
HC230 and HC240 devices
Input clock frequency for the HC210W 16 — 320 (1) | MHz
device
finPED Input frequency to the PFD 16 — 500 MHz
finouTY Input clock duty cycle 40 — 60 %
tNUITTER Input clock jitter tolerance in terms of period — 0.5 — ns
jitter. Bandwidth < 2 MHz (PP)
Input clock jitter tolerance in terms of period — 1 — ns
jitter. Bandwidth > 0.2 MHz (PP)
fvco Upper VCO frequency range for HC210, 300 — 1,040 MHz
HC220, HC230 and HC240 devices
Upper VCO frequency range for HC210W 300 — 840 MHz
devices
Lower VCO frequency range for HC210, 150 — 520 MHz
HC220, HC230 and HC240 devices
Lower VCO frequency range for HC210W 150 — 420 MHz
device
fout PLL output frequency to GCLK or RCLK 4.6875 — 550 MHz
PLL output frequency to LVDS or DPA clock 150 — 1,040 MHz
for HC210, HC220, HC230 and HC240
devices
PLL output frequency to LVDS or DPA clock 150 — 840 MHz
for HC210W devices
fout 10 PLL clock output frequency to regular I/O pin 4.6875 — (1) MHz
tcoNFIGPLL Time required to reconfigure scan chains for — 75/fscancLi — ns
fast PLLs
foLew PLL closed loop bandwidth 1.16 5 28 MHz
tLock Time required for the PLL to lock from the — 0.03 1 ms
time it is enabled or the end of the device
configuration
tpLL PSERR Accuracy of PLL phase shift — — +30 ps
tARESET Minimum pulse width on areset signal. 10 — — ns
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Table 4-43. HardCopy Il Fast PLL Specifications (Part 2 of 2)

Name

Description

Min Typ

Max Unit

tARESET_RECONFIG

Minimum pulse width on the areset signal
when using PLL reconfiguration. Reset the
PLL after scan done goes high.

500 —

Note to Table 4-43:
(1) Limited by I/O fyax.

Exte rna | Table 4-44 summarizes the maximum clock rate that HardCopy Il devices
can support with external memory devices.
Memory
Interface
Specifications
Table 4-44. HardCopy Il Maximum Clock Rate Support for External Memory Interfaces  Note (1)
HardCopy Il Device
Wire Bond Package Flip Chip Package .
Memory Standards HC210W (2) HC210 / HC220 / HC230 / HC240 (3) Unit
Com (C) | Ind(l) Com (C) Ind (1)
DDR 150 133 200 200 MHz
DDR2 (7) 150 133 267 233 MHz
QDRII (6) 150 133 250 233 (5) MHz
RLDRAMII (6) 150 133 250 (4) 233 (4) MHz

Notes to Table 4-44:

(1) HardCopy II devices do not support PLL-based external memory interface except for SDR SDRAMSs which do not

require the DLL.

(2) HC210W supports memory interface on the top I/O banks.

(3) HC210 and HC220 support memory interface on the top I/O banks. HC230 and HC240 support memory interface
on the top and bottom I/0O banks.

(4) You will need to under-clock a 300 MHz memory device.

(5)  You will need to under-clock a 250 MHz memory device.

(6) Based on a DDIO scheme with the 1.8-V HSTL I/O standard.

(7)  Based on the PLL dedicated scheme. Use the same Fyjsx specification for Static-PHY and Auto-PHY since the
write-side is limited by the new tDS/tH specification.
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Tables 4-45 through 4-51 contain HardCopy II device specifications for
the dedicated circuitry used for interfacing with external memory
devices.

Table 4-45. DLL Frequency Range Specifications

Frequency Mode Frequency Range Resolution (Degrees)
0 100 to 175 30
1 150 to 230 22,5
200 to 310 30
240 to 350 36

Table 446 lists the maximum delay in the fast timing model for the
HardCopy II DQS delay buffer. Multiply the number of delay buffers that
you are using in the DQS logic block to get the maximum delay
achievable in your system. For example, if you implement a 90° phase
shift at 200 MHz, you use three delay buffers in mode 2. The maximum
achievable delay from the DQS block is then 3 x .416 ps = 1.248 ns.

Table 4-46. DQS Delay Buffer Maximum Delay in Fast Timing Model

DLL Frequency Mode | Maximum Delay Per Delay Buffer Unit
0 0.833 ns
1,2,8 0.416 ns

Table 4-47. DQS Period Jitter Specifications for DLL-Delayed Clock
(tDQS_JITTER) Note (1)
Number of DQS Delay Buffer Commercial Industrial Unit
Stages (2)

1 80 110 ps
2 110 130 ps
3 130 180 ps
4 160 210 ps

Notes to Table 4-47:

(1) Peak-to-peak period jitter on the phase shifted DQS clock.

(2) Delay stages used for requested DQS phase shift are reported in your project’s
Compilation Report in the Quartus II software.
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Table 4-48. DQS Phase Jitter Specifications for DLL-Delayed Clock (tDQS
PHASE_JITTER) Note (1)
Number ‘gt':g:s?;)'ay Buffer DQS Phase Jitter Unit
1 30 ps
2 60 ps
3 90 ps
4 120 ps

Notes to Table 4-48:

(1)  Peak-to-peak phase jitter on the phase shifted DDS clock (digital jitter is caused
by DLL tracking).

(2) Delay stages used for requested DQS phase shift are reported in your project’s
Compilation Report in the Quartus II software.

Table 4-49. DQS Phase-Shift Error Specifications for DLL-Delayed Clock
(tDQS_PSERR) Note (1)

Number of DQS Delay Buffer

Stages (2)) HC210, HC220, HC230 HC240 Unit

1 30 ps
2 60 ps
3 90 ps
4 120 ps

Notes to Table 4-49:

(1)  This error specification is the absolute maximum and minimum error. For
example, skew on three delay buffer stages with an HC240 device is 105 ps or
+52.5 ps.

(2) Delay stages used for requested DQS phase shift are reported in your project’s
Compilation Report in the Quartus II software.
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Table 4-50. DQS Bus Clock Skew Adder Specifications
(tDQS_CLOCK_SKEW_ADDER) Note (1)

Mode DQS Clock Skew Adder Unit
x4 DQ per DQS 40 ps
x9 DQ per DQS 70 ps
x18 DQ per DQS 75 ps
x36 DQ per DQS 95 ps

Note to Table 4-50:
(1)  This skew specification is the absolute maximum and minimum skew. For example,
skew on a x4 DQ group is 40 ps or + 20 ps.

Table 4-51. DQS Phase Offset Delay Per Stage Note (1)

HardCopy Il Devices Min Max Unit
All 9 14 ps

Note to Table 4-51

(1) The delay settings are linear. The valid settings for phase offset are -64 to +63 for
frequency mode 0 and -32 to +31 for frequency modes 1, 2, and 3. The typical
value equals the average of the minimum and maximum values.

HardCopy II devices offer hot socketing, which is also known as hot
plug-in or hot swap, and power sequencing support without the use of
any external devices. You can insert or remove a HardCopy Il device in a
system during system operation without causing undesirable effects to
the running system bus or the board that was inserted into the system.

The hot socketing feature in HardCopy II devices allow:

B The device can be driven before power-up without any damage to
the device itself.

B I/O pins remain tri-stated during power-up, so they do no disrupt
bus operation when HardCopy I I/Os are inserted in the system.

B Signal pins do not drive the Vo, Vcepp, or Veoint power supplies.

B External input signals to I/O pins of the device do not internally
power the Vo or Vecnt power supplies of the device via internal
paths within the device.
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In a hot socketing situation, a device’s output buffers are turned off
during system power-up or power-down. To simplify board design,
HardCopy II devices support any power-up or power-down sequence
(Vccio and Vepnr). For mixed-voltage environments, you can drive
signals into the device before or during power-up or power-down
without damaging the device.

You can power up or power down the Vcjo and Vecpyr pins in any
sequence. The power supply ramp rates can range from 100 ns to 100 ms.
All VCC supplies must power down within 100 ms of each other to
prevent the I/O pins from driving out. During hot socketing, the I/O pin
capacitance is less than 15 pF and the clock pin capacitance is less than
20 pE.

B The hot socketing DC specification is | Iiopyy | < 300 pA.
B The hot socketing AC specification is | Ijopy | < 8 mA for 10 ns
or less.

="  The DC specification applies when all VCC supplies to the
device are stable in the powered-up or powered-down
conditions. The AC specification applies when the device is
being powered up or powered down in any of the conditions
mentioned above.

Electrostatic discharge (ESD) protection is a design practice that is
integrated in Altera FPGAs and structured ASIC devices. HardCopy II
devices are no exception, and they are designed with ESD protection on
all1/0 and power pins.
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Figure 4-3 shows a typical HardCopy II CMOS 1/0O buffer structure
which will be used to explain ESD protection.

Figure 4-3. Transistor-Level Diagram of HardCopy Il Device I/0 Buffers

VRAD Ensures 3.3V
. Talerance &
FOE Signal or the The Larger of Hei-Socket
IE Signal Laigerof VCCIO or VPAD  VECID ar VPAD ] Prolection

VLD

The CMOS output drivers in the I/O pins intrinsically provide
electrostatic discharge protection. There are two cases to consider for ESD
voltage strikes: positive voltage zap and negative voltage zap.

A positive ESD voltage zap occurs when a positive voltage is present on
an I/0 pin due to an ESD charge event. This can cause the N+
(Drain)/PSubstrate junction of the N-channel drain to break down and
the N+ (Drain)/P-Substrate /N+ (Source) intrinsic bipolar transistor turns
on to discharge ESD current from I/O pin to GND.
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The dashed line (see Figure 4—4) shows the ESD current discharge path
during a positive ESD zap.

Figure 4-4. ESD Protection During Positive Voltage Zap
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When the I/O pin receives a negative ESD zap at the pin that is less than
-0.7 V (0.7 V is the voltage drop across a diode), the intrinsic
P-Substrate/N+ drain diode is forward biased. Hence, the discharge
ESD current path is from GND to the I/O pin, as shown in Figure 4-5.

Figure 4-5. ESD Protection During Negative Voltage Zap
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“®.e Details of ESD protection are also outlined in the Hot-Socketing and
Power-Sequencing Feature and Testing for Altera Devices white paper
located on the Altera website at www.altera.com.

““.e Forinformation on ESD results of Altera products, please see the

Document

Reliability Report on the Altera website at www.altera.com.

Table 4-52 shows the revision history for this chapter.

Revision History

Table 4-52. Document Revision History

Date and Document
Version

Changes Made

Summary of Changes

September 2008, v3.3

Updated chapter number and metadata.

September 2007 v3.2

Updated Table 4—33 and Table 4-34.

Updated drive strength value in Table 4—-36.

Changed fiy and fiyprp from 4 to 2 MHz in Table 4-42.
Added industrial values to Table 4-44.

Minor updates to correct
information in tables.

June 2007 v3.1

Changed V to V| in Table 4-16
Updated data for V |y in Table 4-17
Added Table 4-29

Updated Table 4—44

December 2006 v3.0

Major updates with new electrical characterization data

e Updated data in Table 4-1, Table 4-3, Table 4—4,
Table 4-5,Table 4-10, Table 4—12,
Table 4-13, Table 4-19, Table 4-20, Table 4-27 to
Table 4-31. Added Table 4-11 and Tables 4-36 to
Table 4-50.

e Merged Tables 4-27 to Table 4-32 into new Tables 4-32
to Table 4-33.

e Merged Tables 4-33 to Table 4-36 into new Tables 4-34
to Table 4-35.

e Added revision history

A major update to the
chapter due to new
electrical characterization
data availability.

October 2005, v2.1

Updated graphics.

May 2005, v2.0

Updated various tables throughout chapter.

January 2005
v1.0

Added document to the HardCopy Series Handbook.
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Altera® HardCopy® II devices feature 1.2-V, 90 nm process technology,
and provide a structured ASIC alternative to increasingly expensive
multi-million gate ASIC designs. The HardCopy II design methodology
offers a fast time-to-market schedule, providing ASIC designers with a
solution to long ASIC development cycles. Using the Quartus® II
software, you can leverage a Stratix® Il FPGA as a prototype and
seamlessly migrate your design to a HardCopy II device for production.

This document discusses the following topics:

B “HardCopy II Development Flow” on page 5-3

B “HardCopy II Device Resource Guide” on page 5-7

B “HardCopy Il Recommended Settings in the Quartus II Software” on
page 5-12

B “HardCopy II Utilities Menu” on page 5-25

I'=~  For more information about HardCopy II, HardCopy Stratix,
and HardCopy APEX™ devices, refer to the respective device
data sheets in the HardCopy Series Handbook.

HardCopy Il Design Benefits

Designing with HardCopy II structured ASICs offers substantial benefits
over other structured ASIC offerings:

B Prototyping using a Stratix II FPGA for functional verification and
system development reduces total project development time

B Seamless migration from a Stratix Il FPGA prototype to a
HardCopy II device reduces time to market and risk

B Unified design methodology for Stratix Il FPGA design and
HardCopy II design reduces the need for ASIC development
software

B Low up-front development cost of HardCopy II devices reduces the
financial risk to your project
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Quartus Il Features for HardCopy Il Planning

With the Quartus II software you can design a HardCopy II device using
a Stratix II device as a prototype. The Quartus II software contains the
following expanded features for HardCopy II device planning;:

HardCopy II Companion Device Assignment—Identifies
compatible HardCopy II devices for migration with the Stratix II
device currently selected.

I This feature constrains the pins of your Stratix II FPGA
prototype making it compatible with your HardCopy II
device. It also constrains the correct resources available for
the HardCopy II device making sure that your Stratix II
FPGA design does not become incompatible. In addition,
you are still required to compile the design targeting the
HardCopy II device to ensure that the design fits, routes,
and meets timing.

HardCopy II Utilities—The HardCopy II Utilities functions create
or overwrites HardCopy II companion revisions, change revisions to
use, and compare revisions for equivalency.

HardCopy II Advisor—The HardCopy II Advisor helps you follow
the necessary steps to successfully submit a HardCopy II design to
Altera’s HardCopy Design Center.

0=y

The HardCopy II Advisor is similar to the Resource
Optimization Advisor and Timing Optimization Advisor.
The HardCopy II Advisor provides guidelines you can
follow during development, reporting the tasks completed
as well as the tasks that remain to be completed during
development

HardCopy II Floorplan—The Quartus II software can show a
preliminary floorplan view of your HardCopy II design’s Fitter
placement results.

HardCopy II Design Archiving—The Quartus II software archives
the HardCopy II design project’s files needed to handoff the design
to the HardCopy Design Center.

I'="  This feature is similar to the Quartus II software HardCopy
Files Wizard used for HardCopy Stratix and HardCopy
APEX families.
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HardCopy II Device Preliminary Timing—The Quartus II software
performs a timing analysis of HardCopy II devices based on
preliminary timing models and Fitter placements. Final timing
results for HardCopy II devices are provided by the HardCopy
Design Center.

HardCopy Il Handoff Report-—The Quartus Il software generates a
handoff report containing information about the HardCopy Il design
used by the HardCopy Design Center in the design review process.
Formal Verification—Cadence Encounter Conformal software can
now perform formal verification between the source RTL design files
and post-compile gate level netlist from a HardCopy II design.

In the Quartus II software, you have two methods for designing your
Stratix I FPGA and HardCopy II companion device together in one
Quartus II project.

Design the HardCopy II device first, and create the Stratix II FPGA
companion device second and build your prototype for in-system
verification

Design the Stratix Il FPGA first and create a HardCopy II companion
device second

Both of these flows are illustrated at a high level in Figure 5-1. The added
features in the HardCopy II Utilities menu assist you in completing your
HardCopy II design for submission to Altera’s HardCopy Design Center
for back-end implementation.
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Figure 5-1. HardCopy Il Flow in Quartus Il Software
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Archive

Handoff Design Archive for
Back-End Migration
Notes for Figure 5-1:

(1) Refer to Figure 5-2 for an expanded description of this process.
(2) Refer to Figure 5-3 for an expanded description of this process.

\4
A

Designing the Stratix Il FPGA First

The HardCopy II development flow beginning with the Stratix II FPGA
prototype is very similar to a traditional Stratix Il FPGA design flow, but
requires a few additional tasks be performed to migrate the design to the
HardCopy II companion device. To design your HardCopy II device
using the Stratix II FPGA as a prototype, complete the following tasks:

Specify a HardCopy II device for migration

Compile the Stratix II FPGA design

Create and compile the HardCopy II companion revision
Compare the HardCopy II companion revision compilation to the
Stratix II device compilation

Figure 5-2 provides an overview highlighting the development process
for designing with a Stratix II FPGA first and creating a HardCopy II
companion device second.
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Figure 5-2. Designing Stratix Il Device First Flow
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Prototype your HardCopy II design by selecting and then compiling a
Stratix II device in the Quartus II software.

After you compile the Stratix II design successfully, you can view the
HardCopy II Device Resource Guide in the Quartus II software Fitter
report to evaluate which HardCopy II devices meet your design’s
resource requirements. When you are satisfied with the compilation
results and the choice of Stratix II and HardCopy II devices, on the
Assignments menu, click Settings. In the Category list, select Device. In
the Device page, select a HardCopy II companion device.
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After you select your HardCopy II companion device, do the following:

B Review the HardCopy II Advisor for required and recommended

tasks to perform

Enable Design Assistant to run during compilation

Add timing and location assignments

Compile your Stratix II design

Create your HardCopy II companion revision

Compile your design for the HardCopy II companion device

Use the HardCopy II Utilities to compare the HardCopy II

companion device compilation with the Stratix Il FPGA revision

B Generate a HardCopy Il Handoff Report using the HardCopy 11
Utilities

B Generate a HardCopy II Handoff Archive using the HardCopy II
Utilities

B Arrange for submission of your HardCopy II handoff archive to
Altera’s HardCopy Design Center for back-end implementation

For more information about the overall design flow using the Quartus II
software, refer to the Introduction to Quartus II manual on the Altera
website at www.altera.com.

Designing the HardCopy Il Device First

The HardCopy II family presents a new option in designing unavailable
in previous HardCopy families. You can design your HardCopy II device
first and create your Stratix II FPGA prototype second in the Quartus II
software. This allows you to see your potential maximum performance in
the HardCopy II device immediately during development, and you can
create a slower performing FPGA prototype of the design for in-system
verification. This design process is similar to the traditional HardCopy II
design flow where you build the FPGA first, but instead, you merely
change the starting device family. The remaining tasks to complete your
design for both Stratix II and HardCopy II devices roughly follow the
same process (Figure 5-3). The HardCopy II Advisor adjusts its list of
tasks based on which device family you start with, Stratix II or
HardCopy II, to help you complete the process seamlessly.

Altera Corporation
September 2008


www.altera.com
www.altera.com

HardCopy Il Device Resource Guide

Figure 5-3. Designing HardCopy Il Device First Flow
HardCopy Il Device Development Phase
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v
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HardCopv 1] The HardCopy II Device Resource Guide compares the resources
. required to successfully compile a design with the resources available in

Device Resource the various HardCopy II devices. The report rates each HardCopy II

Guide device and each device resource for how well it fits the design. The
Quartus II software generates the HardCopy II Device Resource Guide
for all designs successfully compiled for Stratix II devices. This guide is
found in the Fitter folder of the Compilation Report. Figure 5-4 shows an
example of the HardCopy II Device Resource Guide. Refer to Table 5-1
for an explanation of the color codes in Figure 5-4.
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Figure 5-4. HardCopy Il Device Resource Guide

HardCopy II Device Resource Guide

Color Legend: ~
-- Green:
-- Package Resource: The HardCopy Il package can be migrated from the Stratix | FPGA selected package, and the design has been fitted with the
target device migration enabled.

Resource Shratis ||
EP25130

1 Migration Cornpatibility
2 Prirnary Migration Constraint Package Package Package Package Package Package Package
3 | Package FBGA - 1020 |FBGA - 484 |FBGL - 484 |FBGA -E72 |FBGA - 780 FBGA - 1020 |FBGL - 1508
NE Logic - 19% 19% 10% 10% E% A% A%
E -- Lagic cells W/EF2ALUT: -~ - - -
g -- D5P elements 1]
BE
o | - Tatal 518 515/302 |515/335 |515/493 |515/495 |515/693 515/ 743 515 / 952
E -- Differential Input 0 0/E6 0/70 0/a0 0/490 0/128 0/224 0/2v2
10 -- Differential Output 0 0/44 0/50 0/70 0/70 0/112 0/3200 0/ 256
7] - PCl / PCI+ 1} 0./1583 0/1E7 0/ 245 0/247 0/353 0/ 367 0/472
12| -D0 1] 0/20 0/z20 0/80 0/50 0/204 0/204 0/204
E -Das 1] 0/8 0/a 0/18 0/18 0/72 0/72 0/72
14| B Memony
5] - M-Ramd E E/0 E/0 E/2 E/2 E/E E/3 E/3
16| - b44K blocks & M512 blocks™ |44
17| B PLLs
18 - Enhanced 2 242 242 242 242 2/4 2/4 2/4
9] -- Fast 1} 0/2 o/2 oi2 o/2 0/4 o/8 o/8
e 0 041 041 041 041 0/2 0/2 0/2
21| E SERDES
22 - R 0 0/17 0/ 0431 0/31 0/46 0/352 0/118
23] - TX 1} 0/18 o/19 0/29 0/29 0/44 0/88 0/118
N E] Canfiguration
E -CRC 0 0/0 0/o 0/0 0/0 0/0 0/0 0/0
26 - &5l 0 0/0 0/o 040 0/0 0/0 0/0 0/0
21| -- Remate Update 1} o/0 o/0 o/0 o/0 o/0 o/0 o/0
E -~ JTAG 0 041 041 041 041 041 041 041

* Device is preliminary. Overal performance is expected to be degraded.
* Design containg one or more M512 blocks, which cannot be migrated to HardCapy |l devices.

Use this report to determine which HardCopy II device is a potential
candidate for migration of your Stratix II design. The HardCopy Il device
package must be compatible with the Stratix II device package. A logic
resource usage greater than 100% or a ratio greater than 1/1 in any
category indicates that the design does not fit in that particular
HardCopy II device.
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Table 5-1. HardCopy Il Device Resource Guide Color Legend

Color Package Resource (7) Device Resources
The design can migrate to the Hardcopy Il The resource quantity is within the range of the
package and the design has been fitted with HardCopy Il device and the design can likely
G target device migration enabled in the migrate if all other resources also fit.
reen . . .
(High) HardCopy Il Companion Device dialog box.

You are still required to compile the HardCopy Il
revision to make sure the design is able to route
and migrate all other resources.

The design can migrate to the Hardcopy Il The resource quantity is within the range of the
package. However, the design has not been fitted | HardCopy Il device. However, the resource is at
with target device migration enabled in the risk of exceeding the range for the HardCopy Il
HardCopy Il Companion Device dialog box. package.
. If your target HardCopy Il device falls in this
(Medium) v 9 i

category, compile your design targeting the
HardCopy Il device as soon as possible to check
if the design fits and is able to route and migrate
all other resources. You may need to migrate to a
larger device.

Red The design cannot migrate to the Hardcopy Il The resource quantity exceeds the range of the
N package. HardCopy Il device. The design cannot migrate
(None) to this HardCopy Il device.

Note to Table 5-1:
(1)  The package resource is constrained by the Stratix I FPGA for which the design was compiled. Only vertical
migration devices within the same package are able to migrate to HardCopy II devices.

The HardCopy II architecture consists of an array of fine-grained HCells,
which are used to build logic equivalent to Stratix II adaptive logic
modules (ALMs) and digital signal processing (DSP) blocks. The DSP
blocks in HardCopy II devices match the functionality of the Stratix II
DSP blocks, though timing of these blocks is different than the FPGA DSP
blocks because they are constructed of HCell Macros. The M4K and
M-RAM memory blocks in HardCopy II devices are equivalent to the
Stratix I memory blocks. Preliminary timing reports of the HardCopy II
device are available in the Quartus II software. Final timing results of the
HardCopy II device are provided by the HardCopy Design Center after
back-end migration is complete.

e«  For more information about the HardCopy II device resources, refer to
the Introduction to HardCopy II Devices and the Description, Architecture

and Features chapters in the HardCopy II Device Family Data Sheet in the

HardCopy Series Handbook.
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The report example in Figure 5-4 shows the resource comparisons for a
design compiled for a Stratix II EP2S130F1020 device. Based on the
report, the HC230F1020 device in the 1,020-pin FineLine BGA® package
is an appropriate HardCopy II device to migrate to. If the HC230F1020
device is not specified as a migration target during the compilation, its
package and migration compatibility is rated orange, or Medium. The
migration compatibilities of the other HardCopy II devices are rated red,
or None, because the package types are incompatible with the Stratix II
device. The 1,020-pin FBGA HC240 device is rated red because it is only
compatible with the Stratix II EP25180F1020 device.

Figure 5-5 shows the report after the (unchanged) design was recompiled
with the HardCopy I HC230F1020 device specified as a migration target.
Now the HC230F1020 device package and migration compatibility is
rated green, or High.

Figure 5-5. HardCopy Il Device Resource Guide with Target Migration Enabled

HardCopy II Device Resource Guide

Color Legend: ~
- Green:
-- Package Resource: The HardCopy |l package can be migrated from the Stratix 1| FPGA selected package. and the design has been fitted with the
target device migration enabled.

Fesource Siratix 1
EP25130

1 Migration Cornpatibility Mo

2 | Prirmary Migration Constraint Package Package Package Package Package Package

3| Package FBGA-1020 | FBGA- 484 |FBGA- 454 |FBGA-572 |FBGA - 780 |FBGA- 1020 |FBGA- 1020 |FBGA- 1508
Hard c[]pv 1] In the Quartus II software, you can select a HardCopy II companion

. device to help structure your design for migration from a Stratix II device

Compa nion to a HardCopy II device. To make your HardCopy II companion device

Device Selection selection, on the Assignments menu, click Settings. In the Settings dialog

5-10

box in the Category list, select Device (Figure 5-6) and select your
companion device from the Available devices list.

Selecting a HardCopy II Companion device to go with your Stratix II
prototype constrains the memory blocks, DSP blocks, and pin
assignments, so that your Stratix I and HardCopy II devices are
migration-compatible. Pin assignments are constrained in the Stratix II
design revision so that the HardCopy II device selected is pin-compatible.
The Quartus II software also constrains the Stratix I design revision so it
does not use M512 memory blocks or exceed the number of M-RAM
blocks in the HardCopy II companion device.
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Figure 5-6. Quartus Il Settings Dialog Box

Settings - demo_design
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= &nalysis & Synthesis Settings | ALUT: | Memor.. | DSP A~
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Werilog HDL [nput =
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Spvensan o | [ESL = oo o
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=

Saftware Build Settings
HardCaopy Settings

Cancel

You can also specify your HardCopy II companion device using the
following tool command language (Tcl) command:

set _global assignment -name\
DEVICE TECHNOLOGY MIGRATION LIST <HardCopy II Device Part Number>

For example, to select the HC230F1020 device as your HardCopy II
companion device for the EP25130F1020C4 Stratix Il FPGA, the Tcl
command is:

set global assignment -name\
DEVICE TECHNOLOGY MIGRATION LIST HC230F1020C

Altera Corporation 5-11
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The HardCopy II development flow involves additional planning and
preparation in the Quartus II software compared to a standard FPGA
design. This is because you are developing your design to be
implemented in two devices: a prototype of your design in a Stratix II
prototype FPGA, and a companion revision in a HardCopy II device for
production. You need additional settings and constraints to make the
Stratix II design compatible with the HardCopy II device and, in some
cases, you must remove certain settings in the design. This section
explains the additional settings and constraints necessary for your design
to be successful in both Stratix Il FPGA and HardCopy II structured ASIC
devices.

Limit DSP and RAM to HardCopy Il Device Resources

On the Assignments menu, click Settings to view the Settings dialog box.
In the Category list, select Device. In the Family list, select Stratix II.
Under Companion device, Limit DSP and RAM to HardCopy II device
resources is turned on by default (Figure 5-7). This maintains
compatibility between the Stratix Il and HardCopy Il devices by ensuring
your design does not use resources in the Stratix II device that are not
available in the selected HardCopy 1II device.

Il=~  If you require additional memory blocks or DSP blocks for
debugging purposes using SignalTap® II, you can temporarily
turn this setting off to compile and verify your design in your
test environment. However, your final Stratix IT and
HardCopy II designs submitted to Altera for back-end
migration must be compiled with this setting turned on.

Figure 5-7. Limit DSP and RAM to HardCopy Il Device Resources Check Box

Companion device
HardCopy Il |HC230F1020C =]
[v Limit DSP & RaM to HardCopy || device resources

Enable Design Assistant to Run During Compile

You must use the Quartus II Design Assistant to check all HardCopy
series designs for design rule violations before submitting the designs to
the Altera HardCopy Design Center. Additionally, you must fix all critical
and high-level errors.

s Altera recommends turning on the Design Assistant to run
automatically during each compile, so that during development,
you can see the violations you must fix.
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For more information about the Design Assistant and the rules it uses,
refer to the Design Guidelines for HardCopy Series Devices chapter of the
HardCopy Series Handbook.

To enable the Design Assistant to run during compilation, on the
Assignment menu, click Settings. In the Category list, select Design
Assistant and turn on Run Design Assistant during compilation

(Figure 5-8) or by entering the following Tcl command in the Tcl Console:

set global assignment -name ENABLE DRC SETTINGS ON

Figure 5-8. Enabling Design Assistant
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Timing Settings

Beginning in Quartus II Software version 7.1, TimeQuest is the

recommended timing analysis tool for all designs. Classic Timing
Analyzer is no longer supported and the HardCopy Design Center will
not accept any designs which use Classic Timing Analyzer for timing
closure.

If you are still using the Classic Timing Analyzer, Altera strongly

recommends that you switch to TimeQuest.
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= For more information on how to switch to TimeQuest, refer to
the Switching to the TimeQuest Timing Analyzer chapter of the
Quartus Il Handbook, volume 3, on the Altera website at
www.altera.com.

When you specify the TimeQuest analyzer as the timing analysis tool, the
TimeQuest analyzer guides the Fitter and analyzes timing results after
compilation.

TimeQuest

The TimeQuest Timing Analyzer is a powerful ASIC-style timing analysis
tool that validates timing in your design by using an industry-standard
constraint, analysis, and reporting methodology. You can use the
TimeQuest Timing Analyzer’s GUI or command-line interface to
constrain, analyze, and report results for all timing paths in your design.

Before running the TimeQuest Timing Analyzer, you must specify initial
timing constraints that describe the clock characteristics, timing
exceptions, and signal transition arrival and required times. You can
specify timing constraints in the Synopsys Design Constraints (SDC) file
format using the GUI or command-line interface. The Quartus II Fitter
optimizes the placement of logic to meet your constraints.

During timing analysis, the TimeQuest Timing Analyzer analyzes the
timing paths in the design, calculates the propagation delay along each
path, checks for timing constraint violations, and reports timing results as
slack in the Report pane and in the Console pane. If the TimeQuest
Timing Analyzer reports any timing violations, you can customize the
reporting to view precise timing information about specific paths, and
then constrain those paths to correct the violations. When your design is
free of timing violations, you can be confident that the logic will operate
as intended in the target device.

The TimeQuest Timing Analyzer is a complete static timing analysis tool
that you can use as a sign-off tool for Altera FPGAs and structured ASICs.

Setting Up the TimeQuest Timing Analyzer

If you want use TimeQuest for timing analysis, from the Assignments tab
in the Quartus II software, click on Timing Analysis Settings, and in the
pop-up window, click the Use TimeQuest Timing Analyzer during
compilation tab.
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Use the following Tcl command to use TimeQuest as your timing analysis
engine:

set global assignment -name \
USE TIMEQUEST TIMING ANALYZER ON

You can launch the TimeQuest analyzer in one of the following modes:

B Directly from the Quartus II software
B Stand-alone mode
B Command-line mode

In order to perform a thorough Static Timing Analysis, you would need
to specify all the timing requirements. The most important timing
requirements are clocks and generated clocks, input and output delays,
false paths and multi-cycle paths, minimum and maximum delays.

In TimeQuest, clock latency, and recovery and removal analysis are
enabled by default.

For more information about TimeQuest, refer to the Quartus II TimeQuest
Timing Analyzer chapter in volume 3 of the Quartus II Handbook on the
Altera website at www.altera.com.

Constraints for Clock Effect Characteristics

The create clock, create generated clock commands create
ideal clocks and do not account for board effects. In order to account for
clock effect characteristics, you can use the following commands:

B set clock latency
B set clock uncertainty

= For more information about how to use these commands, refer
to the Quartus II TimeQuest Timing Analyzer chapter in volume 3
of the Quartus II Handbook.

Beginning in Quartus II version 7.1, you can use the new command
derive clock uncertainty toautomatically derive the clock
uncertainties. This command is useful when you are not sure what the
clock uncertainties might be. The calculated clock uncertainty values are
based on I/O buffer, static phase errors (SPE) and jitter in the PLL's, clock
networks, and core noises.
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The derive clock_ uncertainty command applies inter-clock,
intra-clock, and I/O interface uncertainties. This command automatically
calculates and applies setup and hold clock uncertainties for each
clock-to-clock transfer found in your design.

In order to get I/O interface uncertainty, you must create a virtual clock,

then assign delays to the input/output ports by using the

set_input delayand set output delay commands for that

virtual clock.

s These uncertainties are applied in addition to those you
specified using the set clock uncertainty command.
However, if a clock uncertainty assignment for a source and
destination pair was already defined, the new one will be
ignored. In this case, you can use either the ~overwrite
command to overwrite the previous clock uncertainty command
or manually remove them by using the
remove clock uncertaintycommand.

The syntax for the derive_clock_uncertainty is as follows:

derive clock uncertainty [-h | -help] [-long help]
[-dtw] [-overwrite]

where the arguments are listed in Table 5-2:

Table 5-2. Arguments for derive_clock_uncertainty

Option Description
-h | -help Short help
-long_help | Long help with examples and possible return values
-dtw Creates PLLJ_PLLSPE_INFO.txt file

-overwrite Overwrites previously performed clock uncertainty assignments

When the dtw option is used, a PLLJ_PLLSPE_INFO.txt file is generated.
This file lists the name of the PLLs, as well as their jitter and SPE values
in the design. This text file can be used by HCII_DTW_CU_Calculator.
When this option is used, clock uncertainties are not calculated.

For more information onthe derive clock uncertaintycommand,
refer to the Quartus II TimeQuest Timing Analyzer chapter in volume 3 of
the Quartus Il Handbook.
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Altera strongly recommends that you use the

derive clock uncertainty command in the HardCopy II revision.
The HardCopy Design Center will not be accepting designs that do not
have clock uncertainty constraint by either using the

derive clock uncertainty command or the HardCopy II Clock
Uncertainty Calculator, and then using the set clock uncertainty
command.

For more information on how to use the HardCopy II Clock Uncertainty
Calculator, refer to the HardCopy II Clock Uncertainty User Guide available
on the Altera website at www.altera.com.

Quartus Il Software Features Supported for HardCopy Il Designs

The Quartus II software supports optimization features for HardCopy II
prototype development, including:

Physical Synthesis Optimization

LogicLock Regions

PowerPlay Power Analyzer

Incremental Compilation (Synthesis and Fitter)
Maximum Fan-Out Assignments

Physical Synthesis Optimization

To enable Physical Synthesis Optimizations for the Stratix II FPGA
revision of the design, on the Assignments menu, click Settings. In the
Settings dialog box, in the Category list, select Fitter Settings. These
optimizations are migrated into the HardCopy II companion revision for
placement and timing closure. When designing with a HardCopy II
device first, physical synthesis optimizations can be enabled for the
HardCopy II device, and these post-fit optimizations are migrated to the
Stratix II FPGA revision.

LogicLock™ Regions

The use of LogicLock Regions in the Stratix II FPGA is supported for
designs migrating to HardCopy II. However, LogicLock Regions are not
passed into the HardCopy II Companion Revision. You can use
LogicLock in the HardCopy II design but you must create new
LogicLock Regions in the HardCopy II companion revision. In addition,
LogicLock Regions in HardCopy II devices can not have their properties
set to Auto Size. However, Floating LogicLock regions are supported.
HardCopy II LogicLock Regions must be manually sized and placed in
the floorplan. When LogicLock Regions are created in a HardCopy II
device, they start with width and height dimensions set to (1,1), and the
origin coordinates for placement are at X1_Y1 in the lower left corner of
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the floorplan. You must adjust the size and location of the LogicLock
Regions you created in the HardCopy II device before compiling the
design.

«®  For information about using LogicLock Regions, refer to the Quartus II
Analyzing and Optimizing Design Floorplan chapter in volume 2 of the
Quartus II Handbook.

PowerPlay Power Analyzer

You can perform power estimation and analysis of your HardCopy Il and
Stratix II devices using the PowerPlay Early Power Estimator. Use the
PowerPlay Power Analyzer for more accurate estimation of your device’s
power consumption. The PowerPlay Early Power Estimator is available
in the Quartus II software version 5.1 and later. The PowerPlay Power
Analyzer supports HardCopy II devices in version 6.0 and later of the
Quartus II software.

«®  For more information about using the PowerPlay Power Analyzer, refer
to the Quartus II PowerPlay Power Analysis chapter in volume 3 of the
Quartus IT Handbook on the Altera website at www.altera.com.

Incremental Compilation

The use of the Quartus II Incremental Compilation in the Stratix Il FPGA
is supported when migrating a design to a HardCopy II device.
Incremental compilation is supported in the Stratix II First design flow or
HardCopy II First design flow.

To take advantage of Quartus II Incremental Compilation, organize your
design into logical and physical partitions for synthesis and fitting (or
place-and-route). Incremental compilation preserves the compilation
results and performance of unchanged partitions in your design. This
feature dramatically reduces your design iteration time by focusing new
compilations only on changed design partitions. New compilation results
are then merged with the previous compilation results from unchanged
design partitions. You can also target optimization techniques, such as
physical synthesis, to specific partitions while leaving other partitions
untouched.

In addition, be aware of the following guidelines:

B User partitions and synthesis results are migrated to a companion
device.

B LogicLock regions are suggested for user partitions, but are not
migrated automatically.
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B The first compilation after migration to a companion device requires
a full compilation (all partitions are compiled), but subsequent
compilations can be incremental if changes to the source RTL are not
required. For example, PLL phase changes can be implemented
incrementally if the blocks are partitioned.

B The entire design must be migrated between Stratix IT and
HardCopy II companion devices. The Quartus II software does not
support migration of partitions between companion devices.

B Bottom-up Quartus II Incremental Compilation is not supported for
HardCopy II devices.

B Physical Synthesis can be run on individual partitions within the
originating device only. The resulting optimizations are preserved in
the migration to the companion device.

For information about using Quartus II Incremental Compilation, refer
to the Quartus II Incremental Compilation for Hierarchical and Team-Based
Design chapter in volume 1 of the Quartus II Handbook.

Maximum Fanout Assignments

This feature is supported beginning in Quartus II 6.1. In order to meet
timing, it may be necessary to limit the number of fanouts of a net in your
design. You can limit the maximum fanout of a given net by using this
feature.

For example, you can use the following Tcl command to enable the
maximum fanout setting:

set instance assignment -name MAX FANOUT <number>
- to\ <net name>

For example, if you want to limit the maximum fanout of net called
"m3122_combout_1" to 25, the Tcl command is as follows:

set instance assignment -name MAX FANOUT 25 -to\
m3122 combout 1

As designs grow larger and larger in density, the need to analyze the
design for performance, routing congestion, logic placement, and
executing Engineering Change Orders (ECOs) becomes critical. In
addition to design analysis, you can use various bottom-up and
top-down flows to implement and manage the design. This becomes
difficult to manage since ECOs are often implemented as last minute
changes to your design.
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With the Altera® Chip Planner tool, you can shorten the design cycle time
significantly. When changes are made to your design as ECOs, you do not
have to perform a full compilation in the Quartus II software. Instead,
you would make changes directly to the post place-and-route netlist,
generate a new programming file, test the revised design by performing
a gate-level simulation and timing analysis, and proceed to verify the fix
on the system (if you are using a Stratix Il FPGA as a prototype). Once the
fix has been verified on the Stratix Il FPGA, switch to the HardCopy II
revision, apply the same ECOs, run the timing analyzer and assembler,
perform a revision compare and then run the HardCopy II Netlist Writer
for design submission.

There are three scenarios from a migration point of view:

B There are changes which can map one-to-one (that is, the same
change can be implemented on each architecture—Stratix II FPGA
and HardCopy II).

B There are changes that must be implemented differently on the two
architectures to achieve the same result.

B There are some changes that cannot be implemented on both
architectures.

The following sections outline the methods for migrating each of these
types of changes.

Migrating One-to-One Changes

One-to-one changes are implemented using identical commands in both
architectures. In general, such changes include those that affect only I/O
cells or PLL cells. Some examples of one-to-one changes are changes such
as creating, deleting or moving pins, changing pin or PLL properties, or
changing pin connectivity (provided the source and destination of the
connectivity changes are I/Os or PLLs). These can be implemented
identically on both architectures.

If such changes are exported to Tcl, a direct reapplication of the generated
Tcl script (with a minor text edit) on the companion revision should
implement the appropriate changes as follows:

B Export the changes from the Change Manager to Tcl.

B Open the generated Tcl script, change the line "project_open
<project> -revision <revision>" to refer to the appropriate companion
revision.

B Apply the Tcl script to the companion revision.
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A partial list of examples of this type are as follows:

B I/0O creation, deletion, and moves

B I/O property changes (for example, I/O standards, delay chain
settings, etc.)

B PLL property changes

B Connectivity changes between non-LCELL_COMB atoms (for
example, PLL to 1/O, DSP to I/0O, etc.)

Migrating Changes that must be Implemented Differently

Some changes must be implemented differently on the two architectures.
Changes affecting the logic of the design may fall into this category.
Examples are LUTMASK changes, LC_COMB/HSADDER creation and
deletion, and connectivity changes not covered in the previous section.

Another example of this would be to have different PLL settings for the
Stratix II and the HardCopy II revisions.

For more information about how to use different PLL settings for the
Stratix II and HardCopy II Devices, refer to AN432: Using Different PLL
Settings Between Stratix II and HardCopy II Devices.

Table 5-3 summarizes suggested implementation for various changes.

Table 5-3. Implementation Suggestions for Various Changes (Part 1 of 2)

Change Type Suggested Implementation

LUTMASK changes Because a single Stratix Il atom may require
multiple HardCopy Il atoms to implement, it may be
necessary to change multiple HardCopy Il atoms to
implement the change, including adding or
modifying connectivity

Make/Delete LC_COMB If you are using a Stratix Il LC_COMB in extended
mode (7-LUT) or using a SHARE chain, you must
create multiple atoms to implement the same logic
functions in HardCopy II. Additionally, the
placement of the LC_COMB cell has no meaning in
the companion revision as the underlying
resources are different.
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Table 5-3. Implementation Suggestions for Various Changes (Part 2 of 2)

Change Type

Suggested Implementation

Make/Delete LC_FF

The basic creation and deletion is the same on both
architectures. However, as with LC_COMB creation
and deletion, the location of an LC_FF in a
HardCopy Il revision has no meaning in the
Stratix |l revision and vice versa.

Editing Logic Connectivity

Because a Stratix || LCELL_COMB atom may have
to be broken up into several HardCopy |
LCELL_COMB atoms, the source or destination
ports for connectivity changes may need to be
analyzed to properly implement the change in the
companion revision.

Changes that Cannot be Migrated

A small set of changes cannot be implemented in the other architecture
because they do not make sense in the other architecture. The best
example of this occurs when moving logic in a design; because the logic
fabric is different between the two architectures, locations in Stratix II
make no sense in HardCopy II and vice versa.

This section outlines the migration flow and the suggested procedure for
implementing changes in both revisions to ensure a successful Revision
Compare such that the design can be submitted to the HardCopy Design

Center.

Preparing the Revisions

The general procedure for

migrating changes between devices is the

same, whether going from Stratix II to HardCopy II or vice versa. The

major steps are as follows:

1. Compile the design on the initial device.

2. Migrate the design from the initial device to the target device in the

companion revision.

3. Compile the companion revision.

4. Perform a Revision Compare operation. The two revisions should
pass the Revision Compare.
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If testing identifies problems requiring ECO changes, equivalent changes
can be applied to both Stratix Il and HardCopy Il revisions, as described
in the next section.

Applying ECO Changes

The general flow for applying equivalent changes in companion revisions
is as follows:

1.

Make changes in one revision using the Chip Planner tools (Chip
Planner, Resource Property Editor, and Change Manager), then
verify and export these changes. The procedure for doing this is as
follows:

a. Make changes using the Chip Planner tool.

b. Perform a netlist check using the Check and Save All Netlist
Changes command.

c.  Verify correctness using timing analysis, simulation, and
prototyping (Stratix II only). If more changes are required,

repeat steps a-b.

d. Export change records from the Change Manager to Tcl scripts,
or .csv or .txt file formats.

This exported file is used to assist in making the equivalent
changes in the companion revision.

Open the companion revision in the Quartus II software.

Using the exported file, manually reapply the changes using the
Chip Planner tool.

As stated previously, some changes can be reapplied directly to the
companion revision (either manually or by applying the Tcl

commands), while others require some modifications.

Perform a Revision Compare operation. The revisions should now
match once again.

Verify the correctness of all changes (you may need to run timing
analysis).

Run the HardCopy II Assembler and the HardCopy II Netlist Writer
for design submission along with handoff files.
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The Tcl command for running the HardCopy II Assembler is as follows:

execute module -tool asm -args "--
read settings files=\ off --write settings files=off"

The Tcl command for the HardCopy II Netlist Writer is as follows:

execute module -tool cdb -args "--
generate hardcopyii files"\

For more information about using Chip Planner, refer to the Quartus II
Engineering Change Management with Chip Planner chapter in volume 3 of
the Quartus II Handbook at www.altera.com.

Third-party formal verification software is available for your

HardCopy Il design. Cadence Encounter Conformal verification software
is used for Stratix I and HardCopy II families, as well as several other
Altera product families.

To use the Conformal software with the Quartus II software project for
your Stratix II and HardCopy II design revisions, you must enable the
EDA Netlist Writer. It is necessary to turn on the EDA Netlist Writer so it
can generate the necessary netlists and command files needed to run the
Conformal software. To automatically run the EDA Netlist Writer during
the compile of your Stratix Il and HardCopy II design revisions, perform
the following steps:

1. On the Assignment menu, click EDA Tool Settings. The Settings
dialog box displays.

2. Inthe EDA Tool Settings list, select Formal Verification, and in the
Tool name list, select Conformal LEC.

3. Compile your Stratix II and Hardcopy II design revisions, with both
the EDA Tool Settings and the Conformal LEC turned on so the
EDA Netlist Writer automatically runs.

The Quartus II EDA Netlist Writer produces one netlist for Stratix Il when
it is run on that revision, and generates a second netlist when it runs on
the HardCopy Il revision. You can compare your Stratix II post-compile
netlist to your RTL source code using the scripts generated by the

EDA Netlist Writer. Similarly, you can compare your HardCopy II
post-compile netlist to your RTL source code with scripts provided by
the EDA Netlist Writer.

Altera Corporation
September 2008



HardCopy Il Utilities Menu

e«  For more information about using the Cadence Encounter Conformal
verification software, refer to the Cadence Encounter Conformal Support
chapter in volume 3 of the Quartus II Handbook.

HardCopv ] The HardCopy II Utilities menu in the Quartus II software is shown
R Figure 5-9. To access this menu, on the Project menu, click HardCopy II
Utl I Itl es M enu Utilities. This menu contains the main functions you use to develop your

HardCopy II design and Stratix Il FPGA prototype companion revision.
From the HardCopy II Utilities menu, you can:

Create or update HardCopy II companion revisions

Set which HardCopy II companion revision is the current revision
Generate a HardCopy II Handoff Report for design reviews
Archive HardCopy Il Handoff Files for submission to the HardCopy
Design Center

Compare the companion revisions for functional equivalence

Track your design progress using the HardCopy II Advisor

Figure 5-9. HardCopy Il Utilities Menu
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Each of the features within HardCopy II Utilities is summarized in
Table 5-4. The process for using each of these features is explained in the

following sections.

Table 5-4. HardCopy Il Utilities Menu Options

Applicable Design

Companion Revision

companion revision for your
Stratix Il and HardCopy |
design.

Companion Revision

Menu Description L Restrictions
Revision
Create/Overwrite Create a new companion Stratix Il prototype @ Must disable Auto Device
HardCopy I revision or update an existing | design and HardCopy Il selection

® Must set a Stratix Il device
and a HardCopy Il
companion device

Set Current
HardCopy I
Companion Revision

Specify which companion
revision to associate with
current design revision.

Stratix Il prototype

design and HardCopy |

Companion Revision

Companion Revision must
already exist

HardCopy Il Handoff
Report

important design information
files and messages generated
by the Quartus Il compile

design and HardCopy Il

Companion Revision

Compare Compares the Stratix |l design | Stratix Il prototype Compilation of both revisions
HardCopy Il revision with the HardCopy Il | design and HardCopy Il | must be complete
Companion companion design revision Companion Revision

Revisions and generates a report.

Generate Generate a report containing | Stratix Il prototype e Compilation of both

revisions must be complete
e Compare HardCopy Il

Companion Revisions

must have been executed

Archive HardCopy Il
Handoff Files

Generate a Quartus Il Archive
File specifically for submitting
the design to the HardCopy
Design Center. Similar to the
HardCopy Files Wizard for
HardCopy Stratix and APEX.

HardCopy I
Companion Revision

e Compilation of both
revisions must be
completed

e Compare HardCopy Il
Companion Revisions
must have been executed

e Generate HardCopy
Handoff Report must have
been executed

HardCopy Il Advisor

Open an Advisor, similar to the
Resource Optimization
Advisor, helping you through
the steps of creating a
HardCopy Il project.

Stratix Il prototype

design and HardCopy Il

Companion Revision

None
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Companion Revisions

HardCopy II designs follow a different development flow in the
Quartus I software compared with previous HardCopy families. You can
create multiple revisions of your Stratix II prototype design, but you can
also create separate revisions of your design for a HardCopy II device.
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The Quartus II software creates specific HardCopy II design revisions of
the project in conjunction to the regular project revisions. These parallel
design revisions for HardCopy II devices are called companion revisions.

s Although you can create multiple project revisions, Altera
recommends that you maintain only one Stratix II FPGA
revision once you have created the HardCopy II companion
revision.

When you have successfully compiled your Stratix II prototype FPGA,
you can create a HardCopy II companion revision of your design and
proceed with compiling the HardCopy II companion revision. To create a
companion revision, on the Project menu, point to HardCopy II Utilities
and click Create/Overwrite HardCopy II Companion Revision. Use the
dialog box to create a new companion revision or overwrite an existing
companion revision (Figure 5-10).

Figure 5-10. Create or Overwrite HardCopy Il Companion Revision

Create/Overwrite HardCopy Il Companion Revision @

Create a companion HardCopy || revision to an existing Stratix || design. The companion
revigion must have the same azsignments and zettings as the curent revision. Submit both
1evizions to the HardCopy |l Design Center.
Curient revision: demo_design
Current companion revision: demo_design_hcii

Create/avensrite companion revisions

& Ovenarite curment companion revision with assignments from the cuiment ievision

" Create new companion revision with assignments from the curent revision

oK Cancel

You can associate only one Stratix II revision to one HardCopy II
companion revision. If you created more than one revision or more than
one companion revision, set the current companion for the revision you
are working on. On the Project menu, point to HardCopy II Utilities and
click Set Current HardCopy II Companion Revision (Figure 5-11).

Altera Corporation 5-27
September 2008



HardCopy Series Handbook, Volume 1

Figure 5-11. Set Current HardCopy Il Companion Revision

Set Current HardCopy Il Companion Revision

Allowes you to change the companion ievision associated with the current ievision.

Current revision: demo_design

Current companion revisian:

Compiling the HardCopy Il Companion Revision

The Quartus II software allows you to compile your HardCopy II design
with preliminary timing information. The timing constraints for the
HardCopy II companion revision can be the same as the Stratix II design
used to create the revision. The Quartus II software contains preliminary
timing models for HardCopy II devices and you can gauge how much
performance improvement you can achieve in the HardCopy II device
compared to the Stratix Il FPGA. Altera verifies that the HardCopy II
Companion Device timing requirements are met in the HardCopy Design
Center.

After you create your HardCopy II companion revision from your
compiled Stratix Il design, select the companion revision in the Quartus II
software design revision drop-down box (Figure 5-12) or from the
Revisions list. Compile the HardCopy II companion revision. After the
Quartus II software compiles your design, you can perform a comparison
check of the HardCopy II companion revision to the Stratix II prototype
revision.

Figure 5-12. Changing Current Revision

File Edit Wiew Project Assignments Processing Tools  Window Help

0= a2 |demo_design j

5-28 Altera Corporation
September 2008



HardCopy Il Utilities Menu

Altera Corporation
September 2008

Comparing HardCopy Il and Stratix Il Companion Revisions

Altera uses the companion revisions in a single Quartus II project to
maintain the seamless migration of your design from a Stratix Il FPGA to
a HardCopy II structured ASIC. This methodology allows you to design
with one set of Register Transfer Level (RTL) code to be used in both
Stratix Il FPGA and HardCopy II structured ASIC, guaranteeing
functional equivalency.

When making changes to companion revisions, use the Compare
HardCopy II Companion Revisions feature to ensure that your Stratix II
design matches your HardCopy II design functionality and compilation
settings. To compare companion revisions, on the Project menu, point to
HardCopy II Utilities and click Compare HardCopy II Companion
Revisions.

=" You must perform this comparison after both Stratix IT and
HardCopy II designs are compiled in order to hand off the
design to Altera’s HardCopy Design Center

The Comparison Revision Summary is found in the Compilation Report
and identifies where assignments were changed between revisions or if
there is a change in the logic resource count due to different compilation
settings.

Generate HardCopy Il Handoff Report

In order to submit a design to the HardCopy Design Center, you must
generate a HardCopy II Handoff Report providing important
information about the design that you want the HardCopy Design Center
to review. To generate the HardCopy Il Handoff Report, you must:

B Successfully compile both Stratix II and HardCopy II revisions of
your design

B Successfully run the Compare HardCopy II Companion Revisions
utility

Once you generate the HardCopy Il Handoff Report, you can archive the
design using the Archive HardCopy II Handoff Files utility described in
“Archive HardCopy II Handoff Files” on page 5-29.

Archive HardCopy Il Handoff Files

The last step in the HardCopy II design methodology is to archive the
HardCopy II project for submission to the HardCopy Design Center for
back-end migration. The HardCopy II archive utility creates a different
Quartus II Archive File than the standard Quartus II project archive
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utility generates. This archive contains only the necessary data from the
Quartus II project needed to implement the design in the HardCopy
Design Center.

In order to use the Archive HardCopy II Handoff Files utility, you must
complete the following:

B Compile both the Stratix II and HardCopy Il revisions of your design
B Run the Compare HardCopy II Revisions utility
B Generate the HardCopy II Handoff Report

To select this option, on the Project menu, point to HardCopy II Utilities
and click Archive HardCopy II Handoff File utility.

HardCopy Il Advisor

The HardCopy II Advisor provides the list of tasks you should follow to
develop your Stratix II prototype and your HardCopy II design. To run
the HardCopy II Advisor, on the Project menu, point to HardCopy II
Utilities and click HardCopy II Advisor. The following list highlights the
checkpoints that the HardCopy II Advisor reviews. This list includes the
major check points in the design process; it does not show every step in
the process for completing your Stratix Il and HardCopy II designs:

1. Select a Stratix II device.

2. Select a HardCopy II device.

3. Turn on the Design Assistant.

4. Set up timing constraints.

5. Check for incompatible assignments.

6. Compile and check the Stratix II design.

7. Create or overwrite the companion revision.

8. Compile and check the HardCopy II companion results.

9. Compare companion revisions.

10. Generate a Handoff Report.

11. Archive Handoff Files and send to Altera.
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The HardCopy II Advisor shows the necessary steps that pertain to your
current selected device. The Advisor shows a slightly different view for a
design with Stratix II selected as compared to a design with HardCopy II
selected.

In the Quartus II software, you can start designing with the HardCopy II
device selected first, and build a Stratix II companion revision second.
When you use this approach, the HardCopy II Advisor task list adjusts
automatically to guide you from HardCopy II development through
Stratix I FPGA prototyping, then completes the comparison archiving
and handoff to Altera.

When your design uses the Stratix Il FPGA as your starting point, Altera
recommends following the Advisor guidelines for your Stratix II FPGA
until you complete the prototype revision.

When the Stratix II FPGA design is complete, create and switch to your
HardCopy II companion revision and follow the Advisor steps shown in
that revision until you are finished with the HardCopy Il revision and are
ready to submit the design to Altera for back-end migration.

Each category in the HardCopy II Advisor list has an explanation of the
recommended settings and constraints, as well as quick links to the
features in the Quartus II software that are needed for each section. The
HardCopy II Advisor displays:

B A green check box when you have successfully completed one of the
steps

B A yellow caution sign for steps that must be completed before
submitting your design to Altera for HardCopy development

B Aninformation callout for items you must verify

Ils~  Selecting an item within the HardCopy II flow menu provides a
description of the task and recommended action. The view in
the HardCopy II Advisor differs depending on the device you
select.
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Figure 5-13 shows the HardCopy II Advisor with the Stratix II device
selected.

Figure 5-13. HardCopy Il Advisor with Stratix Il Selected

HardCopy Il Advisor

HardCopy II Advisor
Getting maore information

7 Choose a Stratix I device Fiecommendation Compils and check Stiati I 1evision
/' Choose & HardCopy IT companion devics Description Compile the design and verify the specified companion
=hnd Setup Stratix IT revision HardCopy |l device is compatible with the design, Design

wd Turn on the Design Assistant Assistant passes with no errars, timing requirements were

successHully met and all paths were timing constrained, and

o/ Turn on the Assembler 190 types are full defined for althe 10 pirs.

#-wd Setup timing constraints
w-wd Check for Incompatible Assignments Action Press the button below to verify the compilation was
/0 Compile and check Stratix IT revision successful for HardCopy | development.
/' Create a HardCopy IT companion revision Compile and Check Results
A ‘erify HardCopy 11 revision
Compile and check HardCopy IT companion revision Open Device Resource Guide [Compilation Report]
Compare Companion revisions Open Desion Assistant Summary [Compilation Report]
Generate Handoff Report Open Timing Constraint Check Summary [Compilation
Ay firchive Handoff Files and Send to Altera FReport]

Figure 5-14 shows the HardCopy I Advisor with the HardCopy Il device
selected.

Figure 5-14. HardCopy Il Advisor with HardCopy Il Device Selected

i) Getking more information

/' Choose a HardZopy 11 device Fiecommendation Compile and check HardCopy Il revision
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= Setup HardCopy IT revision HardCopy |l device is compatible with the design, Design
w«f Turn on the Design Assistant Azsistant pazses with no emmors, iming requirements were

successfully met and all paths were timing constrained, and.

) Tur on the Assembler 190 types are ully defined for 2l the 10 pirs

Bnd - Setup timing canstrainks

#-of Check For Incompatible Assigrments Action Press the button below ta verify the compilation was
By Compile anc : Har 11 re: successful for HardCopy || development

wf Create a Stratix IT companion revision Compile and Check Results
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Compile and check Stratix: IT companion revision Open Device Resource Guide [Compilation Report]

Compate companion revisions Open Desingn Assistant Sunmary [Compilation Report]

Generate Handoff Report Open Timing Constraint Check Summsry [Compilation
Fepart)

/P Archive Handoff Flles and Send ta Altera
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HardCopy Il Floorplan View

The Quartus II software displays the preliminary timing closure
floorplan and placement of your HardCopy II companion revision. This
floorplan shows the preliminary placement and connectivity of all I/O
pins, PLLs, memory blocks, HCell macros, and DSP HCell macros.
Congestion mapping of routing connections can be viewed using the
Layers Setting dialog box (in the View menu) settings. This is useful in
analyzing densely packed areas of your floorplan that could be reducing
the peak performance of your design. The HardCopy Design Center
verifies final HCell macro timing and placement to guarantee timing
closure is achieved.

Figure 5-15 shows an example of the HC230F1020 device floorplan.

Figure 5-15. HC230F1020 Device Floorplan

In this small example design, the logic is placed near the bottom edge.
You can see the placement of a DSP block constructed of HCell Macros,
various logic HCell Macros, and an M4K memory block. A labeled
close-up view of this region is shown in Figure 5-16.
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Figure 5-16. Close-Up View of Floorplan

The HardCopy Design Center performs final placement and timing
closure on your HardCopy II design based on the timing constraints
provided in the Stratix II design.

For more information about the HardCopy Design Center’s process,
refer to the Back-End Design Flow for HardCopy Series Devices chapter in
volume 1 of the HardCopy Series Device Handbook.

You can use the Quartus II software to design HardCopy Il devices and to
develop prototypes using Stratix Il FPGAs. This is done using the
standard FPGA development process with the addition of the
HardCopy II Device Resource Guide, HardCopy II Companion Devices
assignment HardCopy II Utilities, and the HardCopy II Advisor.

The addition of the HardCopy II Advisor to the Quartus II software
provides an instrumental development guide for you to complete your
HardCopy II and Stratix II device designs. The HardCopy II Utilities
included in the Quartus II software provide you with the tools necessary
to complete your Stratix II FPGA prototype and HardCopy II structured
ASIC design. The addition of the HardCopy II companion revisions
feature to the process allows for rapid development and verification that
your HardCopy II design is functionally equivalent to your Stratix II
FPGA prototype.
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Table 5-5 shows the revision history for this chapter.

Document
Revision History

Table 5-5. Document Revision History

v2.5

Date and D_ocument Changes Made Summary of Changes
Version
September 2008, Updated chapter number and metadata. —

June 2007 v2.4

Updated with the current Quartus Il software version 7.1
information.

December 2006
v2.3

Minor updates for the Quartus Il software version 6.1.0

e Added “Performing ECOs with Change Manager and
Chip Planner” and “Overall Migration Flow” sections.

e Updated “Quartus Il Software Features Supported for
HardCopy Il Designs” section.

A medium update to the
chapter, due to changes in
the Quartus Il software
version 6.1 release; most
changes were in the
“Performing ECOs with
Change Manager and Chip
Planner” and “Overall
Migration Flow” sections.

May 2006, v2.2

Added information on support for HardCopy Il devices in
version 6.0 of the Quartus Il software.

March 2006

Formerly chapter 18; no content change.

October 2005 v2.1

e Moved Chapter 17 Quartus Il Support for HardCopy Il
Devices to Chapter 18 in Hardcopy Series Device
Handbook 3.2.

e Updated Graphics.

e Updated technical content for Quartus Il 5.1 support of
HardCopy Il devices.

May 2005 Added information on support for HardCopy Il devices in —
v2.0 version 5.0 of the Quartus Il software.

January 2005 Added document to the HardCopy Series Handbook. —_
v1.0
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The Quartus®II software includes a set of command-line executables,
many of which support an interactive Tcl shell. Using the Tcl shell, you
can perform FPGA or HardCopy® design operations without using the
Quartus®II window-based GUI.

This chapter provides an introduction to Tcl operations for script-based
HardCopy II design using the interactive Tcl shell. Topics covered in this
chapter include:

Overview of Tcl scripting features in the Quartus II software
HardCopy II design flow

Applying location and timing constraints

Synthesis, place and route for HardCopy II designs, and Stratix®1I
prototypes

B Design verification and analysis

The Quartus II software provides different ways to execute Tcl
commands and scripts, including:

A Tcl Console window
A Tcl Scripts dialogue box
Command-line processing
An interactive Tcl shell

The Tcl Console window and Tel Scripts dialogue box both run within the
Quartus II GUI and are not described here. Instead, this chapter focuses
on the Interactive Tcl shell that you can use with the Quartus II
command-line executables.

For more information about command-line processing and the use of
Quartus II command-line executables in batchfiles, makefiles, and
scripts, refer to the Command-Line Scripting chapter in volume 2 of the
Quartus II Handbook.

For more information on the Quartus II Tcl implementation, refer to the
Tcl Reference Manual and the Tcl Scripting chapter of the Quartus II
Handbook.
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Interactive Tcl Shell

A number of the Quartus II executables can be run with an interactive Tcl
shell as the user interface. These executables are identified in Table 6-1.
The interactive Tcl shell supports Tcl version 8.4.

Table 6-1. Quartus Il Command-Line Executables with Interactive Tcl Support

Executable Name

Description

quartus_ sh

A basic Tcl interpreter shell. Supports assignment specification, compile operations, and
native operating system commands. For more information, refer to quartus_sh inthe
Command-Line Executables section of the Quartus Il Scripting Reference Manual.

quartus_sta

The Quartus Il TimeQuest timing analyzer engine supports building the timing graph for the
design and timing analysis Tcl commands. For more information, refer to quartus_sta
in the Command-Line Executables section of the Quartus Il Scripting Reference Manual.

quartus_tan

The Quartus Il Classic Timing Analyzer engine supports building the timing graph for the
design and timing analysis Tcl commands. For more information, refer to quartus_tan
in the Command-Line Executables section of the Quartus Il Scripting Reference Manual.

quartus cdb

The Quartus |l database interface executable. Supports operations related to the design
database such as LogicLock, back-annotation, and FPGA-HardCopy comparison for
HardCopy Il designs. For more information, refer to quartus_cdb in the Commana-
Line Executables section of the Quartus Il Scripting Reference Manual.

quartus_sim

The Quartus Il Simulator. For more information, refer to quartus_siminthe
Command-Line Executables section of the Quartus Il Scripting Reference Manual.

6-2
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The interactive Tcl shell for command-line executables is invoked using
the -s command-line switch. For example, to run the basic Quartus shell,
type quartus_sh -s at the command prompt:

o

% quartus sh -s

Info:

R RS RS SRS SR EEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE]
Info: Running Quartus II Shell

Info:
dhkhkhkhkhkhkhhkhAhhhhAhhhhkrhhhk A hhhhk Ak hhkhhhdkhkhhkhdArhhkhkrhkhkhkhhkhkhkhkhkhkhkhkrhkhkdkrkrhkhkhkrdkkxx
Info: The Quartus II Shell supports all TCL commands in addition

Info: to Quartus II Tcl commands. All unrecognized commands are

Info: assumed to be external and are run using Tcl's "exec"

Info: command.

Info: - Type "exit" to exit.

Info: - Type "help" to view a list of Quartus II Tcl packages.

Info: - Type "help -pkg <package name>" to view a list of Tcl commands
Info: available for the specified Quartus II Tcl package.

Info: - Type "help -tcl" to get an overview on Quartus II Tcl usages.
Info:

B R R R

tcl>

The Quartus II Tcl implementation provides custom Tcl procedures to
perform Quartus II operations. These procedures are organized into Tcl
packages based on their functionality. Table 6-2 lists these Tcl packages
and their availability. Some packages are loaded by default when the
executable is invoked. Others must be explicitly loaded before their Tcl
procedures are used. To load a particular package, use the

load package Tcl procedure. For example, to load the flow package in
the quartus_sh shell, the following Tcl statement is executed:

tcl> load package flow

I It is important to note that not all executables support all Tcl
packages.
Table 6-2. Tcl Package Support in Quartus Il Executables  (Part 1 of 2)
Executable Name Supported Tcl Package Loaded by Default?
quartus_sta device Loaded
misc Loaded
flow Not loaded
project Loaded
report Loaded
sdc Loaded
sta Loaded
Altera Corporation 6-3
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Table 6-2. Tcl Package Support in Quartus Il Executables (Part 2 of 2)

Executable Name

Supported Tcl Package

Loaded by Default?

quartus_sh device Loaded
flow Not Loaded
misc Loaded
project Loaded
report Not Loaded
quartus tan advanced_timing Not Loaded
device Not Loaded
flow Not Loaded
logiclock Not Loaded
Misc Loaded
project Loaded
report Not Loaded
timing Loaded
timing_report Not Loaded
quartus cdb backannotate Not Loaded
chip_editor Not Loaded
device Loaded
flow Not Loaded
logiclock Not Loaded
misc Loaded
project Loaded
report Not Loaded
quartus_ sim device Loaded
flow Not Loaded
misc Loaded
project Loaded
report Loaded
simulator Loaded

6-4

A brief description of each of the Tcl packages referenced in Table 6-2 is

given in Table 6-3.

To find out which Tcl packages are loaded, use the command
quartus_??? --tcl eval help. Forexample:

quartus sta --tcl eval help.

Altera Corporation
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Table 6-3. Quartus Il Tcl Package Descriptions

Tcl Package

Description

advanced_timing

Traverse the timing netlist and get information about timing modes.

backannotate

Back annotate assignments.

chip_editor

Identify and modify resource usage and routing with the Chip Editor.

database_manager

Manage version-comparable database files.

device Get device and family information from the device database.

flow Compile a project, run command-line executables and other common flows.

logiclock Create and manage LogicLock regions.

misc Perform miscellaneous tasks.

project Create and manage projects and revisions and make any project assignments including
timing assignments.

report Get information from report tables and create custom reports.

simulator Configure and perform simulations.

stp Operate the SignalTap® Il Analyzer.

timing Annotate timing netlist with delay information, compute and report timing paths.

timing_report

List timing paths.

Altera Corporation
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The Quartus Il command-line executables and Tcl shells are supported on
all Quartus II operating systems, including Microsoft Windows, Linux,
and Unix platforms.

«®  For more information on Quartus II Tcl packages and their available Tcl
procedures, refer to the Tcl Packages and Commands chapter in the
Quartus II Scripting Reference Manual.

Command-Line Processing

In addition to the interactive Tcl shell, the Quartus II command-line
executables support command-line switches for executing Tcl scripts and
commands. When used with these switches, a command-line executable
quits when complete. The command-line executables also provide
switches for performing specific Quartus II operations. For example, the
following c-shell script takes as its argument the top-level design file and
entity name and runs it through the entire HardCopy II design flow.

'#/bin/csh

quartus_sh --flow compile %1

quartus cdb %1 --create companion=%1 hcii
quartus_sh --flow compile %1 -c %1 _hcii
quartus cdb --compare=%1 hcii %1 -c %1

6-5
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The HardCopy I
Design Flow

6-6

This example shows what is, perhaps, the simplest way to execute the
HardCopy II design flow. If you have developed and applied the design
I/0, location and timing constraints for the project, these constraints are
included during script execution.

For more information on the Quartus II executables and command-line
options, refer to the Command-Line Executables chapter in the Quartus II
Scripting Reference Manual and the Command-Line Scripting section in
volume 2 of the Quartus II Handbook.

The Quartus II software supports both HardCopy II first and Stratix II
first design flows. The Stratix II first flow involves the following:

Compiling for the Stratix I FPGA prototype

Verifying the Stratix II FPGA prototype

Migrating the prototype design to a HardCopy II design
Compiling the HardCopy II design

Transferring your HardCopy II files to the Altera®Design Center

The Hardcopy II first flow is similar, but starts with compiling the
HardCopy II target device. Once the HardCopy II compile completes
successfully, the design is migrated to the Stratix II target.

The HardCopy II design flow in the Quartus II software is shown in
Figure 6-1. To begin a design, create a new project and revision for the
Stratix Il FPGA prototype. Apply Quartus II settings together with I/O
assignments and timing constraints. Compile the Stratix II prototype
revision (synthesis, place and route, and assembly) to produce a complete
layout, with timing closure and free from errors. You can now perform
any additional functional and timing verification necessary and then
implement and verify the prototype in hardware.

Once the FPGA prototype is verified, you can compile the HardCopy II
design. Begin by creating a HardCopy II companion revision for the
FPGA prototype:

1. Create a HardCopy II companion revision for the FPGA prototype.
All design settings and constraints are automatically migrated to the
new companion revision.

2. Compile the HardCopy II revision. As the compile runs, the Design
Assistant checks for errors. When the compile completes, you
should correct errors and resolve failures that appear in the
Quartus II reports.

Altera Corporation
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Run the HardCopy II Companion Revision Comparison tool to

compare the HardCopy II design against the FPGA prototype. The
comparison tool checks for structural equivalency and consistency
between the two revisions.

If there are no mismatches, you can prepare the HardCopy II design

files for transfer to the Altera Design Center.

=

In addition to design verification in the Quartus II software, the

flow can generate files required to perform Static Timing
Analysis (STA) in Synopsys’ Primetime.

Figure 6-1. The HardCopy Il Design Flow
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Creating a New
Project

6-8

The design flow of Figure 6-1 begins with a Stratix II FPGA prototype
design and migrates this design to a HardCopy II device target, or begins
with a HardCopy II target and migrates this design to a Stratix II target
for FPGA prototyping. The design flow for both cases is shown in
Figure 6-1.

For more information on the HardCopy II design flow and alternative
methods to complete HardCopy II designs using the Quartus II GUI,
refer to the Quartus II Support for HardCopy II Devices chapter in the
Quartus 11 Handbook or the HardCopy II Design Considerations chapter in
volume 1 of the HardCopy Series Handbook.

The following sections describe each step of the flow shown in Figure 6-1
and explains how each step is completed using the interactive Tcl shell.

Both FPGA and HardCopy design in the Quartus II software revolve
around the use of projects. You must create a project before you begin
working with a new design. A project includes source design files (RTL
and schematics), Quartus II tool settings, and a set of pin locations and
timing constraints. Although a project can contain many different
revisions for a design, each revision can have a unique set of design
constraints, target device settings, and Quartus II software settings. You
must explicitly open a project before you can perform other operations on
the project. You must close the current project to switch to a different
project or revision.

This section details the different operations relating to project
management using Tcl commands.

Creating a Stratix Il Prototype Project

To create a new Stratix II prototype project, use the project_new Tcl
command. The syntax for this command is:

tcl> project new [-family <family>] [-overwrite] \
[-part <part>] [-revision <revision name>] \
<project name>

The only required argument for this command is the project name,
<project name>, although the target device family, part code, and revision
name can be specified at this time also. By default, the revision name is
the same as the project name. The device family and part code can be set
later using the set_global_assignment command. For example, to create

Altera Corporation
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a project called demo_design with the default revision name of
demo_design and an unspecified target device family or part, the
following Tcl command is executed:

tcl> project new demo design

Creating a new project creates a quartus settings file (QSF) and a
Quartus II Project file (QPF) in the current directory. In addition, a db
subdirectory is created that is used to store Quartus II database files. In
the case of the demo _design project example, the following files are
created in the project directory:

demo design.gpf
demo design.gsf
db/
demo design.db info

Opening a Project

The project created automatically opens when you use the project_new
command. In future Quartus II sessions, or if you close the project, you
must open the project with the Tel command: project_open. The syntax
for the project_open command is:

tcl> project open [-current revision] \
[-revision <revision name>] <project name>

For example, to open the default revision of project demo design,
execute the following Tcl command:

tcl> project open demo design

= It is a good practice to have consistent names for the Stratix II
and HardCopy Il revisions of your project. This makes it easy to
identify which revision is which. For example, naming your
revisions projectname_fpga and projectname_hcii would help you
easily identify which revision is the Stratix II revision, and
which is the HardCopy II revision.

Closing a Project

Before ending a Quartus II project session, it is good practice to close the
Quartus II project using the project_close command. This ensures that
any changes you have made to your project are written to the Quartus II
QSF file. The syntax for the project_close command is:

tcl> project close [-dont export assignments]
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New Project Example Script

The following script shows the use of Tcl commands for opening and
closing a project called demo_design with the revision name,
demo_design_fpga. If the project does not already exist, it is created.
This script makes use of the project_exists and project_open Tcl
commands.

## Example Tcl Script for opening and closing a project

## Open Project demo_design. If the Project does not Already
## Exist, Create it
if [is_project_open] project_close
if [project exists demo design] {
project_open demo_design -revision demo_design_fpga
} else {
project_new demo_design -revision demo_design_fpga
}

## Include Other Tcl Commands Here ..

## Close project demo_design and write any changes to settings to
## demo design.gsf

project close

## End of script

For more information on these and other useful project-related
commands, refer to the Project section in the Tcl Packages and Commands
chapter in the Quartus II Scripting Reference Manual.
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Making Global
Assignments
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Initializing a HardCopy Il Design

For a HardCopy II design, the following key operations are required after
a Quartus II project is created:

B Specify design source files (Verilog, VHDL, AHDL, EDIF, and BDF
files)

Specify the Stratix II prototype target family and device name
Specify the HardCopy II companion revision and migration device
Enable the Design Assistant

Make recommended HardCopy II specific Quartus II tool settings

In addition to these, other project settings affecting downstream tools,
such as synthesis and place-and-route, can be made at this time.

The operations listed above are performed using the
set_global_assignment command. The syntax for this command is:

tcl> set global assignment [-comment<comment>] \
[-disable] [-entity <entity name>] -name <name> \
[-remove] [-section id <section id>] <value>

The most important parameters for the set_global_ assignment
command are <name> and <value>. The <name> argument specifies the
Quartus II global variable to be set and <value> is the new value assigned
to that variable.

One of the steps in initializing a HardCopy II design is to turn on the
Design Assistant. When run in the GUI, the Design Assistant provides a
visual checklist for running both the Stratix Il and HardCopy II phases of
the design. For first-time users, this can provide a powerful guide for
successfully completing your HardCopy II project.
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The key global variables for a HardCopy II project are listed in Table 6—4.

Table 6-4. Key HardCopy Il Design Settings

Global Variable Name <name>

Value Description <value>

VERILOG FILE

Verilog file name.

VHDL FILE VHDL file name.

AHDL FILE Altera HDL file name.

EDIF FILE EDIF file name.

BDF FILE Altera schematic file name.

FAMILY Device family name, for example, Stratix II.
DEVICE Prototype FPGA target device name.

TOP_LEVEL ENTITY

Top-level design entity or module name.

DEVICE TECHNOLOGY MIGRATION LIST

HardCopy Il target device name.

COMPANION REVISION

HardCopy Il design revision name.

ENABLE DRC_SETTINGS

Turn on the Design Assistant.

USE TIMEQUEST TIMING ANALYZER

Set TimeQuest as the default timing analyzer <ON>.

SDC_FILE

File of TimeQuest constraints <constraint_file.sdc>.

You only need the following settings

Classic Timing Analyzer is not recommended.

when using Classic Timing Analyzer. Using

REPORT_TIO PATHS SEPARATELY

Creates a separate report panel for input and output min
and max timing results.

FLOW_ENABLE TIMING CONSTRAINT CHECK

Timing constraints are checked for completeness (all clock
domains constraints and minimum and maximum
constraints are set for all I/O paths).

DO _COMBINED ANALYSIS

Timing analysis are run for fast and slow operating
conditions and for best and worst-case timing analysis,
respectively.

IGNORE CLOCK SETTINGS

This must be turned off.

ENABLE RECOVERY REMOVAL ANALYSIS

Verify recovery and removal times on asynchronous
control and reset signals.

ENABLE CLOCK LATENCY

Clock latency is included in timing analysis to asses
clock-insertion timing and clock skew.

6-12
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The DEVICE and DEVICE TECHNOLOGY MIGRATION LIST variables
are the parts used for the Stratix II prototype design and the HardCopy II
design. The selected Stratix II prototype device must be compatible with
the selected HardCopy II device to make migration possible. Valid
pairings for these devices are listed in Table 6-5.

For the DEVICE TECHNOLOGY MIGRATION LIST variable, the
HardCopy II part names listed in Table 6-5 are used. For the DEVICE
variables, the Stratix II part names include the speed grade for the part.
The speed grade is a two character code indicating industrial (I) or
commercial (C) and the speed indicator (number 3, 4, or 5). For example,
a -4 commercial part is denoted using the two character speed grade C4.
The two-character speed grade is appended to the Stratix II part name to
form the value string for the DEVICE variable.

Table 6-5. Stratix Il Prototype Options for HardCopy Il ~ (Part 1 of 2)

HardCopy Il Part Stratix Il Prototype Part

HC210F484C EP2S30F484C3
HC210W484C EP2S30F484C4
EP2S30F484C5
EP2S30F48414

EP2S60F484C3
EP2S60F484C4
EP2S60F484C5
EP2S60F48414

EP2S90H484C4
EP2S90H484C5

HC220F672C EP2S60F672C3
EP2S60F672C4
EP2S60F672C5
EP2S60F67214

HC220F780C EP2S90F780C4
EP2S90F780C5

EP2S130F780C4
EP2S130F780C5
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Table 6-5. Stratix Il Prototype Options for HardCopy Il

(Part 2 of 2)

HardCopy Il Part Stratix Il Prototype Part

HC230F1020C

EP2S90F1020C3
EP2S90F1020C4
EP2S90F1020C5
EP2S90F 102014

EP2S130F1020C3
EP2S130F1020C4
EP2S130F1020C5
EP2S130F 102014

EP2S180F1020C3
EP2S180F1020C4
EP2S180F1020C5
EP2S180F 102014

HC2401020C

EP2S180F1020C3
EP2S180F1020C4
EP2S180F1020C5
EP2S180F 102014

HC240F1508C

EP2S180F1508C3
EP2S180F1508C4
EP2S180F1508C5
EP2S180F 150814

The following two Tcl commands demonstrate setting the DEVICE and

DEVICE TECHNOLOGY MIGRATION LIST variables.

tcl> set global assignment -name DEVICE
tcl> set global assignment -name \

EP2S90F1020C4

DEVICE TECHNOLOGY MIGRATION LIST HC230F1020C

Altera Corporation
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The Design Assistant

You should turn on the Design Assistant at the beginning of the design
process by turning on the ENABLE DRC_SETTINGS global variable.

tcl> set global assignment \
-name ENABLE DRC SETTINGS ON

The Design Assistant runs concurrently with every step of both the
prototype Stratix I and HardCopy II design flows. When the Design
Assistant is turned on, the Quartus II software checks to ensure that the
project fully complies with all HardCopy II design rules and
requirements.

For more information on the Design Assistant, refer to the Design
Guidelines for HardCopy II Devices chapter in volume 1 of the HardCopy
Series Handbook and the Quartus Support for HardCopy II Devices chapter
in the Quartus II Handbook.
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Example Tcl Script for Making Global Assignments

The example Tcl script below illustrates the application of global

constraints for a HardCopy II project.

## Example Global Assignments Script for a HardCopy II Design
## This Script Applies Settings for a EP2S90 Stratix II
## prototype FPGA target and a HC230 HardCopy II target

## Source Design File Settings
##
set global assignment -name VERILOG FILE demo design.v
set_global assignment -name VERILOG_FILE example_ram.v

## Stratix II Prototype FPGA Target Settings
##
set _global assignment -name FAMILY "Stratix II"
set global assignment -name DEVICE EP2SS0F1020C4
set _global assignment -name TOP_ LEVEL ENTITY demo_design

## HardCopy II Companion Revision and Target Settings

##

set global assignment -name COMPANION REVISION NAME \
demo_design_hardcopyii

set global assignment -name DEVICE TECHNOLOGY MIGRATION LIST HC230F1020

## Design Assistant Assignments and Settings Required for HardCopy II
##
set_global assignment -name ENABLE_ DRC_SETTINGS ON

set global assignment -name ERROR CHECK FREQUENCY DIVISOR 1
set_global assignment -name REPORT IO_PATHS_ SEPARATELY ON

## The following assignments are Classic Timing Analyzer only
## and are not used by TimeQuest.

##
set global assignment -name FLOW ENABLE TIMING CONSTRAINT CHECK ON
set_global assignment -name DO COMBINED ANALYSIS ON

set global assignment -name IGNORE CLOCK SETTINGS OFF

set_global assignment -name ENABLE RECOVERY REMOVAL ANALYSIS ON
set global assignment -name ENABLE CLOCK LATENCY ON

## End of Script

6-16
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Making 1/0
Assignments
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Because of the complex rules governing the use of programmable I/O
cells and their availability for specific pins and packages, Altera highly
recommends that /O assignments are completed using the Pin Planning
tool and the Assignment Editor in the Quartus II GUI. These tools ensure
that all of the rules regarding each pin and I/O cell are applied correctly.
The Quartus I GUI can export a Tcl script containing all 1/O assignments
and specifications. I/O assignments are described here for information
only.

For more information on I/O location and type assignments using the
Quartus II Assignment Editor and Pin Planner tools, refer to the
Assignment Editor chapter in volume 2 of the Quartus II Handbook.

In this section, I/O specification is considered in two parts:

B Pin assignments
B I/0O type assignments

Pin Assignments

Design I/0 signals are assigned to package balls using the
set_location_assignment command. The syntax for this command is
given below:

tcl> set location assignment [-comment <comment>] \
[-disable] [-remove] -to <destination> <value>

Here, <destination> is the package ball name and <value> is the designI/O
signal name. For BGA and FBGA packages, the ball name follows the
form PIN_<coordinate>. For example, to assign design I/O signal

data_ out[15] to package ball AL17:

tcl> set location assignment -to PIN ALl7 data out[15]

Setting 1/0 Type and Parameters

For I/O type and parameter specification, the set_instance_assignment
command is used. The syntax for this command is:

tcl> set instance assignment [-comment <comment>] \
[-disable] [-entity <entity name>] \
[-from <source>] -name <name> [-remove] \
[-section id <section id>] \
[-to <destination>] <value>

6-17



HardCopy Series Handbook, Volume 1

The assignment name, <name>, should be set to I0_STANDARD to
indicate that an I/O specification is being applied. The related I/O signal
is specified as -to <destination>. The destination argument is a string
providing details on the I/O type, such as levels and standards. Table 6—6
lists the strings corresponding to the I/O standards supported in

HardCopy II devices.

Table 6-6. Tcl I/0 Standard Strings

1/0 Type or <name> Description
LVTTL LVTTL I/0

LVCMOS LVCMOS 1/0

“3.3-V PCI" 3.3-V PCI I/O

“3.3-V PCI-X” 3.3-V PCI X I/O

“1.5 V¢ 1.5-V I/0
“1.8V” 1.8-V /0
“25\V 2.5-V 1/0

“1.5-V HSTL CLASS I’

QDRI SRAM 1.5-V I/O

“1.5-V HSTL CLASS II”

QDRII SRAM 1.5-V I/O

“1.8-V HSTL CLASS I’

QDRI SRAM/RLDRAM 11 1.8-V I/O

“1.8-V HSTL CLASS II”

QDRIlI SRAM/RLDRAM 11 1.8-V I/O

“DIFFERENTIAL 1.5-V HSTL CLASS I’

Memory clock interface

“DIFFERENTIAL 1.5-V HSTL CLASS II”

Memory clock interface

“DIFFERENTIAL 1.8-V HSTL CLASS I’

Memory clock interface

“DIFFERENTIAL 1.8-V HSTL CLASS II”

Memory clock interface

“DIFFERENTIAL 1.8-V SSTL CLASS I” DDR2 SDRAM
“DIFFERENTIAL 1.8-V SSTL CLASS II’ DDR2 SDRAM
“DIFFERENTIAL SSTL-2" DDR SDRAM
“DIFFERENTIAL 2.5-V SSTL CLASS II” DDR SDRAM
“SSTL-18 CLASS I” DDR2 SDRAM
“SSTL-18 CLASS II” DDR2 SDRAM

“SSTL-2 CLASS I’ DDR SDRAM

“SSTL-2 CLASS I’ DDR SDRAM

LVDS 2.5-V differential signaling
HYPERTRANSPORT 2.5-V differential signaling
LVPCL Differential
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You can specify a number of other I/O parameters by using the
set_instance_assignment command. Some of the more common
parameters are listed in Table 6-7.

Table 6-7. Tcl Common 1/0 Parameter Settings

<name> setting

<value> setting

Description

weak pull up resistor

on

Implement a weak pull-up
resistor on the pin.

output pin load

integer

Capacitive load for an output
or bidirectional pin. Units of
pF.

fast output register

on

Implements a fast output
register in the 1/0 cell or
adjacent LAB.

fast output enable register

on

Implement a fast output
enable register in the 1/0 cell
or/and adjacent LAB.

fast input register

on

Implements a fast input
register in the 1/0O cell or
adjacent LAB.

current strength new

2mA, 4 mA, 8 mA, 10 mA,
12 mA, 16 mA, 18 mA,
20 mA, 24 mA
minimum current or
maximum current

Drive strength for an output or
bidi pin.

stratixii termination

differential
“series 25 ohms with calibration”
“series 25 ohms without calibration”
“series 50 ohms with calibration”
“series 50 ohms without calibration”

On-chip termination (or
impedance matching) for an
1/O pin.

«®  For more information on I/O availability in HardCopy II devices, refer

to the I/O Structures and Features section in volume 1 of the HardCopy
Series Handbook.
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1/0 Assignment Example Script

The following Tcl script example specifies several different I/O
constraints.

## Signal-Ball Assignments

set location assignment
set location_assignment
set location assignment
set location_assignment
set location assignment
set location_assignment

PIN AH5 -to addr out[O0]
PIN_AH6 -to addr_out[1]
PIN AJ5 -to data in[0]
PIN _AJ6 -to data in[1]

PIN AJ32 -to resetn
PIN_AM17 -to ref clk

# I/0 Type and Parameter Assignments

set_instance_assignment
set instance assignment
set_instance_assignment
set instance assignment
set_instance_assignment
set instance assignment

set instance assignment
set_instance_assignment
set instance assignment
set_instance_assignment

set instance assignment
set_instance_assignment
set instance assignment
set_instance_assignment
-to data in[1]

Assigning
Timing
Constraints

6-20

-name IO_STANDARD "1.5-V HSTL CLASS II" -to addr_out[0]
-name IO STANDARD "1.5-V HSTL CLASS II" -to addr out[1]
-name IO_STANDARD "1.5-V HSTL CLASS II" -to data_in[0]
-name IO STANDARD "1.5-V HSTL CLASS II" -to data in[1]
-name IO STANDARD LVDS -to resetn

-name IO STANDARD LVCMOS -to ref clk

-name fast input register on -to data in[0]

-name fast_input register on -to data_in[1]

-name fast output register on -to addr out[0]

-name fast output register on -to addr out[1]

-name output pin load 10 -to addr out([O0]

-name output_pin load 10 -to addr_ out[1]

-name current strength new 16mA -to addr out[0]

-name stratixii termination “series 25 ohms without calibration”\

Planning Design Timing Constraints

Timing constraints ensure that a design compiled in the Quartus II
software meets specific timing requirements. When you target an FPGA,
you may decide not to apply a complete set of timing constraints,
choosing instead to fix any timing problems in your prototype system if
and when they arise. HardCopy devices, however, cannot be modified
using reconfiguration to fix timing problems, so it is critically important
that a design is fully constrained. Designs not fully constrained would
result in significantly different timing characteristics between the
prototype Stratix Il FPGA and the HardCopy II device. By fully
constraining a design, Altera can guarantee that both the Stratix Il FPGA
and the HardCopy II device fully complies with your timing
specifications.
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The minimum set of timing constraints for a HardCopy II design are:

B Clock settings (Fyax) for each and every clock domain
B Minimum and maximum delays for all I/O paths, including
asynchronous reset and control I/O signals

In addition, it is good design practice to develop timing constraints to
cover:

B Specific cross-clock domain timing requirements
B False paths
B Multicycle paths

In TimeQuest, timing constraints are written in TimeQuest SDC format
and are read from an SDC file. An example file is demo_design.sdc. See
“Using TimeQuest” on page 6-30.

In the Classic Timing Analyzer, timing constraints are applied using
dedicated Tcl commands and by assigning timing-specific attributes
using the set_instance_assignment command.

This section provides an overview of timing constraint development
using Tcl commands.

«o  For more information on timing constraints, refer to the Timing Analysis
section in volume 3 of the Quartus II Handbook.

Specifying System Clocks

The most basic constraints that should be applied describe the clock for
each clock domain. Parameters usually specified for each clock are:

B Clock period

B Latency (LATE_CLOCK_ LATENCY/EARLY CLOCK_ LATENCY
assignments)

B Uncertainty (set_clock_uncertainty command)

Clock uncertainty specified with the set_clock_uncertainty
command models any uncertainty in the clock period, including jitter,
and is often used to introduce some margin into the target clock
frequency. The following example constraints illustrate clock definition
for a design with two clock domains, c1k_aand clk b.In this case, both
clocks run at 100 MHz, but with different clock latency and skew.

## Example TimeQuest SDC Constraints Defining Clocks clk a and clk b
create_clock -period 10.0 -name clk_a [get_ports clk_a]

set clock latency -source -late 3.0 clk a

set_clock_latency -source -early 2.0 clk_a
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set clock uncertainty -to clk a 0.25

create clock -period 10.0 -name clk b [get ports clk b]
set _clock latency -source -late 4.0 clk b

set clock latency -source -early 3.0 clk b

set_clock uncertainty -to clk b 0.25

6-22

Input/Output Timing

System clock parameters define the setup and hold timing for register to
register paths within each clock domain. I/O timing parameters are used
to describe I/O to register, and register to I/O timing.

The set_input_delay constraint is used to specify the delay from a source
external to the chip to an input pin, relative to a defined clock. The syntax
for this command is given below.

set input delay \
—clock <clock name> |\
[-clock fall] \
[-rise | -fall] \
[-max | -min] \
[-add _delay] \
[-reference pin <pin or port>] \
<delay value> \
<port pin list>

The <clock name> argument specifies the reference clock for the delay. The
<port pin list> argument is the top-level input signal for the design, and
<delay value> is the external delay. The external delay is measured from
the positive (rising) edge of <clock> unless the-clock fall argumentis
specified. The -min and -max arguments are used to specify whether
<delay value> is the minimum or maximum external delay,
respectively.

The set_output_delay constraint is similar to the set_input_delay
constraint except that it specifies the delay from an output pin to its
external destination relative to a clock.

set output delay \
—clock <clock name> |\
[-clock fall] \
[-rise | -fall] \
[-max | -min] \
[-add delay] \
[-reference pin <pin or port>] \
<delay value> \
<port pin list>
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As an example, the following Tcl script specifies input and output min
and max delays for two I/O signals. Input data_in[0] has minimum
and maximum external delays of 3 ns and 7 ns, respectively. Output
data_out[0] has minimum and maximum external delays of 4 ns and
8 ns, respectively. The external input delays for data in[0] are relative
to the positive edge of clock ref c1k and the external output delays for
data_ out[0] are relative to the negative edge of clock ref c1lk.

# Tcl Script Setting I/0 Timing Using set input delay and set output delay
set input delay -clock ref clk -max 7.0 [get ports data in[0]]

set_input delay -clock ref clk -min 3.0 [get ports data in[0]]

set output delay -clock ref clk -max 8.0 [get ports data out[0]]

set output_delay -clock ref clk -min 4.0 [get ports data out[0]]

Altera Corporation
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Creating Timing Exceptions

Timing exceptions are used to correct timing constraints not covered by
clock settings and I/O timing settings. The most common of these are
multicycle paths and false paths.

In TimeQuest, multicycle paths are described using the
set_multicycle_path constraint. The syntax for this constraint is:

set multicycle path [-setup][-hold][-start]

In Classic Timing Analyzer, multicycle paths are described using the
set_multicycle_ assignment command. The syntax for this
command is:

tcl> set multicycle assignment [-comment <comment>] \
[-disable] [-end] [-from <from_list>] \
[-hold] [-remove] [-setup] [-start] \
[-to <to_list>] <path_multiplier>

In either timing analyzer, multicycle assignments are made with the
-setup argument, to specify the maximum number of cycles, or with the
-hold argument, to specify the minimum number of cycles for a path.

False paths describe paths that should not be included in timing
optimization or analysis operations. In the Quartus II software, there are
a number of ways to describe false paths. By default, in Classic Timing
Analyzer, feedback from the output to input side of bidirectional I/O,
read-while-write paths through memories, and cross-clock domain paths
are not timed during optimization or timing analysis. By default, in Time
Quest, cross-clock domain paths are timed.
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«®  Tochange these default settings, refer to the Timing Settings section in the
Quartus II Support of HardCopy Series Devices chapter in volume 1 of the
Quartus II Handbook.

In TimeQuest, the constraint set_false_path is used to describe paths that
should not be included in timing optimization or analysis. The syntax for
this constraint is:

tcl> set false path \
[-from <from l1ist>] \
[-to <to 1ist>] \
[-thru <thru l1ist>]

In Classic Timing Analyzer, the most common command for controlling
false paths is the set_timing_cut_assignment command. The syntax for
this command is:

tcl> set timing cut assignment \
[—codﬁent <66mmé5t>] \
[-disable] \
[-from <from pin 1ist>] \
[-remove] \
[-to <to pin list>]

All paths between nodes in the <from_pin_list> to nodes in the
<to_pin_list> are excluded from timing optimization and analysis
operations.

Example of TimeQuest SDC Constraints

# Timing Assignments
#

create clock -period 10.0ns -name ref clk ref clk

set_clock_latency -late 3 ref clk
set clock latency -early 2 ref clk
set_clock_uncertainty -hold -to ref clk 0.250ns
set clock uncertainty -setup -to ref clk 0.250ns

# Input delay of 6éns (max) & 2ns (min) for bus data in[1:0]
set_input delay -clock ref clk -max 6 data_ in
set input delay -clock ref clk -min 2 data in

# Output delay of 6ns (max) & 2ns (min) for bus data_out([1:0]
set output delay -clock ref clk -max 6 data out
set output_delay -clock ref clk -min 2 data out

# Don’t care about timing on the resetn net. Set as false path
set false path -from resetn
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Example of Classic Timing Analyzer Tcl Script

# Timing Assignments
#
create base clock —-fmax 100 MHz -target ref clk ref clk

set_instance_assignment -name LATE_CLOCK_LATENCY 3ns -to ref clk
set instance assignment -name EARLY CLOCK LATENCY 2ns -to ref clk
set_clock_uncertainty -hold -to ref clk 0.250ns
set clock uncertainty -setup -to ref clk 0.250ns

# Input delay of 6éns (max) & 2ns (min) for bus data in[1:0]
set_input delay -clk ref ref clk -max -to data in 6.0ns
set input delay -clk ref ref clk -min -to data in 2.0ns

# Output delay of 6ns (max) & 2ns (min) for bus data out([1:0]
set output delay -clk ref ref clk -max -to data out 6.0ns
set output _delay -clk ref ref clk -min -to data out 2.0ns

# Don’t care about timing on the resetn net. Set as false path
set_timing cut_assignment -from resetn

This section has provided an overview of Tcl commands for applying
timing constraints.

) For more information on the application of timing constraints using Tcl
commands, refer to the Tcl Packages and Commands chapter in the
Quartus II Scripting Reference Manual.

cOm p ilin g the Once all global assignments, resource assignments, and timing
. assignments have been specified, the next step in the design process is to
Stratix Il compile the Stratix Il FPGA prototype design. The execute flow
Prototvpe command is provided for this purpose and supports various arguments
. affecting the compilation process. The syntax for this command is:
Design

tcl> execute flow \
[-analysis_and elaboration] \
[-attempt similar placement] \
[-check ios] \
[-check netlist] \
[-compile] \
[-compile and simulate] \
[-early timing estimate] \
[-eco] [-export database] \
[-fast model] \
[-generate functional sim netlist] \
[-import database]
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The switches relevant to prototype Stratix II and HardCopy II design are

listed in Table 6-8.

Table 6-8. execute_flow T¢l Command Switches

Switch

Description

analysis_and elaboration

Perform synthesis and mapping to the target Altera
technology

attempt similar placement

Runs Attempt Similar Placement

check ios

Verify 1/0 assignments

check netlist

Perform syntax checks on the netlist

compile

Execute the Quartus Il compilation flow

compile and simulate

As for compile, but also run simulation

early timing estimate

Runs the early timing estimator

eCco

Executes a Fitter ECO compilation

export database

Exports a Version-Compatible Database

fast model

Runs Timing Analysis (fast mode analysis)

generate functional sim netlist

Generate a Simulation Netlist

import database

Imports a Version-Compatible Database

I_[V ; ;/; >

It is important to note that the HardCopy switches for the

execute flow command are for HardCopy Stratix designs,
not HardCopy II designs.

The simplest way to run the execute flow command is to use the

-compile switch.

tcl> execute flow -compile

Running the execute_flow command in this way executes the four stages
of the Quartus II compilation flow with default settings for each stage:

Fitter

Assembler

6-26
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Timing Analysis
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Compiling the
HardCopy II
Design

The Design Assistant and Timing constraint checks are run if they are
enabled in the Quartus II Settings file.

You should check I/O assignments to avoid problems in downstream
compile operations. To do this, the execute flow compilation is broken
into three steps:

1. tcl>execute flow-analysis and elaboration
2. tcl>execute flow-check ios
3. tcl>execute flow -compile

It should be noted that, in the interests of clarity and brevity, the Tcl
fragments given here do not incorporate any error checking. However, it
is good practice to include code in your Tcl scripts that checks for success
as your design proceeds. In the case of the execute flow procedure, the
return value can be used with the Tcl catch command to handle success or
failure. The example below shows one option for doing this.

# Determine if compilation was successful and
# print out a personalized message.
if {[catch {execute flow -compile} result]} {

puts "\nResult: $result\n"

puts

"ERROR: Compilation failed. See report files.\n"

} else {

puts "\nINFO: Compilation was successful.\n"

}

For more information on the execute_£flow command, refer to the
command description in the Tcl Packages and Commands chapter in the
Quartus II Scripting Reference Manual.

Once the Stratix II FPGA prototype design is compiled and verified, you
can compile the HardCopy II revision of the design. This is a two-step
process:

1. Create the HardCopy II companion revision.
2. Compile the HardCopy II companion revision.
To create the HardCopy II version of the design, run the

execute_hardcopyii Tcl command with the -create companion
option:

tcl> execute hardcopyiil -create companion demo design hcii

Altera Corporation
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Understanding
Report Files

This command initializes the database for the HardCopy II revision and
creates a new QSF file (in this example, demo_design_hcii.qsf), ensuring
that all constraints for the Stratix Il FPGA revision are ported over.

Next, the current working revision for the Quartus II project is changed
to the HardCopy II revision and the design is compiled for the
HardCopy II device target:

tcl> set_current revision demo_design hcii
tcl> execute flow -compile

As with the prototype Stratix II revision, report files are generated in the
project directory for each of the tools that are executed.

The execute_flow command generates a number of report files in the
project directory. These files summarize messages displayed on the
console during compilation and provide additional information about
the design. The name of each report file follows the format
<revision><tool short name>.summary and <revision><tool short name>.rpt,
where <revision> is the revision name of the current design. The
.summary file contains a brief summary of messages and results from the
tool while the .rpt file contains more detailed messages and information.
For a HardCopy II project, two sets of report files are generated: one for
the Stratix II prototype FPGA revision and one for the HardCopy 1I
revision. Table 6-9 describes the different report files.
Ils~  The Tcl report package provides a powerful collection of
procedures for customizing and managing report files related to
the Quartus II fitter and timing analysis engines.

For more information on customizing and managing report files, refer to
the Tcl Packages and Commands report section of the Quartus II Tcl
Reference Manual.

Table 6-9. Stratix Il Compile Report File Descriptions

(Part 1 of 2)

Switch

Tool

Description

<revision>.map.rpt

Analysis & Synthesis

Synthesis settings, source files, messages, and resource usage.

<revision>.map.eqn

Analysis & Synthesis

Implementation equations and device resource instantiations.

<revision>.fit.rpt

Fitter

Fitter settings, layout optimizations, resources, pin-out, and
messages.

<revision>.fit.eqn

Fitter

Implemented equations and device resource instantiations after
fitting.

<revision>.drc.rpt

Design Assistant

Design rule settings, violations, and messages.
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Table 6-9. Stratix Il Compile Report File Descriptions

(Part 2 of 2)

Switch

Tool

Description

<revision>.upc.rpt

Timing Constraint
Checker

Constraint coverage information.

<revision>.asm.rpt

Assembler

Assembler settings, .pof and .sof output file options, and
messages.

<revision>.rec.rpt

Companion Revision

A status report on the structural comparison between the

Comparison HardCopy Il revision and the Stratix || Prototype design.
<revision>.flow.rpt | Flow Resource summary and execution time for each tool in the flow.
This report is updated as different tools in the flow complete.
<revision>.sta.rpt TimeQuest TimeQuest timing analysis report.

Comparing
FPGA and
HardCopy
Revisions

Altera Corporation
September 2008

Before submitting the HardCopy II project to the Altera Design Center, it
should be checked against the Stratix II prototype FPGA revision. To do
this, run the execute_hardcopyii Tcl command with the ~compare
option from the quartus_sh shell:

tcl> execute hardcopyii -compare

Running this command generates a report file and summary file in the
project directory. These files are called <revision_name>.rec.rpt and
<revision_name>.rec.summary. The command checks to verify that the
following items conform to HardCopy II design rules and are consistent
between the HardCopy II and Stratix II revisions:

Source design files and device netlist files
User clock assignments

Timing constraints (assignments)

I/0 location and type assignments

PLL parameters

Memory implantation parameters

DSP implementation parameters

Global resource properties

Properties of all other device resources used

Any errors or failures in comparison are reported in the .rec report files.
An example .rec file is given below. Note that for this example, the design
comparison checks in the HardCopy II Companion Revision Comparison
Summary table are all marked passed, indicating that the HardCopy II
design in the Quartus II software is finished and ready for hand-off to the
back-end engineering team in the Altera Design Center.

You must resolve any failures that show up in the Comparison Summary
before you proceed any further with your design.
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HardCopy II Companion Revision Comparison report for demo design hardcopyii

Wed Sep 20 15:30:07 2006

Version 6.0 Build 202 06/20/2006 Service Pack 1 SJ Full Version

Legal Notice

1

2. HardCopy II Companion Revision Comparison Summary
3. Atom Netlist Comparison Summary
4
5

DSP Information

HardCopy II Companion Revision Comparison Messages

Bttt et +
; HardCopy II Companion Revision Comparison Summary ;
B et et o +

; HardCopy II Companion Revision Comparison Status ; Analyzed - Wed Sep 20 15:29:55 2006 ;

; Quartus II Version ; 6.0 Build 202 06/20/2006 SP 1 SJ Full Version ;

; Revision Name demo dsign hardcopyii ;

; Top-level Entity Name
; Family

; Compare Status

; Source Files Compared
; Assignments Compared
; User Clocks Compared

; Resource Counts Compared

; I/0 Structure Compared
; Package Pins Compared
; PLL Structure Compared
; PLL Clocks Compared

; demo_design

; Stratix

II

; Passed (14/14)

; Passed
; Passed
; Passed

; Passed
; Passed

; Passed (1020/1020)

; Passed
; Passed

(121/121)

(0/0)
(5/5)
(130/130)

(1/1)
(2/2)

; Timing Constraints Compared
; RAM Information Compared

; DSP Information Compared

; Global Resources Compared

; Atom Compared

i

; Passed (3/3)

; Passed (10/10)
; Passed (100/100)

; Passed (8/8)

; Passed (335084/335084)

; Atom Netlist Compared

; Passed

(1/1)

BT ettt e +

Performing
Static Timing
Analysis

6-30

Static Timing Analysis in the Quartus Il Software

The global assignments made for the Stratix II prototype and

HardCopy Il revisions ensure that Static Timing Analysis (STA) is run for
both fast and slow operating conditions and both setup and hold timing
is verified.

Using TimeQuest

You can run the timing analysis independent of the compile process in
one of two ways:

1.

Use the execute_module -tool sta Tcl command toruna
timing analysis Tcl script in quartus_sta from within the basic

quartus shell, quartus_sh.
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2. Runthe quartus_sta interactive Tcl shell independently and
execute Tcl commands and scripts at the Tcl prompt.

Using Classic Timing Analyzer

You can run the timing analysis independent of the compile process in
one of two ways:

1. Use the execute_module -tool tan Tcl command toruna
timing analysis Tcl script in quartus_tan from within the basic
quartus shell, quartus_sh.

2. Runthe quartus_tan interactive Tcl shell independently and
execute Tcl commands and scripts at the Tcl prompt.

For more information on running static timing analysis in the Quartus II
software, refer to the Timing Analysis section in the Quartus II Handbook.

For Tcl commands related to static timing analysis, refer to the Timing
section of the Tcl Packages and Commands in the Quartus II Scripting
Reference Manual.

Static Timing Analysis in Primetime

The Quartus II software can also generate files required to run STA in
Synopsys’ PrimeTime. The following example Tcl commands direct the
Quartus II software to generate PrimeTime files for STA.

## Tcl Script to Generate PrimeTime STA File Output
execute module -tool sta -args --tg2pt
execute module -tool eda -args "--tool primetime --format verilog --timing analysis"

Altera Corporation
September 2008

The files generated by the Quartus II software are organized in a
subdirectory within the project directory. For example, after compiling a
Stratix II prototype design (demo_design), the following verilog (.vo)
SDF (.sdo) and PrimeTime Tcl script (.tcl) are created in the project
directory.

timing\
primetime\
demo_design_v.sdo
demo design.pt.tcl
demo_design.collections.sdc
demo design.constraints.sdc

The Tcl script includes all timing constraints applied during the
Quartus II software compilation.
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HardCopv ] The following script draws together the Tcl ideas discussed thus far into
a top-level Tcl script for the quartus_sh Tel shell. This script implements

Example Tcl a HardCopy II design called demo_design. It begins by creating a new

Scri pt project, called demo_design, compiling the Stratix Il FPGA prototype,

creating a HardCopy II companion revision and then compiling the
companion revision. Finally, the revision comparison tool is run to verify
that both revisions are consistent.

In this example, global, pin, and timing assignment scripts are read into
the top-level script using the Tcl source command. The sourced scripts
are listed after the top-level script listing.

Top-Level Example Script demo_design.tcl

## demo _design.tcl
## Top-level script for executing a HardCopy II design in quartus_sh -s
load package flow

## Open of create the Stratix II FPGA prototype revision
if [is_project open] project close
if {[project exists demo design]} {

project open demo design

} else {
project new demo_design

}

## Apply global design settings
source global assignments.tcl

## Apply I/0 assignments
source pin_assignments.tcl

## Apply FPGA timing constraints
source timing assignments.tcl

## Compile the Stratix II FPGA prototype design
execute_flow -compile

# #Create and switch to the HardCopy II target revision
execute hardcopyii -create companion demo design hcii
project close

project open demo design -revision demo design hcii

## Compile the HardCopy II design revision
execute flow -compile

## Check the HardCopy II revision and make sure it matches the FPGA
## design
execute_hardcopyii -compare
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## Generate a HardCopy II Handoff Report
execute_hardcopyii -handoff report

## Archive the HardCopy II Handoff Files into
## the file named "demo design hcii handoff.gar"
execute_hardcopyii -archive demo_design hcii handoff.gar

## Quit quartus sh -s
gexit

## End of demo_design.tcl

Global Assignments Script global_assignments.tcl

The global assignments.tcl script source in the top-level script,
demo_design.tcl prepares global variables, target devices, and
revision names for the HardCopy II project:

## global assignments.tcl

## Source Design File Settings
##
set global assignment -name VERILOG FILE demo design.v
set_global assignment -name VERILOG_FILE example_ram.v

## Constraint File Settings for TimeQuest
##
set_global assignment -name USE TIMEQUEST TIMING_ ANALYZER ON
set global assignment -name SDC FILE demo design.sdc

## Stratix II Prototype FPGA Target Settings
##
set _global assignment -name FAMILY "Stratix II"
set global assignment -name DEVICE EP2SS0F1020C4
set _global assignment -name TOP_ LEVEL ENTITY demo_design

## HardCopy II Companion Revision and Target Settings
##
set global assignment -name COMPANION REVISION NAME \
demo_design_hardcopyii

set global assignment -name DEVICE TECHNOLOGY MIGRATION LIST HC230F1020

## Design Assistant Assignments and Settings Required for HardCopy II
##
set global assignment -name ENABLE DRC SETTINGS ON
set_global_ assignment -name ERROR CHECK_ FREQUENCY DIVISOR 1
set global assignment -name REPORT IO PATHS SEPARATELY ON

## The following assignments are Classic Timing Analyzer only and
## are not used by TimeQuest.

##
set global assignment -name FLOW ENABLE TIMING CONSTRAINT CHECK ON
set_global assignment -name DO COMBINED ANALYSIS ON

set global assignment -name IGNORE CLOCK SETTINGS OFF
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set global assignment -name ENABLE RECOVERY REMOVAL ANALYSIS ON
set_global assignment -name ENABLE_CLOCK_LATENCY ON

## End of global assignments.tcl

## pin_assignments.tcl
set location assignment
set_location_assignment
set location assignment
set_location_assignment
set location assignment
set_location_assignment

Pin Assignments Script pin_assignments.tcl

The pin assignments.tcl script run from the top-level script,

demo_design.tcl,

specifies top-level design signal to package ball

assignments and I/O parameters:

PIN AH5 -to addr o
PIN_AH6 -to addr_o
PIN AJ5 -to data i
PIN_AJ6 -to data i
PIN AJ32 -to reset
PIN_AM17 -to ref c

## I/0 Type and Parameter Assignments

set instance assignment
set_instance_assignment
set instance assignment
set_instance_assignment
set instance assignment
set_instance_assignment

set instance assignment
set_instance_assignment
set instance assignment
set_instance_assignment

set instance assignment
set_instance_assignment

-name IO STANDARD
-name IO STANDARD
-name IO STANDARD
-name IO STANDARD
-name IO STANDARD
-name IO STANDARD

-name fast input r
-name fast_input r

-name fast output

-name fast output

-name output pin 1
-name output_pin 1

## End of pin assignments.tcl
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ut[0]
ut[1]
n[0]
n[1]
n

1k

"1.5-V HSTL CLASS II" -to addr out[0]
"1.5-V HSTL CLASS II" -to addr_out[1]
"1.5-V HSTL CLASS II" -to data in[0]
"1.5-V HSTL CLASS II" -to data_in[l]
LVDS -to resetn

LVCMOS -to ref clk

egister on -to data in[0]
egister on -to data in[1]
register on -to addr out([O0]
register on -to addr out[1]
oad 10 -to addr out[0]

oad 10 -to addr_out[1]

TimeQuest Constraint File demo_design.sdc

TimeQuest reads the SDC file dermo_design.sdc and applies timing
constraints for the system clock, ref clk, and I/O-to-core timing

specifications.

## constraints.sdc
create clock -peri

set clock latency
set_clock latency
set clock uncertai
set_clock uncertai

# Input delay of 6
set_input delay -c

od 10.0 MHz -name ref clk [get ports ref clk]

-late 3 ref clk
-early 2 ref clk
nty -hold -to ref clk 0.250
nty —-setup -to ref clk 0.250

ns (max) & 2ns (min) for bus data in[1:0]

lock ref clk -max 6 [get ports data in]
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set input delay -clock ref clk -min 2 [get ports data in]

# Output delay of 6ns (max) & 2ns (min) for bus data_out([1:0]
set output delay -clock ref clk -max 6 [get ports data out]
set_output_delay -clock ref clk -min 2 [get ports data_out]

# Don’t care about timing on the resetn net. Set as false path
set false path -from [get ports resetn]
## End of timing assignments.tcl

Timing Assignments Script timing_assignments.tcl

If you are using Classic Timing Analyzer, the

timing assignments.tcl script is run from the top-level script,
demo_design.tcl. This script applies timing constraints for the system
clock, ref clk, and I/O-to-core timing specifications.

## timing assignments.tcl
create base clock —-fmax 10.0ns —-target ref clk ref clk

set instance assignment -name LATE CLOCK LATENCY 3ns -to ref clk
set_instance_assignment -name EARLY CLOCK_LATENCY 2ns -to ref clk
set clock uncertainty -hold -to ref clk 0.250ns
set_clock uncertainty -setup -to ref clk 0.250ns

# Input delay of éns (max) & 2ns (min) for bus data_in[1:0]
set input delay -clk ref ref clk -max -to data in 6.0ns
set_input delay -clk ref ref clk -min -to data in 2.0ns

# Output delay of 6ns (max) & 2ns (min) for bus data out[1:0]
set _output delay -clk ref ref clk -max —-to data out 6.0ns
set output delay -clk ref ref clk -min -to data out 2.0ns

# Don’t care about timing on the resetn net. Set as false path
set_timing cut_ assignment -from resetn
## End of timing assignments.tcl

This chapter introduced script-based design for HardCopy II devices
using the Quartus II interactive Tcl shell. This approach provides you
with an alternative to GUI-based design for certain situations such as
remote-terminal Quartus Il execution, design flow automation, or even if
you are simply more comfortable operating in a scripting environment.
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Table 6-10 shows the revision history for this chapter.

Revision History

Table 6-10. Document Revision History

Date and D_ocument Changes Made Summary of Changes
Version

September 2008, Updated chapter number and metadata. —

v1.3

June 2007, v1.2

Minor text edits.

December 2006 Updates for the Quartus Il software version 6.1.0 A medium update to the
v1.1 e Added information on the Tcl command-line executable | chapter, due to changes in
quartus_sta, newly available in Quartus Il software the Quartus Il software
version 6.1.0, and recommended for use in HardCopy | version 6.1 release.
design timing analysis.
e Updated Figure 6—1.
e Updated Table 6-1, Table 6-2, and Table 6-3.
e Added revision history.
March 2006 Formerly chapter 15; no content change.

October 2005 v1.0

Initial release of Script-Based Design for Hardcopy Il
Devices.
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In a Stratix® Il FPGA design, a complete and accurate set of timing
constraints is often not critical to achieving a fully functioning product.
The reconfigurability of the FPGA means that if a timing-related problem
occurs during hardware test and verification, the device can be
reprogrammed to correct it. No ASIC re-spin or board-level work-around
is necessary and the fix can be implemented in a timely and cost-effective
way.

In contrast, a HardCopy® II design results in a mask-programmed,
structured ASIC device. Timing problems may result in long
design-change turn-around times and high NRE costs. To ensure a
smooth transition through the Quartus® II software and back-end design
in the Altera® HardCopy Design Center (HCDC), Altera strongly
recommends that you use the TimeQuest timing analyzer provided with
the Quartus II software and that you follow the timing considerations
and timing constraint recommendations given in this chapter. Use of the
TimeQuest timing analyzer for Design Review 2 (DR2) in the
HardCopy II design flow will soon be mandatory.

The TimeQuest timing analyzer is a complete static timing analysis tool
that you can use as a sign-off tool for Altera FPGAs and structured ASICs.
As FPGA devices become denser and faster, they are the targets of
complex designs and applications that previously were implemented in
ASICs. These complex designs push the limits of the traditional Classic
Timing Analyzer, affecting designer productivity. The Quartus II
TimeQuest timing analyzer, in contrast, works well on complex designs.
Its intuitive user interface, support of industry-standard Synopsys
Design Constraints (SDC) format, and scripting capabilities all result in
increased productivity and efficiency.

For more information on the features and capabilities of the TimeQuest
timing analyzer, refer to the TimeQuest Timing Analyzer chapter in
volume 3 of the Quartus IT Handbook.

This chapter includes the following information:

B A description of timing-related differences between HardCopy II
structured ASICs and Stratix II FPGAs

B Descriptions and a comparison of the TimeQuest timing analyzer
and the Classic Timing Analyzer
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B An explanation of the use of timing constraints in the Quartus II
software, including some of the important timing-related checks
reported by the HardCopy II Advisor and Design Assistant

B Timing constraint recommendations for your HardCopy II project
and recommendations for handling legacy designs that use timing
constraints not supported in the HardCopy II design flow

HardCopy Il versus Stratix Il Timing

The back-end design of your HardCopy II structured ASIC includes
timing closure in accordance with the timing specification achieved in the
Quartus II software for the Stratix II FPGA prototype and HardCopy II
device. However, you should be aware that this does not mean that actual
path timing in the Stratix Il FPGA is duplicated in the HardCopy II
device. In fact, because of the architectural differences between Stratix II
and HardCopy II devices, you should expect that while internal and I/O
path timing are within whatever timing constraints you applied, actual
path delays are different.

The key factors that impact timing differences between Stratix II and
HardCopy II devices are listed below.

B The HardCopy II die is significantly smaller than its Stratix I
counterpart

B Coarse-grain adaptive logic modules (ALMs) in Stratix IT devices are
mapped to fine-grain HCell macros in HardCopy II devices

B Design connections are implemented using custom metal routing in
HardCopy II devices

B HardCopy II devices contain no SRAM-configurable programmable
connection points

B Leaf sub-trees in HardCopy II global clock networks are custom
routed

The following sections briefly describe the effect of these factors on
HardCopy II timing characteristics.

Internal Register-to-Register Timing

Internal timing is the timing of paths from register to register within core
logic. Internal timing is dependent on the transport delays of logic
elements on register-to-register paths and the overall effects of parasitic
capacitance, parasitic resistance, and crosstalk on routing connections
between those logic elements.

User-logic implementation in HardCopy II devices is more area efficient
and often has improved timing when compared with the Stratix Il FPGA.
These advantages are the result of re-mapping the coarse-grain,
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programmable ALMs in Stratix II devices to fine-grain HCell macros in
HardCopy II devices. All ALM functions are re-mapped to HCells in
HardCopy II devices. Using fine-grain HCells eliminates the need for the
programmable routing multiplexers (MUXs) found inside the Stratix II
ALM blocks. This reduces the number of levels of logic required to
implement ALM functions from the Stratix II device. Consequently, the
transport, or propagation, delays associated in the Stratix II FPGA with
ALMs in register-to-register paths are smaller in the HardCopy II device.

The HardCopy II device does not require configuration SRAM, so die size
is significantly smaller than for Stratix II counterpart devices. One effect
of reduced die size is that overall routing length is shorter. In addition,
HardCopy II devices use customization of metal layers 5 and 6 to
implement user-logic connections. The fact that no configuration SRAM
is required eliminates the need for SRAM-configurable routing switches
and programmable connection points, all of which adversely affect
timing. Therefore, overall, parasitic capacitance and resistance and
crosstalk levels are often lower in the HardCopy II device, leading to
faster connections than those found in the Stratix Il FPGA.

Faster logic element implementation and faster routing in HardCopy II
devices generally result in faster register-to-register paths and higher
overall clock frequencies. Software place-and-route tools have a
significant impact on timing results, however, so there are cases where
Stratix I register-to-register paths are faster than the corresponding paths
in the HardCopy II device.

The internal timing performance of digital signal processing (DSP)
functions is similar in a Stratix Il FPGA and its corresponding
HardCopy II device. In Stratix Il FPGAs, DSP functions are usually
implemented in the embedded DSP blocks. These DSP blocks provide
optimal area and performance for DSP functions. In HardCopy II devices,
the same DSP functions are implemented in HCell DSP macros, which are
designed to match the functionality and timing of the DSP blocks in
Stratix II devices. However, the timing performance of paths between the
DSP functions and other core logic is generally faster in the HardCopy II
device than in the Stratix Il FPGA.

RAM-block access time is similar in a Stratix II FPGA and its
corresponding HardCopy II device. However, as for DSP functions, the
timing performance of paths between the RAM blocks and other core
logic is generally faster in the HardCopy II device than in the Stratix II
FPGA.
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1/0 Path Timing

The actual timing and parametric characteristics of I/O cells in
HardCopy II devices are very similar to those in Stratix II devices. You
should expect, however, to see differences in I/O signal path timing.
These differences are primarily because of timing differences in
core-to-I/O and clock distribution.

For core-to-1/0O timing, one of the largest influencing factors is the timing
behavior of signal paths, as described in the “Internal Register-to-Register
Timing” section. In general, core-to-I/O and 1/O-to-core timing are
different between HardCopy II and Stratix II devices.

The other major influence on I/O timing is the clock distribution
differences between HardCopy II and Stratix II devices. Shorter, faster
clock trees, custom clock tree buffering and custom routing of leaf
sub-trees in HardCopy II mean that insertion delays, latencies, skew
characteristics, jitter, and PLL compensation are different from the Stratix
ITFPGA. The effect of this is described in the “Clock Distribution Effects”
section.

Clock Distribution Effects

The HardCopy II structured ASIC has a clock distribution scheme that is
similar to that in Stratix Il FPGAs with some notable differences:

B There are no SRAM-programmable switches and routing
connections

B Reduced die-size means shorter overall clock tree routing length

B Leaf sub-trees of clock networks are custom routed using
customized metal mask layers

These physical differences affect clock distribution characteristics across
the device. Timing characteristics most affected are:

Clock tree latency and clock insertion delay
Clock skew

Clock jitter

PLL compensation delays

In general, clock tree latencies are smaller in the HardCopy II device
because of shorter routing length and the absence of
SRAM-programmable switches. As a result, you should expect that any
clock insertion delays that are modeled will also be shorter.
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The most significant impact of reduced clock tree latency is the changes
in core-to-I/O and I/O-to-core timing. For example, if an I/O register is
clocked earlier because of reduced clock latency, the arrival time of the
register output at the device pin is reduced. Similarly, if an input register
is clocked earlier, the setup time for that register is also earlier, and the
hold time requirement is relaxed.

The Quartus II software accommodates these differences to ensure that
your timing requirements are satisfied. However, you should be aware
that reduced clock insertion delay causes I/O timing differences between
your Stratix Il FPGA prototype and a HardCopy II-structured ASIC.

PLL Characteristics

Many of the effects described in the “Clock Distribution Effects” section
also apply to the clock outputs from PLLs between Stratix IT and
HardCopy II devices. The Quartus II software implements compensation
delays for PLLs in your HardCopy II device to account for differences in
PLL clock distribution. This ensures that the compensation modes used
in the Stratix II FPGA are also used in the HardCopy II structured ASIC.

To achieve timing closure for your HardCopy II structured ASIC, it is
imperative that you use a complete set of accurate timing constraints
throughout the flow. For the Stratix Il FPGA prototype, although you
may verify timing and functionality in hardware, it is essential that the
design be compiled and verified in the Quartus II software using a
complete set of timing constraints. These constraints feed forward to the
HardCopy II revision of the project, and ultimately to the HardCopy
Design Center (HCDC).

The back-end design of your structured ASIC in the HCDC ensures that
it conforms to whatever timing constraints are satisfied in the Quartus II
software. It is important to remember that while the Quartus II timing
constraints are respected, the actual Stratix Il FPGA prototype timing you
observe in hardware is not duplicated in the HardCopy II structured
ASIC. The timing differences between the Stratix II device and the
HardCopy II structured ASIC are inconsequential as long as both are
checked against a complete set of timing constraints.

HardCopy Il Timing Closure Flow

HardCopy II timing closure methodology is comprehensive and includes
both the TimeQuest timing analyzer and Classic Timing Analyzer in the
Quartus II software, an interface to a third-party static timing analyzer,
and FPGA-prototype timing verification in the hardware.
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Altera recommends you use the TimeQuest timing analyzer. You can
specify that the TimeQuest timing analyzer be used by the Quartus II
software rather than the default Classic Timing Analyzer.

The TimeQuest timing analyzer validates the timing performance of all
logic in your design using an industry-standard constraint, analysis, and
reporting methodology. It provides powerful timing analysis features
that enable thorough timing analysis of high-performance designs. The
benefits of using TimeQuest for timing analysis include these features:

B Native SDC support—You can leverage this powerful
industry-standard timing constraint format to achieve a higher
degree of productivity by using and reusing SDC- and Tcl-based
scripts.

B Fast on-demand and interactive data reporting—This feature saves
time by allowing you to request more detailed timing analysis on
critical paths only. A powerful GUI reports the timing analysis data
in an intuitive graphical format that complements the fast,
on-demand data reporting, further enhancing productivity.

Classic Timing Analyzer supports HardCopy II timing analysis.
However, TimeQuest provides more powerful timing analysis features.
Some Classic Timing Analyzer timing constraints may not be translated
from the Quartus Setting file to SDC format constraints when the design
is transferred to the HCDC, because translating these constraints is
difficult and error-prone and often requires detailed analysis of the
particular context in which the constraint is used.

The timing closure methodology used in the Quartus II software for a
HardCopy II design is shown in Figure 7-1. This diagram shows the
FPGA-first static timing analysis flow for either the TimeQuest timing
analyzer or the Classic Timing Analyzer. For the HardCopy II first flow,
the methodology is the same except that the HardCopy II compilation is
performed before the Stratix II compilation.
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Figure 7-1. Stratix Il First Timing Closure Flow Note (1)

Note to Figure 7-1:
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SDC Timing
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\ 4
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(1) Timing constraints are required in Stratix II revision and HardCopy II revision. The TimeQuest timing analyzer
supports industry-standard SDC files (.sdc) and Classic Timing Analyzer supports Quartus Setting File (.qsf).
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As you can see from Figure 7-1, timing constraints are used very early in
the Quartus II design flow. During the Stratix II FPGA prototype
compilation, these constraints are used as the timing target for
timing-driven compilation. When the compilation is complete, the
TimeQuest timing analyzer or Classic Timing Analyzer reports timing
results for your design. Any failed timing reports mean that you must
either modify your timing constraints, change your compile settings and
recompile, or both. In addition, the timing constraint checkers in both
TimeQuest and Classic Timing Analyzer report the unconstrained timing
paths. See “Using the TimeQuest Timing Analyzer” on page 7-8 for
details. For timing verification in third-party tools, the Quartus II
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software can generate static timing analysis scripts for use in Synopsys
PrimeTime tools. In addition, timing can be further verified in
third-party, timing-driven simulation tools.

When software timing verification of the Stratix II prototype FPGA is
complete, you can verify your prototype in hardware. It is a requirement
of the HardCopy II design flow that you fully verify the Stratix II FPGA
prototype timing over the range of operating conditions that your design
is exposed to.

The next step is to create and compile your HardCopy II design revision.
By default, your HardCopy II compilation is run with the same timing
constraints used during the compilation and verification of your Stratix II
FPGA. If you wish to change the target timing specifications for the
HardCopy Il revision, you can do so by changing the HardCopy II timing
constraints before compiling. When the HardCopy II compilation is
complete, just as you do after the Stratix II compilation, run TimeQuest or
Classic Timing Analyzer to check timing results. You should review and
resolve any timing failures that are reported.

One of the final steps in the HardCopy II design flow in the Quartus II
software is the revision comparison check. Part of this check compares
timing constraints and settings between the Stratix Il and HardCopy 1I
revisions of the project. Any differences between the two are reported. If
you change the timing constraints after completing Stratix Il FPGA
prototyping, the Revision Compare tool will report the change and you
will be asked to waive this difference in the design review.

When your Quartus II design is transferred to the HCDC, it includes an
industry-standard (SDC) version of the HardCopy II timing constraints.
This version is the set of legal timing constraints for the design that
include commands only from the sdc package in the Quartus II software.
For the HardCopy II design flow, you may not use any commands except
those in the sdc package in the Quartus II software. In addition, you must
correct all timing constraints that generate warning messages in the
Quartus II software.

For more detailed information on the Quartus II sdc package, refer to the
sdc package section in the Tcl Packages and Commands chapter of the
Quartus II Scripting Reference Manual.

Using the TimeQuest Timing Analyzer

The TimeQuest timing analyzer plays an integral part in the Quartus II
HardCopy II timing closure flow, from the specification of timing
constraints to the verification of design requirements.
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The TimeQuest timing analyzer provides a number of timing checks
during the HardCopy II design flow. The HardCopy II Advisor guides
you to launch the TimeQuest timing analyzer for these timing checks and
ensures that the design is fully constrained, as shown in Figure 7-2.

Figure 7-2. TimeQuest Timing-Related Settings in the HardCopy Il Advisor

@ HardCopy Il Advisor

lardCopy II Advisor

3 Getting maore infarmation

/' choose a Stratix I device
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Set up timing constraints

Deescription Use the TimeQuest Timing Analyzer to check that all timing paths are constrained and meet
tirning,
Moire Info

Action Use the Timelluest Timing Analyzer to check. that the design is fully constrained. Use the

button below to open the TimeGuest Timing Analyzer, and then, from the Tasks Pane,
double-click the "Report Unconstrained Paths'" to generate an unconstrained path report,
Use this repart to ensure that the design is fully constrained.

Open TimeGuest Timing Analyzer
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All timing paths must be fully constrained. The TimeQuest report ucp
command (or the TimeQuest GUI Tasks pane option Report
Unconstrained Paths) generates a series of reports that detail all
unconstrained paths in your design. These reports list unconstrained
setup, hold, recovery, and removal timing paths in the design. You must
correct any design errors the report shows you by applying additional
constraints before running static timing analysis.

The TimeQuest timing analyzer supports most constraints in the SDC
format for the HardCopy series of devices. The TimeQuest timing
analyzer constraints are specified in commands from two Tcl packages in
the Quartus II software. These packages are the sdc package and the
sdc_ext package. The HardCopy II design flow requires that all timing
constraints be specified in commands from the SDC Version 1.5
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specification, as provided in the sdc package. Quartus I software returns
warning messages in the early stage of the compilation for HardCopy II
design flow if the SDC file contains any constraints that use commands
from the TimeQuest extension to the SDC Version 1.5 specification, which
are provided in the sdc_ext package. To enable a smooth transfer of the
SDC file to the HCDC (HardCopy Design Center) for back-end design,
you should avoid using commands and options from the sdc_ext
package.

For more detailed information on the Quartus II sdc and sdc_ext
packages, refer to the sdc package section in the Tcl Packages and
Commands chapter of the Quartus II Scripting Reference Manual and to the
SDC and TimeQuest API Reference Manual.

In addition to these timing-related checks, you should review the
Quartus II timing report sections in the Compilation Report and resolve
any timing violations that may be reported (Figure 7-3).

Figure 7-3. TimeQuest Unconstrained Timing Path Report
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For more detailed information about the features and capabilities of the
TimeQuest timing analyzer, refer to the TimeQuest Timing Analyzer
chapter in volume 3 of the Quartus II Handbook.

Using Classic Timing Analyzer

Classic Timing Analyzer analyzes the delay of every design path and
analyzes all timing requirements to ensure correct circuit operation. As
part of the compilation flow, the Quartus II software automatically
performs static timing analysis so that you do not need to launch a
separate timing analysis tool. Classic Timing Analyzer checks every path
in the design against your timing constraints for timing violations and
reports results in the Timing Analysis reports, giving you immediate
access to the data.

Quartus Il Timing Related Checks and Settings

The Classic Timing Analyzer provides a number of timing related checks
as you go through a HardCopy II design flow. The HardCopy II Advisor
can guide you through these checks and ensure that you perform all steps
required to successfully complete a HardCopy II design.

For more information on the HardCopy II Advisor and the checks
performed by the Design Assistant, refer to the Design Guidelines for
HardCopy Series Devices chapter in the Hardware Design Considerations
section of the HardCopy Series Handbook.

The HardCopy II Advisor advises on the correct Quartus II settings for
timing analysis (Figure 7—4). These settings are necessary to ensure you
generate accurate and complete timing reports. The list of settings
includes the following:

Enable Recovery/Removal Analysis
Enable Timing Constraints Check
Report Combined Fast/Slow Timing
Report I/O Paths Separately

Enable Clock Latency

Enable Misc. Timing Assignments

In the Classic Timing Analysis flow, you must set the value of

CUT OFF PATHS BETWEEN CLOCK DOMAINS to OFF. Otherwise, the
unconstrained path report (UCP report) will list all clock domain crossing
paths as unconstrained. The report does not honor the ON setting, which
cuts timing from clocks not originating from the same PLL.
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Figure 7-4. Classic Timing-Related Settings in the HardCopy Il Advisor
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Classic Timing Analyzer, unlike the TimeQuest timing analyzer,
supports some timing constraints that are incompatible with the
HardCopy II design. In the HardCopy II Advisor, the Remove
Unsupported Global Timing Assignments option and the Remove
Unsupported Instance Timing Assignments option in the Check for
Incompatible Assignments list (Figure 7-5) together list all the timing
constraints that are incompatible with the HardCopy II design flow.
These constraints are explained in “Unsupported HardCopy II Timing
Constraints for Classic Timing Analyzer” on page 7-21.

Although Quartus II successfully completes timing analysis if you do not
remove these timing constraints, it is very important that you correct all
unsupported timing assignments before you transfer the HardCopy II
design to the HCDC. Failure to remove these incompatible constraints
may result in delays during back-end timing closure.
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Figure 7-5. Classic Timing Analyzer Unsupported Timing Assignments in HardCopy Il Advisor
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The Compilation Report for both the Stratix I and HardCopy II
revisions of your project includes a Timing Constraints Check section
(Figure 7-6). This section reports all unconstrained paths based on the
coverage provided by the timing constraints used in the design. You
should examine this report and verify that all internal and I/O paths and
all clock domains are constrained for both setup and hold checks.

Figure 7-6. Classic Timing Analyzer Constraints Check in Compilation Report
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When using Classic Timing Analyzer, just as when using the TimeQuest
timing analyzer, you should review the Quartus II timing report sections
in the Compilation Report and resolve all reported timing violations.

To ensure that the timing of the HardCopy device meets performance
goals, the HardCopy Design Center runs static timing analysis on the
design database. For this timing analysis to be meaningful, all timing
constraints and timing exceptions that you applied to the design for the
FPGA implementation, must also be used for the HardCopy
implementation. If you did not use timing constraints or you used only
partial timing constraints for the design, you must add constraints to
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make the design fully constrained, and use the same constraints for both
FPGA and HardCopy revisions in the flow. If you do not do this, you
cannot determine whether the HardCopy series device meets the
required timing of the end target system. The SDC format timing
constraints can be generated using the Quartus II SDC File Editor which
provides line numbering, syntax coloring, and call tips. You can enter
timing constraints and exceptions directly or specify them from the
Constraints menu. An example of the SDC commands is shown in the
following section.

The following constraints must be included:

Clock definitions

Primary input port timing
Primary output port timing
Combinational timing
Timing exceptions

«®  Forinformation on the SDC editor, refer to the TimeQuest Timing Analyzer
chapter in volume 3 of the Quartus II Handbook.

P For more information on timing constraints for the TimeQuest timing
analyzer, refer to the TimeQuest Timing Analyzer chapter in volume 3 of
the Quartus II Handbook.

«®  For more information on timing assignments for Classic Timing
Analyzer, refer to the Classic Timing Analyzer chapter in volume 3 of the
Quartus II Handbook.

Clock Definitions

You can use these definitions to describe the parameters of all different
clock domains in a design. Clock parameters that must be defined are
frequency, time at which the clock edge rises, time at which the clock edge
falls, clock uncertainty (for example: jitter, noise, and designed in timing
margin), and clock name. Figure 7-7 illustrates the attributes.
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Figure 7-7. Clock Attributes
Clock Period = 10.0 ns
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of Clock of Clock

The clock settings for PLL clocks are derived automatically based on the
PLL settings and reference clock characteristics. You can also override the
default PLL clock settings for timing analysis by specifying clock settings
for the input clock port on the PLL.

Clock uncertainty in PLL clock outputs is not modeled by default. You
should usethe set clock uncertaintycommand tomodeljitter and
any other uncertainty and margin in your PLL clocks.

=" Consult with your Altera Field Applications Engineer (FAE) or
use MySupport regarding PLL clock uncertainty calculation for
your design.

The SDC format provides a simple and easy method to constrain the
simplest to the most complex designs. The following example illustrates
the simplest SDC commands for a clock (port or pin) and for a generated
clock at the PLL output pin for a design:

#Constrain the base clock
create clock -period 10.000 [get ports clkin]

#Constrain the PLL output clock
derive pll clocks

Ils~  Althoughderive pll clocks isin the sdc_ext package, it is
the unique exception to the requirement that all timing
constraints in the HardCopy II design flow must be in the sdc
package. This command is automatically translated to the
sdc-package command generated pll clock prior to
transfer to the HCDC.
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‘e For a full list of available report APIs, refer to the SDC and TimeQuest API
Reference Manual.

Primary Input Port Timing

You must specify the primary input port timing constraint for every
primary input port in the design (and for the input path of every
bidirectional port). The following two subsections describe how to
constrain input port timing.

External Input Delay Specification

To constrain the input port timing, describe the external timing
environment in terms of the maximum and minimum arrival times of the
external signals that drive the primary input ports of the HardCopy series
device or FPGA. Figure 7-8 shows the external timing constraint that
drives the primary input port. The static timing analysis tool can use this
external input delay time to check if there is enough time for the data to
propagate to the internal nodes of the device. If there is not enough time,
a timing violation occurs.

Figure 7-8. External Timing Constraint Driving a Primary Input Port

External Device
Primary Input to
b Q Daga |Pam PLD/HardCopy DagalPath D Q
elay Series Device elay
dff dff

External Input Delay » HardCopy Device or FPGA

Internal Input Delay Specification

This approach describes the acceptable maximum on-chip delay for your
design. For example, you can use this approach to describe the setup time
of a primary input to any register in the design relative to a specific clock.
Figure 7-9 shows a generic circuit with an on-chip setup-time constraint,
which may be different for each clock domain. You may specify the
minimum on-chip delay from any primary input port to describe input
hold-time requirements.
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Figure 7-9. Internal Input Delay Specification (Setup)
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Figure 7-10 shows a generic circuit with an on-chip hold-time constraint.

Figure 7-10. Internal Input Delay Specification (Hold)
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Clock
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Primary Output Port Timing

You must specify the output port timing constraint for every primary
output port in the design and for the output path of every bidirectional
port. There are two ways to capture the output port timing, as described
in the following two sections.
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External Output Delay Specification

One way to capture output port timing is to describe the external timing
environment, which is the maximum and minimum delay times of
external signals that are driven by the primary output ports of the
HardCopy series device. Figure 7-11 shows the external timing
constraint driven by the primary output port. The static timing analysis
tool uses this information to check that the on-chip timing of the output
signals is within the desired specification.

Figure 7-11. External Timing Constraint for a Primary Output Port
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Internal Output Delay (Tco) Specification

This approach describes the acceptable maximum and minimum on-chip
clock-to-output (T¢p) delay. For example, you can use this approach to
describe the time it takes from the active edge of the clock to the data
arriving at the primary output port. Figure 7-12 shows a generic circuit
with an on-chip T¢q time constraint. In addition, there can be a minimum

Tco requirement.

Figure 7-12. On-Chip Clock-to-Output (T,,) Time Constraint
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Combinational Timing

In combinational timing circuits, a path exists from a primary input port
to a primary output port. This type of circuit does not contain any
registers. Therefore, it does not require a clock for constraint
specification. You only need the maximum and minimum delay from the
primary input port to the primary output port to constrain the path for
timing requirements. Figure 7-13 shows the placement requirement for a
combinational delay arc constraint in a generic circuit.

Figure 7-13. Combinational Timing Constraint

Data Path
Delay
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Combinational Delay Arc

Timing Exceptions

Some circuit structures warrant special consideration. For example, you
can ignore all timing paths between two clock domains when a design
has more than one clock domain and the clock domains are not related.
You can ignore all timing paths using the static timing analysis tool by
specifying false paths for all signals that go from one clock domain to the
other clock domain(s). Additionally, some circuits are not intended to
operate in a single-clock cycle. These circuits require that you specify
multi-cycle clock exceptions.

After capturing the information, the Altera HCDC directly checks all
timing of the HardCopy series device before tape-out occurs. If any
timing violations occur in the HardCopy series device due to overly
aggressive timing constraints, Altera must fix them, or you must waive
them.
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The Quartus II software supports a wide variety of complex timing
constraints. When using Classic Timing Analyzer for HardCopy II
design, however, some of these constraints are not translated to SDC
format constraints when the design is transferred to the HCDC. The
unsupported timing constraints for HardCopy II are listed below:

Clock enable multicycle paths
Inverted clocks

TSU, Th, TCO, and Min T¢g
Internal Tpp

Virtual clocks

Maximum clock and data skew
Maximum and minimum delay

If these constraints are used, you can still perform timing analysis in the
Quartus II software and produce the correct results. However, when a
HardCopy II archive for handoff is created, they will be ignored. The
translation of Quartus II timing constraints to SDC constraints simply
drops unsupported constraints; they do not feed forward to the HCDC.
Any unsupported constraints in a design are listed under the
Incompatible Assignments section in the HardCopy II Advisor (see
Figure 7-5).

While it is possible to translate unsupported constraints to constraints
that are supported, the process is difficult and error-prone, often
requiring detailed analysis of the particular context in which the
constraint is used.

For this reason, Altera recommends that you use timing constraints in the
industry-standard SDC format with the TimeQuest timing analyzer or
use only supported timing constraints for Classic Timing Analyzer from
the start of your HardCopy II project. This approach avoids any
translation or constraint coverage issues that may occur later in a project
and the inevitable delay and risk that results.

In some cases, a HardCopy II project in the Quartus II software may
already be using the unsupported constraints, and you may choose either
to translate the existing, unsupported constraints, or replace them with a
new set of constraints that use only the recommended HardCopy II
timing assignments. In many cases, you may find it easier to rebuild the
constraints rather than translate existing constraints. This is because of
the ambiguous nature of many unsupported timing constraints, which
often require additional information outside of the Quartus II software
before the translation can be properly resolved. Verifying that the
translations produce the same timing constraint coverage and the same
timing analysis results can also be a time-consuming and error-prone
exercise.
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If you do wish to translate existing, unsupported timing constraints to
recommended constraints, use Table 7-1 as a rough guide. It shows how
values used in TCO, Th, TSU, and Min T assignments normally convert
to values used in recommended HardCopy II assignments. In the table,
unsupported constraints are listed in the left hand column.
Recommended constraints are listed along the top row. To use the table,
cross-reference the unsupported constraints you wish to translate against
a recommended constraint. The cross reference cell contains the
conversion of the original, unsupported constraint value that should be
used with the new, recommended constraint. It is very important to note
that these translations are not valid in every design scenario.

Table 7-1. TSU, TH, TCO, and Minimum T;o Timing Constraint Conversion Notes (1), (2), (3), (4), (5)
setup_relationship set_input_delay hold_relationship set_output_delay
TSU Req -max <TCK-TSU>
Th Req -min Th -Th

TCOReq -max <TCK-TCO>
Min Min Tco -min <- Min Tgo>
Teo
Req

Note to Table 7-1:

(1) TSU = value used in the TSU requirement assignment.

(2) TCO = value used in the TCO requirement assignment.

(3) Th =value used in the Th requirement assignment.

(4) Min T¢o = value used in Min T requirement assignment.

(5) TCK = period of the clock for registers associated with the TSU and TCO requirements.

Conclusion
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This chapter described timing considerations and Quartus II timing
constraint recommendations for HardCopy II projects. By understanding
these considerations and following the recommendations in your design,
you ensure a smooth transition through the Quartus II software and
subsequent transfer to the Altera HardCopy Design Center for the
back-end design of your structured ASIC. Following the
recommendations in this chapter will help ensure success in your
HardCopy II project.
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Table 7-2 shows the revision history for this chapter.

Revision History

Table 7-2. Document Revision History

v2.2

Date and D_ocument Changes Made Summary of Changes
Version
September 2008, Updated chapter number and metadata. —

June 2007, v2.1

Minor text edits.

December 2006
v2.0

Major updates for the Quartus |l software version 6.1.0

Added information on TimeQuest timing analyzer, newly
available in Quartus Il software version 6.1.0, and
recommended for use in HardCopy Il design timing
analysis.

Added “Using the TimeQuest Timing Analyzer” section.
Brought in “Constraining Timing of HardCopy Series
Devices” section, previously in Chapter 22.

Updated “HardCopy Il Timing Closure Methodology”
section.

Added revision history.

A major update to the
chapter, due to changes in
the Quartus Il software
version 6.1 release,
especially the inclusion of
the TimeQuest timing
analyzer; most changes
were in the “HardCopy I
Timing Closure
Methodology” section, and
the addition of the “Using
the TimeQuest Timing
Analyzer” and
“Constraining Timing of
HardCopy Series
Devices”sections.

March 2006, v1.0

Added document to the HardCopy Series Handbook.
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Altera® HardCopy® II devices and Stratix® II devices are both
manufactured on a 1.2-V, 90-nm process technology and offer many
similar features. Designers can use the Quartus® II software to migrate
their Stratix II design to a HardCopy II device. The Quartus II software
ensures that the design revision targeting a HardCopy II device retains
the same functionality as the original Stratix II design.

Beginning with version 5.0 of the Quartus II software, you can select a
HardCopy II companion device from the Device Settings dialog box
(Device menuy). Selecting a HardCopy II device as a companion device is
similar to adding another Stratix II device in the migration device chain.
The Quartus II software compiles the design to use the common resources
available in all of the selected Stratix II devices and the selected
HardCopy II devices. The HardCopy II companion device becomes the
target device when you switch to the HardCopy II flow from this Stratix II
flow later in the Quartus II project compilation.

For more information on compiling with Stratix II and HardCopy II
companion revisions using Quartus II software, refer to the Quartus II
Support for HardCopy II Devices chapter of the HardCopy Series Devices
Handbook.

When you select a HardCopy II companion device, you can set the
Quartus IT Compiler to limit the design to the minimum resource
availability of memory blocks and available logic for digital signal
processing (DSP) from either the targeted Stratix II or HardCopy II
companion device. Additional limitations also include I/O pin
assignments and phase-locked loops (PLLs). This document is a guide for
designers migrating Stratix II designs into HardCopy II devices. This
document highlights resources that are not supported by the selected
Stratix II and HardCopy II companion device pair or any resource
differences between Stratix II devices and the HardCopy II device.

This document includes the following topics:

Stratix II and HardCopy II Migration Options

I/0 Support and Planning

External Memory Interface Support

On-Chip Termination

Stratix II and HardCopy II Companion Memory Blocks
PLL Planning and Utilization
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Stratix Il and
HardCopy Il
Migration
Options
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Global and Local Signals

Stratix Il ALM Adaptation into HardCopy II Logic
HardCopy II DSP Implementation from Stratix II DSP Blocks
JTAG BST and Extended Functions

Power Up and Configuration Compatibility

The Quartus II software allows you to migrate between different Stratix II
devices in the same package. When compiling Stratix II designs in the
Quartus II software, you can specify one Stratix II target device and one
or more Stratix II migration devices. When you specify at least one
migration device, the Quartus II Compiler constrains the overall design’s
I/0 pins and other resource assignments to the minimum resources
available in any of the selected migration devices. This feature allows
vertical migration between devices using the same package footprint. To
create the proper configuration file for one of the Stratix II devices
selected in the migration devices menu, select that device as a target
device.

The introduction of HardCopy II provides an additional seamless
migration path for Stratix IT devices. After you select a particular Stratix II
device, the Quartus II software provides migration options in the
Settings dialog box. For example, if your design targets the EP25130
device in the 1,020-pin FineLine BGA® package, the Quartus II software
provides the EP2590 and EP25180 devices in the 1,020-pin FineLine BGA
package as migration options as well as the HC230 device in the 1,020-pin
FineLine BGA package.

Conversely, the HardCopy II architecture allows you to design a
structured ASIC and then prototype with a wide range of Stratix II
devices. If the target device is a HardCopy I HC220 device in the 780-pin
FineLine BGA package, you can select the Stratix II EP2590 or EP25130
device in the 780-pin FineLine BGA package as prototype devices.

Table 8-1 shows vertical migration options by package.
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Stratix Il and HardCopy Il Migration Options

Table 8-1. Stratix Il and HardCopy Il Migration Options  Note (1)
FineLine BGA Package
Device
484 Pins 672 Pins 780 Pins | 1,020 Pins | 1,020 Pins | 1,508 Pins
HardCopy |I HC210 HC220 HC220 HC230 HC240 HC240
Stratix |1 EP2S30 EP2S60 EP2S90 EP2S90 EP2S180 | EP2S180
EP2S60 EP2S130 | EP2S130
EP2S90(2) EP2S180

Notes to Table 8-1:

(1) Table 8-1 does not include the HC210W device. For information on the HC210W device, contact the Altera
Applications Group.

(2) This is a Hybrid FineLine BGA package. For more details, refer to the Package Information for Stratix II Devices
chapter in volume 2 of the Stratix Device Handbook.

Beginning with version 5.0 of the Quartus II software, when you compile
a design targeting a HardCopy II device, you will need to select a target
Stratix II device and a HardCopy II companion device for compilation.
Table 8-2 lists the available HardCopy II and Stratix II companion pairs.
These pairs are retained in most resource availability tables in this chapter
to show the maximum resources available that are supported by either
device of the companion pair.

Table 8-2. Stratix Il and HardCopy Il Companion Devices (Part 1 of 2)
Note (1)
Companion Pair
Package
HardCopy Il Device Stratix Il Device
484-pin FineLine BGA HC210 EP2S30
484-pin FineLine BGA HC210 EP2S60
484-pin Hybrid FineLine BGA HC210 EP2S90(2)
672-pin FineLine BGA HC220 EP2S60
780-pin FineLine BGA HC220 EP2S90
780-pin FineLine BGA HC220 EP2S130
1,020-pin FineLine BGA HC230 EP2S90
1,020-pin FineLine BGA HC230 EP2S130
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Table 8-2. Stratix Il and HardCopy Il Companion Devices (Part 2 of 2)
Note (1)

Companion Pair

Package
HardCopy Il Device Stratix Il Device
1,020-pin FineLine BGA HC230 EP2S180
1,020-pin FineLine BGA HC240 EP2S180
1,508-pin FineLine BGA HC240 EP2S180

Notes to Table 8-2:

(1) Table 8-2 does not include the HC210W device. For information on the HC210W
device, contact the Altera Applications Group.

This is a Hybrid FineLine BGA package. For more details, refer to the Package
Information for Stratix II Devices chapter in volume 2 of the Stratix Device Handbook.

@

When the Quartus II software successfully compiles a design, the
HardCopy II Device Resource Guide in the Fitter Compilation Report
contains information on migration compatibility to a HardCopy Il device.
Use this information to select the optimal HardCopy II device for the
prototype Stratix II device based on resource requirements and package
preference.

Table 8-3 shows the available resources for prototyping on a Stratix II
device when choosing a HardCopy II device. This chapter examines each
resource availability in greater detail.

Table 8-3. Stratix Il and HardCopy Il Companion Devices Resource Availability Guide (Part 1 of 2) Note (1)
Stratix Il HardCopy Il Prototyping Resources
and StratixIl
HardCopyll | Package | ALMs | ASIC | User | oy pay | toral | 1818
Companion (2) |Gatestor |1/OPins | g, c | Blocks | RAM Bits | Multipliers | © -5
Devices Logic (3)
EP2S30 484-pin 13,552 | 360K 334 144 0 663,552 64 4
HC210 FineLine BGA
EP2S60 484-pin 24,176 | 720K 334 190 0 875,520 144 4
HC210 FineLine BGA
EP2S90 484-pin 36,384 1M 308 190 0 875,520 192 4
HC210 FineLine BGA
EP2S60 672-pin 24176 | 720K 492 255 2 2,354,688 144 4
HC220 FineLine BGA
EP2S90 780-pin 36,384 1M 494 408 2 3,059,712 192 4
HC220 FineLine BGA
8—4 Altera Corporation
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Table 8-3. Stratix Il and HardCopy Il Companion Devices Resource Availability Guide (Part2 of 2) Note (1)

Stratix Il HardCopy Il Prototyping Resources
and StratixIl
HardCopy I Package ALMs ASIC User M4K | M-RAM Total 18 x 18
CQmpanign (2) Gates for | I/0 Pins . - PLLs
b . Blocks | Blocks | RAM Bits | Multipliers

Devices Logic 3)
EP2S130 780-pin 53,016 1.6 M 494 408 2 3,059,712 252 4
HC220 FineLine BGA
EP2S90 1,020-pin 36,384 1M 698 408 4 4,239,360 192 8
HC230 FineLine BGA
EP25130 1,020-pin 53,016 16 M 698 609 6 6,345,216 252 8
HC230 FineLine BGA
EP2S180 1,020-pin 71,760 22M 698 614 6 6,368,256 384 8
HC230 FineLine BGA
EP2S180 1,020-pin 71,760 22M 742 768(4) 9 8,847,360 384 12
HC240 FineLine BGA
EP25180 1,508-pin 71,760 22M 951 768(4) 9 8,847,360 384 12
HC240 FineLine BGA

Notes to Table 8-3:

()

Applications Group.

@
@)

Table 8-3 does not include the HC210W device. For information on the HC210W device, contact the Altera

ALM: adaptive logic module.
User I/O pin counts are preliminary. The Quartus I software I/O pin counts include one additional pin, PLL_ENA,

which is not included in this pin count.

4)

an EP2S180 device.

1/0 Support and

Planning
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The total number of usable M4K blocks is limited to 768 to allow migration compatibility when prototyping with

HardCopy II companion devices offer pin-to-pin compatibility with the
Stratix II prototype device, which makes them drop-in replacements for
the FPGAs. Therefore, you can use HardCopy II devices with the same
system board and software developed for prototyping and field trials,
enabling the fastest time-to market for high-volume production.

HardCopy II devices offer up to 951 user I/O pins. Table 84 lists all
available I/O pin counts when assigning a Stratix II device while
selecting a HardCopy II companion device. If a Stratix II design uses I/O
pins that are not available in both the Stratix II device and the
HardCopy II companion device, the Quartus II software issues a no-fit
error. Therefore, it is important to monitor pin assignments based on the
Stratix II device and the HardCopy II companion device.
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Table 8-4. Package Options and I/0 Pin Counts for Stratix Il and HardCopy Il Companion Devices Notes (1),
2)
HC210 HC220 HC230 (3) HC240 (4)
Stratix Il
Device 484-Pin 672-Pin 780-Pin 1,020-Pin 1,020-Pin 1,508-Pin
FineLine BGA | FineLine BGA | FineLine BGA | FineLine BGA | FineLine BGA | FineLine BGA

EP2S30 334
EP2S60 334 492
EP2S90 308 494 698
EP2S130 494 698
EP2S180 698 742 951

Notes to Table 8—4:

(1)  UserI/O pin counts are preliminary. The Quartus II software I/O pin counts include one additional pin, PLL._ENA,
which is not included in this pin count. The PLL_ENA pin is not available as a general purpose I/O pin and can
only be used to enable the PLLs in this device.

(2) AllI/O pin counts include eight dedicated clock input pins (c1klp, clkln, clk3p, cl1k3n, c1k9p, c1k9n,
clkllp, and clk11ln) that can be used for data inputs.

(3) The I/0 pin counts for all HC230 combinations include four dedicated fast PLL clock inputs (FPLL7CLKp/n,
FPLL8CLKp/n) that can be used for data inputs.

(4) TheI/0 pin counts for HC240 combinations include eight dedicated fast PLL clock inputs (FPLL7CLKp/n,
FPLL8CLKp/n, FPLLICLKp/n, and FPLL10CLKp/n) that can be used for data inputs.

8-6

HardCopy II devices offer three distinct types of I/O elements (IOEs)
which support a variety of I/O features to match Stratix Il IOEs. These are
memory interface IOEs, high-speed IOEs, and general purpose IOEs.

Memory interface IOEs support popular I/O standards used by external
memory devices, including single-ended standards from LVTTL,
LVCMOS to SSTL, and HSTL voltage referenced (Vggr) type I/O
standards. Memory interface IOEs also have PCI clamp circuitry for PCI
support.

High-speed IOEs support differential applications utilizing LVDS and
HyperTransport technology. High-speed IOEs also support single-ended
LVTTL and LVCMOS 1/0O standards, but do not support Vg I/O

standards.

General purpose IOEs support LVITL and LVCMOS I/0O standards.
General purpose IOEs on the bottom I/O banks (banks 7 and 8) also have
PCI clamping circuitry to support the PCI interface on HardCopy II
devices.
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For more information on HardCopy II IOEs, refer to the HardCopy II
Description, Architecture, and Features chapter of the HardCopy Series
Handbook.

HardCopy I I/0 Banks

HardCopy II devices have eight general I/O banks and up to four
enhanced PLL external clock output banks (banks 9, 10, 11, 12). HC210
and HC220 devices only have PLL output banks 9 and 10. Figure 8-1
shows the HardCopy II I/O banks and the relative PLL positions.

The left side I/O banks 1 and 2 are high speed IOE banks on all
HardCopy II devices. The right side I/O banks 5 and 6 are general
purpose IOEs on HC210, HC220, and HC230 devices, but high speed
IOEs on HC240 devices.

The top I/O banks 3 and 4 are memory interface IOEs on all HardCopy II
devices. The bottom I/O banks 7 and 8 are general purpose IOEs on
HC210 and HC220 but memory interface IOEs on HC230 and HC240
devices. The general purpose IOEs on the bottom of the device support
PCI clamping, but the general purpose IOEs on the right side do not.
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Figure 8-1. HardCopy Il HC240 I/0 Banks  Notes (1), (2), (3), (4)
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N

1/0 banks 3 & 4 support 3.3-V, 2.5-V, 1.8-V LVTTL/
LVCMOS, 1.5-V LVCMOS, SSTL-2, SSTL-18, 1.8-V
HSTL, 1.5-V HSTL & PCI/PCI-X I/0 standards.

CLK, PLL_FB input pins & PLL_OUT output
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pins support LVPECL. DQS input pins support
differential SSTL and differential HSTL 1/0 standards.

1/0 banks 7 & 8 support 3.3-V, 2.5-V, 1.8-V LVTTL/
LVCMOS, 1.5-V LVCMOS & PCI/PCI-X I/0 standards.

HyperTransport
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Notes to Figure 8-1:
Figure 8-1is a top view of the silicon die that corresponds to a reverse view for flip-chip packages. It is a graphical

@
@

®G
@

representation only. Refer to the pin list and Quartus II software for exact locations.

Differential HSTL and differential SSTL standards are available for bidirectional operations on DQS pin and input
only operations on PLL clock input pins; LVDS, LVPECL, and HyperTransport standards are available for input only
operations on PLL clock input pins. Refer to “Differential I/O Termination” on page 8-20 for more details.
HardCopy II devices and the Quartus II software does not support differential SSTL and differential HSTL
standards at left and right I/O banks. Side I/O banks do not have Vggg pins.
Figure 8-1 shows the HC240 device. Other HardCopy II devices have fewer PLL blocks.
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User I/0 Count Per I0E Type and Bank Location

Table 8-5 lists the maximum I/O count per IOE type. This helps you
select a HardCopy II device based on the I/O standard support

requirement.
Table 8-5. HardCopy Il Maximum User 1/0 Count Per IOE Type Notes (1), (2)
MemorI\(/]:Enterface General Purpose High-Speed I0Es
Device Package $ I0Es
Top Bottom Right Bottom Left Right
HC210 484-pin FineLine BGA 87 84 79 84
HC220 672-pin FineLine BGA 126 124 118 124
HC220 780-pin FineLine BGA 126 124 120 124
HC230 (3) | 1,020-pin FineLine BGA 180 178 152 188
HC240 (4) |1,020-pin FineLine BGA 184 182 188 188
HC240 (4) | 1,508-pin FineLine BGA 238 233 240 240

Notes to Table 8-5:

(1) Userl/O pin counts are preliminary. The Quartus II software I/O pin counts include one additional pin, PLL_ENA,
which is not included in this pin count. The PLL_ENA pin is not available as a general purpose I/O pin and can
only be used to enable the PLLs in this device.

(2) AlLI/O pin counts include eight dedicated clock input pins (c1k1lp, clkln, c1k3p, c1k3n, clk9p, c1k9n,
clkllp, and clklln) that can be used for data inputs.

(3) TheI/0 pin counts for all HC230 combinations include four dedicated fast PLL clock inputs (FPLL7CLKp/n,
FPLL8CLKp/n) that can be used for data inputs.

(4) TheI/O pin counts for HC240 combinations include eight dedicated fast PLL clock inputs (FPLL7CLKp/n,
FPLL8CLKp/n, FPLLICLKp/n, and FPLL10CLKp/n) that can be used for data inputs.

HardCopy Il Supported 1/0 Standards

Table 8-6 lists I/O standards that HardCopy II devices supports,
separated by IOE type. This list only focuses on user I/O pins.

Table 8-6. Hardcopy Il Supported I/0 Standards on User I/0 Pins (Part 1 of 2)

Veeio Level (V) Memory | General High-

1/0 Standard Type Interface | Purpose | Speed

Input Output I0Es I0Es I0Es
3.3-V LVTTL/LVCMOS | Single-ended 3.325 3.3 v v v
2.5-V LVTTL/LVCMOS | Single-ended 3.325 25 v v v
1.8-V LVTTL/LVCMOS | Single-ended 1.8/1.5 1.8 v v v
1.5-V LVCMOS Single-ended 1.8/1.5 15 v v v
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Table 8-6. Hardcopy Il Supported I/0 Standards on User I/0 Pins (Part 2 of 2)

Ve Level (V) Memory | General High-
1/0 Standard Type Interface | Purpose | Speed
Input Output I0Es I0Es I0Es
SSTL-2 class | and Il Voltage referenced 25 25 4
SSTL-18 class l and Il Voltage referenced 1.8 1.8 4
1.8-V HSTL class | and Il | Voltage referenced 1.8 1.8 v
1.5-V HSTL class | and Il | Voltage referenced 1.5 1.5 4
PCI/ PCI-X Single-ended 3.3 3.3 v (1)
Differential SSTL-2 class | Pseudo differential (3) | 3.3/2.5/ 2)
I and Il input 1.8/1.5
Differential SSTL-2 class | Pseudo differential (3) 25 2)
| and Il output
Differential SSTL-18 Pseudo differential (3) | 3.3/2.5/ 2)
class | and Il input 1.8/1.5
Differential SSTL-18 Pseudo differential (3) 1.8 2)
class | and Il output
1.8-V differential HSTL | Pseudo differential (3) | 3.3/2.5/ 1.8/1.5 2)
class | and Il input 1.8/1.5
1.8-V differential HSTL Pseudo differential (3) 1.8 2)
class | and Il output
1.5-V differential HSTL | Pseudo differential (3) | 3.3/2.5/ 2)
class | and Il input 1.8/1.5
1.5-V differential HSTL Pseudo differential (3) 1.5 2)
class | and Il output
LVDS Differential 25 25 v
HyperTransport™ Differential 2.5 2.5 v
technology

Notes to Table 8-6:

(1) Like Stratix I devices, the optional PCI clamp is only available on column I/O pins. General purpose IOEs on the

right row I/O pins do not support the PCI clamp.

(2) Similar to Stratix I devices, these I/O standards are only available on input clock pins, output clock pins in I/O
banks 9, 10, 11, 12, and DQS pins in top I/O banks 3, 4 for all HardCopy II devices, and DQS pins in bottom I/O
banks 7 and 8 for HC230 and HC240 devices.

(3) Pseudo-differential HSTL and SSTL inputs only use the positive polarity input in the speed path. The negative
input is not connected internally. Pseudo-differential HSTL and SSTL outputs use two single-ended outputs with
the second output programmed as inverted. This is similar to a Stratix II device implementation.

8-10
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Table 8-7 lists the I/O standards that HardCopy II devices support.
Table 8-7 is organized by clock input, clock output, and PLL feedback
pins.

Table 8-7. Hardcopy Il Supported I/0 Standards of Input Clocks, Clock Out, and PLL Feedback (Part10f2)

Voo Level (V) | ¢, yrg. 3, [ CLKI4-7. 1 ep)) ci |pLL_ouT| PLL_FB
1/0 Standard Type 8.1 (1) 12..15] 3) 7 )
Input | Output | © 2)
3.3-V LVTTL/ Single- 3.3/2.5 3.3
LVCMOS ended v v v v v
2.5-V LVTTL/ Single- 3.3/2.5 2.5
LVCMOS ended v v v v v
1.8-V LVTTL/ Single- 1.8/1.5 1.8
LVCMOS ended v v v v v
1.5-V LVCMOS Single- 1.8/1.5 1.5
ended v v v v v
SSTL-2 class | Voltage 25 25
referenced v v v
SSTL-2 class |l Voltage 25 25
referenced v v v
SSTL-18 class | Voltage 1.8 1.8
referenced v v v
SSTL-18 class I Voltage 1.8 1.8
referenced v v v
1.8-V HSTL Voltage 1.8 1.8
class | referenced v v v
1.8-V HSTL Voltage 1.8 1.8
class Il referenced v v v
1.5-V HSTL Voltage 1.5 1.5
class | referenced v v v
1.5-V HSTL Voltage 1.5 1.5
class Il referenced v v v
PCI/ PCI-X Single- 3.3 3.3
ended v v v
Differential Pseudo 3.3/2.5/
SSTL-2 class | differential | 1.8/1.5 Vv v
and Il input (6)
Differential Pseudo 2.5
SSTL-2 class | differential v v
and Il output (6)
Differential Pseudo 3.3/2.5/
SSTL-18class | | differential | 1.8/1.5 v v
and Il input (6)
Altera Corporation 8-11
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Table 8-7. Hardcopy Il Supported I/0 Standards of Input Clocks, Clock Out, and PLL Feedback (Part2 of 2)

Voo Level (V) | o) yro..3, | CLKIA-T | kpyy cik [PLL ouT| PLL_FB
1/0 Standard Type 8..11] (1) 12..15] 3) 7 )
Input | Output | ©- 2)

Differential Pseudo 1.8
SSTL-18 class | | differential v v
and Il output (6)
1.8-V differential Pseudo 3.3/2.5/
HSTL class | differential | 1.8/1.5 Vv v
and Il input (6)
1.8-V differential Pseudo 1.8
HSTL class | differential v v
and Il output (6)
1.5-V differential Pseudo 3.3/2.5/
HSTL class | differential | 1.8/1.5 v v
and Il input (6)
1.5-V differential Pseudo 1.5
HSTL class | differential v v
and Il output (6)
LVDS input Differential 25 N4 v v N4
LVDS output Differential 2.5 v v
HyperTrans.port Differential 2.5 v v v v
technology input
HyperTransport | Differential 2.5V
technology v v
output
LVPECL input Differential ?;:;//215;/ (7) v v v

Notes to Table 8-7:

(1) CLK8and CLK10 pins on HC210, HC220, and HC230 devices do not support differential standards LVDS and

HyperTransport technology. Only LVTTL is supported on these CLK pins for these devices.

(2) CLK[4..7] pins on HC210 and HC220 devices do not support SSTL, HSTL, differential SSTL, and HSTL input or

output.

(3) HC230 only has two fast PLL clocks, FPLL[7. . 8] CLK. HC240 has four FPLL clocks, FPLL[7..10]CLK.

(4) HC210 and HC220 PLL6_OUT pins do not support SSTL, HSTL, differential SSTL, and HSTL input or output.

(5) HC210 and HC220 PLL6_FB pins do not support SSTL, HSTL, differential SSTL, and HSTL input or output.

(6) Pseudo-differential HSTL and SSTL inputs only use the positive polarity input in the speed path. The negative
input is not connected internally. Pseudo-differential HSTL and SSTL outputs use two single-ended outputs with
the second output programmed as inverted. This is similar to a Stratix IT device implementation.

(7)  This is not supported.
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External
Memory
Interface
Support

Like Stratix II devices, HardCopy I I/O pins have dedicated phase-shift
circuitry for interfacing with external memory, including DDR and DDR2
SDRAM, QDR II SRAM, RLDRAM I, and SDR SDRAM. A compensated
delay element on each DQS pin automatically aligns input DQS
synchronization signals with the data window of their corresponding DQ
data signals.

For all HardCopy II devices, the top I/O banks (3 and 4) support DQ and
DQS signals with DQ bus modes that vary from x4, x8/x9, x16/x18 and
up to x32/x36. The top bank has a phase-shifting reference circuit that
controls the compensated delay elements for all DQS pins on the top
bank.

For the HC230 and HC240 HardCopy II devices, the bottom I/O banks (7
and 8) also support DQ and DQS signals with DQ bus modes from x4,
x8/x9, x16/x18 and x32/x36. Similar to the top banks, the bottom I/O
banks of these devices also have a phase-shifting reference circuit to
control the delay elements at the bottom DQS pins.

Table 8-8 shows the number of DQ and DQS buses supported per
companion device pair. (3)

Table 8-8. DQ and DQS Bus Mode support for Stratix Il and HardCopy Il Companion Devices (Part 1 of2)

Note (1)
Stratix Il and Number of Number of
Number of x4 | Number of
HardCopy II Package Grouns «8/9 Groups x16/x18 x32/x36
Companion Devices p p Groups Groups
EP2S30 484-pin FineLine BGA 4 2
HC210 (2)
EP2S60 484-pin FineLine BGA 4 2
HC210 (2)
EP2S90 484-pin FineLine BGA 4 2
HC210 (2)
EP2S60 672-pin FineLine BGA 9 4 2
HC220 (2)
EP2S90 780-pin FineLine BGA 9 4 2
HC220 (2)
EP2S130 780-pin FineLine BGA 9 4 2
HC220 (2)
EP2S90 1,020-pin FineLine BGA 36 18 8 4
HC230 (3)
EP2S130 1,020-pin FineLine BGA 36 18 8 4
HC230 (3)
Altera Corporation 8-13
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Table 8-8. DQ and DQS Bus Mode support for Stratix Il and HardCopy Il Companion Devices (Part2 of 2)

Note (1)

Stratix Il and Number of Number of

HardCopy I Package Numberof x4 | Number of x16/x18 x32/x36

. . Groups x8/x9 Groups

Companion Devices Groups Groups
EP2S180 1,020-pin FineLine BGA 36 18 8 4
HC230 (3)
EP2S180 1,020-pin FineLine BGA 36 18 8 4
HC240
EP2S180 1,508-pin FineLine BGA 36 18 8 4
HC240

Notes to Table 8-8:

(1) The DQ and DQS numbers are preliminary.

(2) HardCopy Il devices HC210 and HC220 support memory interface in the top I/O banks only. Unlike their Stratix II
companions, these devices cannot support DIMMs.

(3)  Similar to their Stratix Il companions, these device and package combinations can support two 64- or 72-bit DIMMs

in x4 and x8/x9 modes.

8-14

LVDS, SERDES, and DPA Compatibility

HardCopy II devices offer up to 116 transmitter and receiver pairs.
Similar to Stratix II devices, these differential I/O pins are located on row
I/0 pins. The HC240 device’s left and right banks are high-speed IOEs
which support differential transmission. The HC210, HC220, and HC230
devices only support differential transmission on the left banks. The
LVDS and HyperTransport technology interface functionality, including
the SERDES and DPA, is the same as Stratix II devices.

Table 8-9 shows the maximum differential channel supported by each
HardCopy II and Stratix II companion pair.

Table 8-9. Differential Channels with Stratix Il and HardCopy Il Companion
Devices (Part10f2)  Note (1)

Stratix Il and

HardCopy Il Package Transmitters Receivers
Companion Devices
EP2S30 484-pin FineLine BGA 19 21
HC210 (2)
EP2S60 484-pin FineLine BGA 19 21
HC210 (2)
EP2S90 484-pin FineLine BGA 19 21
HC210 (2)
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Table 8-9. Differential Channels with Stratix Il and HardCopy Il Companion
Devices (Part2o0f2)  Note (1)

Stratix Il and

HardCopy Il Package Transmitters Receivers
Companion Devices
EP2S60 672-pin FineLine BGA 29 31
HC220 (2)
EP2S90 780-pin FineLine BGA 29 31
HC220 (2)
EP2S130 780-pin FineLine BGA 29 31
HC220 (2)
EP2S90 1,020-pin FineLine BGA 44 46
HC230 (2)
EP2S130 1,020-pin FineLine BGA 44 46
HC230 (2)
EP2S180 1,020-pin FineLine BGA 44 46
HC230 (2)
EP2S180 1,020-pin FineLine BGA 88 92
HC240 (3)
EP2S180 1,508-pin FineLine BGA 116 116
HC240 (3)

Notes to Table 8-9:

(1)  Pin count does not include dedicated PLL input and output pins.

(2) The total number of receiver channels for HC210, HC220, and HC230 devices
include two non-dedicated clock channels that can optionally be used as data
channels.

(3) The total number of receiver channels for HC240 devices include four
non-dedicated clock channels that can optionally be used as data channels.

Programmable Drive Strength Support

The maximum current strength setting is the default setting in the
Quartus II software and achieves maximum I/O performance. Stratix II
device output buffers for each I/O pin have a programmable drive
strength control for certain I/O standards.

HardCopy Il support for these settings differs from that found in Stratix II
devices. For compatibility with HardCopy II HC210 and HC220 devices,
you must restrict the I/O drive settings of Stratix I companion devices,
as shown in Table 8-10.
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Table 8-10. HC210 and HC220 Device Programmable Drive Strengths

loy and Iy, Current

loy and Iy, Current

loy and lg, Current

loy and g Current

1/0 Standard Strength Setting Strength Setting Strength Setting Strength_Setling
(mA) for Top (mA) for Bottom | (mA) for Left Row | (mA)for Right Row
Column 1/0 Pins Column I/0 Pins 1/0 Pins 1/0 Pins
3.3-VLVTTL 24,20,12,8,4 (1) 12,8,4 (1) 12,8,4 12,8, 4
3.3-V LVCMOS 24,20,12,8,4 (1) 8,4 (1) 8,4 8,4
2.5-V LVTTL/LVCMOS 16,12, 8, 4 12,8,4 (1) 12,8, 4 12,8, 4
1.8-V LVTTL/LVCMOS 12,10, 8, 6,4, 2 8,6,4,2 (1) 8,6,4,2 8,6,4,2
1.5-V LVCMOS 8,6,4,2 4,2 (1) 4,2 4,2
SSTL-2 class | 12,8 2 (3) (3)
SSTL-2 class Il 24, 20, 16 2 3) (3)
SSTL-18 class | 12,10, 8, 6, 4 2) (3) (3)
SSTL-18 class II 20, 18, 16, 8 2) - -
HSTL-18 class | 12,10, 8,6, 4 2) - -
HSTL-18 class Il 20, 18, 16 2) - -
HSTL-15 class | 12,10, 8, 6, 4 2) - -
HSTL-15 class Il 20, 18, 16 2) - -

Notes to Table 8-10:

(1) HardCopy II devices do not support some of the settings available in the Stratix II prototype device. For more
information, refer to the Stratix II Device Family Data Sheet in volume 1 of the Stratix II Device Handbook.

(2) HC220 and HC210 devices do not support memory interface standards on bottom I/0O pins.

(3) Row I/O pins do not support SSTL I/O standards.

8-16
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Similarly, when using HardCopy Il HC230 and HC240 devices as
companion devices, you must restrict the I/O drive settings, as shown in
Table 8-11.

Table 8-11. HC230 and HC240 Device Programmable Drive Strengths
loy and lg, Current low and I, Current
1/0 Standard Strength Setting (mA) for | Strength Setting (mA) for
Column I/0 Pins Row 1/0 Pins

3.3-VLVTTL 24,20,16,12,8,4 (1) 12,8, 4
3.3-V LVCMOS 24,20, 16, 12, 8, 4 (1) 8,4
2.5-V LVTTL/LVCMOS 16, 12,8, 4 12,8, 4
1.8-V LVTTL/LVCMOS 12,10, 8, 6,4, 2 8,6,4,2
1.5-V LVCMOS 8,6,4,2 4,2
SSTL-2 class | 12,8 2)
SSTL-2 class Il 24,20, 16 2)
SSTL-18 class | 12,10, 8,6, 4 2)
SSTL-18 class I 20, 18, 16, 8 -
HSTL-18 class | 12,10, 8,6, 4 -
HSTL-18 class II 20, 18, 16 -
HSTL-15 class | 12,10, 8,6, 4 -
HSTL-15 class II 20, 18, 16 -

Notes to Table 8-11:

(1) HardCopy Il devices do not support some of the settings available in the Stratix II
prototype device. For more information, refer to the Stratix II Device Family Data
Sheet in volume 1 of the Stratix II Device Handbook.

(2) Row I/O pins do not support SSTL I/O standards.

Like Stratix II devices, HardCopy II devices feature on-chip termination
(OCT) to provide I/O impedance matching and termination capabilities.
To maintain compatibility with Stratix II prototype devices, HardCopy II
devices support on-chip series termination (RS) for single-ended I/O
standards and on-chip differential termination (RD) for differential I/O
standards. However, some HardCopy II pins do not support the on-chip
termination that may be available on the same Stratix II pin. This section
highlights the termination schemes that HardCopy II devices support.
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On-Chip Series Termination

Stratix II and HardCopy II devices support I/O driver on-chip series
termination (RS) through drive-strength control for single-ended I/O
standards. There are two ways to implement the RS in Stratix II and
Hardcopy II devices:

B RS without calibration for both row and column I/O pins
B RS with calibration only for column I/O pins

On-Chip Series Termination without Calibration

HardCopy II devices support output-driver impedance matching to
closely match the impedance of the transmission line. If you select
matching impedance, you cannot select programmable-current drive
strength. Table 8-12 lists the HardCopy II HC230 and HC240 output
standards that support on-chip series termination without calibration.

Table 8-12. HC230 and HC240 Selectable 1/0 Drivers with On-Chip Series
Termination without Calibration ~ Note (1)

I/0 Standard Column 1/0 Pins Row /0 Pins
3.3-V LVTTL 25 0r 50 Q 25 0r 50 Q
3.3-V LVCMOS 25 0r 50 Q 25 0r 50 Q
2.5-V LVTTL 250r50 Q 25 0r50 Q
2.5-V LVCMOS 25 0r 50 Q 25 0r 50 Q
1.8-V LVTTL 250r50 Q 50 Q
1.8-V LVCMOS 250r50 Q 50 Q
1.5-V LVTTL 50 Q
1.5-V LVCMOS 50 Q
2.5-V SSTL class | 50 Q 2)
2.5-V SSTL class Il 25Q 2)
1.8-V SSTL class | 50 Q 2)
1.8-V SSTL class Il 25Q
1.8-V HSTL class | 50 Q 2)
1.8-V HSTL class Il 25Q
1.5-V HSTL class | (3)

Notes to Table 8-12:

(1) These numbers are preliminary and pending silicon characterization.

(2) HardCopy I HC230 and HC240 devices do not support on-chip series
termination with this I/O standard on these pins.

(8) Support pending HardCopy II characterization.
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Table 8-13 lists the HardCopy II HC210 and HC220 output standards that

support on-chip series termination without calibration.

Table 8-13. HC210 and HC220 Selectable I/0 Drivers with On-Chip Series Termination without Calibration

Note (1)

1/0 Standard

Top Column I/0

Bottom Column I/0

Left Row 1/0 Pins

Right Row 1/0 Pins

Pins Pins
3.3-V LVTTL 25 0or 50 Q 250r50 Q 25 0r50 Q 250r50 Q
3.3-V LVCMOS 25 0or 50 Q 25 0r 50 Q 25 0r 50 Q 25 0r 50 Q
2.5-V LVTTL 250r 50 Q 250r 50 Q 25 0r50 Q 250r50 Q
2.5-V LVCMOS 25 0r 50 Q 25 0r 50 Q 25 0r 50 Q 25 0r 50 Q
1.8-V LVTTL 25 or 50 Q 50 Q 50 Q 50 Q
1.8-V LVCMOS 25 or 50 Q 50 Q 50 Q 50 Q
1.5-V LVTTL (3) 2)
1.5-V LVCMOS (3) 2)
2.5-V SSTL class | 50 Q 2) 2) 2)
2.5-V SSTL class Il 25Q 2) 2) 2)
1.8-V SSTL class | 50 Q 2) 2) 2)
1.8-V SSTL class Il 25Q 2)
1.8-V HSTL class | 50 Q 2) 2) 2)
1.8-V HSTL class Il 25Q 2)
1.5-V HSTL class | (3) 2)

Notes to Table 8-13:

(1)  All these numbers are preliminary and pending silicon characterization.
(2) HardCopy I HC210 and HC220 devices do not support on-chip series termination with this I/O standard on these

pins.

(3) Support pending HardCopy II characterization.
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On-Chip Series Termination with Calibration

Stratix II devices support on-chip series termination with calibration in
column I/O pins in the top and bottom banks. HC230 and HC240 devices
also support on-chip series termination with calibration in column I/O
pins in the top and bottom banks, but HC220 and HC210 devices only
support this feature on the top I/O banks. Table 8-14 lists available I/O
standards on the HardCopy II devices that support calibrated-series

termination.
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Table 8-14. HardCopy Il Selectable 1/0 Drivers with On-Chip Series
Termination with Calibration  Note (1)

3.3-V LVTTL 25 0r 50 Q 250r50 Q
3.3-VLVCMOS 25 or 50 Q 250r50 Q
2.5-V LVTTL 250r 50 Q 250r50 Q
2.5-V LVCMOS 25 0r 50 Q 25 0r 50 Q
1.8-V LVTTL 25 0r 50 Q 250r50 Q
1.8-V LVCMOS 25 0r 50 Q 250r50 Q
1.5-V LVTTL (3) 50 Q
1.5-V LVCMOS (3) 50 Q
2.5-V SSTL class | 50 Q 50 Q
2.5-V SSTL class Il 25Q 50 Q
1.8-V SSTL class | 50 Q 50 Q
1.8-V SSTL class Il 25Q 25Q
1.8-V HSTL class | 50 Q 50 Q
1.8-V HSTL class Il 25Q 25Q
1.5-V HSTL class | (3) 50 Q

Notes to Table 8-14:

(1) These numbers are preliminary and pending silicon characterization.

(2) HardCopy I HC210 and HC220 devices do not support on-chip series
termination with calibration on bottom I/O pins.

(3) Support pending HardCopy II characterization.

Differential 1/0 Termination

Similar to the FPGA, HardCopy II devices provide an on-chip 100-Q
differential termination option on each differential receiver channel for
LVDS and HyperTransport technology standards. When using an HC240
device as a companion device, differential termination is supported on all
row I/0O pins that support LVDS and HyperTransport technology
standards.

When using HC230, HC220, and HC210 devices, only the left row I/O
pins support differential termination. The right row I/0 pins do not
support LVDS and HyperTransport technology standards.
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Table 8-15 shows the differential termination support.

Table 8-15. HardCopy Il I/0 Banks Supporting 100-Q Differential Termination  Notes (1), (2)
. HC240 Top and HC230, HC210, HC230, HC210,
1/0 Standard ::f:s" (ﬁeﬂzag"aﬁ'ﬂ‘) Bottom Banks (3, 4, | HC220 Left Banks | HC220 Other Banks
T 7 through 12) (1and 2) (3t012)

LVDS v v
HyperTransport

technology v v
Clock Inputs (3) v v

Notes to Table 8-15:

(1) HC230, HC220, and HC210 device left clock pins CLKO and CLK2 support differential on-chip termination.

(2)  All other clock pins, including FPLL[7..10]CLK, do not support differential on-chip termination.

(3) HardCopy I HC240 device clock pins CLKO, CLK2, CLK8, and CLK10 support differential on-chip termination,
similar to Stratix IT devices.

Stratix Il and
HardCopy Il
Companion

Memory Blocks

Altera Corporation
September 2008

HardCopy II device RAM bit offerings range from 663 kbits to 8.8 Mbits.
HardCopy II memory blocks are functionally equivalent to the Stratix II
memory blocks. HardCopy II memory blocks can implement various
Stratix II device memory configurations, including simple and true dual
port modes, FIFO, parity bits, ROM modes, and all other features, as
listed in the HardCopy II Description, Architecture, and Features chapter of
the HardCopy Series Handbook. One difference between HardCopy II and
Stratix II devices is that HardCopy II devices do not support M512 blocks.
Additionally, you cannot pre-load HardCopy II M4K blocks with a
Memory Initialization File (.mif) when used as RAM.

Table 8-16 shows all the memory block offerings when compiling for a
Stratix I FPGA in conjunction with a HardCopy II companion device.
Use Table 8-16 as a guide when optimizing memory requirements for
selected Stratix II and HardCopy II pairs.

Table 8-16. Total RAM Blocks for Stratix Il and HardCopy Il Companion
Devices (Part 1 of 2)
Stratix Il and
HardCopy Il Package | M4K Blocks M-RAM | Total RAM
. . Blocks Bits
Companion Devices
EP2S30 484-pin 144 0 663,552
HC210 FineLine BGA
EP2S60 484-pin 190 0 875,520
HC210 FineLine BGA
8-21
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Table 8-16. Total RAM Blocks for Stratix Il and HardCopy Il Companion
Devices (Part 2 of 2)

Stratix Il and
HardCopy Il Package M4K Blocks M-RAM TotaI. RAM
. . Blocks Bits

Companion Devices
EP2S90 484-pin 190 0 875,520
HC210 FineLine BGA
EP2S60 672-pin 255 2 2,354,688
HC220 FineLine BGA
EP2S90 780-pin 408 2 3,059,712
HC220 FineLine BGA
EP2S130 780-pin 408 2 3,059,712
HC220 FineLine BGA
EP2S90 1,020-pin 408 4 4,239,360
HC230 FineLine BGA
EP25130 1,020-pin 609 6 6,345,216
HC230 FineLine BGA
EP25180 1,020-pin 614 6 6,368,256
HC230 FineLine BGA
EP25180 1,020-pin 768(1) 9 8,847,360
HC240 FineLine BGA
EP25180 1,508-pin 768(1) 9 8,847,360
HC240 FineLine BGA

Note to Table 8-16
(1)  The total number of usable M4K blocks is limited to 768 to allow migration
compatibility when prototyping with an EP25180 device.

Table 8-16 does not list M512 blocks because they are not supported in
HardCopy II devices. Also, the HC210 devices do not offer M-RAM
blocks. Some compatibility guidelines are discussed in the next sections.

M512 Options

HardCopy II devices do not support M512 blocks. When compiling
Stratix II designs with Hardcopy II companions devices in the Quartus II
software, you must check the Limit DSP and RAM to HardCopy II
Resources box in the Device Settings dialog box (Assignments Menu).
This automatically places all memory blocks in the available HardCopy II
resources. If you do not check this box, the Quartus II software may use
memory resources not available in the HardCopy II device but available
in the Stratix II device, such as M512 blocks. However, migration into
HardCopy II devices is not allowed and this is indicated in the Quartus II
fitter report.
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Your HardCopy II design can use M4K memory blocks to implement
memory designs instead of M512 blocks. Quartus II megafunctions offer
various memory implementations that use M4K blocks. When using the
Quartus IT MegaWizard® Plug-In Manager to configure the
megafunction, Altera recommends selecting the Auto option to allow the
Quartus II software to determine how the design is implemented in the
memory blocks (Figure 8-2). This allows the Quartus II software to
optimize memory selection based on memory size and placement
requirements into the available memory blocks of the selected
HardCopy II and Stratix II companion pair.

Figure 8-2. Quartus Il MegaFunction RAM selection

What should the R&M block type be?

* Auto " M512 " M4K
" M-RaM " LCs |
Set the maximum block depth to |Auto v| words

You can select logic cells in the megafunction to implement
small-memory blocks in your design. This implements the memory
design in Stratix II ALMs or HardCopy II HCells. However, there may be
power and performance trade-offs when choosing between an M4K or
M-RAM block or using the ALMs (or HCells). HardCopy II devices
power down unused M4K blocks, M-RAM blocks, and HCells.

s Implementing memory blocks using logic cells, as seen in
Figure 8-2, allows you to select a memory implementation
functionally equivalent to M512 blocks or a non-equivalent
option to save resources. Altera recommends setting the option
to a functionally equivalent version with the M512 blocks.

For very small memory implementations such as a 8 x 16 single port
RAM, the M4K or M-RAM blocks will be under-utilized, and may be less
power efficient than a small number of HCells. If you select the logic cell
option, only a fraction of ALMs are required in the Stratix IT device, which
translates into a small number HCells used in the HardCopy II device.
However, when performance is a key factor, or your design requires
ALMs to implement other logic, it may be more efficient to use M4K
blocks. Altera recommends using the Quartus II software to analyze
performance trade-offs between the given options.

8-23
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M4K Utilization

HardCopy II M4K block functionality is similar to Stratix II M4K blocks.
You cannot pre-load HardCopy II M4K blocks with a memory
initialization file (.mif) when used as RAM. Also, unlike Stratix II devices,
the HardCopy I M4K RAM contents and their output registers are
unknown after power up. However, if the HardCopy II M4K block is
designated as ROM, it powers up with the ROM contents. When
designing M4K blocks as RAM, Altera recommends writing to the block
before reading from it to avoid reading unknown initial power-up data
conditions. One advantage over Stratix Il RAM blocks is unused M4K
blocks are disconnected from the power rails, optimizing overall power
consumption.

M-RAM Compatibility

HardCopy II M-RAM blocks share the same functionality as Stratix I
M-RAM blocks. One key feature with HardCopy II M-RAM blocks is
power optimization when the M-RAM block is not used. Unused M-RAM
blocks are disconnected from the power rails, optimizing overall power
consumption.

s Some Stratix II devices (engineering sample devices and
Revision A production devices) have M-RAM functionality that
differs slightly from current Stratix II production devices.
HardCopy II M-RAM functionality only matches that of current
Stratix II devices. Hence, in order to maintain proper
compatibility, compiling only for current production Stratix II
devices is supported. More information on the Stratix Il M-RAM
errata can be found in the Stratix II FPGA Family Errata Sheet
available on the Altera website (www.altera.com).

Altera Corporation
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Table 8-17 lists the M4K and M-RAM block supported features. This
information can also be found in the HardCopy II Description, Architecture,
and Features chapter of the HardCopy Series Handbook.

Table 8-17. HardCopy Il Embedded Memory Features (Part 1 of 2)

Feature M4K Blocks M-RAM Blocks
Total RAM bits (including 4,608 589,824
parity bits)
Configurations 4K x 1 64K x 8
2K x 2 64K x 9
1K x 4 32K x 16
512x 8 32K x 18
512x 9 16K x 32
256 x 16 16K x 36
256 x 18 8K x 64
128 x 32 8K x 72
128 x 36 4K x 128
4K x 144
Parity bits v v
Byte enable v v
Pack mode v v
Address clock enable v v
Single-port memory v v
Simple dual-port memory v v
True dual-port memory v v
Embedded shift register v —
ROM v —
FIFO buffer v v
Simple dual-port mixed width
support v v
True dual-port mixed width
support v v
Memory initialization file (.mif) (1) —
Mixed-clock mode v v

Power-up condition

Outputs unknown

Outputs unknown

Register clears

Output registers only

Output registers only

Same-port read-during-write

New data available at
positive clock edge

New data available at
positive clock edge
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Table 8-17. HardCopy Il Embedded Memory Features (Part 2 of 2)
Feature M4K Blocks M-RAM Blocks
Mixed-port read-during-write | Outputs set to unknown | Unknown output
or old data
Power down of unused RAM
blocks (2) v v

Notes to Table 8-17:
(1)  Stratix II M4K blocks support .mif file loading.
(2) Stratix II memory blocks remain powered up even when not used.

PLL Planning Stratix II devices support enhanced PLLs and fast PLLs. HardCopy II

oy . devices also support enhanced PLLs and fast PLLs, but with two
and Utlllzatlon variations:

B HardCopy II devices have a different number of PLLs than Stratix II
devices.

B HardCopy II devices may support fewer I/O standards for clock
inputs and outputs. This is explained in the I/O standards support
section later in this chapter.

Table 8-18 shows which PLLs each HardCopy II and Stratix I device
supports. The Stratix II reference columns are divided based on package,
not density. Figures 8-3 to 8-5 show PLL number designations. The
Stratix II devices support 6 or 12 PLLs depending on the package offering,
and not the device density. The HardCopy II PLLs are not removed
symmetrically from all four sides. In general, fast PLLs are removed from
sides that do not support high speed IOEs since the primary use of the fast
PLL on the sides is for high speed I/O interface functions.

Table 8-18. Stratix Il / HardCopy Il Companion Device PLL Availability Guide (Part 1 of 2)
Stratix Il and Fast PLLs Enhanced PLLs
22::5::‘]'\:]: Package 112|347 /|8 9105|6112
Devices

5222?80(1) 484-pin FineLine BGA v v vV

5222?30(1) 484-pin FineLine BGA v v vV

5222?30(1) 484-pin FineLine BGA v v vV

5222230(1) 672-pin FineLine BGA v v vV

8-26 Altera Corporation

September 2008




PLL Planning and Utilization

Table 8-18. Stratix Il / HardCopy Il Companion Device PLL Availability Guide (Part2 of 2)

Stratix Il and

HardCopy Il

Companion
Devices

Fast PLLs

Enhanced PLLs

Package

9 |10

5|6 |11

12

EP2S90
HC220 (1)

780-pin FineLine BGA

EP2S130
HC220 (1)

780-pin FineLine BGA

EP2S90
HC230 (2)

1,020-pin FineLine BGA

EP2S130
HC230 (2)

1,020-pin FineLine BGA

EP2S180
HC230 (2)

1,020-pin FineLine BGA

EP25180
HC240

1,020-pin FineLine BGA

EP25180
HC240

1,508-pin FineLine BGA

A N N N N N N
AU I N I N N N I N N

v/

STSCTS TS
AU I N O N N AN

v

NIEYRYERYERY RN
NIEYE YR RN RN
STSTS TS
AU N O N N BN

Notes to Table 8-18:

(1) HC210 and HC220 devices do not support fast PLLs 3, 4, 9, and 10, unlike Stratix II devices.
(2) HC230 devices do not support fast PLLs 3 and 4, unlike Stratix II devices.

HardCopy II PLLs are functionally identical to the Stratix Il PLLs. The
HardCopy II enhanced and fast PLLs support reconfiguration and are
also reconfigurable for bandwidth and phase shift.

Figures 8-3 to 8-5 show the PLL locations for each HardCopy II device.

For HC210 and HC220 devices, fast PLLs 1 and 2 are located in the logic
array of the device and enhanced PLLs 5 and 6 are located in the
periphery next to the device’s top and bottom I/O banks.

Altera Corporation
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Figure 8-3. HC210 and HC220 PLL Locations

CLK[15..12]
Bank 3 Bank 9 Bank 4
Memory Interface IOEs PLL 5 Memory Interface IOEs
FPLL7CLK
Bank 2
High-Speed 10Es
PLL 1
CLK[3..0]
PLL2
Bank 1
High-Speed I0Es
FPLL8CLK
Bank 8 FULE Bank 7
General Purpose IOEs Bank 10 General Purpose IOEs
CLK[7..4]

FPLL10CLK

Bank 5

General-Purpose 10Es

CLK[8..11]

Bank 6

General-Purpose 10Es

FPLLOCLK
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HC230 device fast PLLs 1, 2, 7, and 8 are located in the logic array, next to
the device’s left high-speed IOEs. HC230 device enhanced PLLs 5, 6, 11,
and 12 are also located in the logic array, next to the top and bottom

memory interface IOEs.
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Figure 8-4. HC230 PLL Locations

CLK[15..12]
Bank 11| Bank 9
FPLL7CLK | PLL7 LS EEIC
Memory Interface IOEs PLL11| PLL5 Memory Interface IOEs
FPLL10CLK
Bank 2 Bank 5
High-Speed 10Es General-Purpose 10Es
PLL 1
CLK[3..0] CLK[8..11]
PLL2
Bank 1 Bank 6
High-Speed 10Es General-Purpose 10Es
FPLLOCLK
PLL12 | PLL6
FPLLSCLK | PLL8 Sl EElRT
Memory Interface IOEs Bank 12 [Bank 10 Memory Interface IOEs

CLK[7..4]
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HC240 device fast PLLs 1, 2, 7, and 8 are located in the logic array, next to
the left high speed IOEs of the device. HC240 device fast PLLs 3, 4, 9, and
10 are located in the logic array, next to the right high speed IOEs. HC240
device enhanced PLLs 5, 6, 11, and 12 are located in the logic array, next
to the top and bottom memory interface IOEs.

8-29
Preliminary



HardCopy Series Handbook, Volume 1

Figure 8-5. HC240 PLL Locations

CLK[15..12]
Bank 3 Bank 11| Bank 9 Bank 4
PLL7 PLLA1
FPLL7CLK Memory Interface IOEs PLL11| PLL5 Memory Interface IOEs 0| FPLL1OCLK
Bank 2 Bank 5
High-Speed I0Es — | [ High-Speed I0Es
PLL 1 PLL 4
CLK3..0] CLK[8..11]
PLL2 PLL3
Bank 1 Bank 6
High-Speed 10Es — | [ High-Speed I0Es
Bank 8 PLL12| PLL6 Bank 7
PLL PLL
FPLLECLK 8 Memory Interface IOEs Bank 12|Bank 10| Memory Interface IOEs 9 | FPLLOCLK
CLK[7..4]
Global and Local HardCopy Ildevices have 16 clock pins (CLK[15. .0]) to drive either the
Si I global or local clock networks. Four clock pins drive each side of the
|gna S device. This is similar to Stratix II devices; therefore, there are no
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limitations when compiling designs for Stratix II devices and
HardCopy II companion devices.

Internal logic and enhanced and fast PLL outputs can also drive the
global and regional clock networks. Each global and regional clock
network has a clock control block, which controls the selection of the
clock source and allows you to dynamically enable or disable the clock
network to reduce power consumption.
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Table 8-19 lists the clock resources available in HardCopy II devices.

Table 8-19. Clock Network Resources and Features Available in HardCopy Il

Devices
Resources and Features Availability
Number of global clock networks 16
Number of regional clock networks 32
Gilobal clock input sources Clock input pins, PLL outputs, logic
array

Regional clock input sources

Clock input pins, PLL outputs, logic
array

Number of unique clock sources in a
quadrant

24 (16 global clocks and 8 regional
clocks)

Number of unique clock sources in the
entire device

48 (16 global clocks and 32 regional
clocks)

Power-down mode Global and regional clock networks,

dual-regional clock region

Clocking regions for high fan-out
applications

Quadrant region, dual-regional, entire
device via global or regional clock
networks

Stratix Il ALM
Adaptation into
HardCopy Il
Logic

The basic logic building block in the Stratix II architecture is the ALM.
Each ALM contains a variety of look-up table- (LUT-) based resources,
two programmable registers, two dedicated full adders, and various
routing resources to and from the ALM.

HardCopy II devices do not have ALM blocks, but use a fine-grain
architecture called HCells. HCells can implement all combinations of
Stratix I ALM and DSP logic. Each HardCopy II companion device
contains an abundance of HCells to implement a Stratix II design
utilizing all available ALMs. Therefore, there are no compatibility
constraints when compiling for HardCopy II devices.

When compiling a Stratix II design into a HardCopy II companion
device, the Quartus II software replaces ALM blocks used in Stratix II
with predefined HCell macros. Unused ALM resources are not
implemented in HardCopy II devices. This allows for optimal placement
of the HardCopy 1II floor plan and significant power savings.

Figure 8-6 shows an example of a Stratix II ALM block implementation
using only one of the registers. When compiling this Stratix II design for
a HardCopy II companion device, the Quartus II compiler replaces the
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ALM block with a predetermined HCell macro that implements a register
from its HardCopy II library of HCell macros. This macro entry has
predetermined timing.

Figure 8-6. Stratix Il ALM Simple Registered Input and Output
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datael —| addert 4_0 a " Local Routing
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j regl
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\
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Figure 8-7 shows a HardCopy II ALM register implementation showing
Clock, Data In, and Data Out originating from a small cluster of HCells.
Unused HCells are reserved for other logic implementation or powered
down.

Figure 8-7. HardCopy Il Unused HCells

|
e
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HardCopy Il DSP
Implementation
from Stratix Il

DSP Blocks

Stratix Il FPGAs have dedicated DSP blocks to implement various DSP
functions. Stratix I DSP blocks consist of multipliers, an

adder /subtractor /accumulator and a summation block, input and
output interfaces, and input and output registers. The Quartus I software
implements DSP functions in HardCopy II devices with HCells using
predetermined logic implementations from its library of HCell macros, all
of which have predetermined timing.

DSP blocks that are not used in the Stratix II design are not implemented
in Hardcopy II devices. This preserves the HardCopy II logic for other
implementations, saving resources and power. Furthermore, the
HardCopy II DSP block placement can be optimized to meet the timing
constraint requirements placed on the HardCopy II designs.

The HardCopy II DSP implementation is functionally equivalent to
Stratix II DSP blocks and all features are supported except for
dynamic-mode switching. You can set up Stratix II DSP blocks to
dynamically switch between the following three modes:

B Up to four 18-bit independent multipliers
B Up to two 18-bit multiplier-accumulators
B One 36-bit multiplier

HardCopy II DSP implementation does not support dynamic switching.
If this feature is used, the Quartus II software flags the DSP
implementation and does not allow you to migrate the design. The fitter
reports that all HardCopy II devices are not compatible with the design.
To migrate your Stratix II design to a HardCopy II companion device,
disable dynamic switching in the DSP blocks.

The total number of DSP blocks is dependent on the Stratix II device
selected. HardCopy II devices will match the available DSP block
resources in the Stratix II device. Table 8-20 lists available DSP
implementations based on the selected Stratix II device.

Table 8-20. DSP Multiplier Availability for Stratix Il and HardCopy Il Companion Devices (Part 1 of 2)
Stratix Il HC210 HC220 HC230 HC240
Device | 9.9 [18x18|36x36|9x9 [18x18|36x36|9x9 |18x18|36x36|9x9 |18x18|36x 36
EP2S30 | 128 | 64 16
EP2S60 | 288 | 144 36 | 288 | 144 36
EP2S90 | 384 | 192 48 | 384 | 192 48 | 384 | 192 48
(1)
EP2S130 504 | 252 63 | 504 | 252 63
(1)
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Table 8-20. DSP Multiplier Availability for Stratix Il and HardCopy Il Companion Devices (Part 2 of 2)

Stratix Il HC210 HC220 HC230 HC240
Device | 9.9 (18x18|36x36|9x9 |18x18|36x36|9x9 |18x18|36x36|9x9 |18x18|36x36
EP2S180 768 384 96 768 384 96
(1)

Note to Table 8-20:

(1) If these Stratix I devices are selected with smaller HardCopy II companion devices, all Stratix II DSP resources may
not be available if all the Stratix Il ALM blocks are used and fully utilized. Quartus II will determine available
resources for DSP and ALM implementation when compiling with HardCopy II devices.

8-34

Figure 8-8 shows an example of a Stratix Il DSP block that uses only 1 of
8 available 9 x 9 multiplier blocks and an accumulator block to implement
an 8 x 8 bit multiplication function with clock latency. When this DSP
block is implemented in the HardCopy II design, the Quartus II Compiler
chooses the appropriate entry from the macro library to implement the
9 x 9 multiplier and accumulator block which results in an optimized
logic utilization and placement flexibility.

Figure 8-8. HardCopy Il Floorplan of 8 x 8 DSP Block
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JTAG BST and
Extended
Functions
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Figure 8-9 shows Quartus II floor plans of a Stratix II DSP block on the
left and a HardCopy II DSP implementation on the right, both configured
with an 18 x 18 multiply with accumulate function. In the HardCopy II
implementation, the Quartus II software selected the appropriate DSP
logic implementation from the macro library which results in an optimal
utilization of the HardCopy II device’s HCells. The unused sections of the
Stratix II DSP block remain powered up, but these are not implemented
in the HardCopy II device. Unused logic in HardCopy II devices are
powered down.

Figure 8-9. HardCopy Il Floorplan of 18 x 18 DSP Block

0

HardCopy II devices support the same boundary-scan test (BST)
functionality as the Stratix II devices. However, since HardCopy II
devices are mask-programmed, no reconfiguration is possible. Therefore,
HardCopy II devices do not support instructions to reconfigure the
device through the JTAG pins. For a list of supported features and
instruction codes, refer to the Boundary-Scan Support chapter of the
HardCopy Series Handbook.

One Stratix II feature utilizing JTAG pins is the Signal Tap Il embedded
logic analyzer (ELA). HardCopy II devices support the JTAG ELA
feature. However, designing with this feature will use additional
resources and may reduce peak performance in Stratix II and

8-35
Preliminary



HardCopy Series Handbook, Volume 1

Power Up and
Configuration
Compatibility

8-36

HardCopy II devices. Unlike Stratix II devices, where this feature can be
eliminated prior to compiling a final version of the design, HardCopy II
devices are masked programmed and this feature will remain permanent
in the HardCopy II device. Therefore, if the design requires optimal
performance and resource utilization, Altera recommends using this
feature on the Stratix II prototype device, but eliminating it prior to
recompiling the design for a HardCopy II device.

When designing a board with a Stratix II prototype device and its
companion HardCopy II device, most configuration pins required by the
Stratix II device are not required by the HardCopy II device. To maximize
I/0 pin counts with HardCopy II device utilization, Altera recommends
minimizing power up and configuration pins that will not carry over
from a Stratix II device into a HardCopy II device. Table 8-21 lists the
dedicated and optional configuration pins that a Stratix II device can use
and if their optional functionality is used on a HardCopy II device.

If the HardCopy II device can use the pin’s optional function found in
Stratix II devices, the Quartus II software allows you to set these pins as
dual purpose pins. As dual purpose pins, they have I/O functionality
after power up, reconfiguration and initialization. These pins will only
switch to their I/O designation when the device enters user mode (when
INIT DONE is asserted). The design may require that some signals be
present when the device transitions into user mode, so you should not
use dual purpose pins because it may result in unstable operation after
power up for both the HardCopy II and the Stratix II devices.

Table 8-21. Power Up and Configuration Pin Compatibility (Part 1 of 3)

Stratix Il Pin Name HardCopy Il Use
Main Function 25;3:‘;: V0 Bank Main Function 23::‘:':':
MSEL3 B4
MSEL2 B4
MSEL1 B4
MSELOQO B4
VCCSEL B8 v v
nCONFIG B8 v v
nSTATUS B3 v v
CONF_DONE B3 N4 v
nCE B3 v/ v/

Altera Corporation
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Table 8-21. Power Up and Configuration Pin Compatibility (Part 2 of 3)
Stratix Il Pin Name HardCopy Il Use
Main Function EE;';?:I: V0 Bank Main Function gl?;g;r;:
nCEO B7 v v
PORSEL B7 v v
nIO_PULLUP B7 v v
PLL_ENA B7 v v
1/0 pin CLKUSR B8 v
1/0 pin DEV_OE B8 v v
1/O pin DEV_CLRn B8 v v
1/0 pin INIT DONE B3 v v
DCLK B3 v
1/0 pin DATAOQ B3 v
1/0 pin DATAL B3 v
1/0 pin DATA2 B3 v
1/0 pin DATA3 B3 v
1/0 pin DATA4 B3 v
1/0 pin DATAS B3 v
1/0 pin DATA6 B3 v
1/0 pin DATA7 B3 N4
1/0 pin RDYnBSY B3 N
1/0 pin CRC_ERROR B3 v
1/0 pin cs B8 N4
1/0 pin nCs B8 N
1/0 pin nRS B8 v
1/0 pin nWs B8 N4
1/0 pin RUNLU B8 v
1/0 pin PGM2 B3 v
1/0 pin PGM1 B3 N4
1/0 pin PGMO B3 v
Altera Corporation 8-37
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Table 8-21. Power Up and Configuration Pin Compatibility (Part 3 of 3)

Stratix Il Pin Name HardCopy Il Use
. . Optional I/0 Bank . . Optional
Main Function Function Main Function Function
1/O pin ASDO B3 v
1/0 pin ncso B3 v

Most optional configuration pins listed in Table 8-21 support the various
configuration schemes available in Stratix Il FPGAs. Parallel
programming and remote update configuration modes utilize most of the
pins in Table 8-21. HardCopy II devices are not configurable and do not
support the Configuration Emulation mode. Therefore, Altera
recommends that you minimize the configuration pin requirements of the
Stratix II design; for example, by using the Passive Serial configuration
mode.

If some of these dual-purpose pins are needed to configure the Stratix II
FPGA, but will be unused after configuration, these pins will be
completely unused on the HardCopy II device. Therefore, when
migrating from the Stratix II device to the HardCopy II device, care must
be taken when designing these pins on board. The removal of the
Stratix II device and its corresponding configuration device may leave
these pins floating on the HardCopy II device if such pins are assigned as
inputs by the user, without any external means of driving them to a stable
level. When selecting a Stratix II device and its device options, consider
the after-configuration requirements of these pins and set them
appropriately in the Quartus II software (Figure 8-10).
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Figure 8-10. Device and Pin Options

Device & Pin Options _

General ] Configuration ] Frogramming Files ] Unused Pins ]
Dual-Purpase Fins l Yoltage ] Pin Placement ] Error Detechion CRC I

Specify how dual-purpose pins should be uzed after device configuration iz complete.
Mote; the default settings for each pin depend on the curent configuration scheme
selected in the Configuration tab, which is:

Passive Serial

Dual-purpoze pin uzage after configuration

HwS, nAS, nCS. 05 |Use as regular 0 -
RO nBUSY |Use a3 regular [0 j
Data[7..1] |Use az regular [0 j
Datall] |.¢s input tri-gtated j
nCEQ | E
ASDO, nC50

[iescription:

Specifies how the ASD0 pin should be uzed when the device iz operating in user
mode after configuration iz complete. The A50D0 pin can be reserved in one of

three ztates: as an input that is ti-stated, as an output that drives ground. or as an
output that drives an unspecified signal. If this pin iz rezerved az a regular 170, the

Fiezet

Ok | Cancel |

«®  For more information about HardCopy II power-up modes, refer to the
Power-Up Modes and Configuration Emulation in HardCopy Series Devices
chapter of the HardCopy Series Handbook.

Conclusion HardCopy II devices provide a seamless migration path for Stratix II
devices and supports the PLL, memory, logic, and I/O features offered on
a Stratix I device. The HardCopy II device architecture also allows you to
use a wide range of Stratix II devices for prototyping. HardCopy II
devices offer pin-to-pin compatibility with Stratix Il FPGAs, making
HardCopy II devices drop-in replacements on systems designed with the
Quartus II software and using Stratix II and HardCopy II companion
devices. Use the Quartus II software to compile designs and determine
available resources to guarantee fit and feature compatibility for Stratix II
and HardCopy II companion devices.
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More
Information

Document

For more information on migrating Stratix II designs to HardCopy II
devices, Refer to the following sources:

B HardCopy II Device Family Data Sheet in the HardCopy Series Handbook

B Quartus II Support for HardCopy II Devices

B Power-Up Modes and Configuration Emulation in HardCopy Series
Devices chapter in the HardCopy Series Handbook

Table 8-22 shows the revision history for this chapter.

Revision History

Table 8-22. Document Revision History

Date and Document
Version

Changes Made Summary of Changes

September 2008,
vi4

Updated chapter number and metadata. —

June 2007 v1.3

Changed “8K x 64” to “16K x 36” in Table 8-17. —

Completed typographical updates. —

December 2006 Added revision history. —
v1.2
March 2006 Formerly chapter 19; no content change. —
October 2005 v1.1 | Minor edits —
May 2005 Added document to the HardCopy Series Handbook. —
v1.0
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About this Handbook

®

How to Contact
Altera

Typographic
Conventions

This handbook provides comprehensive information about the Altera®
HardCopy® devices.

For the most up-to-date information about Altera products, refer to the
following table.

n
Contact &uﬂ:]aoc(: Address
Technical support Website www.altera.com/support/
Technical training Website www.altera.com/training
Email custrain@altera.com

Product literature Website www.altera.com/literature
Altera literature services Email literature @altera.com
Non-technical (General) Email nacomp @altera.com

(SoftwareLicensing) Email authorization @altera.com

Note to table:
(1)  Youcan also contact your local Altera sales office or sales representative.

This document uses the typographic conventions shown below.

Visual Cue

Bold Type with Initial
Capital Letters

Command names, dialog box titles, checkbox options, and dialog box options are
shown in bold, initial capital letters. Example: Save As dialog box.

bold type

External timing parameters, directory names, project names, disk drive names,
filenames, filename extensions, and software utility names are shown in bold
type. Examples: fyax, \ddesigns directory, d: drive, chiptrip.gdf file.

Italic Type with Initial Capital
Letters

Document titles are shown in italic type with initial capital letters. Example: AN 75:
High-Speed Board Design.

Altera Corporation
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Visual Cue

Italic type

Internal timing parameters and variables are shown in italic type.
Examples: tpjp, N + 1.

Variable names are enclosed in angle brackets (< >) and shown in italic type.
Example: <file name>, <project name>.pof file.

Initial Capital Letters

Keyboard keys and menu names are shown with initial capital letters. Examples:
Delete key, the Options menu.

“Subheading’ Title”

References to sections within a document and titles of on-line help topics are
shown in quotation marks. Example: “Typographic Conventions.”

Courier type

Signal and port names are shown in lowercase Courier type. Examples: datal,
tdi, input. Active-low signals are denoted by suffix n, e.g., resetn.

Anything that must be typed exactly as it appears is shown in Courier type. For
example: c:\gdesigns\tutorial\chiptrip.gdf. Also, sections of an
actual file, such as a Report File, references to parts of files (e.g., the AHDL
keyword SUBDES IGN), as well as logic function names (e.g., TRI) are shown in
Courier.

1,2, 3.,and Numbered steps are used in a list of items when the sequence of the items is
a., b., c., etc. important, such as the steps listed in a procedure.
H e Bullets are used in a list of items when the sequence of the items is not important.
v The checkmark indicates a procedure that consists of one step only.
s The hand points to information that requires special attention.
A A caution calls attention to a condition or possible situation that can damage or
CAUTION destroy the product or the user’s work.
0 A warning calls attention to a condition or possible situation that can cause injury
to the user.
“ The angled arrow indicates you should press the Enter key.
e The feet direct you to more information on a particular topic.
X Altera Corporation
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A = A o Series Design Considerations

This section provides information about hardware design considerations
for HardCopy® II devices.

This section contains the following;:
B Chapter 1, Design Guidelines for HardCopy Series Devices

m  Chapter 2, Power-Up Modes and Configuration Emulation in
HardCopy Series Devices

Revision Histo Iy  Refer toeach 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 the complete handbook.

Altera Corporation Section I-1



Revision History HardCopy Series Handbook, Volume 1

Section -2 Altera Corporation



1. Desi ideli f
A I:l E DY/A esign Guidelines for

o HardCopy Series Devices

Introduction

Design Assistant
Tool
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HardCopy® series devices provide dramatic cost savings, performance
improvement, and reduced power consumption over their
programmable counterparts. In order to ensure the smoothest possible
transfer from the FPGA device to the equivalent HardCopy series device,
you must meet certain design rules while the FPGA implementation is
still in progress. A design that meets standard, accepted coding styles for
FPGAs, adheres easier to recommended guidelines. This chapter
describes some common situations that you should avoid. It also
provides alternatives on how to design in these situations.

The Design Assistant tool in the Quartus® ITsoftware allows you to check
for any potential design problems early in the design process. The Design
Assistant is a design-rule checking tool that checks the compiled design
for adherence to Altera® recommended design guidelines. It provides a
summary of the violated rules that exist in a design together with explicit
details of each violation instance. You can customize the set of rules that
the tool checks to allow some rule violations in your design. This is useful
if it is known that the design violates a particular rule that is not critical.
However, for HardCopy design, you must enable all of the Design
Assistant rules. All Design Assistant rules are enabled and run by default
in the Quartus II software when using the HardCopy Timing
Optimization Wizard in the HardCopy Utilities (Project menu). The
HardCopy Advisor in the Quartus II software also checks to see if the
Design Assistant is enabled.

The Design Assistant classifies messages using the four severity levels
described in Table 1-1.

Table 1-1. Design Assistant Message Severity Levels (Part 1 of 2)

Severity Level Description

Critical The rule violation described in the message critically affects
the reliability of the design. Altera cannot migrate the design
successfully to a HardCopy device without closely reviewing
these violations.

High The rule violation described in the message affects the
reliability of the design. Altera must review the violation

before the design is migrated to a HardCopy device.
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Asynchronous
Clock Domains

Table 1-1. Design Assistant Message Severity Levels (Part 2 of 2)

Severity Level Description

Medium The rule violation described in the message may result in
implementation complexity. The violation may impact the
schedule or effort required to migrate the design to a
HardCopy series device.

Information only The message contains information regarding a design rule.

A design that adheres to Altera recommended design guidelines does not
produce any critical, high, or medium level Design Assistant messages. If
the Design Assistant generates these kinds of messages, Altera’s
HardCopy Design Center (which performs the migration) carefully
reviews each message before considering implementing the FPGA design
into a HardCopy design. After reviewing these messages with your
design team, Altera may be able to implement the design in a HardCopy
device. Informational messages are primarily for the benefit of the Altera
HardCopy Design Center and are used to gather information about your
design for the migration process from FPGA prototype to HardCopy
production device.

A design contains several clock sources, each driving a subsection of the
design. A design subsection, driven by a single clock source is called a
clock domain. The frequency and phase of each clock source can be
different from the rest.

The timing diagram in Figure 1-1 shows two free-running clocks used to
describe the nature of asynchronous clock domains. If the two clock
signals do not have a synchronous, or fixed, relationship, they are
asynchronous to each other. An example of asynchronous signals are two
clock signals running at frequencies that have no obvious harmonic
relationship.
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Figure 1-1. Two Asynchronous Clock Signals  Notes (1), (2)

clka

0.0ns

50.0 ns 100.0 ns

clkb

0.0 ns

Notes to Figure 1-1:

38.4 ns 76.9 ns

(1) clka=10MHz clkb=13 MHz
(2)  Both clocks have 50% duty cycles.
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In Figure 1-1, the c1ka signal is defined with a rising edge at 0.0 ns, a
falling edge at 50 ns, and the next rising edge at 100 ns

(1/10 MHz =100 ns). Subsequent rising edges of c1ka are at 200 ns,
300 ns, 400 ns, and so on.

The c1kb signal is defined with a rising edge at 0.0 ns, a falling edge at
38.45 ns, and the next rising edge at 76.9 ns. The subsequent rising edges
of c1kb are at 153.8 ns, 230.7 ns, 307.6 ns, 384.5 ns, and so on.

Not until the thousandth clock edge of c1kb (1000 x 76.9 = 76,900 ns) or
the 7,690th clock edge of c1ka (7,690 x 100 = 769,000 ns), does c1lka and
clkb have coincident edges. It is very unlikely that these two clocks are
intended to synchronize with each other every 76,900 ns, so these two
clock domains are considered asynchronous to each other.

A more subtle case of asynchronous clock domains occurs when two
clock domains have a very obvious frequency and phase relationship,
especially when one is a multiple of the other. Consider a system with
clocks running at 100 MHz and 50 MHz. The edges of one of these clocks
are always a fixed distance away, in time, from the edges of the other
clock. In this case, the clock domains may or may not be asynchronous,
depending on what your original intention was regarding the
interactions of these two clock domains.

Similarly, two clocks running at the same nominal frequency may be
asynchronous to each other if there is no synchronization mechanism
between them. For example, two crystal oscillators, each running at
100 MHz on a PC board, have some frequency variations due to
temperature fluctuations, and this may be different for each oscillator.
This results in the two independent clock signals drifting in and out of
phase with each other.

1-3
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Transferring Data between Two Asynchronous Clock Domains

If two asynchronous clock domains need to communicate with each
other, you need to consider how to reliably perform this operation. The
following three examples shows how to transfer data between two
asynchronous clock domains.:

B Using a double synchronizer
B Using a first-in first-out (FIFO) buffer
B Using a handshake protocol

The choice of which to use depends on the particular application, the
number of asynchronous signals crossing clock boundaries, and the
resources available to perform the cross-domain transfers.

Using a Double Synchronizer for Single-Bit Data Transfer

Figure 1-2 shows a double synchronizer for single-bit data transfer
consisting of a 2-bit shift register structure clocked by the receiving clock.
The second stage of the shift register reduces the probability of
metastability (unknown state) on the data output from the first register
propagating through to the output of the second register. The data from
the transmitting clock domain should come directly from a register. This
technique is recommended only if single-data signals (for example,
non-data buses) need to be transferred across clock domains. This is
because it is possible that some bits of a data bus are captured in one clock
cycle while other bits get captured in the next. More than two stages of
the synchronizer circuit can be used at the expense of increased latency.
The benefit of more stages is that the mean time between failures (MTBF)
is increased with each additional stage.

Figure 1-2. A Double Synchronizer Circuit
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DFF
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Using a FIFO Buffer

The advantage of using a FIFO buffer, shown in Figure 1-3, is that
Altera’s MegaWizard® Plug-In Manager makes it very easy to design a
FIFO buffer. A FIFO buffer is useful when you need to transfer a data bus
signal across an asynchronous clock domain, and it is beneficial to
temporary storage of this data. A FIFO buffer circuit should not generate
any Design Assistant warnings unless an asynchronous clear is used in
the circuit. An asynchronous clear in the FIFO buffer circuit results in a
warning stating that a reset signal generated in one clock domain is not
being synchronized before being used in another clock domain. This
occurs because a dual-clock FIFO megafunction only has one aclr pinto
reset the entire FIFO buffer circuit. You cannot remove this warning in the
case of a dual-clock FIFO buffer circuit. As a safeguard, Altera
recommends using a reset signal that is synchronous to the clock domain
of the write side of the FIFO buffer circuit.

Figure 1-3. A FIFO Buffer

FIFO
— DATAIN[n..0] DATAOUTI[N..0] F—
— WRITE_REQ FULL (—
—P WRITE_CLK
— READ_REQ EMPTY (—
— READ_CLK

Using a Handshake Protocol

A handshake protocol circuit uses a small quantity of logic cells to
implement and guarantee that all bits of a data bus crossing
asynchronous clock domains are registered by the same clock edge in the
receiving clock domain. This circuit, shown in Figure 14, is best used in
cases where there is no memory available to be used as FIFO buffers, and
the design has many data buses to transfer between clock domains.

Altera Corporation 15
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Figure 1-4. A Handshake Protocol Circuit
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This circuit is initiated by a data ready signal going high in the
transmitting clock domain tx_c1k. This is clocked into the data ready
sampling registers and causes the Ready Status signal to go high. The
Data Ready signal must be long enough in duration so that it is
successfully sampled in the receiver domain. This is important if the
rx_clk signal is slower than tx clk.

At this point, the receiving clock domain rx_c1k canread the data from
the transmitting clock domain tx _c1lk. After this read operation has
finished, the receiving clock domain (rx_c1k) generates a synchronous
Read Ack signal, which gets registered by the read acknowledge
register. This registered signal is sampled by the Read Ack sampling
circuit in the transmitter domain. The Read_Ack signal must be long
enough in duration so that it is successfully sampled in the transmitter
domain. This is important if the transmitter clock is slower than the
receiver clock. After this event, the data transfer between the two
asynchronous domains is complete, as shown by the timing diagram in
Figure 1-5.
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Figure 1-5. Data Transfer Between Two Asynchronous Clock Domains
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Gated Clocks Clock gating is sometimes used to “turn off” parts of a circuit to reduce
the total power consumption of a device. The gated clock signal prevents
any of the logic driven by it from switching so the logic does not consume
any power. This works best if the gating is done at the root of the clock
tree. If the clock is gated at the leaf-cell level (for example, immediately
before the input to the register), the device does not save much power
because the whole clock network still toggles. The disadvantage in using
this type of circuit is that it can lead to unexpected glitches on the
resultant gated clock signal if certain rules are not adhered to. Rules are
provided in the following subsections:

Preferred Clock Gating Circuit

Alternative Clock Gating Circuits

Inverted Clocks

Clocks Driving Non-Clock Pins

Clock Signals Should Use Dedicated Clock Resources
Mixing Clock Edges

Preferred Clock Gating Circuit

The preferred way to gate a clock signal is to use a purely synchronous
circuit, as shown in Figure 1-6. In this implementation, the clock is not
gated at all. Rather, the data signal into a register is gated. This circuit is
sometimes represented as a register with a clock enable (CE) pin. This
circuit is not sensitive to any glitches on the gate signal, so it gets
generated directly from a register or any complex combinational
function. The constraints on the gate or clock enable signal are exactly the
same as those on the ‘d” input of the gating multiplexer. Both of these
signals must meet the setup and hold times of the register that they feed
into.

Altera Corporation 1-7
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Figure 1-6. Preferred Clock-Gating Circuit

o DFF

d ] D Q q
gate

clk r_

rst if

This circuit only takes a few lines of VHDL or Verilog hardware
description language (HDL) to describe.

The following is a VHDL code fragment for a synchronous dock gating
circuit.

architecture rtl of vhdl enable is

begin
process (rst, clk)
begin
if (rst = '0') then
q <= vov,.
elsif clk'event and clk = '1l' then
if (gate = 'l') then
q <= d;
end 1f;
end if;
end process;
end rtl;

The following is a Verilog HDL code fragment for a synchronous clock
gating circuit.

always @ (posedge clk or negedge rst)
begin
if ('rst)
q <= 1'b0;
else 1f (gate)
q <= d;
else
q <= q;
end

Altera Corporation
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Alternative Clock Gating Circuits

If a clock gating circuit is absolutely necessary in the design, one of the
following two circuits may also be used. The Design Assistant does not
flag a violation for these circuits.

Clock Gating Circuit Using an AND Gate

Designs can use a two-input AND gate for a gated clock signal that feeds
into positive-edge-triggered registers. One input to the AND gate is the
original clock signal. The other input to the AND gate is the gating signal,
which should be driven directly from a register clocked by the negative
edge of the same original clock signal. Figure 1-7 shows this type of
circuit.

Figure 1-7. Clock Gating Circuit Using an AND Gate

Negative Edge
Triggered
ate AND2 | -
5 Q g d D Q q
\ DFF
DFF
clk p! Gated Clock

Because the register that generates the gate signal is triggered off of the
negative edge of the same clock, the effect of using both edges of the same
clock in the design should be considered. The timing diagram in

Figure 1-8 shows the operation of this circuit. The gate signal occurs
after the negative edge of the clock and comes directly from a register.
The logical AND of this gate signal, with the original un-inverted clock,
generates a clean clock signal.

Figure 1-8. Timing Diagram for Clock Gating Circuit Using an AND Gate

clk L5 = I I °J L L[_
gate | |—
gated clk [ 1 [l [

Altera Corporation
September 2008

If the delay between the register that generates the gate signal and the
gate input to the AND gate is greater than the low period of the clock,
(one half of the clock period for a 50% duty cycle clock), the clock pulse
width is narrowed.

1-9
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Clock Gating Circuit Using an OR Gate

Use a two-input OR gate for a gated clock signal that feeds into a
negative-edge-triggered register. One input to the OR gate is the original
clock signal. The other input to the OR gate is the gating signal, which
should be driven directly from a register clocked by the positive edge of
the same original clock signal. Figure 1-9 shows this circuit.

Figure 1-9. Clock Gating Circuit Using an OR Gate

ate OR2 _| -
d—p a 4_):39 d=p Qar«
DFF
DFF
Negative Edge
clk o Triggered

Because the register that generates the gate signal is triggered off the
positive edge of the same clock, you need to consider the effect of using
both edges of the same clock in your design. The timing diagram in
Figure 1-10 shows the operation of this circuit. The gate signal occurs
after the positive edge of the clock, and comes directly from a register.
The logical OR of this gate signal with the original, un-inverted clock
generates a clean clock signal. This clean, gated clock signal should only
feed registers that use the negative edge of the same clock.

Figure 1-10. Timing Diagram for Clock Gating Circuit Using an OR Gate

o 0 = I L LI [L_

——

=

Active Clock Edges Active Clock Edges

If the delay between the register that generates the gate signal and the
gate input to the AND gate is greater than the low period of the clock,
(one half of the clock period for a 50% duty cycle clock), the clock pulse
width is narrowed.

Il=~  Altera recommends using a synchronous clock gating circuit
because it is the only way to guarantee the duty cycle of the
clock and to align the clock to the data.
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Inverted Clocks

A design may require both the positive edge and negative edge of a clock,
as shown in Figure 1-11. In Altera FPGAs, each logic element (LE) has a
programmable clock inversion feature. Use this feature to generate an
inverted clock.

Il Do not instantiate a LE look-up-table (LUT) configured as an
inverter to generate the inverted clock signal.

Figure 1-11. An LE LUT Configured as an Inverter

Example of Bad Implementation Preferred Implementation
d

Do Not Implement Negative Edge
With an LE Triggered

Using a LUT to perform the clock inversion may lead to a clock insertion
delay and skew, which poses a significant challenge to timing closure of
the design. It also consumes more device resources than are necessary.
Refer to “Mixing Clock Edges” on page 1-14 for more information on this
topic.

I'=~  Donot generate schematics or register transfer level (RTL) code
that instantiates LEs used to invert clocks. Instead, let the
synthesis tool decide on the implementation of inverted clocks.

Clocks Driving Non-Clock Pins

As a general guideline, clock sources should only be used to drive the
register clock pins. There are exceptions to this rule, but every effort
should be taken to minimize these exceptions or remove them altogether.

One category of exceptionis for various gated clocks, which are described
in “Preferred Clock Gating Circuit” on page 1-7.

You should avoid another exception, when possible, in which you use a
clock multiplexer circuit to select one clock from a number of different
clock sources, to drive non-clock pins. This type of circuit introduces
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complexity into the static timing analysis of HardCopy and FPGA
implementations. For example, as shown in Figure 1-12, in order to
investigate the timing of the se1 c1lk clock signal, itis necessary to make
a clock assignment on the multiplexer output pin, which has a specific
name. This name may change during the course of the design unless you
preserve the node name in the Quartus II software settings. Refer to the
Quartus II Help for more information on preserving node names.

Figure 1-12. A Circuit Showing a Multiplexer Implemented in a LUT

clka
clkb
clke
clkd
Multiplexer Implemented
inaLUT

In the FPGA, a clock multiplexing circuit is built out of one or more LUTs,
and the resulting multiplexer output clock may possibly no longer use
one of the dedicated clock resources. Consequently, the skew and
insertion delay of this multiplexed clock is potentially large, adversely
impacting performance. The Quartus II Design Assistant traces clocks to
their destination and, if it encounters a combinational gate, it issues a
gated clock warning.

If the design requires this type of functionality, ensure that the
multiplexer output drives one of the global routing resources in the
FPGA. For example, this output should drive a fast line in an

APEX"™ 20KE device, or a global or regional clock in a Stratix® or Stratix II
device.

Enhanced PLL Clock Switchover

Clock source multiplexing can be done using the enhanced PLL clock
switchover feature in Stratix and Stratix II FPGAs, and in HardCopy
Stratix and HardCopy II structured ASICs. The clock switchover feature
allows multiple clock sources to be used as the reference clock of the
enhanced PLL. The clock source switchover can be controlled by an input
pin or internal logic. This generally eliminates the need for routing a
multiplexed clock signal out to a board trace and bringing it back into the
device, as shown in Figure 1-13.

Routing a multiplexed clock signal, as shown in Figure 1-13, is only
intended for APEX 20K FPGA and HardCopy APEX devices. This
alternative to a clock multiplexing circuit ensures that a global clock
resource is used to distribute the clock signal over the entire device by

Altera Corporation
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routing the multiplexed clock signal to a primary output pin. Outside of
the device, this output pin then drives one of the dedicated clock inputs
of the same device, possibly through a phase-locked loop (PLL) to reduce
the clock insertion delay. Although there is a large delay through the
multiplexing circuit and external board trace, the resulting clock skew is
very small because the design uses the dedicated clock resource for the
selected clock signal. The advantage that this circuit has over the other
implementations is that the timing analysis becomes very simple, with
only a single-clock domain to analyze, whose source is a primary input
pin to the APEX 20K FPGA or HardCopy APEX device.

Figure 1-13. Routing a Multiplexed Clock Signal to a Primary Output Pin
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Clock Signals Should Use Dedicated Clock Resources

All clock signals in a design should be assigned to the global clock
networks that exist in the target FPGA. Clock signals that are mapped to
use non-dedicated clock networks can negatively affect the performance
of the design. This is because the clock must be distributed using regular
FPGA routing resources, which can be slower and have a larger skew
than the dedicated clock networks. If your design has more clocks than
are available in the target FPGA, you should consider reducing the
number of clocks, so that only dedicated clock resources are used in the
FPGA for clock distribution. If you need to exceed the number of
dedicated clock resources, implement the clock with the lowest fan-out
with regular (non-clock network) routing resources. Give priority to the
fastest clock signals when deciding how to allocate dedicated clock
resources.
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In the Quartus II software, you can use the Global Signal Logic option to
specify that a clock signal is a global signal. You can also use the auto
Global Clock Logic option to allow the Fitter to automatically choose
clock signals as global signals.

1= Altera recommends using the FPGA’s built-in clock networks
because they are pre-routed for low skew and for short insertion
delay.

Mixing Clock Edges

You can use both edges of a single clock in a design. An example where
both edges of a clock must be used in order to get the desired
functionality is with a double data rate (DDR) memory interface. In
Stratix II, Stratix, HardCopy II, and HardCopy Stratix devices, this
interface logic is built into the I/O cell of the device, and rigorous
simulation and characterization is performed on this interface to ensure
its robustness. Consequently, this circuitry is an exception to the rule of
using both edges of a clock. However, for general data transfers using
generic logic resources, the design should only use a single edge of the
clock. A circuit needs to use both edges of a single clock, then the duty
cycle of the clock has to be accurately described to the Static Timing
Analysis tool, otherwise inaccurate timing analysis could result.

Figure 1-14 shows two clock waveforms. One has a 50% duty-cycle, the
other has a 10% duty cycle.

Figure 1-14. Clock Waveforms with 50% and 10% Duty Cycles

50%dutycycleclock [ | [ 1. [ 1. T 1.
10% duty cycle clock |_| |_| |_| |_|
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Figure 1-15 shows a circuit that uses only the positive edge of the clock.
The distance between successive positive clock edges is always the same;
for example, the clock period. For this circuit, the duty cycle of the clock
has no effect on the performance of the circuit.

Figure 1-15. Circuit Using the Positive Edge of a Clock
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Figure 1-16 shows a circuit that used the positive clock edge to launch
data and the negative clock edge to capture this data. Since this particular
clock has a 10% duty cycle, the amount of time between the launch edge
and capture edge is small. This small gap makes it difficult for the
synthesis tool to optimize the cloud of logic so that no setup-time
violations occur at the capture register.

Figure 1-16. Circuit Using the Positive and Negative Edges of a Clock
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Combinational
Loops

If you design a circuit that uses both clock edges, you could get the Design
Assistant warning “Registers are Triggered by Different Edges of Same
Clock.” You do not get this warning under the following conditions:

B If the opposite clock edge is used in a clock gating circuit
B A double data rate memory interface circuit is used

[l=~  Tryto only use a single edge of a clock in a design.
A combinational loop exists (Figure 1-17) if the output of a logic gate (or

gates) feeds back to the input of the same gate without first encountering
aregister. A design should not contain any combinational loops.

Figure 1-17. A Circuit Using a Combinational Loop

Combinational Feedback Path
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It is also possible to generate a combinational loop using a register
(Figure 1-18) if the register output pin drives the reset pin of the same
register.

Figure 1-18. Generation of a Combinational Loop Using a Register
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The timing diagram for this circuit is shown in Figure 1-19. When a
logic 1 value on the register D input is clocked in, the logic 1 value
appears on the Q output pin after the rising clock edge. The same clock
event causes the QN output pin to go low, which in turn, causes the

Altera Corporation
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register to be reset through RN. The Q register output consequently goes
low. This circuit may not operate if there isn’t sufficient delay in the
QN-to-RN path, and is not recommended.

Figure 1-19. Timing Diagram for the Circuit Shown in Figure 1-18
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Combinational feedback loops are either intentionally or unintentionally
introduced into a design. Intentional feedback loops are typically
introduced in the form of instantiated latches. An instantiated latch is an
example of a combinational feedback loop in Altera FPGAs because its
function has to be built out of a LUT, and there are no latch primitives in
the FPGA logic fabric. Unintentional combinational feedback loops
usually exist due to partially specified IF-THEN or CASE constructs in
the register transfer level (RTL). The Design Assistant checks your design
for these circuit structures. If any are discovered, you should investigate
and implement a fix to your RTL to remove unintended latches, or re-
design the circuit so that no latch instantiation is required. In Altera
FPGAs, many registers are available, so there should never be any need
to use a latch.

Combinational loops can cause significant stability and reliability
problems in a design because the behavior of a combinational loop often
depends on the relative propagation delays of the loop’s logic. This
combinational loop circuit structure behaves differently under different
operation conditions. A combinational loop is asynchronous in nature,
and EDA tools operate best with synchronous circuits.

A storage element such as a level-sensitive latch or an edge-triggered
register has particular timing checks associated with it. For example,
there is a setup-and-hold requirement for the data input of an
edge-triggered register. Similarly, there is also a setup-and-hold timing
requirement for the data to be stable in a transparent latch when the gate
signal turns the latch from transparent to opaque. When latches are built
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Intentional
Delays

out of combinational gates, these timing checks do not exist, so the static
timing analysis tool is not able to perform the necessary checks on these
latch circuits.

s Check your design for intentional and unintentional
combinational loops, and remove them.

Altera does not recommend instantiating a cell that does not benefit a
design. This type of cell only delays the signal. For a synchronous circuit
that uses a dedicated clock in the FPGA (Figure 1-20), this delay cellisnot
needed. In an ASIC, a delay cell is used to fix hold-time violations that
occur due to the clock skew between two registers, being larger than the
data path delay between those same two registers. The FPGA is designed
with the clock skew and the clock-to-Q time of the FPGA registers in
mind, to ensure that there is no need for a delay cell.

Figure 1-20 shows two versions of the same shift registers. Both circuits
operate identically. The first version has a delay cell, possibly
implemented using a LUT, in the data path from the Q output of the first
register to the D input of the second register. The function of the delay cell
is a non-inverting buffer. The second version of this circuit also shows a
shift register function, but there is no delay cell in the data path. Both
circuits operate identically.

Figure 1-20. Shift Register With and Without an Intentional Delay
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If delay chains exist in a design, they are possibly symptomatic of an
asynchronous circuit. One such caseis shown in the circuit in Figure 1-21.
This circuit relies on the delay between two inputs of an AND gate to
generate a pulse on the AND gate output. The pulse may or may not be
generated, depending on the shape of the waveform on the A input pin.

Figure 1-21. A Circuit and Corresponding Timing Diagram Showing a Delay

Chain
| Delay O:DTZ

/\
!

The existence of this
glitch is unpredictable.

Using delay chains can cause various design problems, including an
increase in a design’s sensitivity to operating conditions and a decrease in
design reliability.

Be aware that not all cases of delay chains in a design are due to
asynchronous circuitry. If the Design Assistant report states that you
have delay chains that you are unaware of (or are not expecting), the
delay chains may be a result of using pre-built intellectual property (IP)
functions. Pre-built IP functions may contain delay chains which the
Design Assistant reports. These functions are usually parameterizable,
and have thousands of different combinations of parameter settings. The
synthesis tool may not remove all unused LEs from these functions when
particular parameter settings are used, but the resulting circuit is still
synchronous. Check all Design Assistant delay chain warnings carefully.

Avoid designing circuits that rely on the use of delay chains, and
always carefully check any Design Assistant delay chain
warnings.
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Ripple Counters

Designs should not contain ripple counters. A ripple counter, shown in
Figure 1-22, is a circuit structure where the Q output of the first counter
stage drives into the clock input of the following counter stage. Each
counter stage consists of a register with the inverted QN output pin
feeding back into the D input of the same register.

Figure 1-22. A Typical Ripple Counter
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This type of structure is used to make a counter out of the smallest
amount of logic possible. However, the LE structure in Altera FPGA
devices allows you to construct a counter using one LE per counter-bit, so
there is no logic savings in using the ripple counter structure. Each stage
of the counter in a ripple counter contributes some phase delay, which is
cumulative in successive stages of the counter. Figure 1-23 shows the
phase delay of the circuit in Figure 1-22.

Figure 1-23. Timing Diagram Showing Phase Delay of Circuit Shown in Figure 1-22
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Figure 1-24 shows detailed view of the phase delay shown in
Figure 1-23.

Figure 1-24. Detailed View of the Phase Delay Shown in Figure 1-23
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This phase delay is problematic if the ripple counter outputs are used as
clock signals for other circuits. Those other circuits are clocked by signals
that have large skews.

Ripple counters are particularly challenging for static timing analysis
tools to analyze as each stage in the ripple counter causes a new clock
domain to be defined. The more clock domains that the static timing
analysis tool has to deal with, the more complex and time-consuming the
process becomes.

& Altera recommends that you avoid using ripple counters under
any circumstances.

A pulse generator is a circuit that generates a signal that has two or more
transitions within a single clock period. Figure 1-25 shows an example of
a pulse generator waveform.

= For more information on pulse generators, refer to “Intentional
Delays” on page 1-18.

1-21



HardCopy Series Handbook, Volume 1

Figure 1-25. Example of a Pulse Generator Waveform
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Creating Pulse Generators

Pulse generators can be created in two ways. The first way to create a
pulse generator is to increase the width of a glitch using a 2-input AND,
NAND, OR, or NOR gate, where the source for the two gate inputs are the
same, but the design delays the source for one of the gate inputs, as
shown in Figure 1-26.

Figure 1-26. A Pulse Generator Circuit Using a 2-Input AND
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The second way to create a pulse generator is by using a register where
the register output drives its own asynchronous reset signal through a
delay chain, as shown in Figure 1-27.

Figure 1-27. Pulse Generator Circuit Using a Register Output to Drive a Reset
Signal Through a Delay Chain
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—>CK QNp—— | Delay O

These pulse generators are asynchronous in nature and are detected by
the Design Assistant as unacceptable circuit structures. If you need to
generate a pulsed signal, you should do it in a purely synchronous
manner. That is, where the duration of the pulse is equal to one or more
clock periods, as shown in Figure 1-28.
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Figure 1-28. An Example of a Synchronous Pulse Generator

ek L[ L L L L L]
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A synchronous pulse generator can be created with a simple section of
Verilog HDL or VHDL code. The following is a Verilog HDL code
fragment for a synchronous pulse generator circuit.
reg [2:0] count;
reg pulse;
always @ (posedge clk or negedge rst)
begin
if (!'rst)
begin
count[2:0] <= 3'b000;
pulse <= 1'b0;
end
else
begin
count[2:0] <= count[2:0] + 1'bl;
if (count == 3'b000)
begin
pulse <= 1'bl;
end
else
begin
pulse <= 1'b0;
end
end
end
end
end
Altera Corporation 1-23
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Combhinational
Oscillator
Circuits

1-24

The circuit shown in Figure 1-29 on page 1-24 consists of a combinational
logic gate whose inverted output feeds back to one of the inputs of the
same gate. This feedback path causes the output to change state and;
therefore, oscillate.

Figure 1-29. A Combinational Ring Oscillator Circuit

IS

This circuit is sometimes built out of a series of cascaded inverters in a
structure known as a ring oscillator. The frequency at which this circuit
oscillates depends on the temperature, voltage, and process operating
conditions of the device, and is completely asynchronous to any of the
other clock domains in the device. Worse, the circuit may fail to oscillate
at all, and the output of the inverter goes to a stable voltage at half of the
supply voltage, as shown in Figure 1-30. This causes both the PMOS and
NMOS transistors in the inverter chain to be switched on concurrently
with a path from V¢ to GND, with no inverter function and consuming
static current.

Figure 1-30. An Inverter Biased at 0.5 V;

Vee
Input at Output at
'~  Avoid implementing any kind of combinational feedback

oscillator circuit.
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Reset Circuitry

Reset signals are control signals that synchronously or asynchronously
affect the state of registers in a design. The special consideration given to
clock signals also needs to be given to reset signals. Only the term “reset”
is used in this document, but the information described here also applies
to “set,” “preset,” and “clear” signals. Reset signals should only be used
to put a circuit into a known initial condition. Also, both the set and
reset pins of the same register should never be used together. If the
signals driving them are both activated at the same time, the logic state of
the register may be indeterminate.

Gated Reset

A gated reset is generated when combinational logic feeds into the
asynchronous reset pin of a register. The gated reset signal may have
glitches on it, causing unintentional resetting of the destination register.
Figure 1-31 shows a gated reset circuit where the signal driving into the
register reset pin has glitches on it causing unintentional resetting.

Figure 1-31. A Gated Reset Circuit and its Associated Timing Diagram

Clock
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glitchy reset signal
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Intentional Glitches Cause the
Reset Pulse Circuit to Unintentially Reset
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Figure 1-32 shows a better approach to implement a gated reset circuit,
by placing a register on the output of the reset-gating logic, thereby
synchronizing it to a clock. The register output then becomes a glitch-free
reset signal that drives the rest of the design. However, the resulting reset
signal is delayed by an extra clock cycle.

Figure 1-32. A Better Approach to the Gated Reset Circuit in Figure 1-31

Clock
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Asynchronous Reset Synchronization

If the design needs to be put into a reset state in the absence of a clock
signal, the only way to achieve this is through the use of an asynchronous
reset. However, it is possible to generate a synchronous reset signal from
an asynchronous one by using a double-buffer circuit, as shown in
Figure 1-33.
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Figure 1-33. A Double-Buffer Circuit
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Synchronizing Reset Signals Across Clock Domains

In a design, an internally generated reset signal that is generated in one
clock domain, and used in one or more other asynchronous clock
domains, should be synchronized. A resetsignal that is not synchronized
can cause metastability problems.

The synchronization of the gated reset should follow these guidelines, as
shown in Figure 1-34.

B Thereset signal should be synchronized with two or more cascading
registers in the receiving asynchronous clock domain.

B The cascading registers should be triggered on the same clock edge.

B There should be no logic between the output of the transmitting
clock domain and the cascaded registers in the receiving
asynchronous clock domain.

1-27
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Figure 1-34. Circuit for a Synchronized Reset Signal Across Two Clock Domains
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With either of the reset synchronization circuits described in Figures 1-33
and 1-34, when the reset is applied, the Q output of the registers in the
design may send a wrong signal, momentarily causing some primary
output pins to also send wrong signals. The circuit and its associated
timing diagram, shown in Figure 1-35, demonstrate this phenomenon.
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Figure 1-35. Common Problem with Reset Synchronization Circuits
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A purely synchronous reset circuit does not exhibit this behavior. The
following Verilog HDL RTL code shows how to do this.

always @ (posedge clk)
begin
if (!'rst)
q <= 1'b0;
else
q <= d; end

['=~  Avoid using reset signals for anything other than circuit
initialization, and be aware of the reset signal timing if
reset-synchronizing circuitry is used.
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Asvn chronous Altera FPGA devices contain flexible embedded memory structures that
can be configured into many different modes. One possible mode is
RAM asynchronous RAM. The definition of an asynchronous RAM circuit is

one where the write-enable signal driving into the RAM causes data to be
written into it, without a clock being required, as shown in Figure 1-36.
This means that the RAM is sensitive to corruption if any glitches exist on
the write-enable signal. Also, the data and write address ports of the
RAM should be stable before the write pulse is asserted, and must remain
stable until the write pulse is de-asserted. These limitations in using
memory structures in this asynchronous mode imply that synchronous
memories are always preferred. Synchronous memories also provide
higher design performance.

Figure 1-36. Potential Problems of Using Asynchronous RAM Structures

This glitch on the write enable signal
means that
RAM contents may be corrupted.

write enable (active high) \‘
din/waddr X:X X X

\

Because the data and write
addresses are changing here
means unknown information is
written into the memory.

= Stratix, Stratix II, HardCopy Stratix, and HardCopy II device
architectures do not support asynchronous RAM behavior.
These devices always use synchronous RAM input registers.
Altera recommends using RAM output registering; this is
optional, however, not using output registering degrades
performance.

APEX 20K FPGA and HardCopy APEX support both
synchronous and asynchronous RAM using the embedded
system block (ESB). Altera recommends using synchronous
RAM structures. Immediately registering both input and output
RAM interfaces improves performance and timing closure.
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Conclusion

Document

Most issues described in this document can be easily avoided while a
design is still in its early stages. These issues not only apply to HardCopy
devices, but to any digital logic integrated circuit design, whether itis a
standard cell ASIC, gate array, or FPGA.

Sometimes, violating one or more of the above guidelines is unavoidable,
but understanding the implications of doing so is very important. One
must be prepared to justify to Altera the need to break those rules in this
case, and to support it with as much documentation as possible.

Following the guidelines outlined in this document can ultimately lead to
the design being more robust, quicker to implement, easier to debug, and
fitted more easily into the target architecture, increasing the likelihood of
success.

Table 1-2 shows the revision history for this chapter.

Revision History

Table 1-2.Document Revision History (Part 1 of 2)

Date and Document

Version Changes Made Summary of Changes
September 2008, Updated chapter number and metadata. —
v3.4
June 2007, v3.3 Minor text edits. —
December 2006 e Added revision history. Added revision history.
v3.2
March 2006 Formerly chapter 14; no content change. —

October 2005, v3.1

e Graphic updates —
e Minor edits

May 2005, Updated the Using a FIFO Buffer section. —
v3.0

January 2005, e Chapter title changed to Design Guidelines for —
v2.0 HardCopy Series Devices.

e Updated Quartus® Il Software Supported Versions

e Updated HardCopy® Design Center Support

e Updated heading Using a Double Synchronizer for
Single-Bit Data Transfer

e Added Stratix® Il support for a global or regional clock

e Added Support for Stratix Il and HardCopy Il to Mixing
Clock Edges
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Table 1-2.Document Revision History (Part 2 of 2)

Date and Document

Version Changes Made Summary of Changes
August 2003, Edited hierarchy of section headings.
vid
May 2003, Initial release
v1.0
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Configuring an FPGA is the process of loading the design data into the
device. Altera’s SRAM-based Stratix® II, Stratix, APEX"™ 20KC, and
APEX 20KE FPGAs require configuration each time the device is
powered up. After the device is powered down, the configuration data
within the Stratix II, Stratix, or APEX device is lost and must be loaded
again on power up.

There are several ways to configure these FPGAs. The details on the
various configuration schemes available for these FPGAs are explained in
the Configuration Handbook.

HardCopy® series devices are mask-programmed and cannot be
configured. However, in addition to the capability of being instantly on
upon power up (like a traditional ASIC device), these devices can mimic
the behavior of the FPGA during the configuration process if necessary.

This chapter addresses various power-up options for HardCopy series
devices. This chapter also discusses how configuration is emulated in
HardCopy series devices while retaining the benefits of seamless
migration and provides examples of how to replace the FPGAs in the
system with HardCopy series devices.

HardCopy series devices feature three variations of instant on power-up
modes and a configuration emulation power-up mode. They are as
follows:

B Instant on
B Instant on after 50 ms
B Configuration emulation of an FPGA configuration sequence

I'="  Youmust choose the power-up option when submitting the
design database to Altera for migrating to a HardCopy series
device. Once the HardCopy series devices are manufactured,
the power-up option cannot be changed.

HardCopy II and some HardCopy Stratix devices do not support

configuration emulation. Refer to “Configuration Emulation of FPGA
Configuration Sequence” on page 2-9 for more information.
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HardCopy II and HardCopy Stratix devices retain the functionality of
VCCSEL and PORSEL pins from the prototyping Stratix and Stratix I
FPGAs. The signals can affect the HardCopy series power-up behavior
using any power up option. Refer to the Stratix Device Handbook or the
Stratix II Device Handbook for proper use of these additional signals.

Instant On Options

Instant on is the traditional power-up scheme of most ASIC and
non-volatile devices. The instant on mode is the fastest power-up option
of a HardCopy series device and is used when the HardCopy series
device powers up independently while other components on the board
still require initialization and configuration. Therefore, you must verify
all signals that propagate to and from the HardCopy series device (for
example, reference clocks and other input pins) are stable or do not affect
the HardCopy series device operation.

There are two variations of instant on power-up modes available on all
HardCopy devices.

B Instant on (no added delay)
B Instant on after 50 ms (additional delay)

Instant On (No Added Delay)

In the instant on power-up mode, once the power supplies ramp up
above the HardCopy series device’s power-on reset (POR) trip point, the
device initiates an internal POR sequence. When this sequence is
complete, the HardCopy series device transitions to an initialization
phase, which releases the CONF_DONE signal to be pulled high. Pulling
the CONF_DONE signal high indicates that the HardCopy series device is
ready for normal operation. Figures 2-1 to 2-3 show the instant on timing
waveform relationships of the configuration signals, V- and user I/O
pins with respect to the HardCopy series device’s normal operation
mode.

During the power-up sequence, internal weak pull-up resistors can pull
the user I/O pins high. Once POR and the initialization phase is
complete, the I/O pins are released. Similar to the FPGA, if the

nIO pullup pin transitions high, the weak pull-up resistors are
disabled. Refer to the table that provides recommended operating
conditions in the handbook for the specific device.

The value of the internal weak pull-up resistors on the I/O pins is in the
Operating Conditions table of the specific FPGA’s device handbook.
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Instant On After 50-ms Delay

The instant on after 50-ms delay power-up mode is similar to the instant
on power-up mode. However, in this case, the device waits an additional
50 ms following the end of the internal POR sequence before releasing the
CONF_DONE pin. This option is useful if other devices on the board (such
as a microprocessor) must be initialized prior to the normal operation of
the HardCopy series device.

An on-chip oscillator generates the 50-ms delay after the power-up
sequence. During the POR sequence and delay period, all user I/O pins
canbe driven high by internal, weak pull-up resistors. Just like the instant
on mode, these pull-up resistors are affected by the nI0 pullup pin.

I Similar to APEX 20K FPGAs, HardCopy APEX devices do not
have an nI0_pullup function. Their internal, weak pull-up
resistors are enabled during the power-up and initialization
phase.

On the FPGA, an initialization phase occurs immediately after
configuration where registers are reset, any PLLs used are initialized, and
any I/O pins used are enabled as the device transitions into user mode.
When the HardCopy series device uses instant on and instant on after
50-ms modes, a configuration sequence isnot necessary, so the HardCopy
series device transitions into the initialization phase after a power-up
sequence immediately or after a 50-ms delay.

Figures 2-1 to 2-3 show instant on timing waveform relationships of the
configuration signals, V¢ and user I/O pins with respect to the
HardCopy series device’s normal operation mode. Tables 2-1 to 2-3
define the timing parameters for each of the HardCopy series device
waveforms, and also show the effect of the PORSEL pin on power up. The
nCE pin must be driven low externally for these waveforms to apply.

Figure 2-1 shows an instant on power-up waveform, where the
HardCopy device is powered up, and the nCONFIG, nSTATUS, and
CONF_DONE are not driven low externally.

Altera Corporation 2-3
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Figure 2-1. Timing Waveform for Instant On Option Notes (1), (2), (3), (4), (5)
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Notes to Figure 2-1:

(1)  Vcc (ALL) represents either all of the power pins or the last power pin powered up to specified operating
conditions. All HardCopy power pins must be powered within specifications as described under Hot Socketing
sections.

(2) nCONFIG, nSTATUS, and CONF_DONE must not be driven low externally for this waveform to apply.

(3) User I/O pins may be tri-stated or driven before and during power up. See the Hot Socketing sections for more
details. The nIO pullup pin can affect the state of the user I/O pins during the initialization phase.

(4) INIT_DONEis an optional pin that can be enabled on the FPGA using the Quartus II software. HardCopy series
devices carry over the INIT DONE functionality from the prototyped FPGA design.

(5) ThenCEO pin is asserted about the same time the CONF_DONE pinis released. However, the nCE pinmust be driven
low externally for this waveform to apply.

An alternative to the power-up waveform in Figure 2-1 is if thenCONFIG
pin is externally held low longer than the PORSEL delay. This delays the
initialization sequence by a small amount as indicated in Figure 2-2.

In addition, Figure 2-2 is an instant on power-up waveform where
nCONFIG is momentarily held low and nSTATUS and CONF_DONE are
not driven low externally.
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Figure 2-2. Timing Waveform for Instant On Option Where nCONFIG is Held Low After Power Up Notes (1),
2), (3), (4), (), (6)
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Notes to Figure 2-2:
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This waveform applies if nCONFIG is held low longer than t ., delay.

Vcce (ALL) represents either all of the power pins or the last power pin powered up to specified operating
conditions. All HardCopy power pins must be powered within specifications as described under Hot Socketing
sections.

nCONFIG, nSTATUS, and CONF_DONE must not be driven low externally for this waveform to apply.

User I/0 pins may be tri-stated or driven before and during power up. See the Hot Socketing sections for more
details. The nIO_pullup pin can affect the state of the user I/O pins during the initialization phase.

INIT DONE is an optional pin that can be enabled on the FPGA using the Quartus II software. HardCopy devices
carry over the INIT_DONE functionality from the prototyped FPGA design.

The nCEO pin is also asserted about the same time the CONF_DONE pin is released. However, the nCE pin mustbe
driven low externally for this waveform to apply.

Pulsing the nCONFIG signal on an FPGA re-initializes the configuration
sequence. The nCONFIG signal on a HardCopy series device also restarts
the initialization sequence.

Figure 2-3 shows the instant on behavior of the configuration signals and
user I/O pins if the nCONFIG pin is pulsed while the V¢ supplies are
already powered up and stable.
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Figure 2-3. Timing Waveform for Instant On Option When Pulsing NConfig Notes (1), (2), (3), (4), (5)

Ve (ALL)

nCONFIG

nSTATUS

CONF_DONE

User I/0 "don't care" High Z User Mode

INIT_DONE "don't care"

lorasTo lopasTs Lo tep tum

Notes to Figure 2-3:

(1) Ve (ALL) represents either all of the power pins or the last power pin powered up to specified operating
conditions. All HardCopy power pins must be powered within specifications as described under Hot Socketing
sections.

(2) nSTATUS and CONF_DONE must not be driven low externally for this waveform to apply.

(8) The nIO pullup pin can affect the state of the user I/O pins during the initialization phase.

(4) INIT DONE is an optional pin that can be enabled on the FPGA using the Quartus II software. HardCopy devices
carry over the INIT DONE functionality from the prototyped FPGA design.

(5) The nCEO pinis also asserted about the same time the CONF_DONE pin is released. However, the nCE pin must be
driven low externally for this waveform to apply.

I'="  IntheFPGA, the INIT DONE signal remains high for several
clock cycles after the nCONFIG signal is asserted, after which
time INIT DONE goes low. In the HardCopy series device, the
INIT DONE signal starts low,as shown in Figure 2-3, regardless
of the logic state of the nCONFIG signal. The INIT DONE signal
transitions high only after the CONF_DONE signal transitions
high.
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Tables 2-1 through 2-3 show the timing parameters for the instant on
mode. These tables also show the time taken for completing the instant on
power-up sequence in Figure 2-1 on page 2—4 for HardCopy series
devices. This option is typical of an ASIC’s functionality.

Table 2-1. Timing Parameters for Instant On Mode in HardCopy Il Devices

Parameter Description Condition Min Typical Max Units
troR PORSEL delay (1) 12 12 ms
100 100 ms
terasTo nCONFIG low to 800 ns
nSTATUS low (7)
tcrasTy nCONFIG high to 100 us
nSTATUS high (7)
taDD Additional delay Instant on 33 60 us
After 50 ms 50 90 ms
added delay
tco CONF_DONE delay 600 1100 ns
tum User mode delay 25 55 us

Note to Table 2-1:
(1) This parameter is similar to the Stratix II FPGA specifications. Refer to the Configuration Handbook for more
information.

Table 2-2. Timing Parameters for Instant On Mode in HardCopy Stratix Devices

Parameter Description Condition Min Typical Max Units
tror PORSEL delay 2 1 2 ms
100 70 100 ms
terasTo nCONFIG low to 800 ns
nSTATUS low (1)
terosTi nCONFIG high to 40 us
nSTATUS high (7)
tapD Additional delay Instant on 4 8 ms
After 50 ms 25 50 75 ms
added delay
tco CONF_DONE delay 0.5 3 us
tum User mode delay 6.0 28 us

Note to Table 2-2
(1)  This parameter is similar to the Stratix FPGA specifications. Refer to the Configuration Handbook for more
information.
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Table 2-3. Timing Parameters for Instant On Mode in HardCopy APEX Devices

Parameter Description Condition Min Typical Max Units
troR POR delay 5 us
torasTo nCONFIG low to 200 ns
nSTATUS low (7)
torasTi nCONFIG high to 1 us
nSTATUS high (7)
tapD Additional delay Instant on 0 us
After 50 ms 50 ms
added delay
tcp CONF_DONE delay 0.5 3 us
tum User mode delay 25 8 us

Note to Table 2-3:
(1)  This parameter is similar to the APEX FPGA specifications. Refer to the Configuration Handbook for more
information.

2-8

For correct operation of a HardCopy series device using the instant on
option, pull the nSTATUS, nCONFIG, and CONF_DONE pins to V¢c. In the
HardCopy series devices, these pins are designed with weak internal
resistors pulled up to Vc. Many FPGA configuration schemes require
pull-up resistors on these I/O pins, so they may already be present on the
board. In some HardCopy series device applications, you can remove
these external pull-up resistors.

Altera recommends leaving external pull-up resistors on the board if one
of the following conditions exists.

«®  Formore information, refer to the Designing with 1.5-V Devices chapter in
the Stratix Device Handbook.

B There is more than one HardCopy series and/or FPGA on the board
B The HardCopy design uses configuration emulation
B The design uses MultiVolt I/O configurations
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In the FPGA, you can enable the INIT DONE pin in the Quartus II
software. If you used the INIT DONE pin on the FPGA prototype, the
HardCopy series device retains its function.

B In HardCopy series devices, the INIT DONE settings option is
masked-programmed into the device. You must submit these
settings to Altera with the final design prior to migrating to a
HardCopy series device. The use of the INIT DONE optionand other
option pins (for example, DEV_CLRn and DEV_OE) are available in
the Fitter Device Options sections of the Quartus II report file.

B For HardCopy Il and HardCopy Stratix devices, the PORSEL pin
setting delays the POR sequence similar to the prototyping FPGA.
For more information on PORSEL settings for the FPGA, refer to the
Configuration Handbook.

In some FPGA configuration schemes, inputs DCLK and DATA[7..0]
float if the configuration device is removed from the board. In the
HardCopy series devices, these I/O pins are designed with weak,
internal pull-up resistors, so the pins can be left unconnected on the
board.

Configuration Emulation of FPGA Configuration Sequence

In configuration emulation mode, the HardCopy series device emulates
the behavior of an APEX or Stratix FPGA during its configuration phase.
When this mode is used, the HardCopy device uses a configuration
emulation circuit to receive configuration bit streams. When all the
configuration data is received, the HardCopy series device transitions
into an initialization phase and releases the CONF_DONE pin to be pulled
high. Pulling the CONF_DONE pin high signals that the HardCopy series
device is ready for normal operation. If the optional open-drain

INIT DONE output is used, the normal operation is delayed until this
signal is released by the HardCopy series device.

s HardCopy II and some HardCopy Stratix devices do not
support configuration emulation mode.

During the emulation sequence, the user I/O pins can be pulled high by
internal, weak pull-up resistors. Once the configuration emulation and
initialization phase is completed, the I/O pins are released. Similar to the
FPGA, if the nIO_pullup pin is driven high, the weak pull-up resistors
are disabled. The value of the internal weak pull-up resistors on the I/O
pins can be found in the Operating Conditions table of the specific
FPGA'’s device handbook.
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I Similar to APEX 20K FPGAs, HardCopy APEX devices do not
have an nI0_pullup function. Their internal weak pull-up
resistors are enabled during the power up and initialization
phase.

= Similar to Stratix or APEX FPGAs, HardCopy Stratix or
HardCopy APEX devices enter initialization phase immediately
after a successful configuration sequence. At this time, registers
are reset, any PLLs used are initialized, and any I/O pins used
are enabled as the device transitions into user mode.

One application of the configuration emulation mode occurs when
multiple programmable devices are cascaded in a configuration chain
and only one device is replaced with a HardCopy series device. In this
case, programming control signals and clock signals used to program the
FPGA must also be used for the HardCopy series device. If this is not
done, the HardCopy series device remainsin the configuration emulation
phase, the emulation sequence never ends, and the HardCopy
CONF_DONE pin remains de-asserted. The proper configuration data
stream and data clock is necessary so the HardCopy series device has the
accurate emulation behavior.

Figure 2-4 shows a waveform of the configuration signals and the user
I/0 signals using configuration emulation mode.

2-10 Altera Corporation
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Figure 2-4. Timing Waveform for Configuration Emulation Mode Notes (1), (2),
(3),(4),(5)
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Notes to Figures 2—4:

(1) Ve (ALL) represents either all of the power pins or the last power pin powered up
to specified operating conditions. All HardCopy power pins must be powered
within specifications as described under Hot Socketing sections.

(2) nCONFIG,nSTATUS, and CONF_DONE must notbe driven low externally for this
waveform to apply.

(3) UserI/O pins may be tri-stated or driven before and during power up. See the Hot
Socketing sections for more details. The nIO_pullup pin can affect the state of the
user I/O pins during the initialization phase.

(4) INIT_DONEis an optional pin that can be enabled on the FPGA using the
Quartus II software. HardCopy devices will carry over the INIT DONE
functionality from the prototyped FPGA design.

(5) ThenCEO pinisalso asserted about the same time the CONFDONE pin s released.
However, the nCE pin must be driven low externally for this waveform to apply.
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Configuration Emulation Timing Parameters

Tables 2-4 and 2-5 provide the timing parameters for the configuration
emulation mode.

Table 2-4. Timing Parameters for Configuration Emulation Mode in HardCopy Stratix Devices  Note (1)
Parameter Description (2) Condition Min Typ Max Units
troRr PORSEL delay 2 1 2 ms
100 70 100 ms
tosu Data setup time 7 ns
torosT1 nCONF IG high to 40 us
nSTATUS
tsT2ck nSTATUS to DCLK 1 us
tum User mode delay 6.0 28 us

Notes to Table 2—4:

(1) HC1S80, HC1S60, and HC1S25 devices do not support emulation mode.

(2) These parameters are similar to the Stratix FPGA specifications. Refer to the Configuration Handbook for more
information.

Table 2-5. Timing Parameters for Configuration Emulation Mode in HardCopy APEX Devices
Parameter | Description (7) Min Typical Max Units
tronr POR delay 5 us
tosu Data setup time 10 ns
tCF25T1 nCONFIG hlgh 1 us
to nSTATUS

tsTocK nSTATUS to 1 3 us
DCLK

tum User mode 2 8 us
delay

Notes to Table 2-5:
(1) These parameters are similar to the APEX FPGA specifications. Refer to the Configuration Handbook for more

information.
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Benefits of Configuration Emulation

Configuration emulation in HardCopy series devices provides several
advantages, including the following:

B Removes any necessity for changes to software, especially if the
FPGA is configured using a microprocessor. Not having to change
the software benefits the designer because microprocessor software
changes demand significant system verification and qualification
efforts, which also impact development time.

B Allows HardCopy series devices to co-exist with other FPGAs in a
cascaded chain. None of the components need to be modified or
added, and no design changes to the board are required.
Additionally, no configuration software changes need to be made.

B Supports all configuration options available for the FPGA.

In this example, a single configuration device originally configured two
APEXFPGAs. In Figure 2-5, a HardCopy APEX device replaces an APEX
FPGA.
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Figure 2-5. Emulation of Configuration Sequence

HardCopy APEX Device

MSELO nCE F Configuration Device

MSEL1 DCLK DCLK
DATAO DATA
= nSTATUS OE
CONF_DONE nCS nCASC —
nCONFIG nINIT_CONF
nCEO

APEX 20K Device

MSELO nCE
MSEL1 DCLK
DATAO

nSTATUS

CONF_DONE

nCONFIG

1k

nCEO —

A HardCopy series device in configuration emulation mode requires the
same configuration control signals as the FPGA that was replaced. In
configuration emulation mode, the HardCopy series device responds in
exactly the same way as the FPGA. The CONF_DONE signal of the
HardCopy series device is asserted at exactly the same time as the FPGA.

2-14 Altera Corporation
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When designing a board for the prototyping FPGA with the intent of
eventually replacing it with a HardCopy device, there are three power-up
options that you should consider.

Instant on
[ ] Instant on after 50 ms
[ | Configuration emulation of an FPGA configuration sequence

You must choose the power-up option when submitting the design
database to Altera for migrating to a HardCopy series device. Once the
HardCopy series devices are manufactured, the power-up option cannot
be changed.

Il'="  HardCopy Il and some HardCopy Stratix devices do not
support configuration emulation mode.

HardCopy Il and HardCopy Stratix devices retain the functionality of the
VCCSEL and PORSEL pins from the prototyping Stratix II or Stratix
FPGAs. For HardCopy II and HardCopy Stratix devices, the PORSEL pin
setting delays the POR sequence similar to the prototyping FPGA.

For more information on PORSEL settings for the FPGA, refer to the
Configuration Handbook.

The nCE and nCEO pins are functional in HardCopy series devices. The
nCE pin must be held low for proper operation of the nCEO pin. If the nCE
pin is driven low, the nCEO pin will be asserted after the initialization is
completed and the CONF_DONE pin is released.

On the HardCopy Il device, the nCE pin delays the initialization if it is not
driven low. Like in the Stratix Il device, nCEO and TDO of the HardCopy II
device are powered by Vccio.

If you used the INIT DONE pin on the FPGA prototype, the HardCopy
series device retains its function. In HardCopy series devices, the

INIT DONE settings option is masked-programmed into the device.
These settings must be submitted to Altera with the final design prior to
migrating to a HardCopy series device. The use of the INIT DONE option
and other option pins (for example, DEV_CLRnand DEV_OE) areavailable
in the Fitter Device Options sections of the Quartus II report file.

HardCopy II devices do not support the user-supplied start-up clock
option available for Stratix II devices. The HardCopy II device uses its
own internal clock for power-up circuitry. The startup clock selection is
an option for configuring the FPGA, which you can set in the Quartus II
software under Device and Pin Options.
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HardCopy devices support device-wide reset (DEV_CLRn) and
device-wide output enable (DEV_OE). The HardCopy settings follow the
prototyping FPGA setting, which you set in the Quartus II software under
Device and Pin Options.

For correct operation of a HardCopy series device using the instant on
option, pull the nSTATUS, nCONFIG, and CONF_DONE pins to V¢. In the
HardCopy series devices, these pins are designed with weak, internal
resistors pulled up to Vcc. Many FPGA configuration schemes require
pull-up resistors on these I/O pins, so they may already be present on the
board. In some HardCopy series device applications, you can remove
these external pullup resistors.

Altera recommends leaving external pull-up resistors on the board if one
of the following conditions exists:

B There is more than one HardCopy series and /or FPGA on the board
B The HardCopy design uses configuration emulation
B The design uses MultiVolt™ I/O configurations

For more information, refer to the Designing with 1.5-V Devices chapter in
the Stratix Device Handbook.

In some FPGA configuration schemes, inputs DCLK and DATA[7..0]
float if the configuration device is removed from the board. In the
HardCopy series devices, these I/O pins are designed with weak internal
pull-up resistors, so the pins can be left unconnected on the board.

When designing a board with a Stratix II prototype device and its
companion HardCopy II device, most configuration pins required by the
Stratix II device are not required by the HardCopy II device. To maximize
I/0 pin counts with HardCopy II device utilization, Altera recommends
minimizing power-up and configuration pins that do not carry over from
a Stratix IT device into a HardCopy II device. More information can be
found on the Migrating Stratix II Device Resources to HardCopy II Devices
chapter.

HardCopy devices support the MSEL settings used on the FPGA. You are
not required to change these settings on the board when replacing the
prototyping FPGA with the HardCopy series device.

HardCopy II devices do not use MSEL pins and these pin locations are
not connected in the package. It is acceptable to drive these pins to V¢ or
GND as required by the prototyping Stratix II device.

Altera Corporation
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Power-Up Option
Selection and
Examples

Pulsing the nCONFIG signal on an FPGA re-initializes the configuration
sequence. The nCONFIG signal on a HardCopy series device also restarts
the initialization sequence.

The HardCopy device JTAG pin locations match their corresponding
FPGA prototypes. Like the FPGAs, the JTAG pins have internal weak pull
ups or pull downs on the four input pins TMS, TCK, TDI, and TRST. There
is no requirement to change the JTAG connections on the board when
replacing the prototyping FPGA with the HardCopy series device. More
information on JTAG pins is the corresponding Boundary-Scan Support
chapter for each device.

The HardCopy series device power-up option is mask-programmed.
Therefore, it is important that the board design is verified to ensure that
the HardCopy series device power-up option chosen will work properly.
This section provides recommendations on selecting a power-up option
and provides some examples.

Table 2—-6 shows a comparison of applicable FPGA and HardCopy power
up options.

Table 2-6. FPGA Configuration Modes and HardCopy Series Power-Up Schemes (Part 1 of 2)

Device Family
Power Up Scheme APEX 20K
StratixIl | Stratix | APEX 20KE "a'd(‘;‘;pv I ;'3;‘:&“;’2‘3 H"I{gg;’(”"
APEX 20KC

Instant on v v v
Instant on after 50 ms v v v
Passive serial (PS) v v v v v
Active serial (AS) v
Fast passive parallel
(FPP) v v v
Passive parallel
synchronous (PPS) v v
Passive parallel
asynchronous (PPA) v v v v v
Joint Test Action Group
(JTAG) v v/ v v/ v/
Remote local update FPP v v
(3)

Altera Corporation
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Table 2-6. FPGA Configuration Modes and HardCopy Series Power-Up Schemes (Part2 of 2)

3)

Device Family
Power Up Scheme APEX 20K
StratixIl | Stratix | APEX 20KE Ha"’ﬁ‘}"" i ;'tar;‘t'&"(pz‘s Ha‘{gg’(“"
APEX 20KC
Remote local update PPA v v
3)
Remote local update PS v

Notes to Table 2-6:

(1) HardCopy II devices do not support emulation mode.

(2) HC1S80, HC1S60, and HC1S25 devices do not support emulation mode.
(3) The remote/local update feature of Stratix devices is not supported in HardCopy Stratix devices.

Power-up option recommendations depend on the following board
configurations:

B Single HardCopy series device replacing a single FPGA on the board
B One or more HardCopy series devices replacing one or more FPGA

of a multiple-device configuration chain

B All HardCopy series devices replacing all FPGAs of a
multiple-device configuration chain

In a multiple-device configuration chain, more than one FPGA on aboard

obtains configuration data from the same source.

Replacing One FPGA With One HardCopy Series Device

Altera recommends using the instant on or instant on after 50 ms mode
when replacing an FPGA with a HardCopy series device regardless of the
board configuration scheme. Table 2-7 gives a summary of HardCopy
series device power-up options when a single HardCopy series device
replaces a single FPGA on the board.

Altera Corporation
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Table 2-7 does not include HardCopy II options because

HardCopy II devices only support instant on and instant on
after 50 ms modes.

Table 2-7. Summary of Power-Up Options for One HardCopy Series Device Replacing One FPGA

Configuration HardCo;_)y APEX HardCup_y Stratix Comments
Scheme Options Options
PS with configuration | @ Instant on e Instanton The configuration device(s) must be removed

device(s) or
download cable (1)

o Instant on after
50 ms

@ |Instant on after
50 ms

from the board.

FPP with enhanced
configuration
devices

e Not available

e Instant on
o Instant on after
50 ms

The configuration device(s) must be removed
from the board.

PS, PPA, PPS, FPPR,
with a
microprocessor (2)

e Emulation

e Emulation (3)

If the microprocessor code can be changed,
the design should use the instant on or instant
on after 50 ms mode. However, the
microprocessor still needs to drive a logic ‘1’
value on the HardCopy nCONFIG pin

JTAG configuration

e Instant on after
50 ms
e Emulation

o Instant on after
50 ms
e Emulation (3)

Configuration emulation mode can be used
but delays the initialization of the board or
device.

Notes to Table 2-7:

(1) Download cable used may be either MasterBlaster™, USB Blaster, ByteBlaster™ II, or ByteBlasterMV™ hardware.
(2)  For parallel programming modes, DATA[7. . 1] pins have weak pull up resistors on the HardCopy series device,
which can be optionally enabled or disabled through metallization. DCLK and DATA[0] pins have internal weak

pull-up resistors.

(3) HC1S80, HC1S60, and HC1S25 devices do not support emulation mode.

Altera Corporation
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Replacing One or More FPGAs With One or More HardCopy
Series Devices in a Multiple-Device Configuration Chain

Altera recommends using the instant on or instant on after 50 ms mode
when replacing an FPGA with a HardCopy series device, regardless of
configuration scheme. Table 2-8 gives a summary of HardCopy series
device power-up options when a single HardCopy series device replaces
a single FPGA of a multiple-device configuration chain.
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When using the instant on or instant on after 50 ms mode, the
HardCopy series device could be in user-mode and ready before
other configured devices on the board. It is important to verify
that any signals that communicate to and from the HardCopy
series device are stable or will not affect the HardCopy series
device or other device operation while the devices are still in the
power up or configuration stage. For example, if the HardCopy
series design used a PLL reference clock that is not available
until after other devices are fully powered up, the HardCopy
series device PLL will not operate properly unless the PLLs are
reset.

Table 2-8 does not include HardCopy II options because
HardCopy II devices only support instant on and instant on
after 50 ms modes.

Table 2-8. Power-Up Options for One
Multiple-Device Configuration Chain

or More HardCopy Series Devices Replacing FPGAs in a
(Part 1 0f 2)

Configuration Scheme HardCopv APEX HardCop_y Stratix Comments
Options Options
PS with configuration |e Emulation e Emulation (2) Instant on or instant on after 50 ms
device(s) or download |e Instanton (3) e Instanton (3) modes can be used if the nCE pin of the
cable (1) e |Instantonafter |e Instanton after |following APEX or Stratix device can be
FPP with enhanced 50 ms (3) 50 ms (3) tied to logic 0 on the board and the
configuration device (4) configuration data is modified to remove
the HardCopy series device
configuration data. The configuration
sequence then skips the HardCopy
series device.
PS, PPA, PPS, FPP, e Emulation e Emulation (2) If the microprocessor code can be
with a microprocessor changed, the design should use the
(4) instant on or instant on after 50 ms
mode. However, the microprocessor still
needs to drive a logic ‘1’ value on the
HardCopy series device nCONFIG pin.
2-20 Altera Corporation
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Table 2-8. Power-Up Options for One or More HardCopy Series Devices Replacing FPGAs in a
Multiple-Device Configuration Chain (Part 2 of 2)

Configuration Scheme

HardCopy APEX

HardCopy Stratix

Options Options Comments

JTAG configuration

e Emulation

e Emulation (2) If the HardCopy series device is put in
BYPASS mode and the JTAG
programming data is modified to remove
the HardCopy configuration information,
instant on or instant on after 50 ms

modes can be used.

Notes to Table 2-8:

(1) Download cable used may be either MasterBlaster, USB Blaster, ByteBlaster II, or ByteBlasterMV hardware.
(2) HC1S80, HC1S60, and HC1S25 devices do not support emulation mode.
(3)  If the HardCopy series device is the last device in the configuration chain, Altera recommends using instant on

modes.

(4) For parallel programming modes, DATA[7. .1] pins have weak pull up resistors on the HardCopy series device,
which can be optionally enabled or disabled through metallization. DCLK and DATA[0] pins also have weak

pull-up resistors.

FPGA to
HardCopy
Configuration
Migration
Examples
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Replacing all FPGAs with HardCopy Series Devices in a
Multiple-Device Configuration Chain

When all Stratix II, Stratix, and APEX FPGAs are replaced by
HardCopy II, HardCopy Stratix, and HardCopy APEX devices,
respectively, Altera recommends using the instant on or instant on after
50 ms mode, regardless of configuration scheme.

Once the HardCopy series devices replace the FPGAs, any configuration
devices used to configure the FPGAs should be removed from the board.
Microprocessor code, if applicable, should be changed to account for the
HardCopy series device power-up scheme. You can use the JTAG chain to
perform other JTAG operations except configuration.

The following are examples of how HardCopy series devices replace
FPGAs that use different FPGA configuration schemes.

HardCopy Series Device Replacing a Stand-Alone FPGA

In this example, the single HardCopy series device uses the instant on
power-up option, as shown in Figure 2-7. The configuration device, now
redundant, is removed, and no further board changes are necessary. The
pull-up resistors on the nCONFIG, nSTATUS, and CONF_ DONE pins can be
removed, but should be left on the board if configuration emulation or
multiple-voltage I/O standards are used. You could also use the instant
on after 50 ms power-up mode in this example.

2-21
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Figures 2—-6 and 2-7 show how a HardCopy series device replaces an
FPGA previously configured with an Altera configuration device.

Figure 2-6. Configuration of a Stand-Alone FPGA  Note (1)
Vee Vec Vee
; ; l Configuration
FPGA 3) @) =©) Device
DCLK | DCLK
DATAO |« DATA
NSTATUS |« P OE(3) | cascl NC.
CONF_DONE |« »-{nCS (3)
NCONFIG |« nINIT_CONF (2)
~—<—MSEL nCEO [— NC.
nCE T
GND

Figure 2-7. HardCopy Series Device Replacing Stand-Alone FPGA  Note (1)

HardCopy Series Device (©) ) @)

DCLK [@—

DATAO |@——
nSTATUS
CONF_DONE
NCONFIG [«

MSEL NnCEO [— NC.

nCE j7

GND

Notes to Figures 2-6 and 2-7:

@™
@

©)]

For details on configuration interface connections, refer to the Configuration
Handbook. The handbook includes information on MSEL pins set to PS mode.
ThenINIT CONF pin (available on enhanced configuration and EPC2 devices) has
an internal pull-up resistor that is always active. Therefore, the

nINIT CONF/nCONFIG line does not require an external pull-up resistor. The
nINIT CONF pin does notneed to be connected if its functionality is not used. If
nINIT CONF is not used or not available, use a resistor to pull the nCONFIG pin to
Vee.

Enhanced configuration and EPC2 devices have internal programmable pull-up
resistors on OE and nCS pins. Refer to the Configuration Handbook for more details
of this application in FPGAs. HardCopy series devices have internal weak pull-up
resistors on nSTATUS, nCONFIG,and CONF_DONE pins.
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HardCopy Series Device Replacing an FPGA in a Cascaded

Configuration Chain

Figure 2-8 shows a design where the configuration data for the Stratix
devices is stored in a single configuration device, and the FPGAs are
connected in a multiple-device configuration chain. The second device in
the chain is replaced with a HardCopy Stratix device, as shown in
Figure 2-9.

For more information on Stratix FPGA configuration schemes, refer to
the Configuration Handbook.

Figure 2-8. Configuration of Multiple FPGAs in a Cascade Chain

Vee

Stratix Device 3

MSEL2
MSEL1
MSELO

GND

N.C. - nCEO

DCLK

DATAO
nSTATUS
CONF_DONE
nCONFIG

nCE

i

Vee

GND

Stratix Device 2

A

Notes to Figure 2-8:

(1)  The pull-up resistors are connected to the same supply voltage as the configuration device.

DCLK

MSEL2 DATAQ
MSEL1 nSTATUS
MSELO CONF_DONE
NnCONFIG

nCEO nCE

Eji

Vee

GND

Stratix Device 1

A

DCLK
MSEL2 DATAO
MSEL1 NSTATUS
MSELO  CONF_DONE

NCONFIG
nCEO nCE

10 kQ

Configuration
Device

vy

AAAAA

DCLK

DATA

OE

nCs nCASC

1INIT_CONF (3)

A

[2]
o

(2) Theenhanced configuration devices and EPC2 devices have internal programmable pull-up resistors on the OE and
nCS pins. Refer to the Configuration Handbook for more details.
(3) ThenINIT CONF pinis available on EPC16, EPC8, EPC4, and EPC2 devices. Refer to the Configuration Handbook for

more details.
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Configuration with the HardCopy Series Device in the Cascade Chain

Figure 2-9 shows the same cascade chain as Figure 2-8, but the second
FPGA in the chain has been replaced with a HardCopy Stratix device.
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Figure 2-9. Replacing an FPGA with a HardCopy Equivalent in the Cascade Chain

Vee

Stratix Device 2

Veeq)
Vee) Veec ()

10 kQ ;(2) 10 kQ

N.C. —

MSEL2
MSEL1
MSELO

nCEO

DCLK

DATAO
nSTATUS
CONF_DONE
nCONFIG

nCE

i

A

Notes to Figure 2-9:

(1)  The pull-up resistors are connected to the same supply voltage as the configuration device.

(2) Theenhanced configuration devices and EPC2 devices have internal programmable pull-up resistors on the OE and
nCS pins. Refer to the Configuration Handbook for more details.

(3) ThenINIT CONF pinis available on EPC16, EPC8, EPC4, and EPC2 devices. Refer to the Configuration Handbook for
more information.

(4) HC1S80, HC1S60, and HC1S25 devices do not support emulation mode and cannot be used in this method.

HardCopy Stratix Configuration
Vee Device (4) Vee Stratix Device 1 Device
DCLK [ DCLK |« DCLK
MSEL2 DATAO | <€— MSEL2 DATAO |« DATA
MSEL1 NSTATUS |<@— MSELL NSTATUS |« »|OE
MSELO CONF_DONE [« MSELO CONF_DONE |« P nCS nCASC
NCONFIG [« NCONFIG |« INIT_CONF (3)
GND GND
nCEO nCE |« nCEO nCE

A

[2]
z
o
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In this example, the HardCopy Stratix device can only be configured
using the configuration emulation mode. The configuration device
cannot be removed, as it is still required by other Stratix devices in the
chain. While the HardCopy Stratix device does not need the data stored
in the configuration device, the data in the configuration device is not
modified to reflect this. The emulation mode ensures that the HardCopy
series device nCEO pin is asserted correctly after the emulation of the
configuration sequence. The nCEO pin enables the next device in the chain
to receive the correct configuration data from the configuration device.
Additionally, with the configuration emulation mode, you do not need to
make any changes to the board.

Configuration With the HardCopy Series Device Removed From the
Cascade Chain

An alternative method to configure FPGAs on a board with both
HardCopy series devices and FPGAs is to remove the HardCopy series
device from the cascade chain. Figure 2-10 shows how the devices are
connected with the HardCopy series device removed from the chain.

The data in the configuration device should be modified to exclude the
HardCopy series device configuration data. The HardCopy series device
can use any of the three power-up options.
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Figure 2-10. Configuration With the HardCopy Series Device Removed From the Cascade Chain

Vee )
Vee) Veec ()
10 kQ ;(2) 10 kQ
HardCopy Stratix Configuration
Vee Stratix Device 2 Vee Device (4) Vee Stratix Device 1 Device
DCLK [ DCLK [ DCLK |« DCLK
MSEL2 DATAO |[€— MSEL2 DATAO [<€— itz DATAO | ¢ DATA
MSEL1 NSTATUS [@— MSEL1 NSTATUS |[&— MSEL1 NSTATUS [« »|OE
MSELO  CONF_DONE [« MSELO CONF_DONE |« MSELO  CONF_DONE |« P nCS NCASC
NnCONFIG [« NCONFIG [« NCONFIG [« INIT_CONF (3)
GND GND GND
N.C. —{ nCEO nCE |« N.C. < nCEO nCE |« % nCEO nCE <g7
GND GND

Notes to Figure 2—
The pull-up resistors are connected to the same supply voltage as the configuration device.
The enhanced configuration devices and EPC2 devices have internal programmable pull-up resistors on the OE and

@
@

10:

nCS pins. Refer to the Configuration Handbook for more details.

©)]

more information.

O]

The nINIT CONF pinis available on EPC16, EPC8, EPC4, and EPC2 devices. Refer to the Configuration Handbook for

HC1S80, HC1S60, and HC1S525 devices do not support emulation mode and cannot be used in this method.
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Eliminating the HardCopy series device from the configuration chain
requires the following changes on the board:

B The nCE pin of the HardCopy series device must be tied to GND.

B The nCE pin of the FPGA that was driven by the HardCopy series
nCEO pin must now be driven by the nCEO pin of the FPGA that
precedes the HardCopy series device in the chain.

HardCopy Series Device Replacing an FPGA Configured Using a
Microprocessor

The HardCopy series device can replace FPGAs that are configured using
amicroprocessor, as shown in Figures 2-12 and 2-13. While the instant on
mode is the most efficient, designers can also use the instant on after

50 ms and configuration emulation mode.

Figure 2-11 shows an application where APEX FPGAs are configured
using a microprocessor in the PPS configuration scheme.

For more information on the PPS configuration scheme, refer to the
Configuration Handbook .
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Figure 2-11. Configuring FPGAs Using a Microprocessor

Memory

!»ADDR DATA[7..0]

Microprocessor

Note to Figure 2-11:
(1) Connect the pull-up resistors to a supply that provides an acceptable input signal for all devices in the chain.

(1)Vec  Vee (1)
1kQ 1kQ
APEX 20KE or APEX 20KE or
APEX 20KC Device 1 APEX 20KC Device 2
5} MSELO 5’ MSELO
GND GND
Vce Vce
Tpp{ MSEL 1 Tp{MSEL 1
- CONF_DONE — CONF_DONE
< P NSTATUS P NSTATUS
< <7—> nCE  nCEO nCE nCEO [— N.C.
GND
P> DATA[7..0] P DATA[7..0]
P DCLK P DCLK
1—> nCONFIG ,—b nCONFIG

When the HardCopy series device replaces the last FPGA of the
configuration sequence (as shown in Figure 2-12), use the instant on or
instant on after 50 ms mode. However, you must modify the
microprocessor code to eliminate the configuration data for the last FPGA

of the configuration chain.
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Figures 2-12 and 2-13 show the HardCopy APEX device replacing APEX
FPGAs either first or last in the configuration chain.

Figure 2-12. Replacement of Last FPGA in the Chain With a HardCopy Series Device

Memory

DATA[7..0]

’fADDR

A A

Microprocessor

1

— N.C.

(1)Vec  Vee (1)
1kQ = 1kQ
APEX 20KE or HardCopy APEX
APEX 20KC Device Device
&P MSELO P MSELO
GND GND
Vee Vee
T MSEL1 T MSEL 1
- CONF_DONE | CONF_DONE
P NSTATUS »| NSTATUS
& PInCE  nCEO [ N.C. &—»|NCE  nCEO
GND_ GND_
P DATA[7..0] P> DATA[7..0]
P DCLK »DCLK
1—» NCONFIG NCONFIG

Figure 2-13. Replacement of First FPGA in the Chain With a HardCopy Series Device

Memory

DATA[7..0]

!»ADDR

Microprocessor

A A

— N.C.

1

Note to Figures 2-12 and 2-13:
(1) Connect the pull-up resistors to a supply that provides an acceptable input signal for all devices in the chain.

(1)Vcc  Vee (1)
1kQ = 1kQ
HardCopy APEX APEX 20KE or
Device APEX 20KC Device
5’ MSELO 5’ MSELO
GND GND
Vee Vce
Tpp{ MSEL 1 Tl MSEL 1
P CONF_DONE —» CONF_DONE
P NSTATUS P NSTATUS
& PnCE  nCEO g nCEO
GND_ GND_
P> DATA[7..0] P>|DATA[7..0]
P DCLK P DCLK
l—> nCONFIG nCONFIG
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If the HardCopy series device is the first device in the chain as opposed
to the second (as shown in Figure 2-13), you must take the following into
consideration, depending on the HardCopy power-up option used.

Instant on mode—The microprocessor program code must be
modified to remove the configuration code relevant to the HardCopy
series device. The microprocessor must delay sending the first
configuration data word to the FPGA until the nCEO pin on the
HardCopy series device is asserted. The microprocessor then loads
the first configuration data word into the FPGA.

Instant on after 50 ms mode—The boot-up time of the
microprocessor must be greater than 50 ms. The HardCopy series
device asserts the nCEO pin after the 50-ms delay which, in turn,
enables the following FPGA. The microprocessor can send the first
configuration data word to the FPGA after the FPGA is enabled.
Emulation mode—This option should be used if the microprocessor
code pertaining to the configuration of the above devices cannot be
modified.

HardCopy Stratix Device Replacing FPGA Configured in a JTAG
Chain

In this example, the circuit connectivity is maintained and there are no
changes made to the board. The HardCopy series device can use either of
the following power-up options when applicable.

2-28

Instant on mode—Use the instant on power up mode if the
microprocessor code can be modified so that it treats the HardCopy
series device as a non-configurable device. The microprocessor can
achieve this by issuing a BYPASS instruction to the HardCopy series
device. With the HardCopy series device in BYPASS mode, the
configuration data passes through it to the downstream FPGAs.
Configuration emulation mode—Use the configuration emulation
power up mode if the microprocessor code pertaining to the
configuration of the above devices cannot be modified. HC1580,
HC1S60, and HC1S25 devices do not support this mode.
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Figure 2-14 shows an example where there are multiple Stratix FPGAs.
These devices are connected using the JTAG I/O pins for each device, and
programmed using the JTAG port. An on-board microprocessor
generates the configuration data.

Figure 2-14. Configuring FPGAs in a JTAG Chain Using a Microprocessor  Note (1)

Vee Vee Vee Vee Vee Vee
10 kQ 10 kQ 10 kQ 10 kQ 10 kQ 10 kQ
Stratix Device Stratix Device Stratix Device
NSTATUS NnSTATUS NSTATUS
Memor
Y DATAO (2) — DATAO (2) —| DATAO
ADDR DATA DCLK (2)— pcLk (2)— pcLK
NCONFIG (2) — nCONFIG (2) — nCONFIG
MSEL2 (2) — MSEL2 (2) — MSEL2
CONF_DONE CONF_DONE
MSEL1 - (2) — MSEL1 CONF_DONE (2) — MSEL1 -
MSELO (2) —| MSELO (2) — MSELO
Microprocessor nCE (3) .| NCE 31 nCE
TDI TDO | ¢ ee —p|TDI TDO [~ ® * * > TDI TDO - ¢ee
A ™S  TCK T™MS  TCK T™S  TCK
T A T A T A
coe oo coe
coe coe coe
coe coe coe

Notes to Figure 2-14:

(1)  Stratix II, Stratix, and APEX 20K devices can be placed within the same JTAG chain for device programming and
configuration.

(2) Connect the nCONFIG, MSELO, MSEL1, and MSELZ2 pins to support anon-JTAG configuration scheme. If only JTAG
configuration is used, connect nCONFIG to V¢, and MSELO, MSEL1, and MSEL2 to ground. Pull DATAO and DCLK
to either high or low.

(3) nCE must be connected to GND or driven low for successful JTAG configuration.
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Figure 2-15 shows an example where the first Stratix device in the JTAG
chain is replaced by a HardCopy Stratix device.

Figure 2-15. Replacement of the First FPGA in the JTAG Chain With a HardCopy Series Device Note (1)

Vee Vee Vee Vee Vee Vee
10 kQ 10 kQ 10 kQ 10 kQ 10 kQ 10 kQ
HardCopy Stratix Device Stratix Device Stratix Device
NnSTATUS nSTATUS nSTATUS
Memor
Y (2) — DATAO (2)— DATAO (2) —| DATAO
ADDR DATA DCLK (2)— bcLK (2)— DCLK
NnCONFIG (2)— nCONFIG (2) — nCONFIG
MSEL2 (2)— MSEL2 (2) — MSEL2
CONF_DONE CONF_DONE CONF_DONE
MSEL1 - (2)— MSEL1 - (2) —{ MSEL1 -
MSELO (2)—{ MSELO (2) — MSELO
Microprocessor nCE (3L nCE @)L nCE
TDI TDO — e e e - |TDI TDO |- ¢ e P TDI TDO - ®ee
A TMS  TCK TMS  TCK T™MS  TCK
A A A A A A
LN ] LE N} LN}
LN LN ] LN ]
LN LE N} LE N ]

Notes to Figure 2-15:

(1)  Stratix II, Stratix, and APEX 20K devices can be placed within the same JTAG chain for device programming and
configuration.
(2) Connect the nCONFIG, MSELO, MSEL1, and MSELZ2 pins to support anon-JTAG configuration scheme. If only JTAG
configuration is used, connect nCONFIG to V¢, and MSELO, MSEL1, and MSEL2 to ground. Pull DATAO and DCLK
to either high or low.
(8)  nCE must be connected to GND or driven low for successful JTAG configuration.
HardCopy Il Device Replacing Stratix Il Device Configured With
a Microprocessor
When replacing a Stratix II FPGA with a HardCopy II device, the
HardCopy II device can only use the instant on and instant on after 50 ms
modes. This example does not require any changes to the board.
However, the microprocessor code must be modified to treat the
HardCopy II device as a non-configurable device.
Figure 2-16 shows an example with two Stratix II devices configured
using a microprocessor or MAX® II device and the FPP configuration
scheme.
e For more information on Stratix II configuration, refer to the

Configuration Handbook.
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Figure 2-16. Multiple-Device FPP Configuration Using a Microprocessor or MAX Il Device

Memory

ADDR DATA[7..0]

External Host
(MAX Il Device or
Microprocessor)

Vce (1) Vee (1)

Stratix Il Device 1

10 kQ 10 kQ
< »
4| A >
< »
< >
GND

Note to Figure 2-16:
(1)  Connect the pull-up resistor to a supply that provides an acceptable input signal for all devices in the chain. The Vc
voltage meets the /O standard’s Vyy specification on the device and the external host.

Yvy

MSEL[3..0]

CONF_DONE
nSTATUS

nCE nCEO
DATA[7..0]

nCONFIG
DCLK

GND

Stratix Il Device 2

vy

Yvy

MSEL[3..0]
CONF_DONE
nSTATUS

nCE nCEO
DATA[7..0]

nCONFIG
DCLK

GND

—N.C.
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Figure 2-17 shows how the first Stratix II device is replaced by a
HardCopy II device. In this case, the microprocessor code must be

modified to send configuration data only to the second device (the

Stratix II device) of the configuration chain. The microprocessor can only
send this data after its nCE pin is asserted by the first device (the
HardCopy II device).
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Figure 2-17. Replacement of the First FPGA in the FPP Configuration Chain With a HardCopy Series Device

Memory
ADDR DATA[7. Oy e (") Vec (1)
10 kQ 10 kQ HardCopy Il Device Stratix Il Device
MSEL[3..0] MSEL[3..0]
< ° P CONF_DONE 17 CONF_DONE _?|7
< »| nSTATUS GND P nSTATUS GND
External Host ? nCE nCEO P nCE nCEO [—N.C.
(MAX Il Device or GND
Microprocessor) $-| DATA[7.0] (2) »-| DATA[7..0]
P NCONFIG P NnCONFIG
| DCLK P DCLK

Notes to Figure 2-17:

(1)  Connect the pull-up resistor to a supply that provides an acceptable input signal for all devices in the chain. The Vc
voltage meets the /O standard’s Vyy specification on the device and the external host.

(2 TheDATA[7..0] pins are not used on the Hard Copy Il device, but they preserve the pin assignment and direction
from the Stratix II device, allowing drop-in replacement.

Conclusion HardCopy series devices can emulate a configuration sequence while
maintaining the seamless migration benefits of the HardCopy
methodology. Instant on mode, which is the simplest of the available
options, provides ASIC-like operation at power on. This mode can be
used in most cases without regard to the original FPGA configuration
mode and without any hardware and/or software changes.

In some cases, however, a software revision and/or a board re-design
may be necessary to guarantee that correct configuration data is sent to
the remaining programmable devices. Such modifications are easily
made in the early stages of the board design process if it is determined
that one or more of the FPGAs will be replaced with an equivalent
HardCopy series device. Board-design techniques like jumper connectors
and 0-Qresistors enable such modifications without the necessity to
re-design the board.

The instant on after 50 ms mode is suitable in cases where a delay is
necessary to accommodate the configuration device to become
operational, or to allow one or more pre-determined events to be
completed before the HardCopy series device asserts its CONF_DONE pin.
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Finally, the emulation mode is the option to choose if software or
hardware modifications are not possible. In such cases, the HardCopy
series device co-exists with other FPGAs.

Table 2-9 shows the revision history for this chapter.

Revision History

Table 2-9. Document Revision History (Part 1 of 2)

Date and Document

Version Changes Made Summary of Changes
September 2008, Updated chapter number and metadata. —
v2.5
June 2007, v2.4 Minor text edits. —
December 2006 Added revision history. —
v2.3

May 2006, v2.2

e Updated Tables 20-1, 20-3, and 2-5. —

March 2006, v2.1

e Formerly chapter 16. —

e Re-organized HardCopy Power-Up Options section to
eliminate redundancy.

e Updated Figures 20-1, 20-2, and 20-3.

UpdatedTables 20-1 to 20-5, and Table 20-7.

e Added Power Up Options Summary When Designing
With HardCopy Series Devices section.

October 2005, v2.0

Moved from Chapter 15 to Chapter 16 in Hardcopy Series —
Device Handbook 3.2
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Table 2-9. Document Revision History (Part2 of 2)

Date and Document
Version

Changes Made

Summary of Changes

January 2005,
v2.0

Chapter title changed to Power-Up Modes and
Configuration Emulation in HardCopy Series Devices.
Added HardCopy Il device information.

Updated external resistor requirements depending on
chip configuration.

Added reference to some control and option pins that
carry over functions from the FPGA design and affect the
HardCopy power up.

Updated information on which HardCopy devices do not
support emulation mode.

Added Table 15-9 which lists what power up options are
supported by FPGAs and their HardCopy counterpart.
Added “Replacing One FPGA With One HardCopy
Series Device”, “Replacing One or More FPGAs With
One or More HardCopy Series Devices in a Multiple-
Device Configuration Chain”, and “Replacing all FPGAs
with HardCopy Series Devices in a Multiple-Device
Configuration Chain” sections, including Tables 15-10
and 15-11, highlighting power up recommendations for
each HardCopy series family.

June 2003,
vi1.0

Initial release of Chapter 15, Power-Up Modes and
Configuration Emulation in HardCopy Series Devices.
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I:l = b Section Ill. HardCopy Design
A | A Center Migration Process

This section provides information about software supportfor HardCopy®
Stratix® devices.

This section contains the following:
B Chapter 3, Back-End Design Flow for HardCopy Series Devices

B Chapter 4, Back-End Timing Closure for HardCopy Series Devices

Revision Histo Iy  Refer toeach 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 the complete handbook.
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This chapter discusses the back-end design flow executed by the
HardCopy® Design Center when developing your HardCopy series
device. The chapter is divided into two sections:

B HardCopy II Back-End Design Flow
B HardCopy Stratix® and HardCopy APEX™ Back-End Design Flow

I~  For more information on the HardCopy II, HardCopy Stratix,
and HardCopy APEX families, refer to the respective sections
for these families in the HardCopy Series Handbook.

This section outlines the back-end design process for HardCopy II
devices, which occurs in several steps. Figure 31 illustrates these steps.
The design process uses both proprietary and third-party EDA tools. The
HardCopy II device design flow is different from that of previous
HardCopy families (HardCopy Stratix and HardCopy APEX devices).
The following sections outline these differences.
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Figure 3-1. HardCopy Il Back-End Design Flow
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Device Netlist Generation

For HardCopy II designs, the Quartus® II software generates a complete
Verilog gate-level netlist of your design. The HardCopy Design Center
uses the netlist to start the migration process. HardCopy Stratix and
HardCopy APEX designs use the SRAM Object file (.sof) to program the
FPGA, as the primary starting point for generating the HardCopy device
netlist.

HardCopy Stratix and HardCopy APEX designs use the .sof file to
program the FPGA, as the primary starting point for generating the
HardCopy device netlist. In addition to the Verilog gate level netlist and
the .sof file, the Quartus II software generates additional information as
part of the design database submitted to the HardCopy Design Center.
This information includes timing constraints, placement constraints,
global routing information, and much more. Generation of this database
provides the HardCopy Design Center with the necessary information to
complete the design of your HardCopy II device.

Altera Corporation
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Design for Testability Insertion

The HardCopy Design Center inserts the necessary test structures into
the HardCopy II Verilog netlist. These test structures include full-scan
capable registers and scan chains, JTAG, and memory testing. After
adding the test structures, the modified netlist is verified using
third-party EDA formal verification software against the original Verilog
netlist to ensure that the test structures have not broken your netlist
functionality. The “Formal Verification of the Processed Netlist”section
explains the formal verification process.

Clock Tree and Global Signal Insertion

Along with adding testability, the HardCopy Design Center adds an
additional local layer of clock tree buffering to connect the global clock
resources to the locally placed registers in the design. Global signals with
high fan-out may also use dedicated Global Clock Resources built into the
base layers of all HardCopy II devices. The HardCopy Design Center
does local buffering.

Formal Verification of the Processed Netlist

After all design-for-testability logic, clock tree buffering, and global
signal buffering are added to the processed netlist, the HardCopy Design
Center uses third-party EDA formal verification software to compare the
processed netlist with your submitted Verilog netlist generated by the
Quartus II software. Added test structures are constrained to bypass
mode during formal verification to verify that your design’s intended
functionality was not broken.

Timing and Signal Integrity Driven Place and Route

Placement and global signal routing is principally done in the Quartus II
software before submitting the HardCopy II design to the HardCopy
Design Center. Using the Quartus II software, you control the placement
and timing driven placement optimization of your design. The Quartus II
software also does global routing of your signal nets, and passes this
information in the design database to the HardCopy Design Center to do
the final routing. After submitting the design to the HardCopy Design
Center, Altera® engineers use the placement and global routing
information provided in the design database to do final routing and
timing closure and to perform signal integrity and crosstalk analysis. This
may require buffer and delay cell insertion in the design through an
engineering change order (ECO). The resulting post-place and route
netlistis verified again with the source netlist and the processed netlist to
guarantee that functionality was not altered in the process.
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Parasitic Extraction and Timing Analysis

After doing placement and routing on the design by the HardCopy
Design Center, it generates the gds2 design file and extracts the parasitic
resistance and capacitance values for timing analysis. Parasitic extraction
uses the physical layout of the design stored in a .gds2file to extract these
resistance and capacitance values for all signal nets in the design. The
HardCopy Design Center uses these parasitic values to calculate the path
delays through the design for static timing analysis and crosstalk
analysis.

Layout Verification

When the Timing Analysis reports that all timing requirements are met,
the design layout goes into the final stage of verification for
manufacturability. The HardCopy Design Center performs physical
Design Rule Checking (DRC), antenna checking of long traces of signals
in the layout, and a comparison of layout to the design netlist, commonly
referred to as Layout Versus Schematic (LVS). These tasks guarantee that
the layout contains the exact logic represented in the place-and-route
netlist, and the physical layout conforms to 90-nm manufacturing rules.

Design Signoff

The Altera HardCopy Il back-end design methodology has a thorough
verification and signoff process, guaranteeing your design’s
functionality. Signoff occurs after confirming the final place-and-route
netlist functional verification, confirming layout verification for
manufacturability, and the timing analysis reports meeting all
requirements. After achieving all three signoff points, Altera begins the
manufacturing of the HardCopy II devices.
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HardCopy Stratix
and HardCopy
APEX Migration
Flow

Altera Corporation
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Design migration for HardCopy Stratix and HardCopy APEX devices

occurs in several steps, outlined in this section and shown in Figure 3-2.
The migration process uses both proprietary and third-party EDA tools.

Figure 3-2. HardCopy Stratix and HardCopy APEX Migration Flow Diagram
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Netlist Generation

For HardCopy Stratix and HardCopy APEX designs, Altera migrates the
Quartus Il software-generated .sof file to a Verilog HDL structural netlist
that describes how the following structural elements are configured in the
design and how each structural element is connected to other structural
elements:

Logic element (LE)

Phase-locked loop (PLL)

Digital signal processing (DSP) block
Memory block

Input/output element (IOE)

The information that describes the structural element configuration is
converted into a physical coordinate format so that metal elements can be
implemented on top of the pre-defined HardCopy series device-base
array. Using the .sof file for netlist extraction helps ensure that the
HardCopy series device contains the same functional implementation
that was used in the FPGA version of the design.

Testability Audit

The Design Center performs an audit for testability violations when the
Verilog HDL netlist is available. This audit ensures that all built-in scan
chain structures will work reliably while testing the HardCopy series
devices. Certain circuit structures, such as gated clocks, gated resets,
oscillators, pulse generators, or other types of asynchronous circuit
structures makes the performance of scan chain structures unreliable.
During the testability audit, all such circuit structures are detected and
disabled when the device is put into test mode.

Placement

Beginning with version 4.2, the Quartus II software supports all
HardCopy series devices. The HardCopy Timing Optimization Wizard in
the Quartus II software is used for HardCopy Stratix devices and
generates placement information of the design when it is mapped to the
HardCopy Stratix base array. This placement information is read in and
directly used by the place-and-route tool during migration to the
equivalent HardCopy Stratix device.

For more information on how to use the HardCopy Timing Optimization
Wizard, refer to the Quartus II Support for HardCopy Stratix Devices
chapter. For more information on Quartus II features for HardCopy II
devices, refer to the Quartus I Support for HardCopy II Devices chapter.
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To generate placement data, the Quartus II software uses the .sof file to
generate thenetlist, as described in “Netlist Generation” on page 3—6. The
netlist is then read into a place-and-route tool. The placement
optimization is based on the netlist connectivity and the design’s timing
constraints. The placement of all IOEs is fixed. After placement is
complete, the Quartus Il software generates the scan chain ordering
information so the scan paths can be connected.

Test Vector Generation

Memory test vectors and memory built-in self-test (BIST) circuitry ensure
that all memory bits function correctly. Automatic test pattern generation
(ATPG) vectors test all LE, DSP, and IOE logic. These vectors ensure that
a high stuck-at-fault coverage is achieved. The target fault coverage for all
HardCopy Stratix devices is near 100%.

When the testability audit is successfully completed and the scan chains
have been re-ordered, the Design Center can generate memory and ATPG
test vectors. When test vector generations are complete, they are
simulated to verify their correctness.

Routing

Routing involves generating the physical interconnect between every
element in the design. At this stage, physical design rule violations are
fixed. For example, nodes with large fan-outs need to be buffered.
Otherwise, these signal transition times are too slow, and the device’s
power consumption increases. All other types of physical design rule
violations are also fixed during this stage, such as antenna violations,
crosstalk violations, and metal spacing violations.

Extracted Delay Calculation

Interconnect parasitic capacitance and resistance information is
generated after the routing is complete. This information is then
converted into a Standard Delay File (.sdf) with a delay calculation tool,
and timing is generated for minimum and maximum delays.

Static Timing Analysis and Timing Closure

The design timing is checked and corrected after place and route using
the post-layout generated .sdf file. Setup time violations are corrected in
two ways. First, extra buffers can be inserted to speed up slow signals.
Second, if buffer insertion does not completely fix the setup violation, the
placement can be re-optimized.
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Manufacturing

3-8

Setup time violations are rare in HardCopy II and HardCopy Stratix
devices because the die sizes are considerably smaller than the equivalent
Stratix II and Stratix devices. Statistically, the interconnect loading and
distance is much smaller in HardCopy Stratix devices, so the device
operates at a higher clock frequency. Hold-time violations are fixed by
inserting delay elements into fast data paths.

As part of the timing analysis process, crosstalk analysis is also
performed to remove any crosstalk effects that could be encountered in
the device after it has been manufactured. This ensures signal integrity in
the device resulting in proper functionality and satisfactory performance.

After implementing all timing violation corrections in the netlist, the
place and route is updated to reflect the changes. This process is repeated
until all timing violations are removed. Typically, only a single iterationis
required after the initial place and route. Finally, static functional
verification is tested after this stage to double-check the netlist integrity.

Formal Verification

After any change to the netlist, you must verify its integrity through static
functional verification (or formal verification) techniques. These
techniques show whether two versions of a design are functionally
identical when certain constraints are applied. For example, after test
fixes, the netlist must be logically equivalent to the netlist state before test
fixes, when the test mode is disabled. This technique does not rely on any
customer-supplied functional simulation vectors. Altera uses third-party
formal verification software to confirm that the back-end implementation
matches the netlist generated from the FPGA’s .sof programming file.

Physical Verification

Before manufacturing the metal customization layers, the physical
programming information must be verified. This stage involves
cross-checking for physical design rule violations in the layout database,
and also checking that the circuit was physically implemented correctly.
These processes are commonly known as running design rule check and
layout-versus-schematic verification.

Metallization masks are created to manufacture HardCopy series devices.
After manufacturing, the parts are tested using the test vectors that were
developed as part of the implementation process.
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HardCopy series devices are fully tested as part of the manufacturing
process. Testing does not require user-specific simulation vectors,
because every HardCopy series device utilizes full scan path technology.
This means that every node inside the device is both controllable and
observable through one or more of the package pins of the device. The
scan paths, or “scan chains,” are exercised through ATPG. This ensures a
high-confidence level in the detection of all manufacturing defects.

Every register in the HardCopy series device belongs to a scan chain. Scan
chains are test features that existin ASICs to ensure that there is access to
all internal nodes of a design. With scan chains, defective parts can be
screened out during the manufacturing process. Scan chain registers are
constructed by combining the original FPGA register with a 2-to-1
multiplexer. In normal user mode, the multiplexer is transparent to the
user. In scan mode, the registers in the device are connected into a
long-shift register so that automatic test pattern generation vectors can be
scanned into and out of the device. Several independent scan chains exist
in the HardCopy series device to keep scan chain lengths short, and are
run in parallel to keep tester time per device short. Figure 3-3 shows a
diagram of a scan register.

Figure 3-3. HardCopy Stratix Scan Chain Circuitry

scan_in
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reqular_data_in

scan_enable

Scan_oul

In addition to the scan circuitry (Figure 3-3), which is designed to test all
LEs and IOEs, both M512 and M4K blocks (Figure 3—4) have the same
scan chain structure so that all bits inside the memory array are tested for
correct operation. The M512 and M4K RAM bits are tested by scanning
data into the M512 and M4K blocks” data_in, write address (waddr),
and read address (raddr) registers. After each vector has been scanned
into the HardCopy Stratix device, a write enable (WE) pulse is generated
to write the data into the M512 and M4K blocks. A read enable (RE) pulse
is also generated to read data out of the M512 and M4K blocks. The data
read back from the M512 and M4K blocks are scanned out of the device
via the data out registers. Figure 3—4 shows the M512 and M4K blocks’
scan chain connectivity.
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Figure 3-4. HardCopy Stratix M512 and M4K Block Scan Chain Connectivity
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For HardCopy APEX devices, every embedded system block (ESB)
contains dedicated test circuitry so that all bits inside the memory array
are tested for correct operation. Access to the ESB memory is also
facilitated through scan chains. The ESB also offers an ESB test mode in
which the ESB is reconfigured into a 128 x 16 RAM block. In this mode,
data is scanned into the ESB I/O registers and written into the ESB
memory. For ESBs configured as product-term logic or ROM, the
write-enable signal hasno effect on the ESB memory array data. When the
test mode is disabled (the default), the ESB reverts to the desired user
functionality. Figure 3-5 shows the ESB test mode configuration.
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Figure 3-5. HardCopy APEX ESB Test Mode Configuration
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PLLs and M-RAM blocks are tested with BIST circuitry and test point
additions. All test circuitry is disabled once the device is installed into the
end user system so that the device then behaves in the expected normal
functional mode.

Unused resources in a customer design still exist in the HardCopy base.
However, these resources are configured into a “parked” state. This is a
state where all input pins of an unused resource are tied off to V¢ or
GND so that the resource is in a low-power state. This is achieved using
the same metal layers that are used to configure and connect all resources
used in the design.
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Conclusion

Document

The HardCopy series back-end design methodology ensures that your
design seamlessly migrates from your prototype FPGA to a HardCopy
device. This methodology, matched with Altera’s unique FPGA
prototyping and migration process, provides an excellent way for you to

develop your design for production.

= For more information about how to start building your
HardCopy series design, contact your Altera Field Applications

Engineer.

HardCopy Series Handbook.

Table 3-1 shows the revision history for this chapter.

Revision History

For more information on HardCopy products and solutions, refer to the

Table 3-1. Document Revision History

Date and Document

. hanges M mm f Chan
Version Changes Made Summary of Changes
September 2008, Update chapter number and metadata. —

vi4

June 2007, v1.3 Minor text edits. —
December 2006 Added revision history. —

vi2

March 2006 Formerly chapter 13; no content change. —

October 2005 v1.1

e Graphic updates
e Minor edits

January 2005 Initial release of Chapter 13, Back-End Design Flow for —
v1.0 HardCopy Series Devices.
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Back-end implementation of HardCopy® series devices meet design
requirements through a timing closure process similar to the
methodology used for today’s standard cell ASICs.

The Quartus® II software provides a pre-layout estimation of your
HardCopy design performance and then the Altera® HardCopy Design
Center uses industry leading EDA software to complete the back-end
layout and extract the final timing results prior to tape-out.

For more information on the HardCopy back-end design flow, refer to
the HardCopy Series Back-End Design Flow chapter in the HardCopy Series
Device Handbook.

This chapter describes how Altera ensures that HardCopy series devices
meet their required timing performance.

Timing Analysis of HardCopy Prototype Device

You should perform timing analysis on the FPGA prototype
implementation of the design before migrating to HardCopy. For
HardCopy II designs, timing analysis should also be performed after
successfully fitting the design in a HardCopy II device with Quartus II
software. Timing analysis determines whether the design’s performance
meets the required timing goals.

The timing analysis must be done for both setup and hold time checks on
all design paths, including internal paths and input and output paths.
Measuring these parameters against performance goals ensures that the
FPGA design functions as planned in the end-target system.

For more information on timing analysis of Altera devices, refer to the
Timing Analysis section in volume 3 of the Quartus II Handbook.

After the FPGA design is stabilized, fully tested in-system and satisfies
the HardCopy series design rules, the design can be migrated to a
HardCopy series device. Altera performs rigorous timing analysis on the
HardCopy series device during its implementation, ensuring that it meets
the required timing goals. Because the critical timing paths of the
HardCopy version of a design may be different from the corresponding
paths in the FPGA version, meeting the required timing goals constrained
in the Quartus II software is particularly important. Additional
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performance gains are design dependent, and the percentage of
performance improvement can be different for each clock domain of your
design.

Timing differences between the FPGA design and the equivalent
HardCopy series device can exist for several reasons. While maintaining
the same set of features as the corresponding FPGA, HardCopy series
devices have a highly optimized die size to make them as small as
possible. Because of the customized interconnect structure that makes
this optimization possible, the delay through each signal path is different
from the original FPGA design.

Meeting system timing goals in an ASIC design can be very challenging
and can easily consume many months of engineering effort. The slower
development process exists because, in today’s silicon technology

(0.18 pm, 0.13 ym, and 90 nm), the delay associated with interconnect
dominates the delay associated with the transistors used to make the
logic gates. Consequently, ASIC performance is sensitive to the physical
placement and routing of the logic blocks that make up the design.

HardCopy Il

HardCopy II devices use timing constraints to drive placement and
routing of logic into the fabric of HCells. Each Stratix Il Adaptive Look-up
Table (ALUT) is implemented in HCell Macros in the HardCopy II device.
HCell Macros are pre-defined and characterized libraries built out of
HCells. The Quartus II software performs the placement and global
routing of all HCell Macros and this information is forward-annotated to
the HardCopy Design Center for final back-end implementation and
timing closure.

HardCopy Stratix, HardCopy APEX

HardCopy Stratix® and HardCopy APEX™ are structurally identical to
their respective FPGA counterparts. There is no re-synthesis or library
re-mapping required. Since the interconnect lengths are much smaller in
the HardCopy series device than they are in the FPGA, the
place-and-route engine compiling the HardCopy series design has a
considerably less difficult task than it does in an equivalent ASIC
development. Coupled with detailed timing constraints, the
place-and-route is timing driven.
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The following section describes the clock tree structure for the HardCopy
device family.

HardCopy I

HardCopy II devices offer a fine-grained architecture of HCells which are
used to build HCell Macros for standard logic functions. The pre-built
metal layers of HardCopy II devices contain the same global clock tree
resources as those available in Stratix IT devices, though they are smaller
in HardCopy II devices because of the difference in die size. The top
levels of the dedicated global clock networks in HardCopy II are
pre-routed in the non-custom metal layers. The lowest level of clock tree
buffering and routing is done using custom metal routing. Local
buffering can be done using HCell Macros to fix any clock skew issues.
HCell Macros are used to create registers, and local custom routing is
needed to connect the clock networks to these HCell Macro registers.
These tasks are performed as part of the HardCopy Design Center
process.

HardCopy Stratix

HardCopy Stratix devices have the same global clock tree resources as
Stratix FPGA devices. The construction of non-customizable layers of
silicon minimizes global clock tree skew. HardCopy Stratix devices with
clock trees using global clock resources have smaller clock insertion delay
than Stratix FPGA devices because the HardCopy Stratix devices have a
smaller die area. The use of clock tree synthesis to build small localized
clock trees using the existing buffer resources in HardCopy Stratix
devices automatically implements clock trees using fast regional clock
resources in Stratix FPGA devices.

HardCopy APEX

The HardCopy APEX device architecture is based on the APEX 20KE and
APEX 20KC devices. The same dedicated clock trees (CLK[3 . .0]) that
exist in APEX 20KE and APEX 20KC devices also exist in the
corresponding HardCopy APEX device. These clock trees are carefully
designed and optimized to minimize the clock skew over the entire
device. The clock tree is balanced by maintaining the same loading at the
end of each point of the clock tree, regardless of what resources (logic
elements [LEs], embedded system blocks [ESBs], and input/output
elements [IOEs]) are used in any design. The insertion delay of the
HardCopy APEX dedicated clock trees is marginally faster than in the
corresponding APEX 20KE or APEX 20KC FPGA device because of the
smaller footprint of the HardCopy device silicon. This difference is less
than 1 ns.
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Because there is a large area overhead for the global signals that may not
be used on every design, the FAST bidirectional pins (FAST [3..0]) do
not have dedicated pre-built clock or buffer trees in HardCopy APEX
devices. If any of the FAST signals are used as clocks, the place-and-route
tool synthesizes a clock tree after the placement of the design has
occurred. The skew and insertion delay of these synthesized clock trees is
carefully controlled, ensuring that the timing requirements of the design
are met. You can also use the FAST signals as high fan-out reset or enable
signals. For these cases, skew is usually less important than insertion
delay. To reiterate, a buffer tree is synthesized after the design placement.

The clock or buffer trees that are synthesized for the FAST pins are built
out of special cells in the HardCopy APEX base design. These cells do not
exist in the FPGA, and they are used in the HardCopy APEX design
exclusively to meet timing and testing goals. They are not available to
make any logical changes to the design as implemented in the FPGA.
These resources are called the strip of auxiliary gates (SOAG). There is
one strip per MegaLAB™ structure in HardCopy APEX devices. Each
SOAG consists of a number of primitive cells, and there are
approximately 10 SOAG primitive cells per logic array block (LAB).
Several SOAG primitives can be combined to form more complex logic,
but the majority of SOAG resources are used for buffer tree, clock tree,
and delay cell generation.

For detailed information on the HardCopy APEX series device
architecture, including SOAG resources, refer to the HardCopy APEX
Device Family Data Sheet section in volume 1 of the HardCopy Series
Handbook.

After capturing the information, Altera directly checks all timing of the
HardCopy series device before tape-out occurs. It is important to
constrain the FPGA and HardCopy devices for the exact timing
requirements that need to be achieved. Timing violations seen in the
Quartus II project or in the HardCopy Design Center migration process
must be fixed or waived prior to the design being manufactured.

Correcting Timing Violations

After generating the customized metal interconnect for the HardCopy
series device, Altera checks the design timing with a static timing analysis
tool. The static timing analysis tool reports timing violations and then the
HardCopy Design Center corrects the violations.
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Hold-Time Violations

Because the interconnect in a HardCopy series device is customized for a
particular application, itis possible that hold-time (tH) violations exist in
the HardCopy series device after place-and-route occurs. A hold
violation exists if the sum of the delay in the clock path between two
registers plus the micro hold time of the destination register is greater
than the delay of the data path from the source register to the destination
register. The following equation describes this relationship.

tH slack = data delay - clock delay - ptH

If a negative slack value exists, a hold-time violation exists. Any
hold-time violation present in the HardCopy series design database after
the interconnect data is generated is removed by inserting the
appropriate delay in the data path. The inserted delay is large enough to
guarantee no hold violation under fast, low-temperature, high-voltage
conditions.

An Example HardCopy APEX Hold-Time Violation Fix

Table 4-1 shows an example report of a Synopsys PrimeTime static timing
analysis of a HardCopy APEX design. The first report shows that the
circuit has a hold-time violation and a negative slack value. The second
result shows the timing report for the same path after fixing the hold
violation. Part of the HardCopy implementation process is to generate the
instance and cell names shown in these reports. The physical location of
those elements in the device determines the generation of the names.
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Table 4-1. HardCopy APEX Static Timing Analysis Before Hold-Time Violation Fix

Startpoint: GR23 GCO L19 LE1l/umé

(falling edge-triggered flip-flop clocked by CLKO')
Endpoint: GR23 GCO L20 LE8/um6

(falling edge-triggered flip-flop clocked by CLKO'")
Path Group: CLKO

Path Type: min

Point Incr Path Reference Point (1)
clock CLKO' (fall edge) 0.00 0.00

clock network delay (propagated) 2.15 2.15 (1)
GR23 GCO_L19 LEl/umé6/clk (cl110) 0.00 2.15 £ (2)
GR23 GCO L19 LEl/umé6/regout (cl110) 0.36 * 2.52 r (2)
GR23 GCO_L19 LE1/REGOUT (cl000 2d7a8) 0.00 2.52 r (2)
GR23 GCO L20 LE8/LUTD (cl1000 56502) 0.00 2.52 r (3)
GR23 GCO_L20 LE8/uml/datad (indsim) 0.01 * 2.52 r (3)
GR23 GCO L20 LE8/uml/ndsim (indsim) 0.01 * 2.53 f (3)
GR23_GCO_L20 LE8/um5/ndsim (mxcascout) 0.00 * 2.53 f (3)
GR23 GCO_L20 LE8/um5/cascout 0.06 * 2.59 f (3)
GR23 GCO_L20 LE8/umé6/dcout (c1110) 0.00 * 2.59 £ (3)
data arrival time 2.59

clock CLKO' (fall edge) 0.00 0.00

clock network delay (propagated) 2.17 2.17 (4)
clock uncertainty 0.25 2.42 (5)
GR23 GCO L20 LE8/umé6/clk (cl110) 2.42 £ (6)
library hold time 0.37 * 2.79

data required time 2.79

data arrival time 2.59

data required time -2.79

slack (VIOLATED) -0.20

Note to Table 4-1:
(1)  This column does not exist in the actual report. It is included in this document to provide corresponding reference
points to Figure 4-1.
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Figure 4-1 shows the circuit described by the Table 4-1 static timing
analysis report.

Figure 4-1. Circuit With a Hold-Time Violation
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Placing the values from the static timing analysis report into the
hold-time slack equation results in the following;:

ty slack = data delay — clock delay — pty
ty slack = (2.15 + 0.36 + 0.08) — (2.17 + 0.25) - 0.37
ty slack =—-0.20 ns

This result shows that there is negative slack in this path, meaning that
there is a hold-time violation of 0.20 ns.

After fixing the hold violation, the timing report for the same path is
re-generated (Table 4-2). The netlist changes are in bold italic type.
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Table 4-2. HardCopy APEX Static Timing Analysis After Hold-Time Violation Fix

Startpoint: GR23 GCO L19 LE1l/umé

(falling edge-triggered flip-flop clocked by CLKO')
Endpoint: GR23 GCO L20 LE8/um6

(falling edge-triggered flip-flop clocked by CLKO'")
Path Group: CLKO

Path Type: min

Static Timing Analysis After Hold-Time Violation Fix

Point Incr Path Reference Point (1)
clock CLKO' (fall edge) 0.00 0.00 (1)
clock network delay (propagated) 2.15 2.15 (D
GR23_GCO_L19 LEl/umé/clk (c1110) 0.00 2.15 f (2)
GRZ3iGC07Ll97LE1/um6/regout (c1110) 0.36 * 2.52 r (2)
GR23 GCO_L19 LE1/REGOUT (cl000 2d7a8) 0.00 2.52 r (2)
thc_916/A (de105) 0.01 * 252r (3)
thc_916/Z (de105) 0.25* 2.78r (3)
GR23 GCO_L20 LE8/LUTD (c1000 56502) 0.00 2.78 r (3)
GR23 GCO_L20 LE8/uml/datad (indsim) 0.01 » 2.78 r (3)
GRZ3iGC07L207LE8/uml/ndsim (indsim) 0.01 ~* 2.79 £ (3)
GR23 GCO_L20 LE8/um5/ndsim (mxcascout) 0.00 * 2.79 £ (3)
GR23 GCO L20 LE8/um5/cascout (mxcascout) 0.06 * 2.85 £ (3)
GR23 GCO_ L20 LE8/umé6/dcout (cl1110) 0.00 * 2.85 f (3)
data arrival time 2.85

clock CLKO' (fall edge) 0.00 0.00

clock network delay (propagated) 2.17 2.17 (4)
clock uncertainty 0.25 2.42 (5)
GR23 GCO L20 LE8/um6/clk (cl110) 2.42 f (6)
library hold time 0.37 * 2.79

data required time 2.79

data arrival time 2.85

data required time -2.79

slack (MET) 0.06

Note to Table 4-2:
(1)  This column does not exist in the actual report. It is included in this document to provide corresponding reference
points to Figure 4-2.
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Figure 4-2 shows the circuit described by the Table 4-2 static timing
analysis report.

Figure 4-2. Circuit Including a Fixed Hold-Time Violation
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Placing the values from the static timing analysis report into the
hold-time slack equation, results in the following.

ty slack = data delay - clock delay — pty
tyy slack = (2.15 + 0.36 + 0.26 + 0.08) — (2.17 + 0.25) — 0.37
ty slack =+ 0.06 ns

In this timing report, the slack of this path is reported as 0.06 ns.
Therefore, this path does not have a hold-time violation. This path was
fixed by the insertion of a delay cell (de105) into the data path, which
starts at the REGOUT pin of cell GR23_GCO0_L19 LE1 and finishes at the
LUTD input of cell GR23_GCO_L20_LES. The instance name of the delay
cell in this case is the_916.

s This timing report specifies a clock uncertainty of 0.25ns, and
adds extra margin during the hold-time calculation, making the
design more robust. This feature is a part of the static timing
analysis tool, not of the HardCopy series design.

The SOAG resources that exist in the HardCopy APEX base design create

the delay cell. The HardCopy Stratix base design contains auxiliary buffer
cells of varying drive strength used to fix setup and hold time violations.
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Setup-Time Violations

A setup violation exists if the sum of the delay in the data path between
two registers plus the micro setup time (tg;) of the destination register is
greater than the sum of the clock period and the clock delay at the
destination register. The following equation describes this relationship:

tsy slack = clock period + clock delay — (data delay + ptsy)

If there is a negative slack value, a setup-time violation exists. Several
potential mechanisms can cause a setup-time violation. The first is when
the synthesis tool is unable to meet the required timing goals. However, a
HardCopy series design does not rely on any re-synthesis to a new cell
library; synthesis results are generated as part of the original FPGA
design, meaning that the HardCopy implementation of a design uses
exactly the same structural netlist as its FPGA counterpart. For example,
if you used a particular synthesis option to ensure that a particular path
only contain a certain number of logic levels, the HardCopy series design
contains exactly the same number of logic levels for that path.
Consequently, if the FPGA was free of setup-time violations, no
setup-time violations will occur in the HardCopy series device due to the
netlist structure.

The second mechanism that can cause setup-time violations is differing
placement of the resources in the netlist for the HardCopy series device
compared to the original FPGA. This scenario is extremely unlikely as the
place-and-route tool used during the HardCopy implementation
performs timing-driven placement. In extreme cases, some manual
placement modifications are necessary. The placement is performed at the
LAB and ESB level, meaning that the placement of logic cells inside each
LAB is fixed, and is identical to the placement of the FPGA. IOEs have
fixed placement to maintain the pin and package compatibility of the
original FPGA.

The third, and most likely, mechanism for setup-time violations occurring
in the HardCopy series device is a signal with a high fan-out. In the
FPGA, high fan-out signals are buffered by large drivers that are integral
parts of the programmable interconnect structure. Consequently, a signal
that was fast in the FPGA canbe initially slower in the HardCopy version.
The place-and-route tool detects these signals and automatically creates
buffer trees using SOAG resources, ensuring that the heavily loaded, high
fan-out signal is fast enough to meet performance requirements.

Altera Corporation
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An Example HardCopy APEX Setup-Time Violation Fix

Table 4-3 shows the timing report for a path in a HardCopy APEX design
that contains a high fan-out signal before the place-and-route process.
Table 4-4 shows the timing report for a path that contains a high fan-out
signal after the place-and-route process. Before the place-and-route
process, there is a large delay on the high fan-out net driven by the pin
GR12 GCO L2 LE4/REGOUT. This delay is due to the large capacitive
load that the pin has to drive. Figure 4-3 shows the timing report
information.

4-1
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Table 4-3. HardCopy APEX Timing Report Before Place-and-Route Process

Startpoint: GR12 GCO L2 LE4/umé6

(falling edge-triggered flip-flop clocked by clkx')

Endpoint: GR4 GCO L5 LE2/umé6

(falling edge-triggered flip-flop clocked by clkx')

Path Group: clkx
Path Type: max

Point Incr Path Reference Point (7)
clock clkx' (fall edge) 0.00 0.00 (1)
clock network delay (propagated) 2.18 2.18 (1)
GR12 GCO L2 LE4/umé/clk (cl1110) 0.00 2.18 £ (2)
GR12 GCO L2 LE4/umé6/regout (cl1110) (2)
GR12 GCO L2 LE4/REGOUT (cl000 _7£802) <- (2)
GR4 GCO L5 LEO/LUTC (cl000 0029a) (3)
GR4 GCO L5 LEO/umd/ltb (1t53b) 2.36 9.18 (3)
GR4 GCO L5 LEO/um5/cascout (mxcascout) 0.07 9.24 (3)
GR4 GCO_L5 LEO/um2/COMBOUT (icombout) 0.09 9.34 r (3)
GR4 GCO_L5 LEO/COMBOUT (cl1l000 0029a) 0.00 9.34 r (3)
GR4 GCO L5 LE2/LUTC (cl000 0381la) 0.00 9.34 r (3)
GR4 GCO L5 LE2/um4/ltb (1t03b) 0.40 9.73 r (3)
GR4 GCO_L5 LE2/um5/cascout (mxcascout) 0.05 9.78 r (3)
GR4 GCO_L5 LE2/um6/dcout (cl1110) 0.00 9.78r (3)
data arrival time 9.79 (3)
clock clkx’ (fall edge) 7.41 7.41

clock network delay (propagated) 2.18 9.59 (4)
clock uncertainty -0.25 9.34 (5)
GR4_GCO L5 LE2/um6/clk (cl110) 9.34 f

Point Incr Path Reference Point (7)
library setup time -0.18 9.16 (6)
data required time 9.16

data required time 9.16

data arrival time -9.79

slack (VIOLATED) -0.63

Note to Table 4-3:

(1)  This column does not exist in the actual report. It is included in this document to provide corresponding reference

points to Figure 4-3.
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Figure 4-3 shows the circuit that Table 4-3 static timing analysis report
describes.

Figure 4-3. Circuit That Has a Setup-Time Violation
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Placing the values from the static timing analysis report into the set-up
time slack equation, results in the following.

tsy slack = clock period + clock delay — (data delay +ptgy)
tgy slack =7.41 + (2.18 - 0.25) — (2.18 + 4.64 + 2.97 + 0.18)
tgy slack =—0.63 ns

This result shows that there is negative slack for this path, meaning that
there is a setup-time violation of 0.63 ns.

After place-and-route, a buffer tree is constructed on the high fan-out net
and the setup-time violation is fixed. Table 4-4 shows the timing report
for the same path. The changes to the netlist are in bold italic type.
Figure 4-4 shows more information on this timing report.
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Table 4-4. HardCopy APEX Timing Report After the Place-and-Route Process
Startpoint: GR12 GCO L2 LE4/umé

(falling edge-triggered flip-flop clocked by clkx')
Endpoint: GR4 GCO L5 LE2/umé6

(falling edge-triggered flip-flop clocked by clkx')

Path Group: clkx

Path Type: max

Point Incr Path Reference Point (7)
clock clkx' (fall edge) 0.00 0.00
clock network delay (propagated) 2.73 2.73 (1)
GR12 GCO_ L2 LE4/umé/clk (c1110) 0.00 2.73 f (2)
GR12_GCO_ L2 LE4/umé/regout (c1110) 0.69 » 3.42 r (2)
GR12_GCO L2 LE4/REGOUT (cl000 7f802) <- 0.00 3.4z r (2)
N1188 iv06 1 0/Z (iv06) 0.06 * 3.49f (3)
N1188 iv06 2 0/Z (iv06) 0.19 * 3.68r (3)
N1188 iv06 3 0/Z (iv06) 0.12* 3.80f (3)
N1188 iv06 4 0/Z (iv06) 0.10 * 3.90r (3)
N1188 iv06 5 0/Z (iv06) 0.08 * 3.97f (3)
N1188 iv06 6 2/Z (iv06) 1.16 * 5.13r (3)
GR4_GCO_L5 LEO/LUTC (c1000_0029a) 0.00  5.13 r (4)
GR4 GCO L5 LEO/um4/ltb (1t53b) 1.55 > 6.68 f (4)
GR4_GCO_LS5_LEO/um5/cascout (mxcascout) 0.06 * 6.74 £ (4)
GR4 GCO L5 LEO/um2/COMBOUT (icombout) 0.09 * 6.84r (4)
GR4_GCO_L5 LEO/COMBOUT (c1000_0029a) 0.00  6.84r (4)
GR4_GCO_L5_LE2/LUTC (c1000_0381a) 0.00 e6.84r (4)
GR4 GCO L5 LE2/um4/ltb (1t03b) 0.40 » 7.24 r (4)
GR4_GCO_L5 LE2/um5/cascout (mxcascout) 0.05» 7.28 r (4)
GR4_GCO_L5 LE2/umé/dcout (c1110) 0.00 » 7.28 r (4)
data arrival time 7.28 (4)
Point Incr Path Reference Point (7)
clock clkx' (fall edge) 7.41 7.41
clock network delay (propagated) 2.74 10.15 (3)
clock uncertainty -0.25 9.90 (6)
GR4_GCO_L5_LE2/um6/clk (c1110) 9.90 £
library setup time -0.20 * 9.70 (7
data required time 9.70
data required time 9.70
data arrival time -7.28

2.42

slack (MET)

Note to Table 4-4:
(1)  This column does not exist in the actual report. It is included in this document to provide corresponding reference
points to Figure 4—4.
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The GR12_GCO_L2 LE4/REGOUT pinnow has the loading on it reduced
by the introduction of several levels of buffering (in this case, six levels of
inverters). The inverters have instance names similar to

N1188 iv06 1 0, and are of type iv06, as shown in the static timing
analysis report. As a result, the original setup-time violation of -0.63 ns
turned into a slack of +2.42 ns, meaning the setup-time violation is fixed.
Figure 4-4 illustrates the circuit that the static timing analysis report
shows. The buffer tree (buffer) is shown as a single cell.

Figure 4-4. Circuit Post Place-and-Route
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Placing the values from the static timing analysis report into the
setup-time slack equation, results in the following:

tsy slack = clock period + clock delay — (data delay + ptsy)
tsy slack =7.41 + (2.74- 0.25) — (2.73 + 0.69 + 1.71 + 2.15 + 0.20)
tsy Slack = +2.42 ns

This result shows that there is positive slack for this path, meaning that
there is now no setup-time violation.

Timi ng ECOs In an ASIC, small incremental changes to a design database are termed
engineering change orders (ECOs). In the HardCopy series design flow,
ECOs are performed after the initial post-layout timing data is available.

You run static timing analysis on the design, which generates a list of
paths with timing violations. An automatically updated netlist reflects
changes that correct these timing violations (for example, the addition of
delay cells to fix hold-time violations). After the netlist update, the
updated place-and-route database reflects thenetlist changes. The impact
to this database is made minimal by maintaining all of the pre-existing
placement and routing, and only changing the routing of newly inserted
cells.

Altera Corporation 4-15
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The parasitic (undesirable, but unavoidable) resistances and capacitances
of the customized interconnect are extracted, and are used in conjunction
with the static timing analysis tool to re-check the timing of the design.
Detected crosstalk violations on signals are fixed by adding additional
buffering to increase the setup or hold margin on victim signals. In-line
buffering and small buffer tree insertion is done for signals with high
fan-out, high transition times, or high capacitive loading. Figure 4-5
shows this flow in more detail.

Figure 4-5. ECO Flow Diagram
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The back-end flow in HardCopy produces the final sign-off timing for
your HardCopy device. The Quartus II software produces the timing
report for HardCopy based on a global route and does not factor in exact
physical parasitics of the routed nets, nor does it factor in the crosstalk
effect that neighboring nets can have on interconnect capacitance.
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It is critical that you fully constrain your HardCopy series design for
timing. Although HardCopy series devices are functionally equivalent to
their FPGA prototype companion, they have inevitable timing
differences. Fully constrained timing paths are a cornerstone of designing
for HardCopy series devices.

Consult with Altera if you have questions on what areas to concentrate

your efforts in to achieve timing closure within the Quartus fitter for
HardCopy design submission.

Table 4-5 shows the revision history for this chapter.
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