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set path= $Xilinx/bin/platform $path Solaris  sol
seteniv LD LIBRARY _PATH $ Xilinx /bin/ platform:
LD_LIBRARY_PATH HP  hp SHLIB_PATH setenv
SHLIB_PATH $ Xilinx /bin/hp:lib:/ust/
. Linux WINE {usr/local/etc/wine.conf
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Xilinx=C:\<your_Xilinx_dir> setenv
XIL_LINUX_WINE=1

2. ISE
ISE Xilinx
html  paf pdf
e cgd.pdf——
¢ cgn.pdf— — CORE Generator IP Core
e dev.pdf——
e gls.pdf——
e pac.pdf——iMPACT
e irm.pdf——ISE
o lib.pdf——
* men.pdf— — Mentor ModelSim  LeonardoSpectrum
Mentor
e sim.pdf——
e hdl.pdf— — Xilinx/Concept-HDL
e (Qst.pdf——ISE ISE6
¢ Xs.pdf— — Xilinx/Synopsys
o xst.pdf— — Xilinx

3.
ISE FPGA Express ModelSim  LeonardoSpectrum
Setup
ISE
license license
1.7 ISE
ISE
ISE Xilinx
EDA Xilinx ISE
License FPGA/CPLD
Xilinx HDL Editor HDL Core Generator  |P
Architecture Wizard System Generator for DSP DSP ECS
XST Constraints Editor PACE
Timing Anayzer FPGA Editor FPGA Chip
Viewer Floorplanner HDL Bencher
Modular Design Incremental Design Timing Improve Wizard
iMPACT Xpower ChipScope Pro

21



1 ISE
EDA ISE
ISE License
ISE State CAD Synplify/Synplify Pro
Amplify Identify Certify ASIC Mentor Precision RTL

Mentor Leonardo

Synopsys FPGA Compiler 1l

ModelSim

Xilinx Edition Synopsys  Formality Synopsys PrimeTime
Mentor Tau Forte Design - Timing Designer Mentor
Hyperlynx Mentor ICX Cadence SPECCTRAQuest  Synopsys HSPICE SOC
Wind River Xilinx Edition System ACE
1-6 ISE 6.2
1-6 ISE 6.2
Xilinx Virtex-E Virtex-l Virtex-11 Spalrltan- Spalllréan- Spa;tan- Cch]glrlj\’ILIm
HDL
Synopsys LEDA 4.0 Y \% \% Y \% Y
HDL
Synplicity Synplify Pro Y Y Y Y Y Y Y
Mentor LeonardoSpectrum Y Y Y Y Y Y Y
Mentor Precision RTL Synthesis Y Y Y Y Y Y Y
Synopsys FPGA Compiler |1 Y Y Y Y Y Y
Synopsys Design Compiler Y Y Y Y Y Y
Synplicity Amplify Y Y Y Y Y Y
Magma/Aplus Design PALACE Y Y Y Y Y Y
Hier Design PlanAhead Y Y Y
RTL
Synplicity Identify Y Y Y Y Y Y
ASIC Prototyping
Synplicity Certify Y Y Y
Co-Design
CeloxicaDK-1 Y Y Y Y Y
Endeavor Co-Simple Y
Mentor Seamless Y
Novilit Protocol AnyWare Y Y
Cadence Concept Y Y Y Y Y
Impulse Codevel oper Y Y Y Y Y Y
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Xilinx Virtex-E Virtex-Il Vi::t,(:g— I Spalrltan— Sp:lilréan— Spaétan— nglrljtm
HDL
Mentor
Model Sim(Verilog/VHDL) Y Y Y Y Y Y Y
Cadence NC-
Sim(Verilog/VHDL) Y Y Y Y Y Y Y
Linux
Synopsys VCS-MX/VCS- -
MXi(Verilog/VHDL) Y Y & Solaris Y Y Y Y
Synopsys Formality Y Y Y Y Y Y
STA
Synopsys Prime Time Y Y Y
STA
Mentor Tau Y Y Y Y Y Y Y
Forte Design Timing Designer Y Y Y Y Y Y Y
Mentor Hyperlynx Y Y Y Y Y Y Y
Mentor ICX Y Y Y Y Y Y Y
Cadence SPECCTRAQuest Y Y Y Y Y Y Y
Synopsys HSPICE Y
ISE FPGA
ISE
5
1.
ISE HDL HDL
Editor StateCAD ECS IP Core
Generator HDL Bencher
« HDL HDL Editor HDL
VHDL ABEL Verilog HDL
. StateCAD - —
VHDL
ABEL  Verilog HDL
RTL
StateCAD
. ECS Schematic Editor
HDL
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1 ISE
HDL
« IP Core Generator Xilinx FPGA
Xilinx IP IP Core
IP IP
10
Xilinx IP
. HDL Bencher VHDL
Verilog ECS
ISE
2.
ISE Synplicity Synplify/Synplify Pro  Synopsys
FPGA Compiler II/Express Exemplar Logic LeonardoSpectrum  Xilinx ISE XST
*  Synplify/Synplify Pro
Timing Driven B.E.ST
Synplicity Amplify
30%
* Synopsys Xilinx EDA Xilinx
Xilinx Foundation
FPGA Express FPGA Express
FPGA Compiler |1 ASIC/FPGA
ISE 5 FPGA Express
Synopsys  FPGA Express/ Compiler Il ISE4
ISE FPGA Express / Compiler 1l
EDIF ISE EDIF

¢ Mentor Exemplar Logic L eonardoSpectrum

Exemplar Logic  Xilinx

LeonardoSpectrum  Xilinx
* XST Xilinx Synthesis Technology Xilinx Xilinx
Xilinx
XST XST

Xilinx
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3.
ISE Mode Tech ModelSim
HDL Bencher
e ModelSim
ModelSim VHDL Verilog HDL VHDL  Verilog HDL
ModelSim PC
« HDL Bencher
HDL Bencher
Xilinx VHDL Verilog HDL Xilinx
3 HDL Bencher
4,
ISE Constraints Editor
PACE Timing Analyzer FPGA FPGA
Editor Chip Viewer Floorplanner
. ucf
ISE
Constraints Editor Windows /
[/ Xilinx ISE [/ Accessories / Constraints Editor ISE
Project Navigator Constraints Editor
Trandate Constraints Editor
. PACE Pinout and Area Constraints Editor ISE 5
1/0
. Pre-fitting
Post-fitting
.ngd vm6
« FPGA FPGA .ncd
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FPGA CLB 10B Xilinx
PCF FPGA Editor
FPGA 10
HDL 10
ILA FPGA
Editor CLB 10B
. FPGA Editor FPGA CLB 10B
FPGA
FPGA Editor
Mapping Place & Route
NGD NCD FNF UCF
UCF MFP Floorplanner
5.
ISE
*« PROM PROM File Formatter
.bit EEPROM
PROM
3 Xilinx .bit
FPGA/CPLD
Xilinx FPGA
PROM 4 Intel MCS-
86 .mcs  Tektronix TEKHEX tek
Motorola EXORmacs .EXO0 HEX
.hex ISE 5.x iMPACT FPGA/CPLD
e iMPACT FPGA/CPLD
SVF STAPL ISE iIMPACT Foundation
. XPower
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1.8

Xilinx ~ FPGA Cool Runner CPLD
Chip Scope Pro Xilinx  Agilent Xilinx
Virtex-1l - Pro/Virtex/Virtex-11/Virtex-E/Virtex-EM/Spartan-11E/Spartan-11 E
FPGA JTAG
FPGA ChipScope Pro
FPGA RAM JTAG

Modular Design

Incremental Design
Architecture Wizard ISE 5.x

DCM Digita Clock Manager /O Rocket
I/O™ transceivers
Back Annotation
Buffer
/0

Chip Scope Pro Xilinx  Agilent FPGA

FPGA JTAG

FPGA FPGA
CLB Configurable Logic Block Xilinx FPGA
Congtraints Editor ISE UCF
Core Generator IP Xilinx FPGA
Xilinx IP

Chip Viewer FPGA/CPLD

27



ISE

28

Design Manager

5.x
E2PROM
EDIF

Floorplanner
FPGA

FPGA Editor
FPGA

HDL Bencher

HDL

HDL
HDL Editor

Verilog

ISE 5.x
ISE 5.x

FPGA/CPLD
EDIF ISE

Xilinx

CLB 10B

FPGA

CLB
PCF

10B
FPGA

Xilinx

Hardware Description Language
FPGA/CPLD
VHDL

HDL ISE  HDL

Language Templates

iMPACT

Implementation

3
Instance

/1O /
IPCore IP
LogiBLOX
PACE

5.x

PAR

Primitive

Xilinx

FPGA/CPLD EEPROM
FPGA/CPLD
FPGA/CPLD

Trandate Place & Route

Map

Instantiation

Input/Output

IP
Pinout and Area Constraints Editor ISE
110
Place And Route FPGA/CPLD
FPGA/CPLD
FGPA/CPLD
XOR
FPGA/CPLD

AND OR

Project Navigator ISE ISE



1.9

ISE

1.10

Schematic

StateCAD

Symbol

Synthesize HDL
RAM

Timing Anayzer

X Power Xilinx
FPGA/CPLD FPGA/CPLD
FPGA/CPLD
FPGA/CPLD
FPGA/CPLD
EDA
FPGA/CPLD
FPGA/CPLD
ISE
FPGA/CPLD
ISE

74
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ISE Project Navigator
ISE ISE
ISE ISE 3
HDL HDL Editor StateCAD
ECS CORE Generator P
CORE Generator
HDL Bencher
Architecture Wizard ISE 5.1 DCM
Digital Clock Manager /10 Rocket I/O™ transceivers
« ISE — — Project Navigator
« HDL — — HDL Editor
. — — StateCAD
. ——ECS
« IP — — CORE Generator
. — — HDL Bencher
. — — Architecture Wizard
2.1 ISE — — Project Navigator
Project Navigator ISE ISE

2.1.1 Project Navigator

1 FPGA/CPLD

FPGA 1



2-1

FPGA/CPLD

HDL HDL Editor HDL
StateCAD
ECS
LogiBLOX
IP CORE Generator IP
Xilinx XST
FPGA Express
FPGA Compiler 11
Synplify & Synplify Pro
LeonardoSpectrum
HDL Bencher

ModelSim XE/PE/SE

Constraints Editor .ucf

PACE 1/10

FPGA FPGA Editor

Timing Analyzer

Floorplanner

ChipViewer FPGA

XPower FPGA

PROM File Formatter

FPGA/CPLD
iMPACT FPGA/CPLD

1.7

2.1.2 Project Navigator

Project Navigator
HDL 2-1

1. Title Bar

2. Menu Bar

File Edit View Project
Source Process Window Help 8
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X ISE — — Project Navigator

inx - Project Navigator - 14 ISEYProject_Navigator_Demo'.counter',counter.npl - [counk e =10 |
|$ Eile Edit Wiew Project Source Process Window Help — %ﬁﬁ 2| =13 x]

FEHO PYE LD ERE 2w — FRELAE)
YBR[ o \Diql—_[|/c%‘;tﬁ|g‘ — [(RETAY)

1 s
= [SE] ﬁf} EE ] l 2 module counter (Clk Reset Cntiut); =l
3 input  [0:0] C
4 + [0 R [
Create Schematic Symbol 5 xl::ut E3ZU% Cre:Sut-
Launch ModelSim Simulater 5 HDLERAE
[ & View Conmand Line Log File : | BIEK
) @ View Verilog Instantiation Tenplate 9 reg [3.0] CntOut:
G-@F  User Constraints x = 10
£ 3¢ Symthesize I !
% X . 12  always @lposedze Clk or negedze Reset )
@ View Synthesiz Report }ﬁ%ﬂziﬁ 13 if (!‘(Reseﬁz_) ; B B
= ¥iew ETL Schematic 14 CntOut <=0;
Yy Anal H b 15 else
K/ vre Therareiy 15 CrutOut CrtOut+;
e Check Syntax 17
- 3@? Inplement Design 18  endmodule
¥ 3g# Generate Progranming File L

N B Process View I
21
Somas fo Brajedi —* TEEEEEH |

- [F counter

£ xevSle—fesidd - X5T Verilog
BSOE ccunter (counter. v) =
41 3
B Wodule View l X Snapshot iew J @ Library Wigmn I counter. ¥ |
[ Bitstream generation is complete. B
Completed process "Generate Programming File™. =
4 »
[[ 4k [ console £ Findin Files f
Process "Generate Programming File" is up to date, — W{?&E] |Ln 19 Col &5 I H v

2-1 Project Navigator
File
Edit
View
Project

Source
CORE Generator IP
RAM BMM
Process Run
Rerun Rerun All Stop View
Properties

Window

=
=

Help ISE  Project Navigator
Project Navigator

Tool Bar
Project Navigator
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Project Navigator
= I New Source
2-2
X
ERTEH

VEL Modda Y FFRE

Emm_ 3 TAER

Shertie e Pl

Yhdl Library Icounter

VHIL Fackaze

VHIL Test Bench

Test 1_3ench Waweform Logatior

gh:':t?%ieagram I.T: “WProject_Wavigator_Demo _I

FREFE
_ EEZHA
¥ Add to proje —jme IE
<rt—so|FEw]  mm | w=m |
2-2
User
Document Verilog Module  CORE Generator IP
Coregen IP Schematic Test Bench
Waveform RAM BMM State Diagram
File
Location Add to Project
2-2
2-2
ISE
User Document

VHDL VHDL Module HDL HDL Editor
VHDL VHDL Library HDL HDL Editor
VHDL VHDL Package HDL HDL Editor
VHDL VHDL Test Bench HDL HDL Editor
Verilog Verilog Module HDL HDL Editor
CORE Generator 1P Coregen IP 1P CORE Generator
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X ISE — — Project Navigator

ISE
Schematic ECS
Test Bench Waveform HDL Bencher
RAM BMM RAM Data?BRAM
State Diagram StateCAD
Constraints Editor
UCF
PACE
. E4 l Open Source
. I Edit Project Properties
2-3
Project Proper x|
Project Preperties |
Property Hame Yalue
Device Family VirtexzE
De\l?ce zouSle—fosldd
/ / }{g;FVI{DL . Z
ﬁ&?ﬁfﬂ# FE-A Exzprezs VHDL
- ﬁ'&F 4&_# FPL-A }_prress Terilog
gRETER LRLEEL [
i RE T
#E | mE | peenr | W
2-3
3 Device Family Device
Design Flow Vaue
Xilinx FPGA/CPLD
1.4
EDIF
EDIF ISE ISE
Xilinx Design Manager
HDL VHDL Verilog HDL
FPGA/CPLD
Project Navigator
Architecture Wizard DCM 1/0 Rocket Virtex
Il Virtex-Il Pro
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36

Run Process
Processes for Current Source Window

=] Rerun Process
1]

Stop Process

2

Edit Process Properties

Toggle Workspace Window

L

= =

Toggle Transcript
Minimize All
HDL

Find in Open Files

® 2

|

4| Toggle Bookmark HDL

Next Bookmark

Previous Bookmark

Clear All Bookmarks

Language Templates
223

O & |80 @2

Sources in Project Window

2l
Sources in Froject |
Bl HL_cditor Tevo _y 757 T e
B Sl CAIX Lrapssy
] _STAT. , ;
£ xevS0e-Besi44-1ST Uptloge YeridagiE XA
SO -cunter (Counter v)
counter_STATE. thw
© 8] cohmter_sch (comnter sch. zch) Add Seurce Inzert
| coupter1s lpounter1. neo) hdd Copy of Souree... Shift+Insert
Remove Delete
biist caey Move to Library...
EEE R .
AT cone fren
Cloze
enerslar
LR Togele Paths
Properties

"~ 2 oude View [ 100 Srapstot view | 1) Lary Vi |
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readme.txt CNT_STAT.DIA  Verilog HDL
counter.v counter_STATE.tbw counter_sch.sch  CORE
Generator IP  counterl6.xco
xcv50e-8cs144 XST Verilog
3

Source
ISE Sources in Project
Window Processes for Current Source Window

¢

3 Module View
Snapshot View Library View

2-5

ing — Project Na tor — J:\proje HOL_editor_Dem
|[# File Edit View | Projeet Source Process Macre findew Help

JJ D B’h n ﬁ [ Hew Source \"
#dd Sowrce Insert
” % B ‘ ©7 ¢ Add Copy of Seurcs... Shi£t+Insert | Q |

Delete Implementation Data x| x|
Toggle Paths I

Frocezzes for Curr

(Ho Frocesses Avail 440

- e o=
Replace with Snapshot R

4pply Project Properties...

B Process View

v
%

L}

Sourcesz in FProject:

HDL_edi tor_Dema

[2] readme. txt

‘- [Z] CHT_STAT. ITA

£ xcvS0e-8es144-HST Verilog
] e (e, o)

H counter_STATE. thy

&2~ i T
Fedpdd

ounter _sch (counter sch. sch)

i " om e o am  ®
B Module View X Snapshot View l E Library Wiewmw I

|

2-5

5. Processes for Current Source Window
Processes for Current Source ISE 6

Processes for Source
FPGA/CPLD
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T
. X
3
Process
2-6
2=l
Processes for Current Source: I
@ Design Entry Utilities
+ O Symthesize
O Implement Design
O Generate Programming File Bun
Rerun
Rerun Al
SLop
Wiew
] B Process View I
2-6
6. Project Workspace
7. HDL HDL Editor Workspace
HDL Project Navigator HDL
HDL
2.2
8. Transcript Window
Project Navigator
Console
Find in Files
HDL
9. Status Bar
%
2.1.3 Project Navigator

Project Navigator
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ISE

ISE

FPGA
4bit

— — Project Navigator

Project Navigator

Project Navigator

“ Example-2-1”

“

Project Navigator Demo” ISE

Project Navigator

New Project

“

Project Navigator Demo”

Verilog”

File /
counter”

Device Family “ Virtexe”

Device “ xcv50e csl44 -6 Design Flow “ XST
2-7
I
F¥xilinx - Project Navigator - No Project 1ol x|
File Edt Wiew Project Source Process Window Help
Do |FIEEEE (a2 |
P B@ o m T Sl A%RA|G
Processes for Current Source: New Project 3 5‘
(Ho Proceszes Availablel

Froject Hame:

Froject

[comnter

™2 Process View

Project Device Options

T \Froject_Nawigator_Demohc .

Property Hame

¥alue
Tiewice Family Virtezk
Sources in Project Device :CV::E
Package sl
(Ho Project Open)
e s Speed Grade B
Design Flow

B2 Woele iew | i Snapshot view | |

HST Veriloe

=l  (Empty Log)

4
\4“\ Console £ FindinFiles f

Hierarchy is up ko date,

Jtnt ol 1

Ed
27
HDL HDL
— — Verilog HDL
“ XST Verilog” g
Verilog counter

Project”

“ Add to
2-8
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T x|
EEEREE S
Tzer Docunent VerllagfCas i i
TREE
Corsgen IF il
Schematic b
Vhil Library countex|
VHDL Fackage
VHDL Test Bench )
Test Bench Waveforn Logatiar
g’fm’%fm.a,,, [T:\Froject Navigator Demo ..,
FreFETESRT

v Add te pma;,,%%/g

crtso[Fswo]  mm | mm |

2-8

Verilog Project Navigator Verilog
“ 4bit ” “ Clk”
“ Reset " “ CntOut” Verilog

Define Yerilog Source x|

Module Hane [sounter
pEsp | REABEEE  GHLF SETF
/g d / 4
l_ Port Fame | ‘Dizection xsB 158 |~
1 [input o o
Fezet_ oot O 0
Crtbut 3 o

ingut

inonf

input
input
input
input
input

input =l

<t—#m|F-rw>  wE | ®mm |

2-9 Verilog

Navigator HDL
HDL ﬂ 2-10 HDL

di

123 Project

module counter (Clk,Reset_,Cntout] ; ;I
input [0:0] Clk:
input [0:0] Reset_; » SEEAFE
cutput [3:0] Cntout; JF S SR

redg [3:0] Cntout;

always Biposedye Clk or negedge Reset )

if (!Reset_ ) . R
Cntout<=0; ﬁ;#?ﬁg@?;f

else — ﬁ#ﬁﬂfﬂ
Cntout<=Cntout+1;|

endmodule Eﬁﬁgﬁ?

endmadole

o o

counter. ¥ |
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ModelSim ModelSim

HDL

edf edn

CPLD/FPGA

3
Synthesize Edit Process Properties

Process

XST Verilog

Properties
2-11

Process Properties i 5'
Synthesis Options | KDL Optiens | Xilinx Specifie Optiens |
Property Hame ¥alue
Optimization Goal E SR |speed
Optimization Effort 1A High -
Srnthesis Constrainds File Zmangif
Use Synthesis Constraints File o Bk 2 T dffv
clobal Optindzation Goal & SEargd el W11CIockNets
Generate RTL Schematic G RTEA Tez
Write Timing Constraints TR C
Terilog 2001 = Icd
T Wit | peewar | EH

2-11 XST Verilog

Run Process

Post-Map Simulation

Implement

HDL

Post-Trandlate Simulation
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3
Tranglate Map Place & Route
ISE 3
4.4
ISE Constraints Editor UCF
3
Implement Design Edit Process
Properties Process
Properties
Properties 2-12
Process Properties E B ﬁgﬁ
g’gi Post-Map Static Timing Report Pmperhe«vﬁﬁfﬁg
ﬁf/?fz‘% ‘\Post-l’lace & Route Static Timing Report Propertiec
= Similation Medsl Properties e £ B A4S/
Translate Froperties Map Froperties | Flace & Route Properties
]“:v::’:m::;:;‘u:afg:n;:ns’txa:;lesj(le —
:ﬁ@ffﬁ{/ s ma A
HERAE
FEFFHEALE
W B | | perant 28
212
2-12 Trandate Properties
Map Properties Place & Route Properties
Simulation Model Properties Post-Map Static
Timing Report Properties Post-Place & Route
Static Timing Report Properties 6 3 ISE
3
ISE
UCF
UCF
l
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X HDL — — HDL Editor

3
8 FPGA
FPGA/CPLD ISE PROM File Formatter
iIMPACT Generate
Programming File 2-13
4 General Options
Configuration Options Starup Options
Readback Options 7
Process Propetties Ll
Startup options I Readback options I
Genersl Options I Configuration options
Tun Design ﬁulesrc‘;\]:;:l’, (HD;.:; v —_—
HHE HLiE Defaul t FEED
2-13
2.2 HDL — — HDL Editor
ISE HDL — — HDL Editor
Language Templates
2.2.1 HDL Editor
1 HDL
HDL VHDL Verilog HDL  ABEL
ASIC HDL
HDL HDL
HDL
ISE HDL HDL Editor HDL Editor HDL
Language Templates Language

Templates VHDL Verilog HDL ABEL UCF
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HDL Project
Navigator HDL Edit
HDL HDL 2-3
2-3
ABEL VHDL Verilog UCF
Dot @ STD_LOGIC_1164
2.2.2 — — Language Templates
Language Templates ISE
HDL Xilinx IP
ABEL COREGEN
UCF Verilog VHDL COREGEN  UCF ISE 5
COREGEN IP
Verilog VHDL IP IP
veo .vho UCF CPLD FPGA
.ucf UCF
ABEL Verilog VHDL 4
1 Component Instantiation
Verilog VHDL RAM Block RAM
Clock DLL DCM RAM/ROM  Distributed
RAM/ROM Global Clock Buffer LUT
SRLUT 1/O MUX
2.
3.
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& — — SateCAD

ﬂ Language Templates 2-14

nguage Templates
W B e —>

Tiopileties =]
Required Libraries
L AL

ibrary TEEE
-] wF e IEEE. STD_LOGIC_1164. ALL:
2 crop

=+ TEEE. ST LOGIC_UNSTGNED. ALL;
& e -—uze IEEE. STI_LOGIC_ARTTH. ALL
[ Verilag

-0 oL

+-C] Component Instentiation
[ Langnage Templates
£-{1) Synthesiz Templates
Barrel Shifter
Comparater

Counter

4-bit synchromous counter with count =nable,
asynehronous reset and synchrenons load

CLK: in STO_LOGIC

RESET: in STDLOGIC;

CE, LOAD, DIE in STH_LAGIC;

TIH: in STO_LOGIC_VECTOR (3 dewnto 0);
—  COWNT: inout STD_LOGIC_VECTOR(3 dewnto 0

Debounce circuit
Decader

Encader

Flip Flops
HENZLED Converter else
Latches
L Waltiplerers AR

{1 Shift Registers end if;
+[] State Machines end process;
] Tristate Buffers
E-{] Vser Tenplates
w0 BELEn s _>l;|
For Help, press F1 I

2-14

Project Navigator Edit
Edit

User Templates

2.3

ISE

— — StateCAD

— — StateCAD
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2.3.1 StateCAD

SateCAD  ISE HDL
StateCAD
StateCAD
StateCAD StateCAD
HDL

StateCAD
StateCAD StateCAD

StateCAD

StateCAD VHDL Verilog ABEL StateCAD

FPGA CPLD

Xilinx XST  FPGA Express

i Eei E FPGA/CPLD StateCAD

2.3.2 StateCAD

StateCAD Project Navigator StateCAD
Windows / [ Xilinx ISE 6 / Accessories [/
StateCAD Project Navigator StateCAD
2-15 StateCAD 8

¥ Add to proje

ctsu[FEwmo]  mm | @ |

2-15 Project Navigator StateCAD

StateCAD 2-16
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ol x|
ew  Options
> mn =
0| E | &% 0§, | E e S & Q RIFTAE
openfile | swerie | RATSIE | PR | opimes | FSEAC | staeencn|  Preview | Pom Zoomin | Zoomour FELED

/
almlss [ H-ETTEE] @|amE|n|Ex] e Pw - EETEE) 2] & Em]w] IEEEEREE]

Pattamn Generator -
(<) 1992:2000 Visual Goftware Selutions, Inc.

& design is initialized on RESET. Asthe state mashine sequenses, Ox is assigned a pattern determined by the input bus 1)

g

s the resulting VHDL (Dptions->Compile). You ean change the HDL (te Verilog, Abel, Altera; of C)via

[#]m|:|w]e®

L
alE|s?| — = (BErBITELAE)
- JASEASTATECAD_DEMOV\PATRN.vhd

- VHDL code created by Xilinx's StateCAD 5.1i j
 Tue Dec 03 08:54:01 2002

This YHDL code [for use with Synopsys] was generated using
enumerated state assignment with structured code format.
Minimization is enabled, implied else is enabled,

- and outputs are speed optimized.

LIBRARY icee:
USE ieee.std_logic_1164.all;

LIBRARY ieee; —
USE ieee.std_logic_unsigned.all;

LIBRARY synopsys;
USE synopsys.attributes.all;

[ENTITY SHELL_PATRN IS
PORT [CLK.I0,11.12,13.14,15.16,17,0E.RESET,SEL_AB: IN std_
RB0.RB1.RB2,RB3.RB4,RB5,RB6.RB7 : OUT std_lagic

SIGNAL BP_RB0,BP_RB1,BP_RB2,BP_RB3,BP_RB4,BP_F

Ready e 4
5l [l 2
_ Ready — (R&EETE) (Y

2-16 StateCAD
StateCAD

HDL

StateCAD

6.

StateCAD

Window 2-17
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& HOL Browser Ckrl+H

v Process Toolbar

v Draw Mode Toolbar
v View Taolbar
v File Toolbar
v Edit Toolbar
v Colorbar
ard Toolbar

v Status bar

2-17 Window
StateCAD Process Toolbar Draw Mode
Toolbar View Toolbar File Toolbar Edit
Toolbar Colorbar Wizard Toolbar
StateCAD StateCAD

2-18

O | || @822 8, =l & ala
Open File Save File ﬂiﬁﬁ:“:t: Hfg‘;i%m Optimize Genenrfte State Bench Freview Print Zoomln | Zoom Out
2-18
. 0 StateCAD DIA
&% . .
. v State Machine Wizard 2-19
“—

&

State Machine Wizard

Select the
appearance of the

=teta machina

Previer

~Shape of state machine
" Colunn
" Multi-Colun
£~ Row

¥ Geometrie

—Hunber of states (3..1

F

Help | ¢ Back T

Caneel

2-19

. il Logic Wizard

| L3
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2-20

Logic Wizard

x|
Tnverter a| [2:1 Bus Multiplexer Data o
Latch on DOUT is driven from A
| |when SEL_AB=1 and from B
Multiplexer H:1 B

vhen SEL_AB=0. The imputs
Wand hd| |

Erstienfizn R \ 55 47 55

2-20
ge
Lo

Optimize

Optimization Wizard

110

2-21

Optimize Wizard : Optimize Outputs 5'

Speed optimized outputs register the next walue. hArea
optimized cutputs are decoeded after the clock Indiwidual

Stk Machhe A rea Cptn Ee o Comb hatrak

Tk

This example abowe is optimized for area and speed. The state
machine yields the same output segquence, but the timing and area

" Manual (% Speed (register outp ( Area [decoded cutpul

Speed optinEed (Regbtersd)

Help < Back

Canceal

2-21

HDL
Options / Compile &)
StateCAD HDL

HDL HDL
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Yiew Error 5'

g Cl
Froblem: ————#= %Eﬁﬂ—:—v,ﬁ

Ermor[MO07]: Constant out of range. Only 32 bit values are ;I
supported. _I

Salution; ——- @”S‘fﬁ?ﬁ%ﬁﬁ

Reduce the size of the constant, changs the logic to uze 3
smaller zetz. When azsigning walues to vectors greater
then 32 bits the HL< specifier notation may be uzed ;I

Help: Click here for additional information. |

2-22

State Benoh

Options / Simulation [
HDL

StateBench
2-23

1 PATRN.DIA - [¥HDL] - StateBench{tm) =] S
File ©Options VYiew Help

Trnnnn o
22 | R [ # o= = =222 [ aa
Signal SaveTest|  Fun Cowerage | Constrain | Autcmatic:
Restart | Reset |_Cucle knd P Editor Bench || TestBench| |Statistios | Timing | Testbench| | Zoomin | Zoom out

Execute||| LISim time: TOO n= Time: O ns Covered: Radix { Hex {* Decimal

CLE By e O I I - O |

FSHL

Lnz TETAR A EC___ED __ START

I 05 Jige I0ET]

IRESET [ .

Now: TO0__ [0gs 004 (J00y 006 235 _

FAHDOM

Ly TO0 00T Q007 00F  0nd0ns ons
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[N 2|8 A] 2 v m|m|w |- |
5
8
JR o o 5 N |
ﬁl State Machine Wizard
ﬁl Logic Wizard ﬁl Optimization
Wizard 3 ;\I
Design Wizard StateCAD
3
2.3.3 StateCAD
StateCAD StateCAD
StateCAD
HDL
8 StateCAD
“ Example-2-2”
1 StateCAD StateCAD
StateCAD / [ Xilinx ISE
6 / Accessories / StateCAD Project Navigator
StateCAD
2.
StateCAD

5 2-24

Hext > I

2-25
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Select the

appearance_of the B

R AR
" Column
" Multi-Colwn
" Row

—Humber of states (3..1

€ =
Y
Envitle

Help | < Back

Cancel
2-24
Design Wizard : Reset The State Machine |
Consider the specific dewice being uszed when
selecting the reset mods. For exampls, FPGhs
often include a wery efficient global recst
A =L I,

Select whether the reset is synelronous or
asynchronous.  Later, to change reset modes,

adit tha vacat’ = aanditian

Reset Made

(" hsynechromous m I#

Help | < Back

]
g

RO
TG

Sl

2-25

Hext > I

Design Wizard : Setup Tran

Each state can hawe a transition which Sample
retwrns to it (loop back), as well as

transitions going from it to the next state

and previocus state. The sample window shows NEXT

To place the state machine, click Finish
Mawre the ewrser to the desired location and
click the left mousze button.

| <Back | Finish | Bewaal

I Default |

2-26

Finish I

2-27
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2-27

“ STATEQ"
2-28 Ok I
k|
State Mame: <[ldle > — ﬁm LR
Outputs:  Unassigned outputs are retained (i.e. g=q)
D o
=
Output Ywizard || Create counters, muxes, ete. with the wizard,
Justify State Mame ———————  — Justify Qutput
’}‘ Left & Center " Right (r Left + Center ¢ Right
[ | Help |
2-28
StateCAD
3
“ STATEY” “ Get 17
2-29
ak. I
“ Get 1 “ Get 1"

2-30
[]:4 I []:4 I

“ Get_l”
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gic Wizard x| x|
o [Berial in, parallel out o f’ A constent value is -
(the upper bit may be assigned. Constants may
referanced for serial Eit Compare be in decimal (default or
j out]. Data is shifted *@ in a base you specify). Te
] =
— Customize
CONSTANT
o == 0UT ~ 0UT
(IE—J LI -ﬂT m
oout  Data path Data path
Help | x| Cancell Help | 0K || Cancal | I Registarsd
2-29 2-30

3 4
“ STATE3’
“ STATE4’

+| [Berial in, parallel out ﬂ

(the upper bit may be
referanced for serial

j out). Data is shifted
-

vour || Data path

Iﬁ

Help |

0K || Caneel |

“ STATE2'
2-31
2-32

“ Split”

Two zource weckors of -
A equal width are added to
Bit Compare weild the destination
Buffer wector alse of equal
Comstant | |
— Customize

= > F

5 Data path
F— &

0K || Cancel |

2-31

54

" Get 2"

“ lde

Conditian:

“ Get—lu

2-32 “ Add”

[=s]

Dutputs:

Unassigned outputs are retained [i.e. g=q]

" Left @ Center ¢ Right

To edit equations created with the wizard, place
the cursar in the equation and click Output

x|
=
=
=

=

Justify Condition Justify Dutput
’7 ’71"' Left €% Center © Right

™ Mutually Exclusive

Brioity [0 =] 0K | Cancel| Help | | © Asnchianaus

ffode:
1 Synchronous

2-33
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=]

“cont 9

StateCAD

=

=

Get_1”
Add’

Get 2’

EBit Compare ;I The counter iz incremented
Buffer T |each clock.  To retsin s
Conztant counter’ = walue in states

w (or transitions) where no _I
-

— Customize

COUNHT
m fats perh

e

Help | |

Cancel | (7 Begistered

2-34 Random Logic

Edit Equation x|
Narne: width  Ezpression
|c:nt |2 cnt+1 =]

Tupe IFlagislered 'l

Hi-Z I 1 vl LI
Sync rese@ @ Justification -
Async reset m ’7(: Left © Center © Right H \I;\?lg:acrd |
-
¥ Show Info |7 Border | Cancel | Fin... | Help |

2-35 Random Logic

Split”

“ Cnt On

“ Get_l”

2-35
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10.

11.

g»

Gie
Opimize

Hext > I

Hext > I

2-36

x|

This wizard asks a series of questions to select the best
optimizations for your design. HIL will be optimized for
the target device, synthesis tool, and design geals. leu

Clofimize: Wiz.?'d
g4

1) Select the target dewice

2) Choosze the type of cutput

3) Select performance optimization
4) Determine if you should use load

5) Select the target synthesiz tool

< Back

Help I

2-36

2-37
x

Global optimizations should be selected for the type of
device being targetied For example, FEGAs are register
rich, with limited logic per CLE. Select the dewice type:

" CPLD/PAL " Simulation en

elp | <Back | Hext > | Bl
2-37
e Wizard : Optimize Outputs 1[

Spesd optimized outputs register the next value.  Area
optinized outputs are decoded after the clock. Individual

| Stk Mazhhe 413 Optin ke d (Comb habriay
Frsce, l e I - F I
This example above iz optimized for area and spsed The state
machine yields the same o squence, but the timing and ares

Speed Optmized (Regktered)
mer

® Speed (register outp

€ Marmal " hrea (decoded cutpul
Elr | <Back [ Waris Cancel
2-38
e Wizard : Improve Performance x|

StateCAD can guarantes the state machine newer gets lost,
and all conditions are covered. The price of guranteed
coverage is inecreased logiec utilization, and slower state

machines. It iz recommended to use implied else to
SE8c8cfoc Docf o cmmome
P The example shows a state with a
p “loop back’ conditiom of IUF. If

this transition was met present,
then when UP=0, what iz the next

P
state? Implied else causes the

(implied e{ Maximize speed, reduce a
Help | < Back ] Bemacil |

2-39
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2-40

Feedback signals can be automatically buffered to ensure
loading changes outside a state machine do not affect its clock

(' Enable buffer " Dizable buffer:

Loading can be reduced by making feedback signals internal
nodes  StateCAD flags feedbacks and #ill make them inte

W Optimize Port I/0: Make feedback signals intern;

Unassigned cutputs can be retained beiween clocks or made
inactive. Retaining simpifies registered ontputs, but can

7 _Retsin unassigned outputs batwaen

Eelp | < Back |

Cancel

2-40

Hext > I

2-41

Optimize Wizard : Select Target HDL

x|

StateCAD automatically tranzlates state diagramsz to

synthesizable and simulatable HDL. Of course, when you

need to port a design, just change the target HDL and

recompile — StateCAD antomatically generates HOL in the
Select the target

ABEL HDL
Verilo

Help | < Back I

Cancel

2-41

Hext > I

2-42

Optimize Wizard : Tool ¥Yendor

StateCAD' = VHDL and Verilog outputs should be sptimized
for your synthesis tool to ensure efficient results.

Also, StateCAD automatically works around Jmown bugs in
the synthesis tools and restructures the HIL to work

OVI Complisant
Sy A Bxpress

Help I < Back I

Cancel

2-42

Hext > I

110
12. HDL

StateCAD

HDL StateCAD

HDL

2-43
cnt” 2bit “eont 9
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cnt 9

Problem:

E'H_FDT[EDDD]Z Constant 'S greater then the range of vector
femb—

bns)
5 Ma(_d@m@

The marimum value the constant may have [to be vali
3. Change the value of the constant or the size of

Help: Click here for additional informatiorn. |

ERERES

2-43
“ ” “
cnt 9 cnt
“ ”
ac
“ U] “ ”
ac X
Optimize Port I x|
Select zsignals to be made nodes
Fan
¥ oot
XY Results
s
Compiled Perfectiy!
Mo Problems |dentified.
| Feview design statistics below |
- B
<2 B ®0
ek ST AfiALae weivize <77 eERERATE
— Summary
304 Lines of code generated -
=] K-Bytes Memony used
225434 Seconds Compiling _I
-
I™ Disable Optimize Port /0
r— Diesign Information
Optirize I Cancel Help 1 State Machines i’
] States
Feedback signals which can be made d Transtions =
internal to the design [nodes] are listed
here. Select the signals to make into _ Analysic Performed
nodes [ before the name will make it il — -
internal], or dizable this optimization. 0.001  Secondsalidating State Assignments il
This feature may be enabled from the: 0.001  Seconds Locating Indeterminate Conditions
Configuration dialog. 0.0 Seconds Identifying Conflicting Varnables

2-44 110

StateCAD
2-46

2-45
HDL
HDL
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=loix
File  View ﬂ"%.‘ﬂm
S|E#|? | |_HDLA9
[ JAPROJECTSYISE\SECTION2\STATE ii

— VHDL code created by Xilinx's State
— Sat Oct 26 10:39:04 2002

— This VHDL code [for use with IEEE «
— ated state ig with :

— Minimization is enabled, implied e
— and outputs are speed optimized.

LIBRARY ieee:
USE ieee.std_logic_1164.all;

LIBRARY ieee;
USE ieee.std_logic_unsigned.all;

ENTITY SHELL_TUT IS
PORT [CLK,cyc,di,RESET: IN std_
acl,acl,ac2,ac3 : OUT std_lo

SIGNAL EPﬁacﬂ,EPﬁacLBPﬁac?,\;l

2-46 HDL

StateCAD StateCAD

StateCAD “
2-47

Srl B, Par Chat #bit Adder

2-47

g StateCAD «

1
2-48
Gs I StateCAD

()
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“ 01017
i“ CL K ” “

211 “

Verify Behavior x|
Fill in the steps below. 'When you click Go, the
initial eonditions will be set, the design will
be automatically walked until the target state

is reached, then the outputs will be checked

1) Set initial conditioens.
i ) ATEREE]
EESET a

i BT

Double click = signal

2) Choose the target{ |Add

=

s stats (in the disgram window) to maks it the|

3) Select the signals to be checked in the
targst state

Touble click = sigmal 4o change

Tom” t Check]
re [Der’ t Check]
= [Don’ t Check]

(i ]
" Hex  (* Decimal

Cancel
Jo =] clock:

Help

Try to exit

2-48

“ g
“ o «
8" “odi”

0010"
411 “
711

1 511

2-49

CLE

FaIil

rggg-ﬁ
|

hodle 0t 1 oplit  Get 2 pAdd Idle
S
1 1 MMy 1

1
[H1] k.‘\ 7]
[} [1] 1 ¥ [1] 1 ¥ [1] 1 2
_ L i
[i[1]

2-49

711

5 1 gl

i“ 211

“ 511
2-50

‘ﬂ
Find Evert

CLE

Sy Oy = Gy Gy N oy G Gy G

wngﬂ'a&gg'g
5 =

Bidle Get 1 \Split Gt 2
S
[T 1 1 1

1
i
71 T T T ] I3 T
J i b
) 0 S 1 R S T
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“ Cnt 311 “ Sn “ mn

StateCAD “ CLK”
“ 5 “ac” 2-50
2-51

Resolwve differences for ac

Aszertion (check expected walue)
(" Add (select the expected walu

" Delete ol |

heck at output walid delay Help |

@hange Behavior (Edit the zignal’ s dr

2-51

K I “cnt 3 “a ¢

2-52

x|
Condition:
cnt=3 =]
- |
Outputs:  Unassigned outputs are retained [i.e. g=q)
jzo=s > B

To edit equations created with the wizard, place
he cursar in the equation and click Output

Justify Condition Justify Output
[F Left £ Center I Right ‘ ’V(" Left & Center © Right
M ode:

v
™ Mutually Exclusive ¥ Border © EyrEreE

Brory [0~ =] DK | Cancal| Help | | € Asrchionos

2-52 “ecnt 3 “ac ¢

EIKI

2-53

Save Test Bencl

[ Save VHIL Test Bench As:

IJ': YPROJECTSAISESSECTIONZ WSTATECAT_DEMOYADTMETT_TE. VHD _I

[¥ Save Regression As:
|7 \PROJECTS\ISE\SECTIONZ \STATECAD_DEWO'\ADD4BLT_TB. EEG [5]]

’rTest Bench Options

@g result@epurt total err to verify outp

Erowser Control
% Defsult browse

= Use your brows:

Cancel

[E TR ot epad | | L |

[V Open automatical

2-53
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HDL HDL
7.
2-54
Conskrain Timing il
Time scale : Help |
M.nimL#m
,— o:";::“;.; o
hgﬁcgr | |0c:l:.l0:3kr -" ] |SCI
Power up reglsters ]Jefaultl
2-54
8.
HDL
HDL
9.
2-55
Help | i
Clocks 12
Time: 1300
Error: 0O
Elap=ed 0:00:00.:
2-55
StateCAD
StateCAD
StateCAD HDL
24 ——ECS
ISE ——ECS Engineering Capture System
FPGA/CPLD
FPGA/CPLD ECS
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24.1 ECS
EDA
FGPA/CPLD
FPGA/CPLD
HDL
EDA FPGA/CPLD
FGPA/CPLD HDL VHDL
Verilog HDL ECS ISE
ECS Verilog HDL VHDL IP Core Generator
IP LogiBLOX DCM StateCAD
Symbol Schematic
ECS PCB
ECS ECS
9 ECS

% ECS ECS

2.4.2 ECS
Xilinx Foundation ISE
ECS ISE 6.2 ECS ISE
ECS Data Tips

Schematic ECS ECS 2-56

63



=18l ]

e Edit Wiew Add Took Window Help

INETEY

— " &EIar

[EE= xilinx ECS - [mode7cnt.sch]
FEE
[¢meec|@||aaxuan|s3d=28m| —»ERIEE)

[
DEE o &Ew
2~oNOdA (B¢ anls|

5

andSor2

anddor?

aneddor?

5]

Symbels

aced ;l‘
accB

dd16
:dd4 - %5?’—%%
ad i HES
adznlf

4

adsud
D

andl2
=l

andlf
Symbol Hame Filter =)
I 2 3 [ B

seh |

[-70,163]

2-56 ECS
ECS
1.
. File
Recent Schematics Recent Symbols
NGR Recent NGR Files
. Edit
Symbol Update Obsolete Symbols Rename
Selected Bus Rename Selected Net Mirror
Rotate Select Object Find Object
Properties Preferences
. View
Toolbars Status Bar Zoom
Pan Push Into Symbol or Return To Calling Schematic
Refresh
. Add Wire
Net Name Bus Tap /O I/0 Marker
Symbol Instance Name Arc Circle
Line Rectangle Text
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. Tools ECS
Check Schematic Symbol Wizard 10
Create |10 Markers Query
. Window
2.
4
. |[peE@sxr File
. L Edit
. |aaxs® View
. |2ermam Window
3.
[Rlusewpr=(25(~oNOA @G anlv]|
Add
Select Add Wire Add Net Name Rename
Bus Add Bus Tap /0 Add 1/O Marker
Add Symbol Add Instance Name Add Arc Add
Circle Add Line Add Rectangle Add Text
Query Rotate Mirror Push Into Symbol or Return To
Calling Shematic Check Schematic
4.
ECS
5.
6.
ECS
7.
ECS
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Pan

Crl
Shi ft
Ctrl
Zoom To Box
2.4.3 ECS
G ECS “« o7 "
“ Example-2-3”
ECS 7
2-57
®
D—@—E—E-E—O—G
2-57 7
D
D, =QuQ +QQ, D; = QuQQ + QQy Do = QQ + QQ
1 D
2 7
1 D
1/0
D
ISE Mod7Cnt 7
Xilinx

“ and4or2” 2-58
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Uzer Document

File

og Test Fixture
Test Bench Waveform .Dmrz
EMW File
MEW File

Implementation Constraints Fils Logatior

State Dizgran T:\projects\ISEMModTCnt | ..

ctspFtwe] Bmm | Em

2-58
ECS
@

“ Logic" “ and2”
All Sympbols
“ and2”

All Sympbols “ or2'

2-59

inx ECS - [and4or2.sch] s [=] 5|
&2 Fle Edt view Add Took window Help el
DEEFSR [¢Beo- B|aaX=0E 252220

Rusw-=2s[~oN0A @D & n|v]

]

Optiens Symbels |

Categories

1s—>
<j: fprojectsiise/modlen

ANDZ
Symbols (that begin with
Té%% cl
or2b2 I~
Symbol Name Filter
Clerz > . . . . =
Orientation Kl >
Rotate I=| andtor?. seh |
Ready [1397,1203] 7
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©)

(4)

K ECS - [and4or2.5ch]

B2 Fle Edt view Add Tools

2-60

window  Help

=1oi x|
=181x|

DeHgs W

[tEre~@|aaE=s

2o =mam

K[ = |2

2 [honOABO & n|v]

1=

Options |5Wb°15|

Add Wire Options

to add ome or mere
line segnents
between the points
pou indicate

Use the Manmal
methed to 2dd zingls
line segnents
betwsen the points
you indicats

A

Use s prass - drag -
release action te specify a
single pair of wire points

Use & click - click action
to specify a comnected
sequence of wire points
Terninate the sequence with
2 double click

I

¥

wndlor2 sch |

Ready

[1283,1056]
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2-61

110
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ECS

ﬁl Name the
branch “inl”

“ inln

2= xilinx ECS - [and4orZ.sch] _1&] x|
&% Fle Edit View Add Tooks Window Help =

DERgaR || ors o @ |[aa=xnd||Sd5a8m
N [Uewrs22 [0 NOA[BC &0 |v]

Options | Symbols |

When you elick on =
branch
Hame the branch’ s
net
" Pick up & mame by
clicking on & branch
€ Pick up names of bus

members by clicking
on @ bus net

™ Display the name on the

e e T R
branch where you click

cven if the branch = s :\: D ST
et meme s dkreky

displayed somewhers om RS {4 FATga o, e
the branch Seoosoosns _gﬁlﬂ%ﬂﬁﬁ/ﬂ-ﬁf :

After naning the branch
or net

£ Teeo the name Lot ol i BRI A =
€ Increment the name K| »

€ Decrement the name

andtor?. sch |

Ready [924,1026]
2-62
(5) 110
/10 k=]
Add an input marker
110

Add an output marker
2-63
(6)
a9
Project Navigator “ and4or2”
Design Entry Utilities “ Create Schematic
Symbol” 2-64 ISE
Symbol ECS
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& 1 ECS - [and4or2.sch]
3% Fle Edt View Add Tooks

Window  Help

=101 %]
=181%

DEeEH@ SN

[t e |E [aaXxaE | [Bd28B0

L RS =

zl=l

Options |Symbols|

#hen you click near the
end of a branch, what
do you want to de?
AA"Add an inout marfes
® Add an outout marks

" Add 2 Bidirectional
marker
" Remove the marker

fhen you add an I0
marker, set its
orientation so 1ts
direction from its
connection point is to
the —-

=

In addition to clicking on
a branch end point, you can
drag a rectangle arcund ome
or more branch end points
to 2dd or remeve I0

ghoNOA @G s

%ﬂQM%ﬁ.

off

andtor?. sch |

Ready

[lee0,6791 4
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Qs s L
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) View Command Line Log Fils
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Sources in Froject:
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Options Sym'bolsl

Categories

Symbols
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ECS ECS
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ECS ECS
“ ECS
2-74
Center Zoom In Zoom Out
|
Error Ho. |Error K Center |
' deterted [N |
Zoom Out |
Help |
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7
ECS
1/0
2.4.4 ECS
ECS ECS
ECS Verilog HDL VHDL IP IP LogiBLOX
DCM StateCAD
Symbol Schematic
2.3 ISE
ECS Project
Navigator
Dwgn Entry Utilities G Create Schematic Symbol |
ECS
9 HDL
StateCAD Core Generator IP DCM
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25 |IP — — CORE Generator

IP Xilinx FPGA
IP IP IP
Xilinx IP

2.5.1 CORE Generator

Core Generator IP
ISE IP
Xilinx IP IP
FPGA IP
IP Xilinx FPGA Xilinx
FPGA FPGA
FPGA Core Generator

ﬁ IP

ISE 5 CORE Generator Spartan™|1/-1IE/-I1l ~ Virtex /-E /-11/-11 PRO

XC4000  Spartan P
IP ISE 4 ISE 6 IP
Memory Editor
IP
IP 2-4
24 IP
Memory Editor ASCII IP FIR
.coe 1P Memory Editor
XCO IP

XCO File Execute Command File
Xcp .XCO IP

IP 2-5

74



X IP — — CORE Generator
2-5 IP

.asy ECS ECS

edn EDIF IP Xilinx IP
corename_padded.edn IP “ Add Pads’
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cr?_demo_vhd Demo design for CoolRunner-IT de Help |
data_width_wer 261 XAFP 261: Data—Width Conwersion .
edif_flow Sanple EDIF Flow project b
fifo_ver_131 XAPF 131: 51128 FIFOD
fifo_vhd 131 XAFF 131: S11x8 FIFO
flash Hierarchical Schematic project
freqm Frequency Meter
gold_code_wer E1T HAFF 21T: Gold Code Generator
zold_code_vhd 217 XAPP 217: Gold Code Generator
Jeg_abl Bidirectional 4-bit Johnson Coun
icE abl crl2 Bidirectional 4-bit Jolmson CU:I\ILI
A I I »
Destination Directory
JE: \werkiTSEE2 | _|
A
3-2  Open Project
Source in Project Module View
“ ”
testbench.tf Processes for Current
Source ModelSim Simulate Behavioral
Verilog Model Simulate Post-Trandate Verilog Model

Simulate Post-Map Verilog Model Simulate Post-
Place & Route Verilog Model 4 33

I8
Limwia an b F!Iill I I

B il LERR T
| e *.—-

0 o e 4 TR
‘B W

2

P [ e |

R

ST L
) ki e Bk

hill L} FT. B N L Nill LT
B Nl FFer Nl ET Sl d T T

hssanin ta Dimve "roardaas’ |

Bl B g Lo
T P e

B Ekne Dl
Jasadars hidariamd el

33 ISE “ gold_code ver_217"

Simulate Behaviora Model ModelSim
ModelSim View [/ All

Simulate Post-Place & Route Verilog Model
ISE
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33
FIFO
FIFO

FIFO

3.1.1

1. Project Navigator

“ fifoctrl_cc”

“ fifoctrl_ic”
xord p xor5 p

tb_ic func2

ModelSim

ISE Project Navigator

FIFO

File / Open examples
[1):4

fifo_ver 131

“ fifoctrl_cc”
FIFO “ fifoctrl_ic”

“ fifoctrl_ic”
FIFO

muxor_p
tb_ic funcl

tb_ic timel tb_ic_time2

Process View
4. tb_ic funcl fifocrtl_ic_tb2.tf Process
View Simulate Behavioral Model
Properties 34
11X 1%
e [2l] | [Erocesses for Sowrce: “tb_ic_funct®
o e[2] readme - Add Existing Source
£ xevS0-Ebz2S6 -] Creats New Sewrce
B[] fifortlr_ee (fifoctlr_ce v) S ModelSin Simulator
] tb_ce_fune (fifoetrl_ee_th. t£) Simulate Behavioral Made
| th_co_time (fifoctrl_cc_th_timing tf) Similate Fost-Trans] BUM
~[¥] andd_p (Fifoctlr_ce.v) Similate Post-Map Ve  REFUN
[ anddbl_p (fifoctlr_se.v) Similate Post-Flace  Rerun Al
o) anddbap (fifoctlr_ee v Stop
Fh[¥] fifortlr_ic (fifoctlr_ic.w) Open Without Updati
th_ic_time2 (fifoctrl_ic_tb2_timing 1 —_—
[ tb_ie_fanel (fifoctrl_ic_thl. tf)
<[] tb_ie_fane? (fifoctrl_ic_tb2. tf)
<[] tb_ic_timel (fifoctrl_ic_tbl_timing 1
~[¥) mumor_p (fifoctlr_ic.v)
zord p (fifoctlr ie.v)
~[¥] xorS_p (Fifoctlr_ic.v) =
-
4 | B 1 ] @
S Wtadule: Wiew l W Snapshot View I IE Libary Wiz I B Process Wiew I
34 ISE

Simulation Properties
¢ UseCustom Do File
¢ Custom Do File
¢ UseAutomatic Do File
e Simulation Run Times
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tb_ic funcl.fdo

8

100

th_

DO DO
DO

Displays Properties

Signa window

Wave window
Structure window
Source window
List window
Variables window
Process window
Data Flow window
S| x|
Simulaticn Fropartiss |Display Eroperties | Simulation Properties Display Froparties |
FProperty Hame Falue Property Hame Yalue
Tt o ATe 7 T s 2
St T foooms e 2
T e .
D oy v =
= B | peeea: | mE | e Bl | nesen | EB
a b
35 ISE
tb_ic funcl.fdo
vlib work
vlog fifoctlr_ic.v
viog fifoctrl_ic_tbl.tf
vlog D:/Xilinx/verilog/src/glbl.v
vsim -t 1ps -L xilinxcorelib_ver -L unisins_ver -lib work
ic_funcl gl bl
do tb_ic_funcl. udo
Vi ew wave
add wave *

view structure
vi ew signal s

run 1000ns

DO ModelSim DO

ModelSim



& ModelSim

 vlib work

* vlog fifoctlr_icv Verilog

« vlog fifoctrl_ic_tbl1.tf

* vlog D:/Xilinx/verilog/src/glbl.v

e vaim-t 1ps -L xilinxcorelib_ver -L unisims_ver -lib work tb_ic_funcl glbl

e dotb ic funcl.udo Project Navigator DO
e view wave
e addwave*
e view structure
e view signals
¢ run 1000ns 1000ns
GUI ModelSim
Use Custom Do File Custom Do File Value
DO <user_do.do>
tb_ic funcl.fdo do <user_do.do> 35 b
fdo

3.1.2

34 tb_ic timel fifoctrl_ic tbl timing.tf

Process View Simulate Post-Place & Route Verilog Model
Properties 3-6 3

5 Simulation Model Properties Simulation Properties

Process Properties x| Process Properties x|

Display Properties | Simulation Model Properties | Simulation Properties
Simulation Properties Wiy Bermares Simulation Model Broperties
Property Hame Value Property Home | Value -
Use Custon Do File i Simulation Model Target [semeric Verilez =]
Custo ile WK Fost Flace & Route Simulation Hodel Hame
IE c o File for ModelSin Simulation |[v Correlate Simulation Data to Input Desien Modelzin_Verilog
iryell i oo B Wi 1000ms Generate Maltiple Mierarchical Fetlist Files “‘;57‘3325
UUT Instance Hame T Use Automatic Do File For ModelSim Simulation |yeriles XL
Generate WD File [m] Bring Out Global Tristate et as a Porl [m]
|Global Tristate Fort Hame WA
|Efu\g Out Global Set/Reset Net as a Fert [m]
Global Set/Reset Fort Hame WA
|Generate Test Fixture File [m] =]
= Bis Deanlt = | 3 Bl | pesen: | mm |
a b
36 ISE

Simulation Properties

¢ UUT Instance Name
» Generate VCD File VCD
Simulation Model Properties
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e Simulation Model Target
» Post Place & Route Simulation Model Name
e Correlate Simulation Data to Input Design
« Generate Multiple Hierarchical Netlist Files
e UseAutomatic Do File for Model Sim Simulation
e Bring Out Global Tristate Net as a Port
« Global Trstate Port Name
e Bring out Global Set/Reset Net as a port
e Global Set/Reset Port Name
« Generate Test Fixture File
Simulation Properties Simulation Model Properties
Use Automatic Do File for ModelSim Simulation

Project Navigator ModelSim
Project Navigator

3.1.3
Project Navigator Edit / Preferences
37 Processes Process Settings Advanced
Project Navigator
Ed
Gemeral | Editor Frocesses | Integrated Tools | Updates|
Property Display  [Stamdwd 7]
e B | mEe | &E |
37 ISE
Displays Properties
Simulation Properties
e Other VSIM Command Line Options VSIM
e Other VLOG Command Line Options VLOG
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Other VCOM Command Line Options VCOM

Simulation Resolution

report
Simulation Mode

SDF

VHDL Syntax VHDL 93
Simulation Model Properties
Simulation Model Target
Post Place & Route Simulation Model Name

Rename Top Level Module To NetGen
Change Device Speed To
Correlate Simulation Data to Input Design Retain Hierarchy
Retain Hierarchy
True Keep Hierarchicd
Retain Hierarchy Correlate Simulation Data to Input Design

Correlate Simulation Data
to Input Design
Generate Multiple Hierarchical Netlist Files

SDF
Retain Hierarchy True
Keep Hierarchical True Use
Automatic Do File for ModelSim Simulation False
Project Navigator ModelSim
DO DO
DO
Use Automatic Do File for Model Sim Simulation DO
Project Navigator ModelSim
Bring Out Global Tristate Net as a Port
Global Trstate Port Name GST
Bring out Global Set/Reset Net as a port
/ /
Global Set/Reset Port Name / GSR

Generate Test Fixture File
103
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3
¢ Rename Design Instance In Test Fixture File to
uuT
¢ Include ‘usdlib Directive in Verilog File
Verilog ‘uselib SIMPRIM
False
» Path Used in $SDF_annotate SDF
SDF
* Do Not Escape Signal and Instance Names in Netlist
¢ Other NETGEN Command Line Options NETGEN
Xilinx Project Navigator ModelSim
VHDL Verilog
3.2 ModelSim
ModelSim 5.8 11
3-8
ModelSim 5.8
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& ModelSim

ModelSim Tcl/Tk Tcl/Tk
ModelSim
Windows
1.
ModelSim
3.6.2 3.6.3
ModelSim ModelSim
39

[¥]Modelsim SE PLUS 5.8a =101

File Edt WYew Comple Simulate Tools Window Help

[=2a||swas|| 4 EB ukElEE B
wiorkspace =l
R Eﬂ % 980001 000000 01005 6 0000 2
[instance | 5100101 103 00 (I0F 00 00D 000 00k
B # 5300000000001 100d e 0000
o delay 14 b 100107 103 00a 00e 00 000 000 00c
=\ oo w =l [|# 93400 0 oooooo 1 100d Bd aoon
3 I _’I b 100101 103 00a O0= 00 000 000 00c
Library | zim | Files WSIM 2> WIFE j
THERX |
|Now: 1 us  Delta: 3 sim:/th_ic_funcl “
3-9 ModelSim
View [/ Active Processes Active
Processes ModelSim 5.8 3-10
7] ModelSim SE PLUS 5.8a o [=] 3]
File Edit “iew Compile Simulate Tools  Window Help
EELDIEE RN E R P eI
‘wiorkspace X| | Active Processes =l
'-I Instance I Desig d <Ready> HASSIGNH#1S /gl ﬂ
B fitoet_ic fitacth
» T T j
N o] =]
Library | sirn [ Files ‘ | | _»I
WSIM By step =
WSIM By step
WSIM 7 =
Now: 0 ps  Delta: O |Sim:./glbl A

3-10 ModelSim

View [/ Workspace

View [/ Active Processes
Library
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. Library
. Project
. sim
. vsim vsim
ModelSim 5.3
. Compare
“ transcript”

File / Transcript / Save Transcript as

Dataflow

3-11
15|

B v

I Extended mode enabled I IKeepl 1| Ftopdciwen i

311
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Verilog

<module_name>

Navigate
“ add dataflow”

Navigate

Expand net to drivers
Expand net to readers
Expand net

Expand to design inputs

Expand to hierarchy input
Trace

TraceX

ChaseX

Trace next event

Trace event set

Delta

#ASSIGN#23#2

#

3-12

Verilog

Verilog

#ALWAY SH56

testbench
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=
Ele Edt Wiew Iools Window
P eidacailnq,/:bimifunc1/f1fucc1r71c/:eadianahlejJ
delta— lr ic/read data out— /th ic funcl/fifoctlr ic/writ
octlr_ic/fifostatus_out— Jth_ic_funcl/fifoctlr
_funci/fifoctlr_ic/full out— /th_ic funcl/f
_dic_funcl/fifoctlr_ic/empty out—, fth_
1060000 +1 10001110 00000000 0000 $t0 St0 St0
1060000 +2 10001110 00000000 D000 St0 St0 st0
1070000 +1 10001110 00000000 0000 St0 Sto se0
1080000 +1 10001110 00000000 0000 St0 St0 St0
1089000 +1 10001110 00000000 D000 St0 St0 st0
1090000 +1 10001110 00000000 0000 St0 Sto St0
1100000 +1 10001110 00000000 0000 St0 St0 S0 ]
ol — 2z

File

. Open Dataset

. Save Dataset

. Write List

. Save Format

. Load Format
View

Signal Properties
Goto

Tools

)

add list”

WLF

WLF

DO

DO

Window Preferences

Properties(list)

Window Properties

Tools / Window Properties

Triggers

313

lay Properties (list) ;lﬂlil
Window Properties Triggers |
Delta:
’7(-' Expand Deltas  © CollapseDebas ¢ Mo Deltas

— Trigger On:

Strobe Perioct [0 ps

First Strobe at: |0 ps

¥ Signal Change
I Stabe

(— Trigger Gating:

™ Use Gating Expressian Use Expression Builder

Expression:
On Duration: |0 ps

aK | Cancel | Apply |

,'Modify Display Prope! =] B3
‘Window Properties | Trigaers |
Signal Mames: |0 Path Elements (0 far Full Path]
Max Title Rows: |5
Dataset Prefis
" Always Show Dataset Prefixes
@ Show Dataset Prefives it 2 of more
" Never Show Datasst Prefises
oK | Cancel | Apply |
3-13
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Modify Display Properties(list)

Modify Display



ModelSim

@

)

Window Properties

Signa Names

Max Title Rower

Dataset Prefix

Always Show Dataset Prefixes
Show Dataset Prefixes if 2 or

Never Show Dataset Prefixes
Triggers

Deltas 3
Expand Deltas Déltas

Colapse Deltas

more

Dedta
Deltas

No Deltas Delta

Trigger on
Signal Change

Strobe
Trigger Gating

5.8

111
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33 memory - default =lolx|

File Edit Wiew Window

Memory List x|

Address

Data

| Instance [Re 2]

00000000
00000001
0000000z
00000003
00000004
00000005
0000000 &
00000007
00000008
000000029
00000002

Al Talalatatarsy

A/ M| mem < I+ -]

[

HENHHEHNNREHNHNN
KEXKKKXXAXKKKKKX
HUMHHEEKENHHHKKK

HEXHHEHN NN HHRNN

KEXKKEXXAXKKKKKK
HENHHEHNNREHNHNN
KEXKKKXXAXKKKKKK
HENHHEHNNREHNHNN
KEXKKKXXAXKKKKKX

Instance: /top/m/men

I Address

: hexadecimal Data: symbolic

“ Ou

Signa Change

3-14
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3 & XILINX

5.
ModelSim 5.7
View [/ ActiveProcesses
View /
Active View [/ In
Region
3-15
File Edit Yiew Compile Simulate Tools  Window Help
EEEEE s e
Workspace —————— %] | Active Processes —————
"'Ilnstanc:e - ’
< | 5]
Library sim| Filez
# process iﬁﬂqﬁﬁ’%&%ﬁﬂ d
WSIM 4 j :Fe
Al
|NDW: 0 nz Delta: 0 |Sim=-"rt013 | Active Processes (sim) i
3-15
Ready Wait Done 3
. Ready delta
. Wait VHDL Verilog
. Done VHDL
6.
Edit /
Force Edit / Clock
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& ModelSim
7.
HDL
ModelSim
=]
3-16
1o
Eile Edit Wew Tools wWindow
LEHE L BB QM B oadElEER B R =
& nt| sim: top/c : cache.v |J Templates
134 21 1 setnum = 1} D\ Mew Design ‘Wizard 1=
135 PL?? ¢ setnum = I; D\ Create Testbench
136 77?1 setnum = 3 Language Constructs
137 endease Stimulus Generators
138 if (verbose) begin -
139 if fprw == 1)
140 ("st: Bead hit to set
141 else |
14z ["&t: Write hit to =¢
143 end d =
1|)| cache. | | 1| | 4 ILI_
| |Lr 12 0ok 0 [Read| p
3-16
Edit /
read only
8.

ModelSim 5.5

View [/ Structure

VHDL
SystemC
9.
317
Verilog

Verilog

VHDL

111



&

T=IE

File Edit Wiew Window

tB20

sim:/testbench/T0/ second_1fsr/#ALWATS#25

317
10.
3-18
=[]
File Edit Wew Insert Format Tools ‘Window
|SBS|| » @M | &Kl ||FFEEESH || n/ Qe ake
8 !
y | I e ’ i
0 ns to 2961 ne (BRI | PR
318
Insert / Divider
Window Pane
. “ add wave*”
. File / Open [/ Format
(D) File
. Open
Dataset WLF
Format DO
. Save
Dataset WLF WLF
Format

DO

112

Insert /

DO



& ModelSim

Image
2 Tools
. Waveform Compare
. Breakopoints

. Dataset Snapshot WLF
3¢
Format 4
. Literal
. Logic U/X/0/1YZ/\WILIHI-
. Event
. Analog 3
Step
Interpolated
Backstep Backstep
Offset Scale Offset
0 Scale
3-19 pdata

Edit / Edit Cursor
Lock cursor to specified time

3-19
i x]
File Edit Wiew Insert Format Tools  indow
|SB&|| & X e ||| M) Qe
1 0000100
i 0 0.0 0000 Jn )0 e |
Cursor 1
Curgar 2 :
q > I R |
|D ns to 2861 ns | i
3-19
11.
ModelSim 5.8
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PSL Property Specification Language

Reference Manual
3.3
ModelSim ModelSim/Verilog ModelSim/VHDL
OEM Xilinx ModelSm ModelSim XE OEM
Xilinx FPGA/CPLD
OEM ModelSim FPGA/CPLD
FPGA/CPLD ModelSim
FPGA/CPLD
FPGA/CPLD
ModelSim SE/PE Mode Sim XE
RTL
3.3.1
Xilinx 31
3-1
UNISIM XilinxCoreLib SmartModel SIMPRIM SDF
1 | RTL X X X
2 X X X
3 NGDBuild X X
4 X X X
5 X X X
RTL RTL UNISIM
XilinxCoreLib  UNISIM SmartModels
UNISIM
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XilinxCoreLib ~ UNISIM SmartModels
NGDBuild SIMPRIM
SmartModels
SIMPRIM
SmartModels SDF
IC
SIMPRIM
SmartModels SDF
3.3.2
UNISIM Library of Unified component simulation models
Xilinx UNISIM
VHDL  Verilog
VHDL UNISIM 4 unism_VCOMPvhd
unism_VPKGvhd unism_VITAL.vhd SmartM odel
unism_SMODEL .vhd Xilinx VHDL
UNISIM SXILINX/vhdl/src/unisims
Verilog UNISIM
‘uselib Verilog UNISIM
FPGA Spartan-II™  Spartan-llIE™  Spartan-3™  Virtex™  Virtex™-E Virtex-
™ Virtex-1  Pro™ Virtex- Pro X™ UNISIM
$XILINX/verilog/src/unisims CPLD XC9500XL™ XC9500XV™

CoolRunner-XPLA3™  Cool Runner-11™ CoolRunner-11S™ UNISIM
$SXILINX /verilog/src/uni9000
XilinxCoreLib CORE Generator™ HDL library models

Xilinx Core Generator IP FIR
FIFO RAM CAM Xilinx Core Generator IP
IP
VHDL
SXILINX/vhdl/src/XilinxCoreLib Verilog

SXILINX /verilog/sre/XilinxCoreLib
SIMPRIM Library of generic simulation primitives

VHDL SXILINX/vhdl/src/simprims Verilog
SXILINX /verilog/src/simprims
SmartModel FPGA PowerPC PPC
RocketlO SWIFT

$XILINX/smartmodel
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3.3.3

3331

Verilog simprims
4
§—x
1 ModelSim modelsim.ini
ModelSim modelsim.ini
2. ModelSim File / Change Directory
3. File / New /[ Library Create a New
Library 3-20 Create anew library and a
logical mapping to it Library Name “ simprims_ver’
Library Maps to “ simprims_ver”
ModelSim
vlib simprims_ver ~ vmap simprims_ver simprims_ver
EA 'Create a New Library I [
Create
*  anew library and a logical mapping to it
" amap to an existing library
— Library Mame—— ﬁ/—t ﬁgﬁgﬁ
Isimplims_vel -
— Libramy Maps to;
|simprims_ver LI Erowsze... |
Ok | Cancel
3-20
4. Compile / Compile Compile Source Files

3-21
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3.3.3.2

Compile I

2=

Lizary: |arpire_vem =l
m'r“l_i:l-rrl-: ﬂ & E ﬁ"m"

mLLE WOz _00RT
LTIEE MR SORE
-]
oA
=
FHORdE HRE
4 ]

TMEE: o NG RN ARG
FEHSE T [ rite 0w vl vbd o obl o v x| — |

Dol Dpons.. | Edsos |

321

VHDL

Project Navigator

Project Navigator
modelsim.ini

8% Project Navigator

1
2.

Project Navigator

Source in Project 3-22
Processes for Source Design Entry Utilities
Compile HDL simulation Libraries

Properties 322 b

EE EE Process Properties x|
Sources in Project || | [Frocesses for Sowce: “scvano-gbetze” |
5[ Untitled N34 Existing Sowrcs Simulation Library Conpiler Properties |
readne ]  Create ew Sowree
- £ xev300-Bbz432 E-§F  Desizm Entry Iilitiss Property Hame Yalue
=[¥) gold_code linfer.v) e . Target Similater
T Y Run
le;t'ﬂer;nhh(les;hanth P l%m Ev; . Language Verilog
~[¥] sub_a (sub_a.v [ o om el -
b (b ) Rerun Al Output Dirsctory SUILINE/ <L anguage/<si
Stop Simulator Fath T Modeltech 5. fawind
Open Yithout Updating Overwrite Compiled Libraries v
Properties. .. Conpile UNISIN (Functional) Simulatien Librar |[v
Compile SIMERINM (timing)Simulation Library i
Compile XilirwCoreLib (Coregen) Simmlation Li [/
4| [ KT .t
B o, | 00 Snap...| 1) Librr...| B Process view | TRIE HiK | Default | FEEh |
a b

3.

3-22  Project Navigator

Process Properties
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3 &

4. Compile HDL simulation Libraries
5. Project Navigator ModelSim
modelsim.ini
modelsim.ini
3.3.3.3
Project Navigator COMPXLIB

compxlib —help

COMPXLIB Xilinx

« UNISIM Functiona

e Uni9000 Timing

e SIMPRIM Timing

« XilinxCorelLib Functional

e SmartModel Library™ Functional & Timing
e CoolRunner™ Functiona

« Abel Functiona

* ModelSim™ SE all Xilinx® supported platforms
¢ ModelSim™ PE all Xilinx® supported platforms
¢ NCSIM™ all Xilinx® supported platforms
e VCS™ only on Solaris® and Linux based platforms
< VCSI™ only on Solaris® and Linux based platforms
e Scirocco™ only on Solaris® and Linux based platforms
compxlib -s mti_se -f all:u:s - verilog -0 SMYAREA
ModelSim_SE Verilog UNISIM  UNI9000 SIMPRIM
$MYAREA
COMPXLIB
» -help Print COMPXLIB help COMPXLIB
e -s Target Simulator
-S
-smti_se
-smti_pe
-sncsim
-SVCS
-svcs

118



-S scirocco
-l Language

Verilog - all

-l verilog

-l vhdl

-l all

-f  Device Family

-f all

-f virtex

-f virtexe

-f virtex2

-f virtex2p

-f spartan2

-f spartan2e

-f cpld

-f xpla3

-f xbr

-f xc9500

-f xc9500xI

-f xc9500xv

-f

virtex2p:u - verilog vVCS

UNISIM

UNISIM

SIMPRIM

UNI9000

XilinxCorelLib

SmartModel

Cool Runner

a Abel

-0 Output Directory
$XILINX/language/target_simulator

-p Simulator Path

$PATH

P

BODUJC

]

VHDL

compxlib —s vcs —f
Virtex-11 Pro

$PATH
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¢ -w Overwrite Compiled Library

3.3.4
ModelSim
ISE Project Navigator
ModelSim ModelSim
ISE ModelSim
ModelSim ISE
creatfdo.pl fdo tdo udo udo
ModelSim fdo tdo
Verilog vsim —t 1ps -L
Xilinxcorelib_ver -L unisims ver -L simprims_ver -lib work $desunit glbl VHDL
viim  ModeSim -L
Verilog
Xilinxcorelib_ver unisims ver  simprims_ver Xilinxcorelib_ver
Xilinx unisms_ver ECS
simprims_ver
ISE ModelSim Verilog
Xilinxcorelib_ver  unisims_ver simprims_ver
Xilinx/verilog/src/ Xilinxcorelib unisims ~ simprims VHDL
Xilinxcore  unisms simprim Xilinx/vhdl/src/
Xilinxcorelib  unisms  simprims
ModelSim
Xilinx Xilinx
compxlib —smti_se al —f al -p D:\Modeltech 5.8\win32
modelsim.ini
Xilinx ISE ModelSim
[ Li brary]

std = $MODEL_TECH .. /std

i eee = $MODEL_TECH ../ i eee

verilog = $MODEL_TECH ../ veril og

vi tal 2000 = $MODEL_TECH . ./vi t al 2000

std_devel operskit = $MODEL_TECH ../std_devel operskit
synopsys = $MODEL_TECH ../ synopsys

nodel simlib = $MODEL_TECH ../ nodel simlib
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modelsim.ini
abel _ver =D /X linx/Verilog/nti_selabel _ver
cpl d_ver =D /X linx/Verilog/nti_selcpld_ver
uni si ms_ver =D/ Xilinx/Verilog/nti_se/unisins_ver
si npri ms_ver = D/Xilinx/Verilog/nti_sel/sinprins_ver
XilinxCoreLib_ver = D/Xilinx/Verilog/ni_sel/XilinxCoreLib_ver
abel = D/ X lix/vhdl/nti_selabel
cpld =D/ Xilix/vhdl/nti_selcpld

sinprim= D:/Xilix/vhdl/nti_se/sinprim
unisim = D/ Xilix/vhdl/nti_se/unisim
XilinxCoreLib = D:/Xilix/vhdl/nti_sel/XilinxCoreLib

34
ModelSim ModelSim
ModelSim
ISE ModelSim
3.4.1 ModelSim
ModelSim
3-23
3-23
1.
(D) ModelSim Verilog
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VHDL Verilog VHDL
“ work”
(2 ModelSim
©)
0
(4)
ModelSim
2.
HDL ModelSim
3-23
. “ work”
—_ ModelSim
3-24
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HHHH §

3-24
34.1.1
ModelSim
§—x “ Example-3-1”
1 “ Example-3-1" “ Book/
Chapter3/Examples3-1"
2. ModelSim Windows ModelSim
“ ovsim”
3. ModelSim File / Change Directory
“ Book/Chapter3/Examples3-1”
4. File / New / Library
“ work” 325 a
0K
ModelSim vlib work  vmap work work
ModelSim work
_info
5. Compile / Compile
325 b “ counterv” * tcounter.v”
Compile |
Dene | work
“ ” “ counter”
“ test_counter”
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I xunx

124

Create a New Library

Create
% anew library and a logical mapping to it
" amap to an existing libram

Library Mame:
Iwolk

Libramy Physical Marme:
IWle

QK. | Cancel |

Compile Source Files R llfl
Library: {work -
e [ T S e e
E ounker
=] boounter
apEm: |

Compile
TR (1) IHIIL Files (h.vi* vl k. vh % vhil b v x| —

Default Dptions... | Edit Source |
a b
3-25
“ test_counter”
sm Files sm
b +” e _” Fi I %
odelSim SE PLUS 5.8a =] |
File Edit %ew Compile Simulate Tooks ‘Window Help
EETIEE TR e E g
‘Workspace Active Processes x|
VI Instance IDesign urit IDesi = Wl

E—E_;I_cuunter
& increment

<1 |

test_counter

tod

Library | sim | Files

simﬁig
# Top level modules:
# counter
todelSim:  waim work_test_counter
1 weimn wark. test_counter
# Loading waork. test_counter
# Loading work. caunter

WEIM T

Now: 0 ns  Delta: O

|sim:/test_cou.nter/"dut

3-26

ModelSim

sim

View

Files

[ All Windows

Add / Wave / Signa in Region

100ns 100ns
27 “ VSIM”
500ns 600ns

$stop

run 500



&

-1l

Ele Edit Yiew Insert Format Tools Window

ELOIEE R IR IR

|Unst01us |

3-27
34.1.2
ModelSim
mpf
e« HDL

§—x “ Example-3-1”

1 “ Example-3-1~
“ Book/Chapter3/Examples3-2”
2. ModelSim
3. File / New [/ Project
328 a Project Name
projectl Browse... “  Book/Chapter3/Examples3-2”
Default Library Name work 0K |
|
B — Click on the icor to add items of that tppe:——
Froject Name‘Q—‘ =
’Eiecﬂ D D
X Create New File Add Existing File
FPrmect Logation
IE:!Bookx’Chapler’Examples}: Browse... | ﬁ D
Default Library Name Create Simulation Create Mew Folder
’Erk
oK | Cancel | Close |

4. Project
328 b
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S. Add Existing file
3-29 Bowse..|
Reference from current location Copy to project directory
counter.v tcounter.v ok |
“ o
i :

“E /Book/Chapter3/E xamples3-2/tcounter v E-/Book/Che Browse. |

Add file as type: Folder
mlau\t zl ’?op Lewvel z‘ ‘

' Relerence from current location ¢ Capy to project directory

ok | Cancel
329
6.
Compile / Compile al ModelSim
Library
work ‘o work
counter test_counter test_counter
7.
3.4.1.3
IP
counter
counter
G “ Example-3-1"
1 “ Example-3-1" counter.v
“ Book/Chapter3/Exampl es3-3/Resourcel.ib”
tcounter.v

“  Book/Chapter3/Examples3-3”
2. ModelSim
3. File / Change Directory

“  Book/Chapter3/Examples3-3/Resourcelib” File / New /

Library anew library and logical mapping
to it Library Name parts lib
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Library Physical Name oK
parts_lib Modelsm.ini
4. counter &
Compile / Complie 3-30
Library parts lib counter.v
Done |
2]
B R ===
s
THEW:  [eomta [ Gomie |
B M [IOL Files vk ol % vhe % ol b 7] b |
Defult Options... | Edit Souce |
3-30
5. File / Change Directory
“ Book/Chapter3/Examples3-3”
6. File / New [/ Proect
Project Name Field counter oK
7. Add Existing File

8. Compile / Compile Selected tcounter.v
9. Library work test_counter
3-31 verror < >
ol
File Edit WYiew Comple Smulate Tools Window Help
EELEEEE
“Workspace £l
‘-I Name | Type: I Path == # weim work.test_counter J

B—% wiork Library wark
_] [i &l 2] /B

# Loading work. test_counter
# = Error: [vsim-3033) E: /B ook /Chapterd/E wamplesd-3/tcounter v(3): [nstantiation
of 'counter' failed. The design unit was naot faund.

= y # Region: Atest_counter
mxﬂlnxCFlrele_vsr L!brary DA M Searched fbimras:
mDartsfllb [unavailable] Library parts # wark,

M simprimns_ver Library DA< # Ermor loading design

m unisims_ver Library [ ModelSim>  verror 3033

=]l vitsizo00 Library  $MOI #]
# veim Message # 3033

m 1eee L!brary S0 # The specified design unit could not be found for instantiation. If the

] modekim_lib Library  $MOL  speciied design unit does ot contain a lbrar indicatien then this

=[] =t Library  $MO0 # messane should be followed by 5 list of lbraries that were searched

== j # when tving to locate a matching design unit
. o
Project | Library kicdebin -
‘Projec‘t : counter |<No Deszign Loaded> 2
3-31

10.

tcounter.v
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3 &
Simulate / Simulate 3-32
Library Search Libraries
Add... parts_] ib
0K Design
work test_counter Simulate
work.test_counter oK
B E| |
DESIQH] VHDL] Werilog' leranes] SDF] Uplmns] Deslgn] VHDLW Ven\ug} lelaﬂes] SDF] Upt\uns]
—Search Libraries [ -L ) Y| Mame |Type IPath ‘ =
Moy | mX\hnxCoreLib_ver Library [ A=ilinserilog/mii_sed=ilinsCaorel
parts_lib [unavailable) Library parts_lib
Delete | m simprims_wver Libramny D A=ilineernilog/mbi_zesimprims_
Ill unisirns_ver Library D Ailine erilog/mii_sedunisims_ve
L = wital2000 Libran $MODEL_TECH/ Mvital2000
7 ORI % ieee by SMODEL_TECH,/ieee
Add m madelsim_lib Library $MODEL_TECH/../modelzim_lb
I std Librar $MODEL TECH/../std d
Moty | < | &
Simulate: Resalution
Deke | ’l;rk test_counter ‘ ’;ault !I‘ Optimize
Ok | Cancel 0K Cancel
3-32 Verilog
11.
VHDL
LIBRARY USE
3.4.2 ISE
ISE ModelSim ISE
ModelSim ISE
8 ISE
“ Example-3-1"
1 “  Example-3-1”
“ Book/Chapter3/Examples3-4"
2. Windows / [ Xilinx ISE 6 [/ Project
Navigator I SE Project Navigator
3. ISE File / New Project New Project
333 a Project _I
“ E:\Book\Chapter3\Examples3-4"
Project Name “ Examples4”  Project

“ E:\Book\Chapter3\Exampl es3-4\Examples4”
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4, F—t ) > 333 b

x| CEETTERE ]

~Enter a Name and Location for the Projeet Select the Device and Design Flow for the Project
Project Name Project Troperty Name Yalae
Excamplesd IE “Book\Chapter3\Exanples3-44Exan N By Spartar® LI
Device xc2=200
Package pa2ls
Speed Grade -5
Select the type of Tep-Level module for the Froject
Top-Level Module Type Top-Level Module Type HOL
T = Synthesiz Tool Synplify Verilog)
Simulator Modelsim
Generated Simulation Language Verilog
(it |F-tw>]  mm | =m | <t—#w|F-tw>| @ | #m |

333
5. T > 334 a

3-34
b Add Source. . | “ counter.v”
“ tcounter.v” 3-35
“ tcounter.v” “ Verilog Test Fixture File”
“ counter.v’ “ Verilog Design File”

henproec [ o . ]
Creste a New Sour Add Exizting Seurs
[ | Souree File | Type | Hew Sowee. | Source File Type Copy to hnf’ I
ource. .
L] ‘ | == - =
T o | Renowe
B =
< »
Create a new sowce to add to the project (optional). Only one new source Add existing sources to the praject (optional). Additienal sources can be added
can be specified now. Additionsl new somrces can be added after project after project
ereation uzing the "Project->New Source” ereation using the "Project-JAdd Scurce” er “Project-2Add Copy of Sowrce”
command commands,
<t—se|F-tw>] B | & | k@ |F-fw>| B | #m |

3-34

Choose Source Type |

counter.w iz which seurce type?
he suffix iz ambigueus as to type.

Yerilog Test Fixture File

Cancel |
Help |

3-35
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counter.v”

3-36 a

336 b

< k—#& ﬂi)l
ISE

tcounter.v”

Lent_commter (tcomter. | o
E]
El

B
{4

[ Y
<

<« |

@@ User Constraints

Svnthesize — Smur v

=l = 2x
Sowrces in Project || | [Frocesses for Sowree: “counter” [ Bowees fm Braiast Processes For Sowrce: "test_counter” |
-[@ Examplesd -~  Add Existing Source B Exanplest ] #dd Existing Source
= €3 xe2s200-Spq2t ~+[]  Create Hew Seurce E1-£] xc2s200-5p4208 Bl Creats Hew Sewrce
[=] E-f#  Design Entry Utilities | | e

Create Schematic Symbol

Launch ModelSim Similator

Vier Conmend Line Loz File

View Verileg Instantiation Templat

Create Timing Constraints
Assign Package Pins
Create Area Consiraints
Edit Constraints (Text)

ModelSim Simulator
Simulate Behavioral MWodel
Simulate Post-Translate Verilog Mode
Simulate Posi-Map Verilog Model
Simulate Post-Flace & Route Verilog |

5} counter (counter.v)
[ 1

< {3 ]

" ot [ i snpsh .. Iy Library... |

B Process e |

a

8. 33 b

ISE
ModelSim XE

3.5 ModelSim

ModelSim
ModelSim

3.5.1

32

31

HDL

ModelSim

VHDL

130

Verilog

" e Pl W process iew |

b

Xilinx

ModelSim 5.8

3-37




Model

Sim

B source - L ed-1.vhd

B source - Untitled-1.v

=leix

Flle Edit Yew Tnals Window Fle Edt Yiew Tndks Swindow
LEEHES] L BB OM O] [ 1w LEHE | BROM O | ES AR
i m @ |4 Urliled1v | 2] Templates
& [ Uniitled1 whd | 2| Templates L £ ew Design'wizard
1 B NewDesi 2| gmudule module name §( i\ Create Testbench
2 ARCHITECTURE architecture_nawe OF enti B CreatsTe : parameter ¢ o] pare nae = valw | EH) Langiage Consiucts
3 block declarative <+ — ™ 'anguage )l ] Mad.u\e
A ST DELETE [ e 5 input [ S o 1.7 Peinive
E soncurrent oerer  subprogram_declaration Ui L 6y; DELETE - Declarations
6 END architecture_nsfie: subprogram_body ' a1l 1€ 7 nel type b L Parameter
7 type_declaration 3 ]_mw 8 wodule iten reg - Port Declaration
subtype_declaration Entity 13 integer I Local Parameter
EEFSTEEES constant_declaration et 1y Sdedule time I Generale Varable
signal_declaration Packs i Met Declaration
shared_variable_declaration Ennfig_ + Reg Declaration
Eﬁ.ﬁ%‘}ﬂﬁbﬁ}i file_declaration eclaratic b= Integer Declaration
alias_declaration . b subpn i Real Declaration
component_declaration b subpn i Time Declaration
attribute_declaration b type_ i Realtime Declarati
attribute_specification | suht;; - Event Declaration
configuialion_speciieation | L |- Teask Declaraion
disconnect_specification r sl L Function Declarati =
A|M[] Untitled-1.vhd e e ]| Uniied1.v il | o | o
| | |Ln: 3 Cal: group 4 | | |Ln 11 Cot 0 | = | yi
3-37
“

@) 4

©)

338 a

B source - counter.y

=lol x|

File Edit Wew Tools ‘Window
ox| [ SEEE | & BB O X0 | =R 0wl kP
o™ m E
¥ List Format & |In nl im: Atest_counter/dut : E:/Book/Chapterd/Examplesd-1/counter. v Id
¥ ‘Wave Format 35 count = #tpd_reset_tm_cmunt B
36 else
I Breakpoints 37 count <= f-jtpd_clk_tm_cmunt increment (count)
[ Logaed Sigral 3R TR AR AR AR AR AR ARAAAAAAARAARARA AR AR AR A AR AR AARAAAT
ogged Signals
jele) g 3g
¥ Wirtual Definiions 40 always @ (posedge clk or posedge rst)
) & 31 if (rot) J
3
V¥ Assertions 4z TS o 5
43 else J
Fiestart Came] | 4| M [ toountery | counter.y | | o |

I ILine iz not executable: E:HBDokHChapterdx’Examplesd-‘l.-"counILn: 41 Cal: 2

IH eadl

4

3-38

(4)

b

Restart

131



338 b
. examine
count examine count
(5) ®
3.5.2
8= “ Example-3-1”
1 “ Example-3-1~
“ Book/Chapter3/Examples3-5”
2. ModelSim “ Book/Chapter3/Examples3-5”
3. test_counter
4.
ModelSim
View [/ Wave
View / Signd
Add / Wave / Signas in Design 3
Edit / Select All
Edit / Delete
sm
dut

Edit / Select All

132



& ModelSim

@

)

©)

4)

©®)

)

)

©)

Edit / Delete
VSIM> add wave *
add wave < > *
3-39
=1ofx|
File Edit Yew Insert Format Tools ‘Window
|E @& || kXl |[ERIELENEE || £ B || 8k @S afk
] . -
test_counter/co... 1010001 1] L.WMMMMM J
I
< [ I i = |
[28564 ns to 33791 ns [ y
3-39
Zoom Mode oy o
oy
View / Zoom [ Zoom last
S C
L View / Zoom / Zoom Full
ModelSim
Y View / Mouse Mode
Select Mode
3-40
Tools / Window Preferences Snap Distance
10

/
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3 &

L=

Eile Edit Wew Insert Format Tools ‘Window

|Ea&|| b xleor ||z | L aan |k n @b
|

| [ [EN I ] =
[ 22680 ns to 22778 ns [
3-40
4
A 341 3-40

e Edit View Insert FormatlToDIs Window

DH% fk.l?\ﬂ_j EF Illll@ %BM JIE SRR e

07, Y0770, J0170.. YO0, Jaiii.. | I\I:I]H_._ 0111 Y17, Y011, Y0191 0117, JOiii..

[22645 ns to 22895 ns

3-41

(5) count nfl count

(6) X B

B A
(7) B 180ns B
Edit / Edit Cursor 342 a
Lock cursor to specified time
342 b
=+ wave - default ] 5
File Edit Wew Insert Format Tools Window
%4 'cursor_props =10l x| J@EQJ Q%EﬂJEJ&EMJWEQI
~Cursor Name———————— 1 b iahihninl
ICE“— :
i~ Cursor Time:@:
180 ns
¥ Lock cursor to specified time
1 T I | | |
oK | LCancel | | 0 ns to 464 ns | y

3-42
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& ModelSim

8 Edit / Delete Cursor
7.
(1)
DO DO
2 DO
File / Save [/ Format
wave.do
DO

onerror {resune}
qui etly WaveActi vat eNext Pane {} O
add wave -noupdate -format Logic /test_counter/clk
add wave -noupdate -format Logic /test_counter/rst
add wave -noupdate -format Literal /test_counter/count
TreeUpdat e [ Set Def aul t Tr ee]
WaveRest oreCursors {A {100 ns} 0} {B {180 ns} 1}
WaveRest or eZoom {0 ns} {464 ns}
configure wave -nanecolw dth 119
configure wave -val uecolw dth 54
DO
(©)] DO
File / Open [/ Format DO
do wavedo

3.5.3

Dataflow

ModelSim
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G “ Example-3-
6"
1. “ Example-3-6"
“  Book/Chapter3/Examples3-6"
2. “  Book/Chapter3/Examples3-6”
3. do run.do DO

# Copyright Mdel Technol ogy, a Mentor G aphics
# Corporation conpany 2003, - Al rights reserved.
# Simulation script for Dataflow tutori al
onbreak {resune}
# create library
if [file exists work] {
vdel -all
}
vlib work
# conpile all source files
vl og gates.v and2.v cache.v nmenory.v proc.v set.v top.v
# open debuggi ng wi ndows
set PrefDatafl ow(geonetry) 582x378+1+562
set Pref Signal s(geonetry) 287x249+738+307
set PrefWave(geonetry) 682x352+590+614
set Pref Source(geonetry) 534x249+746+0
set PrefMin(geonetry) 730x503+1+1
view da si wa
# start sinmulator
vsi mtop
# wave signals
add wave /top/p/*

add log -r *
# run sinulation
run -all
“# UNIX TCL
onbreak {resume} if [file exists work] { work
ModelSim work
work vlib work
work vlog gates.v and2.v cache.v memory.v proc.v set.v top.v Verilog

set PrefDataflow(geometry)
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& xnx ModelSim

582x378+1+562
UNIX

wave /top/p/* p

4.

D

sim
strb
@)
b
#NAND#41
#ALWAY S#146
readers

view da s wa dataflow/signals/wave
vsm top top add
run —all

343 a
strb 3-43
test 3+ Expand net to al drivers
oen £ Expand net to all

3£  Expand net to al drivers and al

(Gh#1 981
5 -

| Extended mode enabled | [Eeen [ of

| | Extended mode enabled [ [Keep | il Stop/p/strb -

a

3-43
(3) &
5.
1)
sm p
t out
View / Show Wave =
344 a
)]
#NAND#41
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3 S XiLNx

2785ns t_out
344 b

<7z dataflow I =1 == dataflow =10l x|
Fle Edt View Mavigate Trace Tools Window Fle Edit View MNavigate Trace Tools Vindow
Sinmd PRBDM e +HHE D222 Sinmd PR A e 2 HIAE D2 H G

SR SR

L >
[=ES|| @M b X ||[% ml & & @B || F LR

‘ s
4 e 1
| Extended mode enabled | |keen[ 1] Ftopfp/t_out “ | Extended mode enabled | [geep|[ 1] /top/ p/#HNAND#AA p
a b
3-44

(©)] Trace / Trace next event

(4)

6 - X

1) t_out

/top/plt_out 2065ns
1
3-45
=1l0lx]

Flle Edit Wiew Insert Format Tools Window

|z@&||s2@a| kX1 ||\ e @ &b ELEELH

2065 ns

< [2]4] (O[S =

[1972 nz to 2246 ns [

3-45

t_out 2785ns
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& xnx ModelSim

t_out
346 a
@)
t out Trace / ChaseX
#NOR#43 st0 _rw
HiZz test_in test2
346 b

Il g%l

file Edt Wiew Navigate Trace Tools Window Fie Edit Vew Havigate Trace Tools Window

& [x m BEOH ce sRFALI P DD RIE SINDd $BBOCH e s RFAE 222 R

SR

StXrest #NAND#44

StX StX

L] 5
]@é]%ﬂh]hﬁékﬁ | Al @ & @ B3 || <F L LS

ut

: | N
|

2785 ns
4] D

Extended mode enabled Keep 1 Ftop/p/t_out Extended mode enabled Keep 1 Ftop/pftest?
P £

©) ZZr T

D
Tools / Options
3-47
£ x

General options I W arning options] General options | W arning optionsl
[V Hide cells
¥ Keep Dataflow

Display connectivity
using hierarchical
instances.

I~ Show Hierarchy

v Bottom inout ping ¥ Enable diverging ¥ fanin waring
MOTE: Changing this 2 - .
aption wil caﬁsegthe I Digable Sprout ¥ Enable dapth limit warring
iz izl of e I~ Select equivalent nets [¥ Enablex event at time 0 warning

Dataflow window to be
erased! ™ Logrets

¥ Select Enviranment

V¥ Automatic Add to Wave

Ok LCancel | Ok LCancel |

3-47

General options Show Hierarchy
[1):4

2 t_out

139



&

©)

3.5.4

140

@
)

©)

@

)

@

)

VSIM>

VSIM>

ModelSim 5.8

7))

ram_tb.v

ram_tb

List

add dataflow /top/p/t_out

t_out
quit —sim

“ Example-3-7”
“ Book/Chapter3/Examples3-7”
ModelSim

Model Sim>
ModelSim>

Model Sim>

Library

“ Example-3-

“ Book/Chapter3/Examples3-7”

vlib work

vlog sp_syn_ram.v dp_syn_ram.v

set NumericStdNoWarnings 1

work

View / Memory

/ram_tb/spraml

348 b

348 a

|+ memary - default I [l 4] |34 memory - default -1O] x|
Fle Edt Miew Window Fle Edt vew window
Memery List | | Address Data = Memory List = | Addiess Dats =
7| Instance R 8 ¥| Instance R || DOD0O000 xxxxxxxx XXXKXXHK il
@ Jram_thspram /mem [0 o || 00000002 xxxxxxXX XXXREXXK
@ /ram_th/spram2/mem [0 @ fram | [0 || 00000004 soooomon kooneoo
@ Jram_th/spram3/mem [0 @ /am_th/spram3/men [0 || 00000008 xXXXXXXX RHAKEKKK
B~ /ram_tb/spramd/mem [0 E-@ ram_tb/spiamd/mem [0 || OODOO008 oo Ry
& /ram_tb/dpraml /mem [0 @ /ram_tb/dpram’mem [0 || 99900008 XXXXKXKX XXAKXXXK
0000000 ¥XXHKEERHK HHHREXXHK
00000008 XXXKKXXX KEXAKXXXX
00000010 ®XXHREHH HHHKEXHK
00000012 XXXXKXXX KXAKXXXX
00000014 MXXHREEXH HHHREEXHK
4 o |Lal 0 | 4 v || (2LH] e 3 [
Instance: [hddress: Data: /, Instance: /ran_tb/spranl/| Address: hexadecimal  Data: symbolic
a b



&

ModelSim
(©)] sim spram?2
Spram?2 spraml
spram?2
sm File /
Environment / Fix to Current context
4
©®)
View / Display options
Edit
6. sm
/ram_tb/spraml /ram_tb/spraml
File / Save
349 a
MTI Decimal

/1l nmenory data file (do not edit the following line -

| oad use)

0K |

Binary data_ mem.mem

required for mem

/'l instance=/ramtb/spranl/ mem

/] format=nti

0:
00101111
8:
00110111
16:
00111111
7.

addr essradi x=d dat aradi x=b version=1.0
00101000 00101001 00101010 00101011 00101100 00101101 00101110

00110000 00110001 00110010 00110011 00110100 00110101 00110110

00111000 00111001 00111010 00111011 00111100 00111101 00111110

ModelSim 3

ram_th/spram3

File / Load 349 b
data_mem.mem oK
ram_th/spram3

File / Load Load type
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3 &
Both File and Data data_mem.mem
Address 0 300 0 300
data_ mem.mem 250
251 300
Increment
. 2
[
EE;WM/Exm\m e
|-|z Mz ‘k |,|j 5
o
I oK Cancel
a
3-49
3.5.5
VHDL Verilog
ModelSim 8hit
restart
“ Example-3-
8"
1 “ Example-3-8”
“  Book/Chapter3/Examples3-8”
2. “  Book/Chapter3/Examples3-8”
3. Modelsim> vlib library 4
4. vcom —work library 4 gates.vhd adder.vhd testadder.vhd
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&

ModelSim

vmap work library 4
ModelSim Modelsim.ini
ModelSim
library
Simulate / Simulate

3-50 Design work

test addr_structural

work.test_adder_structural Resolotion
0K
=
Deswgn] VHDLW Veri\og] Liblaries] SDF] Dptionsw
r| MName I Type I Path d
addem Entity E:\Book\Chapterd\Examplezd
andg Entity E:\Book\Chapterd\E=xamplezd
gates Package E:\Book\Chapterd\Examplesd

Ertity E:\Book'\Chapterd‘\Examples4

test_adder_structural  Config E:\Book\Chapterd\Examplezd

testbench Entity E:\Book\Chapterd\Examplezd
E] xorg Entity E:\Book\Chapterd\Examplezd
J:Il wital2000 Library $ODEL_TECH/.. fvital2000
[l ieee Library  $MODEL_TECH/. fiees
EL} e - v M immm wee—— e d
‘| | ol
Simulate Resolution
’Erk.test_adder_behavioral ‘ ne Optimize: |
default
]
10
100Fs
3-50
view *
add list *
add wave *

run 1000ns 1000ns

3-51

vmap

13 +l!
Simulate
default

-lolx]
Fle Edit Wiew Comple Simulate Took Window Help
EEOIE eI E N e
Workspace x| J
P P i # Loading library_4. adder(structural] -
=
| Instance I D esigh unit | Design unit lype: | I  Londing lbrary_ 4 sorgionly]
# Loading library_4.andglonly]
uut addemilstru...  Architecture # Loading library_4. arglonly)
W oates gates Package WEIM B> view
W std_lagic_1164 std_logic_1.. Package B .source .process .signals variables .dataflow fist wave .memory
W standard standard Package WEIM 7> add list
VEIM & add wave
WEIM B2 run 10000
B Error: Sum is 00000111, Expectsd 00001000
B Time: 600 ns lteration: 0 Instance: ftestbench
#** Mate: There were ERRORS in the test
B Time: 1 us lteration: D Instance: ftestbench
Library | sim | Files VEIM 10; | -
|Now: 1 us  Deltar 1 ‘ sim:/testbench Y
3-51
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&

3
12.
Simulate / Simulation Options Simulation Options
352 a Assertions Break on Assertion
Error Lpply |
13. Restart
352 b
run 1000ns
[ eammnass albim ol xi
B L L Keep: |
T s i o ¥ List Farmat
Law o ¥ Wiave Fomal
" es g ¥ Bieakpaints
] b R Lomos i
7 Hiiual Defintions
—_— e [Heia ]| ool |
a b
352 Restart
14. 108
-- check the results
if (sum /= vector.sum then
assert false
report "Sumis " & to_string(sum
& ". Expected " & to_string(vector.sum;
found_error := true;
end if;
15. 3-53 “rr 6
test pattern 6
test_pattern R o “ 16]” “ K
“al “ 00000101" “ .b” “ 00000001
“ .cin” “1r ot sum” “ 1000” 8hit
a b cin sum sum
“ 00000111 sum “00001000”
restart —f
-f
352 b
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=

Fille Edit Yiew Add ‘Window

4] |> 4| | 3

sim:/testbench/test y
3-53
16. process
test
teSt_pattern o4 “ [6] ” “ o o4m
“ .sum” Edit / Change
Change Selected Variable 3-54 Value

“ 00000111” LChange I
et Selected armitle |
iabin Flarse I Awztust_padwmf o

wae 0G0

o | o |

3-54

17. run 1000ns “ Test
completed with no errors’

3.5.6
Book/Chapter3/Examples3-8
1 Tools / Window Preference
2. Triggers Trigger On
Signals Change Strobe Strobe Period
“ 100ns’ First Strobe at “ 7o
1) 4
3 View /
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Signal Properties
4. 3-55 Book/Chapter3/Examples3-8 3-
55 a 355 b
= =
Bir b feber P e Bir Bl Feken Fro jreie
[~ & ey, & A -y =+ [~ 2 S BTy, =
iriemy o o Ty ey iy
femrrbaecks'Tipy fAankaEh Ty
[l e 1 I ] J:mulhl-.
Sl w3 1
M0 an|  DemerN 0800BA O meNA ¢ i Rt
S0 B DL DRUOBNN 1 eNid ¢
Bl e
Ay [t - M
a b
3-55
3.6 ModelSim
3.6.1
ModelSim
ModelSim
ModelSim
Mode Sim “ do” DO
DO ModelSim
TCL DO
ModelSm  GUI ModelSim
DO ModelSim
File / Transcript / Save Transcript as DO
Tools / Execute Macro DO
do <your_file nhame>.do DO do ModelSim
DO do
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DO $1 %9 DO “ testdo” bp $1 $2
design.vhd 127
do testdo design.vhd 127
DO DO

vl ib work

vmap wor k wor k
vliog cntr_rtl.v
vsimwork.cntr_rtl
add wave |d

add wave rst

add wave clk

add wave d

add wave q

force -freeze clk 0 0, 1 {50 ns} -r 100
force rst 1

force rst 0 10
force Id O

force d 1010

run 1700
force Id 1
run 100
force 1d O
run 400
force rst 1
run 200
force rst 0 10
run 1500
G “ Example-3-9
1. “ Example-3-9”
“ Book/Chapter3/Examples3-9”
2. “  Book/Chapter3/Examples3-9”
3. do stimulus.do
ModelSim
G
1 “  Example-3-1”
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“ Book/Chapter3/Examples3-10"

2. “  Book/Chapter3/Examples3-
10 vlib work

3. vmap wor k work

4, vlog counter.v tcounter.v

5. “ test.do”
vi ew wave

add wave *

add list -decimal *

vcd dunpports -file counter.ved /test_counter/dut/*
run

quit —f

* view wave
* add wave*
e add list —-decimal *

« vcd dumpports —file counter.vhd ./test_counter/dut/* VCD
counter.ved
* run
e quit—f
6. vsim -do test.do -wif waved.wlf test counter
vsim -do DO -wif
“ waved.wlf”
7. “  Book/Chapter3/Examples3-10”
“ waved.wlf” vaim —view waved.wlf
ModelSim “ waved.wlf”
ModelSim view wave add wave *
“ waved. wif”
8. DOS
bat DOS
do vsim
9. “ gen_wlf.bat”
“ view_wave.bat” ModelSim
vsim
10. gen_wilf
6 view_wave 7
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8
3.6.2 WLF
ModelSim WLF Wave Log
Format WLF
ModelSim
“am:” WLF
“ vam.wlf” WLF
WLF
. File / Save / simdataet
. File / SaveDataset / sm
. vsim -wif
. dataset save
dataset save dataset snapshot WLF
quit quit sim WLF
* Bad Magic Number” vsim.wif 8K
* Bad Magic Number”
. File / Open / Dataset
. dataset open
Dataset Pathname WLF
Logical Name for Dataset
WLF
3_56 “ S‘ m" 13 Wa/w"
WLF
WLF GUI
View / Dataset 3-57

149



150

[7]Modelsim SE PLUS 5.8a
File Edit Yiew Compile

Simulate  Tools  Window Help

=10l x|

EXIEE s E IR Tl

‘wiotkspace x|
"'l Instanice | Design unit I Dezign unit lpe I I #i d
- lest_counter test_counter  Module MDdeISim> cd E:/Book/Chapterd/E zamplesd-12

J dut counter Module oS J

(ERERETE |

BT AP

Library | sim [ Files [ waved [ &

# source .process .signals . variables .dataflow list .wave .memary
MadelSims  wsim work.test_caunter

# wsim work.test_counter

# Loading waork.test_counter

# Loading work. courter

# E:/Book/Chapterd/Examplesd-12/waved. wlf opened as dataset "waved'
WM & un

T
3]
o
P

|Now: 300 ne  Delta: 2

| sim:ftest_counter/dut

3-56

Dataset Browser E|

rI Dataset I Conbext

|M0de

I Pathnare

] sim

Atest_counter/dut

Simulation

Ma signals logged

il

Make Active

Rename: | Done |

Open | Cloze
3-57
¢ Open
 Close
* Make Active
* Rename
Tools /

3-58
WLF

. Dataset Snapshot State
. Snapshot Type
Simulation Time

WLF File Size
100MB

Dataset Snapshot

WLF




&

ModelSim

. Snapshot Coutents

Snapshot contains onlu data since previous snapshot

WLF
Snapshot coutains al previous data
. Snapshot Drectory and File
Directory
File Prefix
. Overwrite/Increment
Always replace snapshot file

Use incrementing suffix on snapshot files
vsim_snapshot_1.wlif,vsim_snapshot_2.wlf

Dataset Snapshot

ModelSim

D atasst Snapshot State
= Emnabled

= Disabled

 Snapshot Type

& Simulation Time | 1000000 | n= | ]
© WLF Fils Size | 100 Meagsbytes

 Snapshot Contents

i* Snhapshot contains all previous data.

i Shapshot contains only data since previous snapshot.

 Snapshot Directory and File

Directony
|E:#Book/Chapterd /Ezarm Browse.

File Prefix
I m_snapshot

Owerwrites norement
= Almays replace snapshot file.

= Use incrementing suffis on snapshot files.

Selected Snapshot Filename
E:/Books/Chapterd /E <amples4-12/vsim_snapshot. wlf |

I Cancel

|

3-58

3.6.3

ModelSim
WLF
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HDL

“ Example-3-11"

“ Example-3-11~
“ Book/Chapter3/Examples3-11"
ModelSim “ Book/Chapter3/Examples3-11"
ModelSim do gold_sim.do DO

vlib work
vimap wor k wor K
vlog test_smv smseq.v smv beh_sramyv
vsim-wf gold.wWf test_sm
add wave *
onbreak {resune}
run 750 ns
quit -sim
DO “ gold.wlf”

Library work R
test_sm edit
“ test_smv” Edit / read only
116 “ @(posedge clk ) wt wd(‘h10, haa);”
“ @(posedge clk) wt_wd(‘h10,'hab) ;” File / Save

do sec sim.do DO
“ test_sm.v”
vliog test_smyv

vsimtest_sm
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add wave *
run 750 ns
7. ModelSim
Tools /
Waveform Compare / Comparison Wizard Bowse |
“ gold.wif” Test Dataset Use
Current Simulation 359 a e |
35 b Comparison Method Compare All

SIETF Il

The first step in creating & With the refersrce and test datassts
comparison is to open the reference selected, the next step is to select a
and test datasets [wl files] comparison method,
Reference Dataset .

Either dataset can be & saved v fle Cornpars Al Signls - compares al
o adataset that is alieady opened E signals inthe lest dataset against the

[E-/Book Chapterd/Evamplesd-137g0ld il W] Browse Snals inthe eference dataset Comparison Methad
Use the Browse buttons to browse for
asaved dataset, o click the down TestD. Compare Top Level Ports - compares @ Compare All Signals
anow to select a file from the dataset EHTEE the top level ports of the selected

selection history. datasets, " Compare Top Level Ports

& Use Cunent Simulation
Specily Comparison by Signal - opens | 1 SPeciy Comparison by Signal
the structure_browser to allow you to
© Speciy Dataset select specific signals far comparison,

= orome S pesily Comparison by Region -

opens the Add Comparison by
Region dislog to allow selection of &
specific reference region

¥ Update comparison after each mun
1~ Specity Comparison by Region

< Previous | Mest s | Cancel | < Previous | Mest > | Cancel

3-59

8. Would you like to add more signals to the comparison

NO 4 Compute Differences Now
i Il

Click the Y'es button and then Next to Click the button to compute the
add mare signals to the comparison. differences.

Would you ke to add mere signaks to the camparisan?

C Ve Compute Differences Now

& No

< Previous et > | Cancel | < Previous | Mt > Cancel

a b

3-61 gold
gold compare
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5] ModelSim SE PLUS 5.8a _o] x|
Flle Edt Wew Comple Simulate Took Window Help
EER eI T e
‘wotkspace x B
it D ¢ 1o ity | 575 outof = 000000cC -
nstance [ Design uni esion uil yps | H HEE
A test_sm WituslFegion £ £35 outof = 000000ce
4 711 ilzgal op received
dataset open E:/Bock/Chapterd /E xamplesd-1 3/goldwif gold
1 E/Book/Chapterd/E vamplesd-13/gold wF opened s datasel ool
| 12|
Library | sim | Files | gald | compare Vsiv 10> -
| ‘gold:/test_sm 4

-imix
Fle Edt View Insert Format Took Window
1o e I+ o1 20 9]

|2Ea || sk ae |[[Kn)QQ el | BEE
: : | :

(Ea v a s RE0E
h T

ompare:/test_om/\out_wire<sour_wireh B 445100 ps 1
iff number 7, From time 431 ns delta 1 to time 491 ns delta 1. X B 5T
old:/test_sm/out_wire = 00000000000000000000000010101010
:/cascigm/uuciﬁirﬁ © e e T
i
I [
[0 ps to 787500 ps [ =
3-62

compare
ModelSim

Tools / Waveform Compare

Differences / Write Report

“ compare.txt”
ModelSim notepad compare.txt

Total secondary differences = 6

Number of primary signals with differences = 4

Diff nunber 1, Fromtine 135 ns delta O to tine 155 ns delta O.
gold:/test_sminto = 00000000000000000000000010101010



& ModelSim

sim/test_snlinto = 00000000000000000000000010101011

D ff nunber 2, Fromtine 135 ns delta O to time 155 ns delta O.

gold:/test_sminto[0] =0

sim/test_snlinto[0] =1

D ff nunber 3, Fromtine 171 ns delta 1 to time 191 ns delta 1.
Tools / Waveform Compare /

Differences / Save

“ compare.dif”
Tools / Waveform Compare / Rules /

Save

compare.rul”
Tools [/ Waveform Compare / End
Comparison
File /
Open [/ Dataset “ gold.wlif”
Tools / Waveform Compare / Reload
e 135ns
compare:/test_sm/into<>into\
Properties Wave Properties 3-63
Compare Continuous Comparison
Leading Tolerance “ 50" ns
1) |
k|
Sighal: compare:/test_sm/inko<s intak
View | Fomat Compare |
" Clocked Comparisan
[ | Clocks.
" Continuous Comparison
Leading Toleran Trailing Taleran
i o T ) e 2
pecify wWhen Expression
[ Builder..
oK Cancel Apply

3-63

Tools / Waveform Compare / Run
Compare
compare:/test_smAinto<>into\
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3.6.4 SDF
SDF Standard Delay Format Timing Annotation
SDF
SDF ModelSim SDF
SDF Verilog VHDL
SDF
FPGA/CPLD SDF
Xilinx
FPGA/CPLD “sdf” Altera FPGA
“ .sdo” SDF
3 SDF
SDF myfgpa.sdf
testvench ul ModelSim vsiim —
sdfmax /testbench/ul=myfpga.sdf testbench
SDF
vaim —sdfmax /system/ul=fpgal.sdf —sdfmin /system/u2=fpga2.sdf system fpgal.sdf
system ul fpga2.sdf
system u2
6 GUI
“ " 10
Simulate / Simulate Simulate SDF
Add.. Apply to Region
/dut
x| 3-64
ModelSim
T — 5
DeslgnJD\t;HFE:L_] Verlog | Litraries | 50F] Options |
=

SDF File
F.fBuukfchapter-m.mmgfcwmer_ume Browse.. ‘
Apply to Region Dielay
dul ’Tw ~

[~ =oFt K Cancel |
"/ Di
 latest © min 7 max
™ Reduce SDF erors to warnings
ok Cancel

3-64
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3.6.5 VCD
VCD IEEE 1364 ASCII
Verilog VCD
Verilog VCD VCD ModelSim
IEEE 1364 VCD
VHDL ModelSim VCD VHDL Verilog
VCD |IEEE 1364 3-65
VCD commands VCD system tasks
ved add (CR-221) Sdumpvars
ved checkpoint (CR-222) Sdumpall
ved file tCR—231]‘l Sdumpfile
ved flush (CR-235) Sdumpflush
ved limit (CR-236) Sdumplimit
ved ofT (CR-237) Sdumpoff
ved on (CR-238) Sdumpon
3-65 VCD |EEE 1364
ModelSim 5.5 VCD 3-66
VCD dumpports commands VCD system tasks
vod dumpports (CR-224) Sdumpports
ved dumpportsall (CR-226) Sdumpportsall
ved dumpportsflush (CR-227) Sdumppaortsflush
ved dumpportslimit (CR-228) Sdumpportslimit
ved dumpportseff (CR-229) Sdumpportso ff
ved dumpportsen (CR-230) Sdumpportson
3-66 VCD
3.6.5.1 VCD
ModelSim VCD
VCD O\1\X\z
VCD
G VCD “ Example-3-
1”
1 “ Example-3-1”
“ Book/Chapter3/Examples3-12"
2. ModelSim “ Book/Chapter3/Examples3-12"
3. ModelSim
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vlib work
vl og counter.v tcounter.v
vsimtest counter
4, vcd file VCD ved add

3652

158

2.

vsim1l >vcd file nyvcdfile.ved
vsim2 >vcd add /test _counter/dut/*
vsim 3 >run
vsim4 >quit —f
VCD

VCD

ModelSim
vlib work

vl og counter.v tcounter.v
vsi mtest_counter
VCD
vsim 1>vcd dunpports —file muvcdfile.ved /test_counter/dut/*
vsim 3 >run

vsim4 >quit —f

VCD
VCD
VCD
VCD
vcd dumpports VCD
Testbench vsim —vedstim
Verilog
Verilog
“ Book/Chapter3/Examples3-12” ModelSim
“ Book/Chapter3/Examples3-12”
ModelSim
vlib work

vl og counter.v tcounter.v

vsimtest counter

vsi m 1>vcd dumpports —file counter.vcd /test_counter/dut/*
VSim 2>run

vsim 3>quit —f

vsim -vedstim VCD



&

vsi m —vcdsti m counter.vcd counter
vsim1l > add wave /*

vsim2 > run 200

3.7

ModelSim
ModelSim HDL
ModelSim Xilinx
ISE ModelSim ModelSim
ISE

3.8

3. ModelSim
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4 ISE

FPGA/CPLD
FPGA/CPLD
ISE ISE
XST Synplify/Synplify Pro Synplicity
Synopsys EDA FPGA Express  Xilinx
Foundation ISE Xilinx
FPGA Express FPGA Compiler Il FPGA
ASIC XST  Xilinx Xilinx
XST
XST ISE
. — — Synplify / Synplify Pro
e Xilinx — — FPGA Express
o Xilinx —— XST
4.1 — — Synplify/Synplify Pro
ISE Synplicity Synplify/Synplify Pro
4.1.1 Synplify/Synplify Pro
Synplicity Synplify/Synplify Pro FPGA/CPLD

Synplicity B.E.ST  Timing Driven



4.1.1.1 Synplify/Synplify Pro  ISE

Synplify/Synplify Pro ISE
HDL
Synplify/Synplify Pro HDL
HDL ISE 4-1
Initial Design Budgeting Active Implementation Final Assembly

Module Synthesis

Planning Ly Top-level Synthesis > Simulation
Design Entry Module P&R Top-level P&R

Xilinx Modular Flow Phases and Tasks
O Synplify Pro Tasks in the Flow

4-1 Synplify/Synplify Pro  ISE

4.1.1.2 Synplify/Synplify Pro

Synplify  Synplify Pro Synplify Synplify Pro
Synplify Pro  Synplify
4-1

4-1 Synplify  Synplify Pro

Synplify Pro Synplify

——Behavior Extracting Synthesis Technology B.E.S.T
——Text editing Window
HDL ——HDL Analyst
——FSM Compiler
——SCOPE
——New user interface
——Tcl Window
——L og Watch Window
——FSM Viewer
——FSM Explorer
——Timing Analyst
——Multiple implementations
——Probe point extraction
——File Cross-Probing

——Pipelining
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— — Synplify/Synplify Pro

Synplify Pro Synplify
——Retiming
Black Box ——STAMP
Xilinx Virtex/Virtex-I1 — — Verplex formal verification flow
——MultiPoint flow
——Modular flow
Synplify/Synplify Pro Synplify Pro

4.1.1.3 Synplify Pro

Synplify/Synplify Pro 7.6
1
Synplify / Synplify Pro
*  Windows 98/Me/ NT 4.0/2000/ XP
e Sun Solaris
* HP-UX
¢ Red Hat Linux
2.
Synplify/Synplify Pro
* Veilog Verilog 95
 VHDL VHDL 93
numeric_bit
 Veilog VHDL

HDL

3. HDL
Synplify Pro HDL ISE
HDL
Synthesis Check Synplify Pro
RTL View
4. —
Synplify Pro

IEEE 1346  Verilog2000 Verilog 2001
IEEE 1076
std_logic unsigned std_logic signed std logic_arith
Synplify/Synplify Pro

std_logic 1164 numeric_std

Verilog VHDL

Verilog VHDL

HDL Editor Synplify Pro
Syntax Check

HDL Cross-Probing

Technology View

Boolean
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5. —_—
Synplify Pro FPGA/CPLD
Xilinx ~ 10Bs CLBs Block RAM  Clk DLL
Synplify Pro Synplify
Pro
6. —B.E.S.T
B.E.ST Behavior Extraction Synthesis Technology
Synplicity Synnopsys
HDL
FPGA
ASIC FPGA
FPGA LUT
PLL DLL Block RAM
RTL FPGA
RTL
FPGA
—_— RTL HDL
FPGA
FPGA Vendor FPGA
FPGA
FGPA
B.EST Synplify Pro
RTL View
RAM/ROM Push
Technology View
CrossProbing flattening filtering
RTL log
7.
Synplify Pro
8.
Synplify Pro FPGA
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— — Synplify/Synplify Pro

Synplify Pro 7.0 RAM
9. SCOPE
SCOPE Synthesis Constraints Optimization Environment
SCOPE
Multipoint Synthesis Flow
10. DST
DST Direct Synthesis Technology FPGA/CPLD
Synplicity
11. RAM
Synplify Pro  RAM RAM
FPGA/CPLD RAM Synplify Pro RAM
RAM 4-2 Synplify Pro RAM
RAM Synplify
Xilinx Virtex /Il /Pro  Spartan3 FPGA Block RAM
ROM Block RAM
4-2 Synplify Pro RAM
RAM syn_ramstyle
Flex10K, ACEX Registers, block_ram RAM RA'\éAB RAM
Altera
APEX, Stratix Registers, block_ram RAM RA'!SB RAM
Atmel 40K registers LPM
Cypress 38K, 39K registers LPM
QuickLogic = QuickRAM  QuickPCI registers RAM
_ ORCA2/3/4 _ RAM
Lattice EC/ECRIXPISC registers, block_ram EBR  RAM
XC4000, Spartan select_ram, registers RAM RAM
Xilinx
Virtex select_ram, registers, block_ram, no_rw_check RAM RAM
12. Cross-Probing
Cross-Probing
RTL
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Technology

Synplify Pro Cross-Probing

Cross-Probing

13. RTL View

RTL View Synplify Pro

14. Technology View

Technology View FPGA/CPLD

15. FSM Compiler

FSM Compiler
Pro

Gray Code One-hot Code

16. FSM Explorer
FSM Explorer

FSM Viewer
FSM Explorer Timing Driven
17. FSM Viewer
FSM Viewer

18. Resource Sharing

CASE
Synplify Pro
19. Retiming
Retiming
Synplify Pro
110 Xilinx

166

ModelSim

B.EST

Primitive

Technology

Synplify

FSM Compiler

Synplify Pro  Synplify

SRL



& — — synplify/Synplify Pro

RAM Retiming Synplify Pro Retiming
Retiming Timing Driven
20. Pipelining
Pipelining  Retiming
Retiming Pipelining
ROM Pipelining
Pipelining
ROM
21. Probe
Probe Synplify Pro HDL
Probe
FPGA/CPLD
22. MultiPoint Synthesis Flow
MultiPoint Synthesis Flow  Synplify Pro
23. Verplex Conformal Flow
Xilinx Virtex/Virtex-11
24. Timing Analyst
Timing Analyst Synplify Pro 7.2
Xilinx ~ Altera Technology View
25. Automatic Gate Clock Conversion
Automatic Gate Clock Conversion Synplify Pro 7.3
FPGA
DLL PLL IP Core
IC
IC
IC FPGA
IC FPGA
Synplify Pro 7.3
IC
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26. Auto Constraints

Auto Constraints Synplify Pro 7.5
Auto Constraints Xilinx  Altera

Synplify Pro SCOPE
Auto Constraints Auto Constraints

Auto Constraints /O
DLL Xilinx DCM Xilinx PLL Altera
Xilinx Spartan Spartan XL Spartan 2 Spartan 2E Spartan 3 Virtex
Virtex E  Virtex Il VirtexIl Pro FPGA

4.1.2 Synplify Pro

Synplify Pro Windows
Synplify Pro 4-2

Senghly Pro - [ BEPUUL _asalysin' UL _snabmsispri] it . =18] =|
[DEe e vew ot B HLgee gt wrce g0 [ REE 1= =
v | . 3 & T
PROSHTS| + O8O s |muts |5 x }\‘
o =
BT (22000 ue »| -
Ctre tejes | B ||Dnne (wamings) — [FEETE)
Dlone Project | [Hiinw VirtmaZp - NEZVPZ : FRBT2 .7, mastn 100, pips, retiming
TR w1 ] senl I tme [ malina
E U _anklpric parc i) ﬂ s _uwl _prae. fes  Fils 10:233:38 1k i [T apens
B e lag ﬂ ghaa il _prse.evr Lag Ells 10:29:35 [kt [T 11 7]
[ w3 dr_Lakle b v —TARMINGE: 1 el _prae. sdf  sdif 10:33: 75 1k i [T aens
|£ dprahlialersn_ b v ~TARMINGE: 1 g ghaa_wl_porse. mef  PMEE Casx 1]:29:75 [kt [T 11 7]
I dpraaTw bdoe_bb. v ~APARMINGE : 1 O clas_ul_jrac. oo Gaks Tk 10297 -Na gD
l.ﬁ A Pxfirderecke_Bb v~ TARMINGT: 1 E’ ghaa il _prse.eve NTL Fakligk  10:239:22 [kt [T 11 7
lﬁ i Fodloli_bb v -CPARMINGET: 1 ﬂ e wl prae. tly Fils 10-29: 22 1k gt T 1
N sardvmi eddr_labds bb v ~SFARMINGE: 1 i clas il grae £ sesgbralat  LLRST SE-Noe20R
L N DOR_CK_bE v - PARMINGE : 1
'.I l|n -
'.I B ver_ 1 {obaes_nd_pares] ."'\-;‘
} ! I, -i Gobaek_ul_parcesl W :
%EFQ ﬂ ' ITHEEDH|
fEEsiE
il | Ll |
L3 Faraieki i L3
1-:»-l.l|u:I||.|5|’|-§|| (L] in pro mode -I Warat Slack = = I (NI s
uming Exploration reault file: *J:-BEF0I1_analyxisrm: - |
Mapper Cospleted Eratem - Tatimuted Pragasecr LZr. 1 Wz
. chma_ul_w»roc Tuck zeimplfMT-T
Mspper: 0 errors. 7 wernlngs. 9 notes " TTE ,J chma_al_srac Tatal Lats FTIMAE, |
Toisl: 0 errors. 24 warnings, 11 aoies T = cimn_ul_rroc fal_ck - Takimuted Framas [LLEE . 7
." _'I_I chmn_ul_sroc 1M primitieey 'x‘ La |
(IR TET: v ript  rmrs , Pomarige i Tk | (e | =l
[ [ mn

4-2  Synplify Pro
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& — — synplify/Synplify Pro

File
Edit
View Synplify Pro
Project Implementation Options
Add Source File Remove Files From Project
Change File VHDL Set VHDL Library
New Implementation
Run Synplify Pro
Synthesize Resynthesize All Compile
Only FSM Explorer Syntax Check
Synthesize Check Run TCL Script
Run All Implementations Job Status
Next Error Previous Error
HDL HDL Analyst Synplify Pro
RTL Technology
Synplify Pro
Options Synplify Pro
VHDL Configure VHDL Compiler Verilog
Configure Verilog Compiler Customize
Project View Options Editor Options
Schematic Options Xilinx Xilinx
Synplify Pro Xilinx Floorplanner
I SE Project Navigator
Window Cascade
Tile Horizontally Tile Verticaly
Arrange lcons CloseAll
Help Synplify Pro license
[Plar=daa| L
Project Wizard
= synplify Pro HDL 0

SCOPE Synthesis Constraints Optimization Environment
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|4 B &< MI
FSM
FSM
FSM

EREE] HDL

/ Toggle Bookmark
Previous Bookmark

Synplify Pro —
@] RTL View

Synplify Pro B.EST

Eﬂ Toggle
“o| Unfilter FSM
25| Filter by outputs

Next Bookmark
Clear All

RTL

ﬁl Technology View

T Timing Analyst
Synplify Pro 7.2

FGPA/CPLD
Bl Critical Path

Timing Analyst Timing Analyst

:I Filter on Selected Gates

% RTL View Technology View

LOPOOne |

Complier FSM Explorer
Synplify Pro 7.5

Resource Sharing

Synplify Pro

FSM
Retiming Pipelining
Auto



— — Synplify/Synplify Pro

Xilinx

TCL Tool Command Language

Congtraints
Altera
g Impl Options. .. I
®
6.
7.
8.
Warning Error
9.
I1/0
4.1.3 Synplify Pro
ISE Synplify/Synplify Pro
Synplify/Synplify Pro
4-3
Xilinx EDIF
ISE

ISE

Project Properties

Froject Froperties

Notes

LUT

Synplify/Synplify Pro
Synplify/Synplify Pro

EDIF

Propertr Hame Yalue
Device Familr Tirtez2P
Device padedly
FPackage fE256
Speed Grade -B&

Dezign Flow

Sroplifr Pro Verilog

-

{é’%ﬁ%:_jﬁ“ Iﬁ, == ig'}F‘JI{DL
B LD i XST TVerileg
Snplify Synpli: Progy T s 3?3];1“
VeritogTh WHOL IS iF R E. J\A Taplify Pro VEDL ]
?5'-'11-111"-' Pro Tarilog
e Wi ] IeEsm |
4-3 Synplify/Synplify Pro

Synplify/Synplify Pro
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4 ISE & XILINX

Synplify Pro
RTL View SCOPE

ALU Synplify Pro
Verilog VHDL
“ Example-4-1”

4131
Synplify Pro Project Wizard

= Project Wizard
1. Workspace ﬂ

—Becent Frojects

Exizting Project !

T \projectshaynpli fy_FronExamtvhdl \ALU Demo. prj
Hew Froject T:projects\Micro\CMEE&CODEC FFGA\symplify tst.prj
4|— T:\projectsiMi aratBEp2 \aynSym_hnalysis. prj
New Workspace. .. T:hprojectsiMicro\BBp2 synipro]. prj
ey,
—_— BRI TR

| |l

4-4

2. Project Wizard. .. I 4-5

ST El
Julack thy Trpa oE Fredeck Fee wish te cranks. E{l:iﬁr (1711 —-J

grejack pmmn wed dirackery whara tha progect will b awend 5 EI :

Projegk Fems:

T

Frojegk Jirsekory:
Frojack Tila:
| =

Jarl forr ronndng cospiladicn and pibscic

ceedo|r—ew:]  wm | mm | wm |

4-5

3' F—Fmw > Add Files ... I
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Synplify Pro

select Files to Add to Project 2=l
ERREQ: [ Qveriles o« ®Eef E

HDL_DEMO.Y

IfRE W [THDL_DEMO. VT ALV

THZEE @ [HIL Files % vhdi%. o) =l
Files To A

[T projectsySynplify_Pro\ExambverloghalULY
SprojectshSynplify_Pro\Exam‘wenloghHDL_DEMO W

< I mi
4
46
0K I i
Tl (gl I
Tnpl Options I
47
Laiert the Garget becheoingy a=d mapgisg opbioss: ﬂl

Julact tha dewice te mas Exr Chia desige Wam Kha dewics t '
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L ETNETET] r
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Synplify Pro 4-8
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4-8

SCOPE

SCOPE

SCOPE 110
Synplify Pro
75 Virtex Il Pro “ Auto

Congtrain” “ Auto Constrain”

“ Use clock period for unconstrained 10"

110
1/0
110

TERT, g T - B, -
Snphialy

ESPTTRTIe
Fevmaner i
m =|, T s CEIwis BETETH H A

QL e ST !

sl ] _m | _= )
4-9
=50 » “ Include”
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4-10

Open Project. .. |
| Fun

Synplify Pro*®
Kiliny Videx2p . XC2WP2 . FFE72 . -7, maxfan: 100, pipe,
Add File. . | T:projects\Synplify_Pro'Exam'whdlrev 2 N
E-E2F ALV Sym_demo (projest)
Change File | 723 venlog
Few Impl... | .

View Loz |
-:_;riﬁ- o (B8 GenE

FSN Conpiler

o bt |

Resource Sharing

Close Project

Retiming
Fipelining
= PR
x| add_file —wverilog J:-projects-Synplify Pro Ezam verilog-ALU.V :J
K| add_file —verilog J: projects-Synplify_ProsExam verilog-HDL_DEMO. ¥

3

b

% impl —name J:-projects-Synplify Pro/Ezxam-vhdl-rev_2
¥ =et_option —frequency 150.000000

% =et_option —-resource sharing 0

% =et_option —compiler compatible 0O
¥ =et_option —pipe

Antion —ratimine 1
‘
[ [ & [#, ToL Seript £ 0 emors b 0 wamings 0 notes [/

4-10

g

File
Project
Synplify Pro

4-11

by Franee. | - ||1_‘5ynphfy Pro

ml =chck 1o opan projeci=
bdd Fila. .. | [t pratacs |
— TENSEOON
EEH#-EH.- A A

TR Es 0,

PSS | g+~ T—
i

e Lig | Frajmck Ve Optian. . |

Aefresh |
,IIFUIEE____ 1
|
™ P Camnilar
4-11
New Project
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proj” Add
Source File 4-12

Open Project. Ran Syﬂp"fy Pro®

il Frejjoss | Hilinx Virtex2p : XC2VP2 : FFE72 : -7, maxfan: 100

Add File J:projectsiSynpli fy_ProBxaniveriloghrey_1 |
| = e

m oMM rev_l G Projsct Options... ALT+Enker

ﬁ Open As Text

View Log Synthesize F8

Resynthesize All

Hlew Implementation, .

Frequency

o Compile Only

Save Praject
[ F5M Conpiler
[~ FSM Explorer
R 5

Close Froject

4-12

Tnpl Options I

Synplify Pro EI
Save Project As 4-13

BFED: [Qverilog i I e

AL _syn_demoa.prii

TS @ LU S deno? pri [ mEe |

TRFZE M) [Project Files (Project) Bk prj) = Bl

4

4-13

Synplify Pro

4132
Synplify Pro HDL Syntax
Check Synthesis Check

Synplify Pro

Synplify Pro
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1. ALU “ case” “ caes’

2. Run / Syntax Check
4-14

Synplify Pro - [verilogt ALU.Y {verilog)] : —I—I' o ZI
Ei\e Edit Wiew Project Rum HDL Analyst Options Wwindow Help ;Iilll‘

PENZHGS s OB | s W o2 %
DroF2||[t2 0000t e 3|

00001 wmodule aluiclk, a, b, opcode, outp):
00002 input clk:

00003 input [7:0] &, b;

00004 input [2:0] opcode;

00005 output [7:0] outp:

nonoe Crass Probingts 3%
0007 rey [7:0] ouw;/ EEAEYREREE
boooa

]

0oo0s [(pozedge clk)
ooolo
00011 mde] /* synthesis full case */
0001z futp <= a + b;
00013 3'hl : outp <= a - b}
00014 3'hZ : outp <= a & b;
00015 3'h3 : outp <= & | h;
000le 3'hd : outp <= ~a;
oooL? endcase
00018 end =
00018 enduodule
noozo hd

4 »
Warning: Unrecognized synthesis directive full_case Line 11 Col 10 LM
ALY Sym_ ALY ¥

k| P
Al (eE: alu.v({12): Expecting ; @E:"j . “projectssynplify protexanveriloghalu v":12:3:12:7 =
@E: alu.v({1l): Ho definition for function-task caes @E:"j:“~projectssynplify pro“exam“weriloghalu.w":11:4:11:8
2 Verilog Compiler errors i%?b% Ezgﬁfﬂ‘?} ﬂfﬁﬂ%ﬁ;‘g; L i i
Crass Frabing T H7E {7 B H YR E _I;I
4 »
|ALATE TR, TCL Seript ), 2 ermors A 1 waming i 0 notes
| T

414

Cross-Probing
4. “ Verilog Compiler: 0 errors, 0 warnings, O
notes’

Synplify Pro

5. “ outp” output” “ input”
6. Run / Synthesis Check “
§ “ outp” wire’

reg’ <=
Cross-Probing 4-15
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synplify Pro - [verilog\ALULY (verilog)]

[¥) Elle Edit Wiew Project Run HDL nalyst Options window Help

-0l x|

=18 x|

P2

NEHGE + 08> & ||m e x

® 3 O & =

EP 0000 H &

00001 module alu(clk, a, b, npcuda,@
00002 input clk;
00003 input [7:0] a, b
00004 input [2:0] opcode:
00005 dinput [7:0] outp;
00006
00007 reg [7:0] outp:
0ooos
00009 always @(posedge clk)
00010 begin
00011 case (opcode) /% symthesis full case */
0001z 3'h0 : outp <= a + b;
00013 3'hl : outp <= a - b;
00014 3'hZ @ outp <= a & h;
00015 3'h3 : ooutp <= a | b;
00016 3'hd @ outp <= ~a;
00017 endcase
00018 end
00013 endmodule
0oozo

4

Error: Assignment karget: outp should be a wire type

]

»
Line 1 Col 36 [ [rom

ALY Sym_, .. ALV

x| I
4l [@E: alu.w(l): Assignment target outp should be o wize type @E."j “projectswsynplify provemem~verilogsalu v’ L1 3-1J K
1 Verilog Compiler error T [ #EEEEE, A
Lross PrabingiEi7 12 800 &
=
‘ ;I_I
[ AT MT, TCL Serigt A, 1 ermor 4 0 wamings 0 notes
[ um v

“ HDL_DEMO'
RTL View
RTL
Run / Compile Only
3 “osr

4133

]

il

1 g.sn

4-15

RTL

4-16

— | Type | Wodified
@ HOL_DEMO. srr log file 09:46:29 1T-Dec—2002
‘_h HOL _DEMO. =r= ETL Hetlist 09:46:29 1T-Dec—2002
@ HDL_DEMO. t1g file 09:46:29 1T-Dec—2002
4-16 RTL
RTL RTL RTL
Instances Ports Nets

Tree

. 110
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b

L

LOPPPOue |

“ al uu

RTL

RTL

Cross-Probing

RTL

4-17

“ al un

“ al uu
RTL

3
Cross-Probing

Synplify Pro - Sheet 1 of I - top level (of module hdl_dema) (RTL Yiew) Impl-rev_2 =]
File Edit View Projct Run HDL Analyst Options Window Help
e Zu =
PEOSHGS + 2B a m %«
gty -
RroTe L2 00001 e v
& Sheet 1 of 1 - top level {of module hdl_demo) (RTL ¥iew) Impl-rey. 2 =lol x| _d B[] 5]
=} © Instances () RITHE, e ~|oonzz reg start:
2 s 00023
(Bl @ Pt 5!%7%,'32@‘97\ 00024 “define op_add 3'h0
[ © Primitives Crass Probing T 55 #0E 00025 “define op_sub 3'hl
-} op_codel2:0] (dffre) 00026 “define op_and 3'h2
00027 “define op_or 3'h3
B start @ffre) " alu 028 "define op_unary 3'h4
T startd (andv) “ 00029 "define start code 32'hAFRSFE4T
£ state[9:0] (statemachine) L owpr0] B BrrE (00030
T ] 0003 alu BB .cli(clk), .outp(resu
§ wnl_op_code[2:0] (pmux) L.
el Dz 0] 00 e ellled opcode [2:01] 00032
[=] © Ports 19) —E 00033 always @ (posedge clk or posedg
B acouwn_al7:0] R alut 00034 if (rst)
00035 start <= 1'b0:
- .
aceun,_b[7:0] op_code(2] 00036 else if (start_value == "at
oo W clk - 00037 start <= 1'bl;
Lom in_a g—é{’- _%*4@7 00038 always @(posedyge clk or posedge
I, HEER 00039 begin
- V\ 00040 if (rst) hegin
;B inc 00041 op_code <= 3'h0:
H AL = o
© result[7:0] @@Eﬂ?ﬁg 00042 state <= "Sl;
s 00043 end
00044 else if (start == 1'bl)
B ctart value[31:0] _||oooas begin
[F} © Fets (14) - 00046 case (state]
2} © Clock Tree 00047 “Sl: begin op_code <= "o _
K1 [ — A [z
[ ALV Syn_. .. (3F) HOL_DEMD | hdl_demu.vl
4-17 RTL Cross-Probing

4134 SCOPE

Synplify
SCOPE Synthesis Constraints Optimization Environment
SCOPE  Synplify Pro

Pro SDC

SCOPE
Synplify Pro

Synplify Pro
SCOPE
Multipoint Synthesis Flow

SCOPE

g

4-18

SCOPE SCOPE

110 SCOPE
110

Multipoint Synthesis Flow

Compile SCOPE
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4 ISE
Top Level
Lfs SCOPE SCOPC Clocks
Clock to Clock I nputs/Outputs Registers Multi-
Cycle Paths False Paths Max_Delay Path
Attributes Compile Points Other 10
Clock to Clock Max_Delay Path Synplify Pro 7.3
4-19
38 Create a New SCOPE File x|
Initialize Constraints |Select File Type |
Initialize Constraints
Click on the constraints you want SCOPE to
el emiiedly EE AT E = R AT AT
ALL !
= b -B RS
> VR PR R R
B P29 B
b o @ @
i | i I kel I s e N s
4-18 SCOPE 4-19
1. Clocks MS1
Frequency Period Clock Group
Duty Cycle Rise At Fall At Route
Virtual Clock
“ define_clock”
Synplify Pro
“ Clock” Synplify Pro
“ Clock”
. Frequency Period
. Clock Group
Cross-clock
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false
paths
. Synplify Pro
“ Route”
. Virtual Clock
. Enabled
e Synplify Pro Fanout
Attribute “ Object
Type’ “ clock” “ Object”
“ Attribute” “ syn_noclockbuf”
SDC HDL “ syn_noclockbuf”
SDC HDL
4145
. HDL “ define_clock”
synplify Pro
Defining clock
4-20
maabled | oo | TGRS | R | memerew | MEM | TN RG] T |lem
l 1 p elk 100 10,000 default clkgrou 2 2 0. 000 pm]—
: e P e ui
3 4 FrEEETR [m|
+ ~ i
4-20 SCOPE
ﬁ SCOPE /0
2. Clock to Clock
Clock to Clock Synplify Pro 7.3
Clock
Clock to Clock Delay

Clock to Clock
‘ define_clock_delay” Clock to Clock 3 From Clock
Edge ToClock Edge Delay(ns)
* From Clock Edge
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“ .I:n

e ToClock Edge

13 r!! 13 f!!
« Delay(ns)
ns
“ faI %H
“ false path”
“ CLK2" * CLK3 “ CLK4”
“ CLK3” 5ns 4-21 Clock to Clock 4-
22 “ CLK2" “ CLK3Z
false path Q2 Q3 false path “ CLK4"
“ CLK3" 5ns “ CLK4" “ CLKgZ
clock delay 5ns  skew “ CLK4” * CLK3
Q1L D2 5ns clock skew
i !
01 :01 DE:
CLK4 S /
GCLKI
CLK2
CLK- :. | =
CLK3
Q 10 20
4-21 Clock to Clock
Enabled Fro-}::::‘:k L }:C;::k Delary (ns) Co
: [ CLES ¥ ¥ w, CLKaf) EFHATICLIG K
z [ CLEZ 7 CLEZ:Y false B 7 il f5EE b 5ns
2 v \
7 v N CLK3I BCcLhz 2 RFrtE
4-22  Clock to Clock
3. Inputs/Outputs
I/0 Input Delay Output Delay
“ define input_delay” “ define output_delay”
I/0
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Teko 4-23

Tlnput Delay — Tcko +TLogic

Texo
Board
I‘— Tindelay ——— Chip
CLK
4-23  Input Delay
TLogic
Tsu 4-24
Toutput Delay = Tsu + TLogic
Tsuy
Board
Chip [— Toutdelay —_—
CLK
4-24  Output Delay

1/0 Port Type Clock Edge

Value Route

« Port /10 “ input_default”

“ output_default” 1/0

e Type input_delay output_delay

e Clock Edge

e Vaue ns

¢ Route

I/O 4-25
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Enabled Port Trpe Clack Edee VE‘nls‘;e Bfr‘\‘s‘f

1 (p\ Cinput default> input_delar clk:x [5
2 L Coutput defauli’ output_delay ciic’’y H
3 r accum_a[7:0] inpuit_delar

4 (] acoum_b[7:0] input_delar

5 | in_a input_delay clkix H
3 | in’b input_delay clier’y H
7 [~ inlc input_delar cikly H
[ (m] rezult[7:0] cutput_delay pa {W}é’?}’é’jﬁJ
] (] rst input_delay

1o (] start_walne[3170] input_delay

4-25 SCOPE 1/O

4. Registers

“ define reg _output_delay” Registers
SCOPE
4-26

“ define _reg_input_delay”

Enabled Eegister Trpe "E’:s‘)e
1 m op_codelz: 0] reg_input_delar L
] \w alul. outp[7:0] reg_output_delar 4]
e 2 =mE]) Y
e
4-26 SCOPE

5. Multi-Cycle Path

“ define_multicycle path”
Multi-Cycle Path
*  From
« To
* Though
¢ Cycles
Multi-Cycle Path
Timing Driven

Multi-Cycle Path

Multi-Cycle Path

Critical Paths

“ False Paths’ 4-27 Multi-Cycle Path
Multi-Cycle

Multi-Cycle Path
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X
5
"
u
o
o
e
=
=
' out_tmp .

Without With
Multi-Cycle Multi-Cycle L
4-27 SCOPE
6. False Paths
False Paths Multi-Cycle Path
False Paths
“ define false path” False Paths
False Paths “ From” “ To” “ Through”
“ Cycles’ Multi-Cycle Path
Clock to Clock Multi-Cycle
Path False Paths False Paths False paths
. False Paths False Paths SDC
HDL “ define_false path”
False Paths
. Clock
Synplify Pro False
Path Fase Paths
. Clock to Clock Delay “ false” Synplify Pro
False Path
Fa se Paths
3 False Paths
4-21 Q2 D3 False
Path 3
. False Paths Q2 D3 “ False Paths”
. Clock “ CLK2" “ CLK3”
. 4-22 “ CLK3” “ CLK2”
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" fal%"
7. Max Delay

Max Delay

523

“ define_path_delay -max” Max Delay

8. Attributes
Synplify/Synplify Pro

“ syn” “ dtera” Altera
“ xc” Xilinx
Synplify Pro Attributes
SCOPE
global port input_port output_port clock
view instance register fsm blackbox
10 Object Type Object
Enabled
4-28
{p\ Garys  op_code[2:0] srr_mazfan 50 integer Overrides the defanl! fanout
\Trj‘ 2\—{@%;;;5%} — srn_noclockbuf 1 boolean Use normal inpui buffer
(ST S L_% o)
428  SCOPE
SCOPE Synplify Pro SCOPE
% SCOPE Synplify Pro SDC

9. Compile Points

Compile Points
Synplify Pro 7.2
locked
ISE 6
Points’
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Synplify Pro  * Compile
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8 —_—
4-29 113 alu"
Enabled
Enabled Nodul & Trpe
I i alu locked J
4 N [(HEEs
Il
4-29 SCOPE
10. Other
10 SCOPE Ll
gjc B &) I
210
SCOPE 4-30
T \projects'Synpli fy_Fro\Exam'whdl'rev £
E@ ALY Sym_demo (project)
Ea constraint
i E ALU_Ssn_demo. =de
a werila
v \ BEL
[ Hor_nEMD. v A
rev 2 (HOL_DEMO)
4-30
4135
Inpl Options... I 4‘31
By o v e i ol el ll vl ol IR T PP = g
s e
[Viliw riveaely =] h; =] i"' = E =
Brvins Ny Bpriam
[T e 1 H..: j:
Wi 1B T P
opad iy v
LT LNE= SR R TR e T r
E:-i b S B 5 RETIFAS _J
Syngaiciry
L] = j = |
4-31
Device Options
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&
Constraints Implementation Results Timing Report
Verilog VHDL 6
1
4-7
Fanout Guide /O Disable 1/0O Insertion
Pipelining Update Compile Point Timing Data
Verification Mode Modular Design Retiming
2.
4-8
FSM
Compiler FSM Explorer Resource Sharing  Retiming
Pipelining
3.
SDC
SCOPE
SCOPE 4-32
X
Dol =i o Bamlen | lidm b il |
b | By Cerrau %
— S R |
E-T_i'z'-:.g-"...n_ b e s sl w
‘\-\-\-\-\-\"-\.\_ Tl e
BT <
e o | Synpicity
(o] = | = |
4-32
4.
Synplify Pro
EDIF VQM
Xilinx EDIF
NCF NCF SDC Xilinx
Synplify Pro Compile
3

Implementation Xilinx
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4-34

Verilog  VHDL

4.1.3.6

Synplify Pro
“ Compiling” “ Mapping”
“ Done’
4.1.3.7
4-35
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ss tlg  sr edif

fse
ncf Xilinx srm
Type Modified
edif 19:56: 34 17T-Dec-2002
file 19:56: 34 17T-Dec-2002
PR Constraints 19:56:34 17-Dac-2002
lag file 19:56: 34 17-Dec—2002
Gate Netlist 19:56:33 17-Dec-2002
RTL Hetlist 09:46:29 17T-Dec-2002
HDL_TEMO. 1z file 03:46:29 17T-Dec-2002

4-35

L]

Log Parameter rev_2
elk - Estimated Frequencr 57.1 MHz
clk - Fequested Frequencr 1000 Mtz
hdl_demo |clk - Slack —6.BE3
hdl_demo|clk - Estimated Frequency 75,0 MHT
14l dema|cik = Heqnasied Fraquency 1800 Wit
hdl demo | elk - Elack ZE.EEE

hdl_demo Part zc2vp2ffET2-T
hdl_demo I/0 primitives ]
3
t Elack
~ Estimated Frequencr
~ Requested Freguency
clk - Estimated Period
clk - Requested Feriod
clk - Slack
hdl_demo [clk - Estimated Frequency ¥
(=l
4-36
L]

Technology View RTL
RTL
Timing Anayst
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518

File Edt Wew Projsct Run HDL Analyst

LR OPPPNe |
Cross-Probing

4-37

Synplify Pro - Sheet 2 of 3 - top level (of module hdl_dema) (Technalogy Yiew) YIRTEX2P: XC2¥P2FF672-7 Impl-rev. 2

=18

Options  Window Help

AL Sym_

= =
PEOSHGS » 880 a[mos [« a x|
e | m - "
OF o o Rt He
B-Sheet 2 of 3 - top level {of module hdl_demo) {Technology ¥iew) ¥IRTEXZP: XC2¥P; =S|
-2 opue_r_g| 0001
I (&, #erzae & = —
T R L T 00021 reg [2:0] op_code:
stats dema_ 055 Frobing T $ 17 00022 reg start:
< Primitives ﬂi 00023
O Forts @) ; 000z4 “define op_add 3'h0
al
00025 “define op_sub 3'hl
- orp etz 1 i
seeun_alT:0] ] o 00026 “define op_and 3'h2
- B accun_b[T:0] - 00027 “define op_or 3'h3
J— ‘define op_wnary 3'hd
- ‘define start_code 32'hAFISFE
e . ||oonad
- B inb b s OBUFF 2 apoai clkiclk], .outp(re
) o0
S ine L o003z
B ek 00033 alweys @ (posedge clk or posc
res g::.::.:;.g restory el 1 00034 if (rst)
- B st gy 00035
AP0
B start_walnel[31:0] st noo3s clse if (start_value ==
= i
iy 00037 start <= 1'bl;
ticn
[+ & Wt &) O result obul laon3s always @(posedge clk or posec
e 00039 begin
TR 00040 if {rst) begin
EL i 00041 op_code <= 3'h0;
rm amn b op 0 gsgzi s;ar.e <= "81;
=
8 o 2.0
[ e 00044 else if {start == 1'bl]
2lut 00045 begin
B 00046 case(state)
00047 *51: begin op_code <=
00043 state <= "¢
00043 end
FOCE nnen TEIN: herin o ecode &
| (1< i
[ — [ Mo

£ HoL_newo. . [i2

ALV | HOL_DEMO. ¥

Synplify Pro

4-37 Cross-Probing
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Flatten Schematic

& Show Critical Path
$ Timing Analyst...
@& Find...

t? Filter Schematic

Tl, Push/Pap Hierarchy

Select All Schematic »
Select all Sheet L4
Unselect Al

F

UnFlatten Schematic

SCOPE 4

4-38 Flatten Schematic

4-39

- =
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T e®
e,
ELTTOE
Fad 3
=

eara
e Aozl

easa
[T

LS ) i

AT o i
CJ
sgece [
SRR -
e
[
un Moy

. 5 n My

eI
A

exsa
B Abrare g )

LT ey

Mg

biar e o

Ahnare oo b

4-39 Synplify Pro

4-40
. Select Net Driver
. Select Net Instances
. Level
. Expand
. Select All Schematic
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synplify Pro - [Filtered Sheet 1 of 1 - top level {of module hdl_demo) {Filtered Technology Yiew) YIRTEXZP: XC2¥PZFF6 ¥ == x|
{)Fle Edt Yiew Project Run HDL Analyst Options Window Help Isolate Paths =13 x|
= '] =
P |z E ﬁ n ﬁ @ ‘ & f) Q ‘ ] HJ- 0“. {.)\2 Hj v % Current Level Expand Paths
e ety - = Q Q 9 @ L Shaw Cantext
o Ik ER
@ K"‘}' @ L Back  Fud tl’ "‘ "’ Hide Instances
Unhide Instances
Shov Al Hier Pins e
] Dissolye Instances
Gota Met Driver m:v'u"
Select MNet Driver
Select Net Instances e
Current Lewvel 3
& Show Critical Path i
e, I Timing Analyst... ..
e #hEnd..
u EZE Filter Schematic !
o I~ 4 PushPop Hierarchy o
= Select All Schematic 3 .
Select All Sheet 3
Unselect All
Flatten Schematic s
UnFlatten Schematic -
SCOPE 3 ,‘
niar e V\
EERE G
e EadFE
E-muu o
i apins
[ ALY _Spm_ ALU.V {3 HDL DEMO. .. I
A[ATAT5 T TCL Seript £ Do G2 waings e tnois ] |ﬂ; e — T — =
Expand code of logic UM

4-40

Synplify Pro

ISE EDIF

4.1.4 Synplify Pro

Synplify Pro
Pro

4141

Workspace

B—x
1"

Expand Path

——EDIF NCF

Synplify
Synplify Pro

“ Example-4-

Project Wizard
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ﬂ e E— I
Workspace 4-41
ST X
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4-41 Workspace
T Add Files ... I
prj Workspace el
Workspace Synplify Pro
“ MyWorksapce’
4-42
T:\projects\Synpli fy_Pro\Examivhdllrew 2 | rev. 2 Type Modi £ied
E. Myt orkspace (workspace) @ HDL_DEMO. edf edif 19:56:34 17T-Dec-2002
o5 _,, . damo e %ﬂzkﬂ HDL_DENO. £s2 file 19:56:34  17-Dee-2002
E-53 constraint arkspace PSR Coms... 10:56:34  17-Dee-2002
b [ ALU_Syn_demo. sde log file 19:56:34 17-Tec-2002
a werilog Fate Net. . 19:56:33 17-Deec-2002
e [ ALY Fafic () HOL_DEMOD. srs RIL Netlist 09:46:29  17-Dec-2002
HOL_DEMO. ¥ s \..[S] HDL_DEMO. t1g file 08:46:28  17-Dee-2002
; rev_Z  (HDL_TEMD)
E---@ ALV Syn_2 (project)
Ea verilog Workspace EPJ?EEP
HOL_DEMO. ¥ -DNOTES: 1 TRpEsast
ALV
rev_l  [(ALU)
4-42 Workspace
Verilog
VHDL Synplify Pro
SDRAM
a8 “ Example-4-1"
Synplify Pro “ Mix_scr”
“ Example-4-1~ 6 verilog brst_cntr.v
definev  ki_centrv - ref_cntrv  sdrmv sys intv 5 VHDL
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virtexe.v”

VirtexE

VirtexE
ViretexE.vhd

Virtex2 Virtex2.v Virtex2.vhd
12 v .vhd 4-43

oK I
VHDL  Verilog

Select Files to Add to Project

21X

SRR @ [ Qe R S s =

[ Jrev_1

brst_entr.

[utdeslt_cntr vhel

define.
ki_cntr.w

mki_pkg. vhd

IHEW:  [Tays_int v" “eslt_amtr. vhd” Tdefine v

MR (1) fHIL Files (. vhdi%.v) |
Files To Add To Project

I projects\Synphly_ProsE amiMinesh_crtr.vid e Rdd AT |
Jhprojectz\Synplify_Pro\Exam'Miximti_pkg vhd = =
Jhprojects\Synplify_Pro\Exam'Mixvcd_cntrvhd add
Jhprojects\Synplify_Pro\Exam'Mixvsdime_state. vhd s
Jhprajects\Synplity_Pro\Exam'Mixiedin_t.vhd
Jhprojects\SynplifProsExamshixsbrst_cntry Femave Al >
Jhprojects\Synplity_Pro‘Exam'Mixidefine v

Iprojects\Synpiily_FrotExamiMisiki_ontr v Flemive 5
Jhprojects\Synplify_Pro\ExamiMixvef_cntr.y
Jhprojects\Synplify_Pro\ExamiMixtsdim. v
JprojectshSynplity_ProSE xamihixisys_int v oK

4| |l Cancel

|
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Verilog Top Leve
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T hprojectshSynplify Fro\Exam'Mix‘rev 1

—-i vhdl

]

MWix_scr [projert):
[work] cslt_entr. vhd
[work] mti_pks vhd

i) [work] red_entr. vhd

: [work] =drme_state. vhd
o g [work] sdrm_t. vhd

define. v
ki_cntr.w
ref_cntr. v
sdrm. v
sys_int. v

rev_l (sys_int)

VHDL  Verilog

Verilog

Top Level
Verilog
Include Path Order”
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4142 FSM
Synplify Pro 3 FSM Compiler FSM Explorer  FSM
Viewer 3 FSM FSM
1. FSM Compiler
FSM Synplfiy Pro Synplfiy Pro
FSM Compiler FSM FSM
FSM Compiler FSM
FSM Viewer FSM Explorer
FSM Complier FSM Compiler
FSM Compiler
FSM Compiler
FSM Compiler FSM FSM
FSM Compiler 4-3
4-3 FSM Compiler
FSM FSM
Verilog reg [3:0] curstate /* synthesis syn_state_machine=0*/ ; reg [3:0] curstate /* synthesis syn_state machine=1 */
signal StateName: state_type; signal StateName: state_type;
VHDL attribute syn_state_machine :boolean; attribute syn_state_machine : boolean;
attribute syn_state_machine of curstate: signal isfalse; attribute syn_state_machine of curstate: signal istrue;
2. FSM Explorer
FSM Explorer FSM Compiler
FSM FSM Compiler FSM Explorer
FSM Explorer FSM
FSM Explorer FSM FSM Explorer
Synplify Pro FSM Explorer
FSM Explorer
FSM Explorer FSM Explorer 4-4
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4-4 FSM Explorer
FSM FSM
Verilog reg [3:0] curstate /* synthesis state_machine */ ; reg [3:0] curstate /* synthesis syn_encoding “gray™/
signa curstate : state type; signal curstate : state type;
VHDL attribute syn_state_machine : boolean; attribute syn_encoding : string;
attribute syn_state machine of curstate : signa istrue; attribute syn_encoding of curstate : signal istrue;
3. FSM Viewer
Synplify Pro RTL FSM
FSM FSM Viewer FSM FSM Viewer FSM FSM
Compiler  FSM Explorer
413 “ ALU” FSM Viewer

= FSM Viewer
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1. “ ALU_Syn demo” RTL
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Synplify Pro
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FSM Viewer
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Pipelining

SCOPE

199



4144 Retiming
Retiming Synplify Pro Pipelining

Retiming Retiming

Retiming LUT Look Up Table
LUTs LUTs

Retiming
Retiming Xilinx  Altera Retiming
4-51

|- Retiming ——me=

Run

Data — Red H LuT

S
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Clk ] ] j—|
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I¥ Fipelining —l
Data —| Reg Reg K Lut M Lut HRe9 —

|
L
L1

Clk
4-51 Retiming
Retiming 4
SCOPE
Retiming Retiming
Retiming
4145
SCOPE
Attribute HDL
Synplify Pro
SDC Xilinx 1SE UCF
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FGPA/CPLD
Synplify Pro Xilinx NCF
Synplify Pro SDC NCF
NCF Xilinx NCF Xilinx
Synplify Pro Xilinx NCF
NCF Xilinx UCF UCF NCF
UCF
Synplify Pro Synplify Pro
NCF Xilinx UCF
4.1.4.6 Cross-Probing
Cross-Probing Cross-Probing
Synplify Pro RTL FSM
Viewer Cross-Probing
Synplify Pro Cross-Probing
4.1.4.7 MultiPoint Synthesis Flow
MultiPoint Synthesis Flow  Synplify Pro
SCOPE Compile Points
locked
Xilinx
8 R
4.1.4.8 Timing Analyst
Synplify Pro Timing Analyst Xilinx
Altera Technology View
“ ” Timing Analyst
G Timing Anayst
“ Example-4-1”
1. “ ALU_Syn_demo” 3
Timing Analyst “ op_code” “ result”
4-52
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[¥ Open Schematic
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Resources Sharing

. Amplify
Synplicity Amplify
. Coding Style
4.1.4.10 Black Box
2 FPGA/CPLD
IP Core Synplify Pro
Synplify Pro
SCOPE Attribute
HDL 4-5
4-5 Black Box
Verilog /* synthesis syn_black_box */; * synthesis syn_black_box black_box_pad pin=" "*/
VHDL attribute syn_black_box of bbox: component istrue; att.rli.bute black_box_pad_pin of - component is”
e Xilinx
* CLKDLL” *“ BUFG” Xilinx
Synplify Pro Xilinx
" include”
Synplify *lib\Xilinx”

Virtex VirtexE Virtex2 Virtex2P CoolRunner CoolRunner2
VHDL

. STAMP
STAMP  Synopsys EDA
STAMP
STAMP Synplify Pro
4.1.4.11 Probe
Probe Synplify Pro

Verilog

Synplify Pro
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Probe

ISE 51

. Probe

4-6

Probe
HDL

Probe

PACE

SCOPE

Probe

Probe

Probe
Probe

Attribute
4-6

Probe

Verilog

VHDL

reg [7:0] alu_tmp /* synthesissyn_probe=1 */;

/* synthesis syn_probe=1 */;

signa alu_tmp: std_logic_vector(7 downto 0) ;

attribute syn_probe : boolean;

attribute syn_probe of alu_tmp : signal istrue;

Probe
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SCOPE
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Ol 5

£ 2 PPOPHe »

result[0]; Fanout=1
result[1]; Fanout=1
result[2]; Fanout=1
result[3]; Fanout=1
result[4]; Fanout=1
result[5]; Fanout=1
result[6]; Fanout=1
result[T]; Fanout=1

[V B = R v

- B rst, Fanout=3
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Probe
41412 Xilinx
Synplify Pro  Xilinx Synplify Pro  Xilinx
Synplify Pro Xilinx
Synplify Pro
“ SRL” SRL
16 SRL
FPGA Synplify Pro Xilinx RAM  Block
RAM
Synplify Pro Options
Start Floorplanner Start I1SE Project Navigator Xilinx ISE
4.2 Xilinx — — Synopsys
Synopsys FPGA Express Xilinx
Synopsys EDA FPGA Express Xilinx
Foundation ISE Xilinx
FPGA Express FE FPGA Compiler Il
FPGA ASIC FPGA Synopsys
ISE Foudation
Synopsys
FE VHDL Verilog FPGA FE
Windows Solaris  HP-UX
FE FPGA 4-55
FPGA Express
S
Key-:- - Optional
455 FE
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FE VHDL Verilog EDIF XNF
FE EDIF XNF
4.2.1
FE DesignWizard Push-button Performance constraint-driven  Multiple-device
hierarchical Script-based FE

4.21.1 DesgnWizard

DesignWizard FE
FE DesignWizard
File / DesignWizard DesignWizard
DesignWizard
DesignWizard
FE Verilog VHDL
CPU

4.2.1.2 Push-button

Push-button
FE
Push-button
File / New Project
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CPU
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4.2.1.4 Script-based
Script-based FE

Push-button

FE
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4.2.1.5 Hierarchical Multiple-Device

Multiple-Device
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FE

. FE

. EDIF  XNF

. Verilog VHDL
4.2.2 FE

FE FE
8 FE
“ Example-4-2"
“ Example-4-1”
“ D:\work\examplé\4d_1\source”
4221 FE
FE FE
FE FE
Chip
4222
QI File / New project
FE
“ work\example\4_1” name
“ tutor_porj” FE 41
“ tutor_porj” tutor_porj “ work”
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4223
3
.
. Synthesis / Add sourcefiles
. Add Sources in
WORK
FE
] &
ful
FE
FE HDL
example\d_1\source tutor.v counter.v
FE
Design Sources 4-57
Design Sources
E--al tutor_fe_proj 3“
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R Update File /
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]‘;Jjgj{ﬁ:% Edit File
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File Report. ..
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4-57
4224
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. Edit File
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4.2.2.9
FE

Chips View Schematic
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(€N} Chips

)
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Cell Cell

4-67
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Xilinx — — Synopsys
FE VHDL Verilog
(1) Chips )
Export Netlist
4-68
2|
Erpert Directory [EHIEE TS ORI bros |
Flwoy wrd Beuala Eamlatacn
B Bepret Timiog Bpeciiontion || Tt Tt o ]
b S [P ] || T i
[ | Cunnal | uy |
4-68
@)
©)
NCF NCF
5.6.2
4 EXPAND
1/0 %9 %d :
%d] s %d
C oo
(5) FE
VHDL Verilog
42211
Chips
Reports
4.2.3 FST
FST FPGA Script Tool FE TCL
FE FE UNIX
UNIX
FST FST
FST Design Compiler

217



ISE &

FE DC Design Compiler Synopsys ASIC

8—x FST

218

set proj anR910_proj

set top AM2910

set target XC4000E

set Chip AMR2910

set export_dir export_dir

set proj am2910 proj proj

man set set

exec cnd /c rd /g /s anR910_proj
create_project -dir . $proj

exec cmd /c rd /g /s am2910 proj

am2910 _proj exec tcl
create project —dir . $proj
proj am2910 _proj
am2910 proj

open_proj ect $proj

proj _export_timng_constraint = "yes"

default _cl ock_frequency = 45

create_library LIB

“ Example-4-3”

am2910 proj

Windows rd

$proj

add file -library LIB -format VHDL anR910/Ii b. vhd

LIB VHDL

add file -format VHDL an910/an910. vhd
add file -format VHDL anR910/ bt s4. vhd
add file -format VHDL anR910/control . vhd

LIB



& Xilinx

set _clock -period 20 -rise 0 -fall 10 CLOCK

— — Synopsys
add_file -format VHDL an910/regcnt. vhd
add file -format VHDL anR910/ st ack. vhd
add_file -format VHDL an910/ upc. vhd
add_file -format VHDL an910/y. vhd
8.
anal yze_file —progress
progress
force
9. Chip
create_Chip -progress -target $target -name $Chip $top
$Chip $top Ptarget
progress
10. Chip
current _Chip $Chip
source constraints. fst
Chip TCL
constraints.fst
11. Chip
set opt_Chip [format "%- Optinmi zed" $Chip]
optim ze_Chip -progress -nane $opt_Chip
Chip
12.
i st_nmessage
13.
report_timng
14.
exec cnmd /c rd /s /q $export_dir
exec cmd /c nkdir $export _dir
export _Chip -progress -dir $export_dir
15.
cl ose_proj ect
G
UCF
1.
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create_subpath -from nane ny_from -to_nane my_top -fromlist
/ AM2910/ UL\ / STACK _TOP_reg<3> -to_list /[/AM2910/Ul\/STACK TOP_ reg<l> -maxd
10 (RC, CLOCK) : ( RC, CLOCK)

3.
set_max_delay -path ny_fromnmy_to 77
4,
set _input _delay -group "(I)" 21 "/AM2910/D<1>"
5.
set_out put_delay -group "(O" 23 "/AM2910/Y_QUTPUT<1>"
6.
set _out put _del ay 24 "/ AMR910/Y_OUTPUT<2>"
7.
set_nodule_primtive preserve "/ AM2910/ 4"
4.3 Xilinx —— XST
ISE XST
4.3.1 XST
XST  Xilinx Synthesis Technology Xilinx 1SE XST
Synplify Pro Xilinx
FPGA/CPLD XST Xilinx
XST ISE ISE
XST HDL ISE XST Verilog
VHDL XST NGC XST Log
ISE XST
XST XCF XST
Congtraint File UCF User Constraint
File UCF XCF
XST
UCF
XST Xilinx
UCF XCF NCF PCF 5
XST 3
. HDL
XST HDL
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Xilinx ——XST

e HDL
XST
Recognition
Sharing

ISE6

XST
Timing Optimization
Register Replication

Timing Driven

FPGA CPLD

4.3.2 XST

XST

Verilog XST VHDL

Navigator 21
FPGA/CPLD
4-70
CPLD

4-69 FPGA

Project Navigator

XST Macro
FSM Extraction Resource
XST HDL Xilinx

XST

Macro Implementation
LUT Mapping
XST FPGA

CPLD

XST
Project
XST

Verilog/VHDL
XST Verilog

XST VHDL

Process Properties x| Process Properties ﬂ
Synthesis Options |HDL Options | ¥ilinx Specific Options | Synthesis Options |HIL Options | Xilinx Specific Options |
Property Hame Yalue Property Hame Yalue
Optimization Goal hrea Optimization Foal =
il sEiiem et Hien Optimization Effort High
Srnthes1sRconstsin iSRRI Srnthesis Constraints File
Wz Ermilicais meimainis Fila 2 Use Synthesis Constraints File v
feeo Hierarcl.ly _ [ Keep Hierarchr [
EUAE Wi e ?oal 11C1ackNet= Flobal Optimization Foal llClockHets
Generate RTL Schematic Tes -
Fead Cozes = Generate KTL Schematic ‘Ijs
Rrite Timing Comstraints r LA e v
Ces Oileds frmilomis = Write Timing Constraints
T omnds Ponaier - Cross Clock Analrysis
Bus Delimiter ) Hierarchr Separator _
Slice Ttilization Ratio 100 et el Al s e
Caze Maintain Slice Utilization Ratio 100
Verilog 2001 I~ Case Lower
Verilog Search Faths VHDL Work Directorr fzst
Verilog Inelude Directories ] VHDL INI File
T Wi | persar | W | i Bl | peraur | EmEB |

4-69 XST Verilog

3 3
Verilog/VHDL

HDL

4-70 XSTVHDL
Xilinx
FPGA/CPLD
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4 ISE &

1 Synthesis Options
. Optimization Goal
Area Speed
. Optimization Effort
13 High"

. Synthesis Constraint File

XST XCF
. Use Synthesis Constraint File
. Keep Hierarchy

XST
XST
. Global Optimization Goal
FPGA

ALLCLOCKNETS OFFSET_IN_BEFORE OFFSET_OUT_AFTER

INPAD_TO OUTPAD MAX_DELAY 5
. Generate RTL Schematic
RTL Synplify Pro “ RTL
View” RTL
Synthesis RTL
. Read Cores
FPGA XST EDIF/NGC
. Write Timing Constraints
FPGA HDL XST
Xilinx ~ NGC
. Cross Clock Analysis
XST
. Hierarchy Separator
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& Xilinx

——XST

XST

. Bus Delimiter
o Slice Slice Utilization Ratio

FPGA
. Case
« VHDL VHDL Work Directory

VHDL VHDL
* VHDL INI VHDL INI File

VHDL VHDL INI
* Verilog Verilog Search Paths

Verilog Verilog
* Verilog Verilog Include Directories

Verilog Verilog

2. HDL HDL Options
HDL
FPGA CPLD FGPA
. FSM Encoding Algorithm
One-Hot
Gray XST Auto
. Case Implementation Style
“ case” “ FULL_CASE”
“ PARALLEL_CASFE’
. Mux Extraction
Mux XST
. Resource Sharing
XST
. Complex Clock Enable Extraction
XST

XST
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4 ISE &

« RAM RAM Extraction
FPGA RAM
« RAM RAM Style
FPGA RAM RAM  Block
RAM RAM Distributed RAM
« ROM ROM Extraction
FPGA ROM
. Mux Style
FPGA Mux
. Decoder Extraction
FPGA Decoder
. Priority Encoder Extraction
FPGA Priority
Encoder
. Shift Register Extraction
FPGA Shift Register
. Logical Shifter Extraction
FPGA Logica Shifter
Extraction
. XOR Caollapsing
FPGA XOR
. Multiplier Style
FPGA Multiplier
Virtex-1 Virtex-11 Pro
Block Multiplier LUT
3. Xilinx Xilinx Specific Options
Xilinx
. 1/10 Add IO Buffers
FPGA/CPLD 110
I/O Buffer
. Equivalent Register Removal
FPGA/CPLD
Xilinx
Primitive
. Multiplier Style
FPGA Multiplier
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Block Multiplier LUT
Virtex-1l  Virtex-11 Pro
Max Fanout
FPGA
Number of Clock Buffers
FPGA FPGA
BUFGP
Incremental Synthesis
FPGA ISE 5

Register Duplication
FPGA
Buffer

Register Balancing
FPGA Synplify
Pro * Retiming”

Move First Stage
FPGA “ Retiming”
Move Last Stage
FPGA “ Retiming”
Slice Slice Packing
FPGA Slice Packing
Slice Packing LUT Slice
CLB LUT
/1O 10B Pack 1/0 Registersinto I0Bs
FPGA 10B
Xilinx FPGA  10B
0B IO PAD
1 2ns /O
Clock Enable
CPLD CPLD
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CPLD
. Macro Preserve
CPLD
. XOR Preserve
CPLD
« WYSIWYG
CPLD

4.3.3 XST

XST XST
XST RTL
g XST “ 4bit ”
“ Example-4-4”
Verilog VHDL

1 HDL Editor
Template 4bit

XST Verilog  XST VHDL
FPGA 4-71

Project Properties x|

Project Properties

Propertr Hame ¥alue
Dewice Family Tirtez2
Device ze2vdd
Fackage czldd
Speed Frade B
De=zign Flow

HET Verilog -

HEXSTRIRAR | —

dofpect rum VHDL
Leonardofpectrum Veril
Sroplifr Pro VHDL
Sroplify Pro Verilog [

= 5 Sroplifyr VHDL
e o |

q8rnplify Verilog

4-71 XST
2. Sources in Project
Processes for Current Source Synthesize
XST HDL
Xilinx 4-72 4-74
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——XST

Process Properties

Synthesis Options | HDL Options | ¥ilinx Specific Dptionsl

Propertr Hame Yalue
Optimization Foal Speed
Optimization Effort High
Srnthesisz Constraints File [ _]
Uze Srnthesiz Constraints File ™
Keep Hierarchr [
Global Optimization Goal 11ClackHets
Fenerate KTL Schematic Tes
Read Cores ™
Write Timing Constraints [
Cross Clock Analrsis [
Hierarchr Separator _
Fus Delimiter <
Slice Milization Ratio 100
Case Maintain
Verilog 2001 p
Verilog Search Paths
Verilog Inelude Directories

RE

HLiH

4-72

Process Propetties

XST

Synthesiz Options HOL Options | ¥ilinx Specific Uptionsl

Property Hame Yalue
F:iM Encoding Algorithm -
Caze Implementation Strle Hone
FAM Extraction I~
EiM Strle Juto
ROX Extraction |7
Muz Eztraction Tez
Yuz Strle huto
Decoder Eztraction |7
Priority Encoder Eztraction Tez
Shift Register Eztraction [
Logical Shifter Eztraction ¥
XOR Collapsing v
Fezource Sharing v
Complex Clock Enable Extraction ¥
Multiplier Strle uto
Wi Bl | peeen | EE
4-73 XST HDL

Process Properties

Synthesis Options | HDL Options Kilinx Specific Options |

Propertr Hame Yalue
idd 170 Fuffers v
Maz Fanout 100
Humber of Clock Buffers 16
Register Juplication v
Equivalent Register Removal ™
FRegister Balancing Ho
¥ove First Flip—Flop Stage Hi
¥ove Last Flip-Flop Stage Hfh
Slice Packing I
Pack I/0 Registers into I0Bs Auto

TR

HRiH

Default | FE5Rh

4-74

XST Xilinx
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3. WRE
4. XST “ View Synthesis
Report” “ View RTL Schematic”
4-75
Processes for Cwrrent Source:
----- &F  Design Entry Utilities e
----- W User Constraints %E’E%&m
E| ----- O Synthesize / A =
| CT View KIL Schenatic =
L tnalyze Hierarch O]+ [T 2
Qe sy AN
Y3 Check Syntax ﬁﬁﬂé&ﬁfﬁﬁ
Implement Design =
Generate Frogramming File
4-75
5. XST Synplify Pro  “ RTL View”
Synplify Pro  “ RTL View” “ View RTL Schematic’
ISE ECS
4-76
FZ xilinx ECS - [cnt_vlog.ngr] 3 -0 x|
O Fl= Edit View Window Help 8|
EEEEE RN
IREEEIEE Y TN EEEE Y
x|
Options I Symbols Design I
| ETL Deczign Hierarchy
—— DiIM=15:0= COUNT=15:0= ——
(S cnt_wlog
e n000Z _imp — e
— CLK
— DIR
Instance Contents — lloap
E| ?nstances | RESET\
\(mamaEE, T
[T% HpEie
| cnt_wlog. ngr I
Ready [347,-65] 7
4-76 XST
6. 4-77
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E.’;n; Xilinx ECS - [cnt_vlog.ngr]
B Fl= Edit view Window Help

-lojx|
T

DEEaSN ||

BEo o |d QKGR

Sy

e, Bgs230)

Feb

kT

Options | Synbels Desien |

[ EIL Design Hierarchy

- ent_vleg
002 _imp

=3 ' I

Instance Contents

LOAD — LoAD

Er-Fins
CE

LK

] COUNT (15:0)

[l DIN(15:0)
IR,

- 10AD

- RESET

= Hets

CE

LK

[l COUNT (15:0)

- DTN (15:0)

IR,

- 10AD

- RESET

w0002

tances

&

L COUNTI
b _nD02_inp

TS 3
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e =
COUNT
updonn

]

—— ALt
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— entE
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©
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Ready

[1714,428] 4

4.4

4.4.1

FPGA/CPLD
Xilinx FPGA/CPLD

4-77

RAM Block Select RAM

Xilinx FPGA/CPLD
Virtex-11
DCM

16

FPGA/CPLD

CLB /O

DLL

10B
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4.4.2 Xilinx
Xilinx IBUFG IBUFGDS BUFG
BUFGP BUFGCE BUFGMUX BUFGDLL DCM
(1) IBUFG
IBUFG
IBUFG AGP CTT GTL GTLP HSTL LVCMOS
LVDCI LVDS LVPECL LVTTL PCI PCIX SSTL 10
4-78 IBUFG
IBUFG
I ‘ 0
GCLK [PAD> ‘I 0
4-78 IBUFG
(2) IBUFGDS  IBUFG
IBUFGDS IBUFGDS BLVDS LDT
LVDSEXT LVDS LVPECL ULVDS 10 4-79
IBUFGDS
IBUFGDS
GCLKP [PO———i
0 0
GCLKN Ci>——'®
4-79 |IBUFGDS
(3) BUFG IBUFG BUFG
FPGA/CPLD IOB CLB Block Select RAM
4-80 BUFG
BUFG
I 1 0 O
4-80 BUFG
(4 BUFGCE | CE
0] BUFGCE CE BUFGCE

4-81 BUFGCE
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BUFGCE

| b 0

CE

4-81 BUFGCE
(5) BUFGMUX 0 11 S
) S 10 11
BUFGMUX 0 11
4-82 BUFGMUX
4-82 BUFGMUX
(6) BUFGP IBUFG BUFG 4-83 BUFGP
BUFGP = IBUFG + BUFG
1BUFG BUFG
1
PAD Il 0 II 0 0
4-83 BUFGP
(7) BUFGDLL BUFG DLL
DCM BUFGDLL DCM
4-84 BUFGDLL
BUFGDLL
I 1 0 O
4-84 BUFGDLL
(8) DCM
skew DCM DCM
DCM DCM 272
925 4-85 DCM
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$ XILNX

4 ISE
PSEN
PSINCDEC
PSCLK
4-85 DCM
4.4.3 Xilinx
Xilinx 5
1. IBUFG + BUFG
IBUFG BUFG IBUFG
BUFG BUFGP BUFGP 4-86
1BUFG BUFG
|
Clock
e L i Distr:ELtion
4-86 IBUFG + BUFG
2. IBUFGDS + BUFG
IBUFGDS IBUFG 4-87
IBUFGDS BUFG
GCLKP C>——— closk
o i Distribution
GCLKN
4-87 |BUFGDS + BUFG
3. IBUFG + DCM+BUFG
DCM
“ 011
skew 4-88
I1BUFG DCM BUFG
PAD ! || 0 CLKIN CLKXO |I o Clock
‘ CLKFB ‘ Distribution

232
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4. Logic+BUFG

BUFG IBUFG
BUFG
10
10ns 10
BUFG 10ns BUFG
IOB CLB Block Select RAM “ 0" ns 4-89
BUFG
- Clock
@ b Distribution
4-89 Logic + BUFG
5. Logic + DCM+BUFG
DCM DCM
4-90
DCH BUFG
CLKIN CLKX0 |I 0 CIOCk
s ‘ Distribution
4-90 Logic+ DCM+BUFG
4.4.4 Xilinx
Xilinx “ IBUFG IBUFGDS
IBUFG IBUFGDS IBUFG
IBUFGDS
Xilinx FPGA/CPLD IBUFG
IBUFGDS 10
CLB
BUFGP IBUFG BUFG BUFGP
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4 ISE & XILINX

IBUFG
IBUFGDS BUFGP IBUFG
IBUFGDS BUFGP

Synplify/Synplify Pro FPGA Express/FPGA

Compiler Il
Synplify/Synplify Pro SCOPE  Synthesis Constraints Optimization
Environment Attributes
Object Type “ clock” Object
Attribute “ syn_noclockbuf” Value 1 4-91

Synplify Pro  SCOPE

[|Fir ot e Bramct un HOLgnevat Fope Crtoes edaa e ..lH:IEI
PEOSHO& + O®D0: | [m % |« 5 x|
@6 (s> DPPPrie » |
n.-.u-.l.| -Tj;:t Ok jeat Enirlbuns Walns | Wl Fris Tsraription j
1 = cwmry  clk i gre_maclackkuf 3 [aF ] boclamn e noosa] ool berffa
. F
s
2 F
} #
[ = -
[ Tk} Trouts Cutputs ] Hagaxters £ Wolti-tycls Faths ] Falze Fathe Jdieda] | :l'l
T cdong ol [ coding e |
] e R DL Serien f, 0oy, W marsings 1 sokes
4-91 SCOPE
Synplify/Synplify Pro SDC
4-7
4-7 Synplify/Synplify Pro
SDC define_attribute {clk} syn_noclockbuf {1}
Verilog input clk  /* synthesis syn_noclockbuf = 1 */;
attribute syn_noclockbuf : boolean;
VHDL
attribute syn_noclockbuf of clk : signal istrue;
FPGA Express’/FPGA Compiler 1l
Edit Constraints CTL
Ports “ DONT USE” 4-92 FPGA
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I xunx

Express
| T Fewtine e dhars Som 12 in fils
|||__|__ CiennyFE s et .
4-92 FPGA Express
FPGA ExpresssFPGA Compiler Il CTL
“ port clk global_buffer "DONT USE";” “ ck”
4.4.5
Bank
IOB CLB Block Select RAM
Xilinx ~ FPGA/CPLD
24
Xilinx Constraints
Editor Misc “ Low Skew”
4-93
Xilinx UCF

“ USELOWSKEWLINES’

NET "sunx0>" USELONSKEW.I NES;
NET "sunx1l>" USELONSKEW.I NES;
NET "sunx2>" USELONSKEW.I NES;
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4 ISE S XiLNx

o

A L e £
Ble Eob Wew Window  Heo
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Por Halp, pram F1 r
4-93 Xilinx
90
4.5
FPGA/CPLD ISE 3
FPGA/CPLD
4.6
1 FPGA/CPLD
2. Synplify Pro
3. Synplify Pro HDL Anayst RTL View Technology View Timing
Analyst  Cross-Probing
4. Synplify Pro FSM Compiler FSM Explorer FSM Viewer
5. FPGA Express
6.
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FPGA/CPLD

Constraints
Editor PACE

* Constraints Editor
. PACE

5.1

@

50MHz

@)
Timing Analyzer ISE
Timing Analyzer
Timing Analyzer

©) FPGA/CPLD
FPGA/CPLD FPGA/CPLD
FPGA/CPLD
FPGA/CPLD FPGA/CPLD



5 &

10
Xilinx FPGA/CPLD 10
AGP BLVDS CTT GTL GTLP HSTL LDT LVCMOS LVDCI LVDS
LVPECL LVDSEXT LVTTL PClI PCIX SSTL ULVDS 10
32
5-1
30 EN
4 CLK EN CLK
1 CLK
1 CLK
1 CLK 4
4 CLK
4 CLK
EN_
| i
51
32 “ Example-5-1"

prescale_counter.ucf
NET "cl k" TNM_NET="cl k";
TI MESPEC "TS_cl k"=PERI CD "cl k" 5ns;
I NST "counter_0" TNM="| ower _counter";
I NST "counter_1" TNME="| ower _counter";
TI MEGRP "upper _count er"=FFS(*) EXCEPT "I ower _counter";

TI MESPEC " TS_upper_counter”"=FROM "upper_counter” TO "upper_counter"

TS cl k*4;
OFFSET=QUT 10ns AFTER "cl k";
I NST "reset"” LOC=L26;

1 3 45 1 clk
clk 3 4 lower_counter
upper_counter
2 clk 5ns 6 upper_counter
4
4 7
reset L26

Timing Analyzer
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prescale_counter.ucf

UCF Constraints Editor
HDL Attribute Xilinx Constraints File
UCF Constraints Editor
UCF
UCF UCF
Constraints Editor UCF 5.6.2
52
FFS FFS IPAD
FFS FFS OPAD IPAD OPAD 3 5-2
OFFSET_IN_BEFORE
IPAD Logic Circuitry
FFS
Offset_in_ Before —am AllCIockM ets/Period —am Offset_out After ——aw
ey
CLK CLK
. i [
Lagic
[FAD> Inpad_ta_Outpad Cir-:iuitry
52 4
FPGA/CPLD PAD PAD
TO PAD
5.2.1 PERIOD
PERIOD

PERIOD PERIOD
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PERIOD
PERIOD 5-3 DO D1 OUTO OUT1 /
PAD EN FPGA/CPLD PERIOD CLK

CLB1.Q CLB2D EN CLB2.EC PERIOD

PAD 5-3 D1 CLB1D
[on ] /["L:ﬁﬁfﬂ&i”
o1 '—D Q D 04-
cLet ClLeZ
J’ r EC
CLK L
PERIOD=100:HIGH:50
5-3 PERIOD
PERIOD
5-4
TLOGIC
TNET
S
/ )TSETUP
TCKO
Teos T CLK TCDZT CLK
54
5-4

Terk = Teko tTeocic +Tner +Tsetup . Telk _skew
Teik_skew=Tep2  Tep:

Texo TLocic Tner

TseTup Telk_skew
Simple Method

Preferred Method

[period_item PERIOD = period {HIGH | LON [high_or_low tine];

i ) or
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&

period_item NET “ net_name” TIMEGRP * group_name”

PERIOD forward trace PERIOD
“ net_name’ PERIOD TIMEGRP
FFS LATCH RAM

TIMEGRP 53

period ps ns s ms

ns HIGH|LOW
high_or_low_time ns high_or_low_time
50

“ NET SYS CLK PERIOD= 10 ns HIGH 4ns;” SYS CLK

10ns 4ns SYS CLK
PERIOD NET TNM

TIMESPEC "TSidentifier"=PERIOD "TNM reference" period {H GH LOWN
[ high_or_low tinmne];

TIMESPEC timing specification
TSdentifier TS identifier
TS TSdentifier
TIMESPEC  TSdentifier 523
clk TNM_NET clk
sys clk TIMESPEC

NET "cl k" TNM NET="sys cl k"”
TI MESPEC " TS sys_cl k" = PERIOD "sys_cl k" 50 H GH 30

TI MESPEC "TSidentifier_2"=PERI OD "tinegroup_nane" "TSdentifier_1" [*
or /] factor PHASE [+ | -] phase_val ue [units];

TSdentifier_2 TSdentifier_1 factor
phase value
clk0
TI MESPEC "TS01" = PERIOD "cl k0" 10.0 ns;
clk180 180°
TI MESPEC "TS02" = PERIOD "cl k180" TS0l PHASE + 5.0 ns;
clk90 90°
TI MESPEC "TS03" = PERI QD "cl k90" TS01 PHASE - 2.5 ns;
clk180 2 1/2 2.5ns
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5 &

TI MESPEC "TS04" = PERIOD "cl k180_2" TS01 / 2 PHASE + 2.5nS;
PERIOD
PERIOD PERIOD
TIMESPEC  TSidentifier

5.2.2 OFFSET

OFFSET_IN_BEFORE OFFSET_IN_AFTER OFFSET_OUT_BEFORE
OFFSET OUT AFTER 4

PAD
FPGA/CPLD
OFFSET = {INOQUT} "offset_tine" [units]{BEFORE| AFTER} "clk_nane"
[ TI MEGRP "group_name"];
{INJOUT} “offset_time”  FPGA/CPLD
{BEFORE|JAFTER}
“clk_name” [TIMEGRP “group_name’]
clk_name
1. OFFSET_IN_ BEFORE OFFSET _IN_AFTER
OFFSET_IN_BEFORE OFFSET_IN_AFTER OFFSET_IN_BEFORE
OFFSET_IN_AFTER
55

T TLOGIC T

A Oy
i 1)
TCKO T

SETUP

CLK

5-5

TarrivaL=Tckot ToutputtTLoGIC
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TARRIVAL

OFFET_IN_AFTER NET DATA IN OFFET=IN Tarrvar AFTER
CLK
TinpuT

TarrivaL +Tineutt Tserup < Terk
Tl NPUT PAD TSETUP
20ns Teko  1Ins Toutput

3ns TLOGIC 10ns TARR|VA|_:14nS
NET DATA_IN OFFET=IN 14ns AFTER CLK OFFSET_IN_BEFORE

NET DATA IN OFFET=IN Tpgay BEFORE CLK

ToeLay TARRIVAL
5-6
Tarriva TDELAY_MAX
al lal A o
- 'l‘ >
< >
Toerion
56
ToeLay Teerioo Tarrivar  TperiOD

NET DATA_IN OFFET=IN 6ns BEFORE CLK

2. OFFSET_OUT_AFTER OFFSET_OUT_BEFORE

OFFSET_OUT_AFTER
OFFSET_OUT_BEFORE
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T
TOUTPUT Sy TlNPUT
OSSR T
/CKO \ )TSETUP
> >
CLK
5.7
TsrasLe = Trocic +Tineut +TseTUP
TsraBLE
OFFET_OUT_BEFORE NET
DATA_OUT OFFET=0UT Tsmape BEFORE CLK
Teko +Toutput+ TstaBLES Terk
Toutrut PAD Teko
20ns TinpuT 4ns Tserup
Ins TLocic 10ns TsrapLe=15ns

‘ NET DATA_OUT OFFET=0OUT 15ns BEFORE CLK”
NET DATA_OUT OFFET=OUT Tourpur petay AFTER

CLK” ToutPuT DELAY
TsraBLE 5-8

T T

OUTPUT_DELAY_MAX STABLE

TPERIOD

5-8

TouTPUT DELAY Teeriop  TstaBLE TreriOD
“ NET DATA_OUT OFFET=0OUT b5ns AFTER CLK”
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52.3
PERIOD OFFSET
() FROM_TO
FROM_TO
TNM_NET TNM
TIMEGRP FFS LATCHES PADS RAMS 51
51
FFS CLB 10B function generators
LATCHES CLB 10B function generators
PADS pads
RAM Virtex/-E/-1l  Spartan-11 LUT RAMS  Block RAMS
RAMS Shift Register LUTs
BRAMS_PORTA
RAMS Block RAM
BRAMS_PORTB
FROM_TO
TI MESPEC " TSnane" =FROM " groupl" TO "group2" val ue;
groupl group2 value
TS C25/2 TS C25+2
5-9 FROM_TO 4 TS P2S
TS C2S TS C2P TS P2P
TI MESPEC TS P2S=FROM PADS TO FFS 25;
TI MESPEC TS C2S=FROM FFS TO FFS 30;
TI MESPEC TS C2P=FROM FFS TO PADS 10;
TI MESPEC TS P2P=FROM PADS TO PADS 23;
FROM_TO
FROM_TO
5-10 FF1 FF2
30ns FF2 FF3 60ns
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TI MESPEC FF1_FF2=FROM FF1 TO FF2 30ns;
TI MESPEC FF2_FF3=FROM FF2 TO FF3 60ns;

TS_P2S TS_C25 TS _C2P
S
ck > ‘ [—
y [
— ouT2
zZ =
TS_P2P
59 FROM_TO
30ns 60ns
ok [ FF1 [ FF2 [ FF3
5-10

TI MESPEC TS_CLK=PERI OD CLK 30ns;
TI MESPEC FF2_FF3=FROM FF2 TO FF3 60ns;
TIG FROM_THRU_ TO FROM_TO PERIOD
FROM_TO PERIOD FF2 FF3 60ns

(2) MAXDELAY
MAXDELAY
NET "net _name" MAXDELAY=val ue units;

value unit S nNns ms ps

NET "EN' MAXDELAY=5 ns;

NET "$11 3245/ $SI G 4" NMAXDELAY=10 ns;
(3) MAXSKEW
MAXSKEW MAXSKEW

skew
skew
5-11 A t=2ns B ty=4ns

skew 4 2=2ns
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Ciata Delay (DD} = 2.5

CLK

%

5-11 skew

MAXSKEW
NET "net _nanme" MAXSKEWEal | owabl e_skew [units];

NET "SI G_3" MAXSKEWE3ns;
(4 TIMESPEC
TIMESPEC
TS

TIMESPEC
TI MESPEC "TSi denti fi er"=PERI CD "ti megr oup_nane" val ue [units];

TI MESPEC "TSi dentifier"=FROM "source_group”" TO "dest_group"” value

units;

TI MESPEC "TS_sys_cl k"=PERI OD "sys_cl k" 50ns H CGH 30;
TI MESPEC "TS_t o_RAM' =FROM FFS TO RAMS 35ns;
(5) TSidentifier

TSidentifier TSidentifier “ TS” UCF
TIMESPEC TSidentifier
identifier ~ ASCII A-Z az 09
Tsidentifier

TI MESPEC "TSi dentifier"=PERIOD "TNM reference" value [units] [{H GH |
LON [high_or_low time[hi_lo_units]]];

TI MESPEC "TSi denti fi er"=PERI OD "TNM r ef er ence"
"another _PERIOD identifier" [/ | *] nunber [{H GH |LON [high_or_lowtine
[hi_lo_units]]];

TI MESPEC " TSi denti fi er"=[ MAXDELAY] FROM "sour ce_group" TO "dest_group"
al |l owabl e_delay [units];

TI MESPEC "TSi denti fi er"=FROM "sour ce_group" TO
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5 &

"dest_group" another_TSid[/ | *] nunber;

TI MESPEC "TSidentifier"=FROM "source_group” THRU "thru_point" [THRU
"thru_pointl"... "thru_pointn"] TO "dest_group" allowable_delay [units];

TI MESPEC "TSi dentifi er"=FROM "source_group" TO
"dest_group" TIG

(6) TIG
TIG Timing Ignore TIG
5-12 “ NET NET_C TIG” NET_C
5-12
- = MET &
. = MET B = Q
R
‘
512 TIG NET_C
TIG

NET "net _name" TIG

NET "Sig 5" TIG
NET "$116745/$SIG 4" TI G

5.3

RAM

TNM TIMEGRP

5.3.1 TNM

TNM  Timing Name

FFS RAMs LATCHES PADS BRAMS PORTA
BRAMS PORTB
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IBUF

TNM Net Primitive Macro Macro/Primitive  PINS
{NET | INST | PIN} "object_nanme" TNM="identifier";
object name NET INST PIN identifier
(D) TNM
5-13 TNM=FLOPS A0
FLOPS
e IPL}D TNM:FLDPS;JDD o o CEUF B
st . EO o BITO |D o BITO0 o E
”i%\/l EIND pr Bo) lmo oz o CBUF oPaD
m . FO a BiT1 | '\/—..U EITo1 0@
. . FO O BITI | D EITOZ DD
EI CLEIN |E>D CLK III;/-:E CLHN
5-13 TNM
UCF
NET "AO0" TNM="FLOPS";
TNM PAD NET TNM PAD
2 TNM Macro/Primitive
TNM 5-14 TNM=FFS.FLOPS
Macro

514 TNM Macro/Primitive

TNM

TNM

FLOPS
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UCF
PIN "pi n_nanme" TNM="FLOPS";
3 TNM Primitive Primitive
5-15 TNM=FLOPS
FLOPS
ol
=
515 TNM Primitive
UCF
I NST "instance_nanme" TNWVFFLOPS;
5-15 FLOPS
4 TNM Macro Macro
PAD 5-16
5-16 TNM Macro
5-16 TNM FFS:FLOPS Macro Macro
FLOPS
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5.3.2 TNM_NET

TNM_NET timing name for nets TNM
TNM PAD NET TNM PAD
TNM IBUF TNM_NET

FFA

BUFG
PADCLK INTCLK

2D > c

FFE

5-17

5-17 TNM PADCLK
NET "PADCLK" TNME " PADGRP";
“ PADGRP” IPAD
NET “PADCLK” TNM=FFS(*) “FFGRP", FFA FFB
TNM “ FFGRP" IPAD FFS(*)
Schematic TNM

NET "I NTCLK" TNM=FFS(*)" FFGRP";

HDL PAD
INTCLK TNM_NET
NET " PADCLK" TNM NET=FFS(*)" FFCGRP";
TNM_NET BUFG FFA FFB
TNM_NET

NET "net _name" TNM NET=[ predefi ned_group:]identifier;
TNM_NET

5.3.3 TIMEGRP

TNM TIMEGRP
TNM/TIMEGRP
TIMEGRP

TI MEGRP "bi g_group"="snal | _group" "medi um group";

INTCLK
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small_group medium_group big_group

TI MEGRP "groupl"="group2" EXCEPT "group3";
group2 group3
group2 group3

TI MEGRP "groupl"=RI SI NG "ffs_group";

ffs_group groupl
TI MEGRP "group2"=FALLI NG ffs;
group2
5.3.4 TPTHRU
TPTHRU

{NET | INST | PIN} "net_nane" TPTHRU=i dentifier;
5-18
ABC UCF

I NST "FLOPA" TNME"A";

I NST "FLOPB" TNME"B";

NET " MYNET" TPTHRU="ABC';

TI MESPEC " TSpat h1"=FROM "A" THRU "ABC' TO "B" 30;

“ MYNET”

TPTHRU=ABC
—_— FLOPE

A MYNET

THM=B

TIMESPEC

TS path1=FRON A THRUARC TR 30

5-18 TPTHRU
5.3.5 TPSYNC
FFS LATCHES RAMS
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X — — Constraints Editor

TPSYNC
TPSYNC
{NET | INST | PIN} "net_nane" TPSYNC=i dentifier;
TPSYNC
PIN TPSYNC Primitive
INST
Primitive Symbol
5.4 — — Constraints Editor
Xilinx UCF
UCF UCF
PAD Condgraints Editor
Condtraints Editor
5.4.1 Constraints Editor
Constraints Editor Windows /
[ Xilinx ISE 6 / Accessories / Constraints Editor Project
Navigator UCF “ Processes for Source”
“ Create Timing Constraints’  Constraints Editor 5-19
leiome fapntrninty Fdater - [§lekal - prescals_cessfer ngd  prascells ceantar, ac (=]
Lils [ait Yier Links Hedp 'F HHE
Cijcd| & #| ecl= |0l %% ——= ®WETAE
Cleak Ben Beaas Parled T Cleak ts Fad |
=1k T e HIGH 500 X _II- 13
Eaimtiti

[Main Pivdow Tabo!

Miwhi | [

Aabal | Parixr | kel [T

[T “cousbtar 0 THl = “Llessr _godsbar | ﬂ;ﬁ'ﬂ
FET “elk” THE_NET = “elk™

TINESFEC TS5 el = FEEDON “elk™ 5 ac EDGE 50 B

[TIMESFEC TS _appar_coistar = FEE “appar_ioisbar TO “apper _eristar TS _glk” & 4§
JIFFSET = ONT 10 =c AFTER “clk” :I

" Comuirietn resd i) [Comiut imedoaly)  Boarca Corchks bndwrl___| L

Lloartrainiz Windaw!

LT “cwuniar_|° TH = “Lowar_gsastar; j

For Help, prscc F1 [ |

5-19 Constraints Editor

Congtraints Editor
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5 &

Main Window Tabs Constraints Window
1
. File
. Edit Delete
Period Pad to Setup Clock
to Pad
. View Toolbars Status
Bar
. Window
. Help Constraints Editor
2.

Constraints Editor
+ XJ Ddete

« =) Period Clock
Period
Global clk period
. EI Location
. Al Pad to Setup
. EI Clock to Pad

3. Main Window Tabs
Global Ports Advanced
Misc 4
4. Constraints Window
UCF
UCF UCF Constraints read-write

Constraints Editor
Constraints Editor

5.4.2

Global
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X — — Constraints Editor

1.
Global clk  Period Clock Period 5-20
ik farted =l
el Lyl e s |
] Cuncal |
_-1 Fmﬂﬂmip 411'1’
TIMEZFED Bam:
[mx :
1ok Fagred Dachimation
i SyaclEpTims
Tima: E LTS :I
" Start DIGE ™ Siwri LIF
Tiss EIGE: R ik B =l
" Nalutiwn ko sther FERDTN TIMEIFRC
S e e |
[
L -
| | =l
Irg=rt Taitarc
Timu | Uit [ra =l
5-20 Clock Period
TIMESPEC Name TSidentifier Clock Net
Name PERIOD Clock Signal Definition
PERIOD TIMESPEC
Comment
ISE6 Constraints Editor Input Jitter
5-20
5-20 5ns 50
UCF
NET "cl k" TNM NET = "cl k";
TIMESPEC "TS cl k" = PERIOD "cl k" 5 ns H GH 50 %
2.
Global clk Pad to Setup Pad to Setup
5-21
Time Requirement Relative to Clock Pad Net
5-21
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5 S XiLNx

UCF
OFFSET = IN 20 ns BEFORE "cl k";

TR =

Clock to Pad

e = IjI“-\:\ll'r'sn %
D—[}_} Ak erie Bewly I
s e
Tk B rdicl [:a
OFESEL: .— Ui BE L
Balakivs ta Clagk Fad Fak:  |<lk =
(1T 1 |
5-21 Pad to Setup
3.
Global clk  Clock to Pad
5-22
Check 1o Fad =
- ] K
A . B
:)-[}_} “Becthm mdga Beply
o |
Timek Feegpa rdiiedfi
OFRET . ey ] L
Malatiws ta Clack Fad Fat: |<lk =l
gt |
5-22 Clock to Pad
10ns 5-22
OFFSET = QUT 10.000 ns AFTER "cl k";
5.4.3
Consgtraints Editor Ports
I/O Configuration Options Location
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X — — Constraints Editor
to Setup Clock to Pad FAST/SLOW
PULLUP/ PULLDOWN / IOSTANDARD DRIVE
5-23
:_.::-:Iu- e el 3

[+ ]

[Paits - pegcale_oomnler sl ¢ prescale Dsimber o™
Ve Mirsdess  Haip

alglx
Dl || 2| le|dim] 2l

|
= Tad Groape
& T/ Camflpavakias Opklese

1 | | :fJ

Erekikit IA) Lacakiena, .. !

Eed 4o Eringe . ||
= ek o ||
ksl Poric | bbeoacad | Hiac |
Tk THH_ET = o,
TINETPEC T3 _ch® = PERITD “dk™S ra HIGH 50 %;
T = LT 10 rw APTER ol
T rammt"LOC = 1385

" I Consburts frad iy [OF Gt mainy] G cwted el |
Fos Helpy prass Fi R am -
5-23 Ports
Port Name
? Group Name
= Select Group Fad to Setup... . Clock to FPad. .. .
reset L26 reset  Location
NET "reset" LOC="L26";
5.4.4
Advanced TNM/TNM_NET/TIMEGRP
FROM_TO/TIG/OFFSET 5-24
1.

Advanced Grouping 1

TNM_NET 2
FF PAD LATCH RAM

TNM
3 TNM

TNM
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TIMEGRP 5

i nlome Camnirsinty Eduter [#dwrarcnd - prascsls_commfer ngd f proscels_ceastor, acfel
Eile Yiss Eirds Hedp

Diad| & ¥ =010 e

TPTHRU

=00 =]

- G ERpLEg
Group slsaenlt wonocdaied by Beic CTHE_MET)
T Gronp sleaeenit by inrises oase CTHE]
ERE| Grog slmnit by hidrarcky (THE)
lh-m-...|mm1.:um1mmuq wobeiiiid s Grare (TIREGEF]

Crasts, .. | Timirsg THA Pedrie CTETHRL

Crasks. .. | Grogp slessnic Wy Clack Rigs
Timizg Cepakrainka

Br-:l#| Pied i0 Stiog Pegriressni(n] for Groups of Pads acdfor Bsgiviss (FFSET IN BEFTRE)
mu..|mwmhm&mmnm

Sparify. . | Cleck 1o Fed Beporasartind for Groga of Feh wdfor Bapiaters (OFFEET OUT AFTERD
E Bulbi-gpels Tathe (PR TO)

Spacidy. .. | Falvw Falba FEON 1O TIE)
Spacdfy . | Fulvw Falbo by Baix (HET TI6)

debl | Foris Mbvaead i |

TRST “comntur 10" TH = "Loewar_romntar”™:

_u-_[n-.-] |n:-n-|||:|;-1ur|-;| ‘Somrea Cancient jrusd | J

Foar Help, parsoc F1

5-24 Advanced

T e i b=

Tirks 1 e eigaa |

5-25 Time Group

Design Element Type




X — — Constraints Editor

Available Add
Time Group Members Time Group Name
25%
5-25 TIMEGRP counter_2 counter_31
upper_counter

TI MEGRP "upper_counter" = FFS( "counter_2" "counter_3" "counter_4"
"counter_5" "counter_6" "counter_7" "counter_8" "counter_9" "counter_10"
"counter_11" "counter_12" "counter_13" "counter_14" "count er_15"
"counter_16" “counter_17" "counter_18" "counter_19" "counter_20"
"counter_21" "counter_22" "counter_23" "count er _24" "count er _25"
"counter_26" “counter_27" "counter_28" "counter_29" "counter_30"

"counter_31" );

Advanced Timing Constraints
OFFSET_IN_BEFORE OFFSET_OUT_AFTER FROM_TO TIG Ports
OFFSET OFFSET
8ns
TIMEGRP PAD “ dl_output_pads’
“ lower_counter” Timing Constraints 3
Clock to Pad 5-26

| i
f-1

=
K‘ R Cuncal |
E-b_} “eckivm wdga Berly |
:;."‘%“ |

Fad Gronp [+33_cetpert_pvn

Tinek Fli=yai Irbieklil

JFEET & ity KK -

1

Balativs s Clagk Tad Fat:  [<lk

Nsgicter Tlasgranp |_ '|

Cmmmunt

5-26 Clock to Pad

Pad Group al_output_pads Register Timegroup
lower_counter Time Reguirement 8ns

TIMEGRP "all _output_pads" OFFSET = OUT 8 ns AFTER "clk" TIMEGRP
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"| ower _counter";

OFFSET_OUT_AFTER all_output_pad lower_counter
Timing Constraints 4 5 FROM_TO
6 7 TIG 4
5-27 Type
Explicit Relative to other path specification Mark as false paths
.|
[
@ B m
kpply
el
TINESTEC Taus [Eoerpar_eomntar
GrotpT
Frem drenp THE Fearcts Coprla ol ]
.lrrlr_l:-lull.lr 3
Ta Grodp
-lrrlr_t'“'.lr EI
Tupek
7 Beplicik
| N
= Nalutiws tr sthar path apacibicatien
Baknrarcs TINEIFRC m
& Bltiply bF T Diwids by
Facker a
" Hark w3 Exlan patha
\.:-u-u.

5-27 FROM/THRU/TO

FROM_TO Groups THRU
Points optional Type
Explicit Relative to other path
specification TIMESPEC Name
30
Timing Constraints 4 FROM/THRU/TO
5-27
TI MESPEC " TS upper_counter”™ = FROM "upper_counter” TO "upper_counter”
"TS cl k" * 4;
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S XiLNx — — Constraints Editor

545
Misc 5-28
5-28 Misc
|0B Register Control 10B
Asynchronous Registers Control
Prorating Constraints
1.8V VertexE 17v 85
Area Group Control AREA_GROUP
Modular Design  Incremental Design
FEEDBACK Control DCM
USELOWSKEWLINES Control PAR
4.4
INIT Vaues for BlockRAM SRL16 RAM/ROM FFS/LATCH
Misc
Constraints Editor UCF
Constaints Editor

NET “cl k" TNM_NET = "clk";
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TI MESPEC "TS_cl k" = PERI OD "cl k"

OFFSET = IN 20 ns BEFORE "cl k";

5 ns HGH 50 %

NET "reset" LOC="L26";
TI MEGRP "upper_counter" = FFS( "counter_2" "counter_3" "counter_4"
"counter_5" "counter_6" "counter_7" "counter_8" "counter_9" "counter_10"

"counter_11"
"counter_16"
"counter_21"

"count er _26"

"“counter_12"
"counter_17"
"counter_22"

“counter_27"

"counter_13"
"counter_18"
"counter_23"

"count er_28"

"counter_14"
"counter_19"
"counter_24"
"count er_29"

"count er_15"

"count er _20"
"count er _25"
"counter_30"

"counter_31" );

TI MESPEC "TS upper_counter” = FROM "upper_counter™ TO "upper_counter"”

"TS cl k" * 4;
UCF
Constraints Editor UCF
Constraints Editor
UCF PAD
Constraints Editor
55 —— PACE
PACE Pinout and Area Constraints Editor
(1)
1/0 /0 bank 1/O 1/0
DRC 1/0
) area constraints
PACE
©)
PACE
ISE 5.1
ISE 5.1 PACE PACE
FPGA/CPLD
FPGA/CPLD PACE NGD UCF LPF UCF LPF
LPF PACE UCF
LPF PACE PACE
LPF LPF
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I xunx — —PACE

5.5.1 PACE

PACE
Xilinx ISE 6 / Accessories /| PACE
Source in Project

Windows / /
ISE Project Navigator
Processes for Source

User Constraints oo Assign Package Pins Create Area
Constraints PACE PACE
UCF PACE 5-29

1 Pack B Bing S oL RSB -

-:'-': | [ [
e TR
o J

Cucrng | 170 Bireatiss|Sask]| 10 sta |

5 E: Glabal Lagl B ERED| FEs 0|
. Lagie =
Tap T
.-L'L.ﬂ-\.l.l‘.ﬂ.ill.l.iﬂll.'lﬂl
514 : if: W " FESErE
L] |:'-_""':'!;m |_-;|l‘ LD P [o Do lr-r.l:lldl..l:r:lrl'l-l Tees
o, . SOLE ) GCE
=L Hupar | Eﬂ::;ﬂa[ﬂ T 0 D
= | dnbad — AradegWCC
T I T T | el GHC
(o (I Oabead 3
g IEECEa _'ﬁ:l::' = Em""
o |ty oateat vugabd Sanial
oA R TR T
g IE 'u:l::l W M Tewansdion
! b -
,zi SEAnda Ly datpa i L’.-.. Picd Corracksd
|

4
5-29 PACE
PACE Design
Browser Window Design Object List Window
Device Architecture Window Package Pins Window
Package Pins Legend Window
1
. File Read
Constraints Select Constraints
file 110
. Edit Group
Ungroup Remove Constraint Remove All
Constraints Object Properties
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264

Preferences Edit / Preferences
5-30 Resources 10
10 Logic
Ratsnest
Al

Preferences E ]

Resources ILoglc I Ratsnestl

Architecture & Package Pin Views
|7 I Show Differential I0 Pairs

Fackage Fin View
|7 % Top View

£~ Bottom View

ciose_|
5-30 Preferences
View
Refresh Zoom Design Hierarchy Design
Hierarchy Design Object List Design Object List
Package Pins Package Pins Device Architecture
Device Architecture Toolbars Status Bar
IOBs Package Top
View Package Bottom View Show
Differentia Pairs 10 Banks Show 1O Banks Show
Clock Regions Prohibit Specia Pins Make Pin
Compatible with
Areas Add Rectangle
Bring Area To Front Push Area To Back
Snap To Grid Allow Overlap Area Padding
Edit Constraints
Tools Select Mode
Assign Area Mode Prohibit Mode

Allow Mode Run DRC SS0

Window
Help PACE



& — —PACE

. El Group 1/O0
DOL Design Object List 110 =

« %1 Ungroup
« ] Normal Select Mode
« M| Assign Area Constraint Mode

“ Logic” El

L]

Prohibit Mode

Allow Mode
. ﬂ Toggle Labels
4l

Toggle Rubberbands

el
E G

®aQQHE® D

. Ql 12 * Assign Color”
DOL
3. Design Browser Window
“ 1/O Ping” “ Globa Logic” *“ Logic”
“ 1/O Pins’ 1/0 110 DOL
110 “ Global
Logic” BUFG BRAM MULT PPC405 GT DLL DCM
1 LOgiC”
4. DOL Window Design Object List Window
“ 1/0 Pins DOL 1/0
110 110 NGD 110 10
110
1/0 T TOP L LEFT B

BOTTOM R RIGHT TL TOP-LEFT BR BOTTOM-RIGHT LT LEFT-

265



5 &

TOP RT RIGHT-TOP TR TOP-RIGHT LB LEFT-BOTTOM BL BOTTOM-
LEFT RB RIGHT-BOTTOM
DOL 1/10
Edit / Group =] DOL
110 1/0 IoB /
Default Distribute Action
5. Device Architecture Window
PACE
1/0 110
6. Package Pins Window
FPGA/CPLD BGA PGA FBGA
PQFP
PACE
0B
DOL
7. Package Pins Legend Window
55.2
ISE Navigator PACE “ Logic”
DOL FPGA DOL
“ prescale_counter” FF 0B a)
5-31 ISE
Navigator UCF
PACE 5-31
PACE =|
Areas Add Rectangle

Bring Area To Front Bring Area To Back

Snap To Grid
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CLB Allow Overlap
Area
Padding Area Padding
25
PACE
Cale Comiiies Pt ke Cddisber il T =100
£t
DS & » altwHe ams 24 Xaayald |(J0OROOD3
] e Hersr i hp bl =10 = e Al wrd
-] Glakial lagie
R F I 1]
:l Wadd w800 _fmei_ay @
4 precoals _deunisar
:%’“ pr—
f" Formiras COFETaINE
% Fe Consbrainks...
;l"r; Teoari Pull Ve
2 oo
jﬁ Toomni n
?" Push fras ToGack
|11 f" Fuh Windoss To Badks
ﬁ Cbpact Propartian. .
—Il s
CLPa=7 cubof 35 31%: LUTe 152 PP 152 CrHaight <31 — da_couriar” T4 LS R bty ke . L TVAE S |
5-31
55.3 /O
PACE 1/0
FPGA I/O
FPGA
PACE “ 1/0 Ping’ DOL
I/O0 DOL
DOL
counter<0>~counter<31>
DOL counter<0>  counter<1> b |
DOL “ lower_counter” counter<2>
counter<31> “ upper_counter” “ lower_counter”
“ upper_counter”
IOB / Default Distribute Action DOL
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/1O Tools
Check Pin Assignment PACE /1O /O VREF
VCCO Check Pin Assignment
2.6
ISE 3
5.6.1
3 UCF NCF
PCF FPGA/CPLD
UCF ASCII
Xilinx Constraints Editor UCF
UCF FPGA/CPLD 5-32
NGDBuild UCF NGD UCF NGD

Design Netlist

NGDBui ld

UCF
User Constraints
File

Gene
Contain

NGD
ric Database
ing Constraints

5-32 UCF FPGA/CPLD
5-32 ISE XST Translate
NGDBuild EDF NCF Synplify Pro
Synplify Pro SDC EDF
NCF Trandate NCF
NCF UCF NCF
UCF UCF NCF UCF
NCF UCF
Xilinx Development System NGD
HDL UCF CAE NCF MAP
PCF
PCF ASCII Map
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PCF “ SCHEMATIC START” SCHEMATIC
END” SCHEMATIC END
SCHEMATIC START SCHEMATIC START SCHEMATIC END

FPGA Editor PCF
PAR FPGA Editor Timing Analyzer NGDAnno BitGen
NCFUCFPCF
UCF NCF PCF
5.6.2 UCF NCF
1
« UCF NCF
LOC
PERIOD HIGH LOW
° “ ” “ /* */u
e Xilinx NET INST o
OUTSIG1
2.
UCF/NCF
{NET| I NST| PI N} "f ull_name" constraint;
e full_name
e constraint Attribute
LOC=P38 FAST
3.
UCF/NCF/PCF
net

NET net OFFSET=I N 20 BEFORE CLCCK;
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270

NET "net"

NET "$SI G 0" OFFSET=I N 20 BEFORE CLOCK;

OFFSET=I N 20 BEFORE CLOCK;

~0UTSIG1

NET “~OUTSIG1” OFFSET=IN 20 BEFORE CLOCK;

NET "*AT? "

I NST " $1I 3*/ ROWR"

UCF/NCF
level 1/*
level1/*/

5-33

(TR X1] “

LI TRS 1]

PAD
13 AT”
FAST;
ROM
| NI T=5555;
CLB
I NST "/l oads_of | ogic/*" LOC=CLB r*c8;
” CLB_R1C3.*
[T S 1]
levell
levell
$AL $81 $C1
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output | delay in
path delay
minimum clock pericd P clockskew
1o
6-5
1.
e Clock to Setup
Clock to Setup
Clock to Q
Clock to Setup
6-6 Clock to Setup

Clock to Setup

50%

277



278

intzi nact
—o @ ik al—
dock
A
clock
[T ] —
E——-d0 07 !
r valid valid
clock B C\Cé:k logic and routing
output | dalay
path delay
—c Q '"‘Tgmm o al— minimum clock high tima
ogic
—D Q Qr—
dock
e clock
dock ——— —\— i
. . clock —\I
i i i
! ! i
valid ¥ ¥ { valid i i
clock | Ingiz and routing Hip-fop valid ; ; valid
nurtnulE delay HECT i i
put } H H clg:k 1 logic and routing
i output | dalay
i
b
H path dalay
path delay minimum clock low fime
minimum clock period
6-6 Clock toSetup 6-7 Clock to Setup
Clock to Setup
Inkerconnact
— d |
[} Q jand 8] Q
clock 1 clock 2
clock 1
clock 2
|
wvalid J valid
cltock i logic and routing
w l?)ul | dalay
: Minimum phase difference :
forelock 1 to clock 2

6-8 Clock to Setup




— — Timing Analyzer

Clock to Setup Q
6-9
AN |_|:- :
Em—-0 Q [+ . _|— ] o —
L+
J.7 Path broken here r
clock I W

s

El—D

N5 Su )

Path broken here

S

-

F)
clock W

6

¢ Clock to Pad
Clock to Pad
PAD
Clock to Pad

BUFFER/ROUTING
=FROM : FFS: TO : PADS: 25ns

-9 Clock to Setup

Clock to Q

OFFSET
FROM:TO

Clock to Pad
6-10
1=

clock j

clock
|

data i 4 vaid

cloock i lagic and routing i autput

aulput | dalay i delay
extarnal
margin

path delay

minimum clock pariod

6-10 Clock to Pad

TIMESPEC TSF2P

OFFSET

279



Clock to Pad
Clock to Pad 6-11 Clock to Pad
6-11
AR I_ . 5 N i
Em [} aQ / o \_D—.
B ® 1] Q
clock -J Path broken hers .J
clock
A
5 AR
i) ol =
F Em ) o
R
E W o Q
Path broken here clock l—r

6-11 Clock to Pad

« PathsEnding at clock Pin of Filp-Flops
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6-12

Interconnect
a
Logic

Clock Source i !

Cleck Pin H

Cleck
Path Delay ST

6-12 Paths Ending at clock Pin of Filp-Flops

e Setup to Clock at the Pad
Setup to Clock at the Pad

PAD Input

buffer DIT

Tsu
PAD BUFFER

6-13

280



&

— — Timing Analyzer

Pad-to-Setup Delay

A REGOUT
B: 0 ofb——m

clock @ [

Global or Product Term
Clock Delay

6-13 Setup to Clock at the Pad

¢ Clock Pad to Output Pad
Clock Pad to Output Pad PAD
PAD

. Pad To Pad
Pad To Pad PAD
PAD Pad To Pad

interconnect
o> (o>
i ! ! i
iinput § logic and routing i output |
i delay | i delay
i i
path delay
6181
N1
o[ ——m=om
N1
L
N3 a 2
clock

6-14 Pad to Pad

¢ Pad To Setup

Pad to Setup PAD
RAM BUFFER
Pad to Setup
OFFSET Pad to Setup
FROM:TO
Pad to Setup OFFSET
6-15

DIT

Pad to Setup

281



6 S XiLNx

interconniect
rd
logic

clock.
a a
) - T
input | logic and routing {fip-flop
delay ; delay ; selup
extemal
margin
path delay
minimum clock period
6189
6-15 Pad to Setup
i ke iy Annslp e - o] oo oot - [ Toiming Comsbeainis Sy Bepae ol
0 Edk Yure g MWirdee Hea &) x|
DS@ra P HEZE®
T Fusgeieet, [l Tirsng Coneimants
H- WU T& Cepck = PERLCD TIMEGAP “Choak™ Ziv3  HESH EDL D000 %, |
= Tirang Comvdmaenis
B T5_kach = PERICD TIMEGAF "k
1,471 I ¥y Wstwag 5 0 |
Fleck; -1. 27 Tes (regeiremesl s
-5 Brg st P _sharll) [n 5 s - ! O
nastrnk ook . Elrst 1fsr Hyecy s
#- Condm Sk, report Pertingtien; First Jfsr sajftan o
Tiring ey Erguirement F. 0l
Tirsing Caalyes i Fats Fath Belap: F.ITey (Lewels of Ls
Cleck Shoew; -0, Oi3sy
Semrce Clack; Cleck FFEF rivisg &
Fertingties Clack; Cleck FNEF rivisg l-l_I
Iimieg |eprywement Wizprd
Fath; Fir LI
Felsy type Pelapims) Logicsl Beow
J) SRR | el | ¥
For b, press i T
6-16

Anadyze /| Aganst Timing Constraints
Analyze against Timing Constraints

282



I xunx

— — Timing Analyzer

6-17 4

Timing Constraints
Report paths against timing constraints

Report failing paths against timing constraints
Report unconstrained paths

No Limit
Limit unconstrained report to

283



. Find what Timing Constraints
. Timing Constraints
)] Options

. Speed grade

. Perform Hold/Race Checks Skew Analysis

. Timing constraints details 3
Summary only

No limit
Limit report to
. Voltage Prorating

. Temperature Prorating
(©)] Filter Paths by Net Tab

. Include Only

. Exclude

. Default
4) Path Tracing Tab FPGA

e
2.
EI Anayze |/
Against Auto Generated Design Constraints 6-17
WE I

3.

Analyze against User Defined Paths by Defining Path Endpoints
b
6-18 Analyze / User Specified
Paths / by Defining Endpoints 6-18 4

284



X — — Timing Analyzer

Anayze

Path Endpoints 6-17
]
Salwotad .:unu. | | TrRE 7] baw |
1 F F |Flie-Floea | F
& . r |Buix | L
b F F |Puh F
4 r r |Fin |}
[ = F Pl F
Fird gt : of typa?
| fier It |
Tuth gudpeinta’ ;
J-I.“u ’..F". I = !I||1|_II1|__rI|.;-::_.:hllli¢-!3-?rI:::T;lﬂ
Fd F = fiawi_1for Mohog chd fd0Ce D |Flip-Flop
Bl F F :||nl_||1|_rhh.m,_1r.||li-:--:3-:r|m-r|w
4 F+ e | T Wbk thi 400 [FlipFlep
m =) = | Hw_1437_Pabrm_akd $6305-£ | Flio-Foe
3 F = fiawi 1o Mohog i fdaCio-C | Flip-Flop
T F F :I||1|_II1|_1h|I|F¢_¢ :rllrrlw
i P i v i |
_mm | _mn |
6-18 Path Endpoints
Path Endpoints oo "
Use al sources
Use al destinations
Endpoint types
Path endpoints oo 8
Analyze against User Defined Paths by Defining Clock and 1O Timing
10
6-19
[ User Specified Paths / by Defining Clock and 10 Timing 6-19
4 Clock/IO
6-17
Clock/10
10 Pad to Pad 4
Period
Clock to Setup
Pad to Setup Pad to Setup
Clock to Pad Clock to Pad
Pad to Pad Pad to Pad

285



6 & XILINX

6-19 Clock/10

6.2 — — Floorplanner
6.2.1
ISE Module View
Processes for Current Source
ISE 6-20

Floorplan Design

second_|fsr_Mshreg_shiftB0<20><0>_0

6-22

286

6-21



&

— — Floorplanner
| gl |
Sources in Project: Proceszes for Sowce “gold_cods” |;|
EIE Untitled 2 View RIL Schematic
P readne X0 Check Symtax KB Rt
H []
E-£3 #xc2s200-SpgPla =S 0 Implement Design
E-[¥] gold_code (infer.v) Ele' Translate
testhench (testbench. tf) / Translation Report
@ gold_code. uef @ Floorplan Design
sub_a [sub_a. ¥ G Generate Post-Translate Simulation Model
sub_b (zub_b.v) E§| kssign Package Pins Post-Translate
-G by
“ Nap Report
%G Generate Post-Map Static Timing
@ Mamally Flace & Ronte (FEGA Editor)
0 Generate Post-Map Simulation Model
EIO Flace & Route
@ Place & Route Report Egﬁﬁﬁgﬁﬁ
@ Asynelronous Delay Report
[ Pad Report
[ Guide Results Report —
[]“"‘G Generate Post—Flace & Rowfle Static Timing
View/Edit Flaced Design (Floorplanner)
View/Edit Routed Design (FPGA Editer)
b4 fnalyze Power ({Power)
[ : Generate Power Data
Eln Generate Post-Flace & Route Simulation Model
4 [¥] e N A
B ol I 0 Sriapsh.. mLihranr - | B Process e I
6-20
i =1
Dl [ Ve Herarchy  Fetten rh:ﬂ-ﬁ- i)
NEd G40 (N aTsed *0 2hEAT HARKAR
T 5ot 0 sl P o FSEM T al0
— T Chock BWEE [ BV 1 0 K Fe 4T (BEL ) =
— L MRS CFip-Flop ¥
_f secend_lise Bshreg_sksfs
e sncemd_lEfar _Eshrag_shs £
" sncemd_lfar _Eshrag_shs 8
— Enrat_LEwr_shofakd 0 [ W
B aki Lk bunn.d_lf:rj’sh:re:_J
— whi Ll :
— Errst_Lfwr_inkreg ki FLl
= cend_lfir_Beas_beis_In
= Brar Crdn_Eryaliti I'
RER= 9
e i o e i
s -
14l AL | NET = LI
R BC0 308G rAR &
6-21

287



6 $XILINX

alo]
=izl
& Fi|
— %
—-31ICE
/ | i
ﬁ
mﬂjﬁﬁ AT
|
e 1\
—
"-‘.“.\
=%i1
141 s o5
T
6-22
6.2.2
1.
. 10B
RAM/ROM
. NGD NCD FNF UCF
. UCF MFP
. RPM
2.
RPM
NGD 10B

UCF UCF

288



— — Floorplanner
MFP
)
)
SLICE

©)
6.2.3

1.

6-23
(D) Trandate NGD
NGD UCF NCF
NGD P
2 UCF NGD NGD

289



6
©)
4 UCF
®)
Schematic caplum
« design.ucf )
NGDBuild
h design.ncf )

I NGDBuild Hd I m-f)( m)

| we |

map.ned design.pef

6-23
2.
6-24
(1) HDL
@) NGDBuild NGD
©)
) NGD NCD
5) View / Placement
(6) Floorplan / Replace al with
Placement

7 FNF UCF

290



X — — Floorplanner

(8) UCF

« design.ucf )
design.nct

NGDBuild

¥

l_ Floorplanner I
E 2 ¥

‘ design.fnf ) .' design.mfp )

( map.ned D( ﬂasign.pct)

PAR

¥

6-24

6-25

design.ngd

design.pct map.ned

I Floorplanner
New lteration t
design.ngd ‘ design.fnf ) design.mfp

Floorplanner

map.ncd

design.fnt

design.pet

6-25
201



(N} HDL
2 NGDBuild NGD
3 UCF
4)
©)
(6)
ISE
ISE UCF
MFP
6.2.4
Xilinx Xapp233 622MHz  LVDS
HDL “ Example-6-1\Source”
LVDS Xilinx 230 232 233
LVDS Double
Data Rate Clocking LVDS 311MHz
84— LVDS “ Example-6-1"
1 “ Example-6-1" Verilog
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tx2bit.fnf tx2bit.ucf
6. tx2bit.ucf Module tx2bit.ucf
Process View User Constraints /  Edit
Congtraints(Text) “ NET "clkdx" LOC =

||P89un “ NET llclkn LOC - "P213";"

NET "cl k4x" TNM_NET = "cl k4x";

TI MESPEC "TS_cl k4x" = PERIOD "cl k4x" 3.2 ns H GH 50 %
NET "cl k™ TNM_NET = "cl k";

TIMESPEC "TS cl k" = PERICD "cl k" 12.8 ns H GH 50 %

8. Process View
Implement Design / Place & Route / View/Edit Placed Design
LVDS

LVDS 622MHz Process View
Implement Design / Place & Route / Generate Post-Place &
Route Static Timing / Post- Place & Rout Static Timing Report
Timing Constraints
6-28
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[ Hle Edi Yiew fnalyze Window Help - 1= x|
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ning Repo ion Timing Report Description

Timing Constraints g N AL AR

Constraint compliance:
Data Sheet report:

Timing summary =
Release 6.2i Trace G.28

Copyright (c) 1995-28684 Xilinx, Inc. All rights reserved.

D:/Xilinx/ISE62/bin/nt/trce.exe -intstyle ise -e 3 -1 3 -xml txz2b:
-0 tx2bit.twr tx2bit.pcf

Design file: tx2bit.ncd

Physical constraint file: tx2bit.pcf

Device,speed: ¥cu1808e ,-6 (PRODUCTION 1.69 2883-12-13

Report level: error report

Environment Variable Effect

NONE Mo environment variables were set

« | _"_I
For Help, press F1 |<hONE> 4
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o T - D | _|_I
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13. Process View
Implement Design / Map / Floorplan Design

FloorPlan / Assign Area Constraint
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tx2bit.fnf  tx2bit.ucf
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6.3 FPGA — — FPGA Editor
FPGA Editor  Xilinx FPGA
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FPGA Xilinx FPGA FPGA Editor
6.3.1 FPGA
ISE Module View
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ISE 6-33
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FPGA Editor
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FPGA Editor
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FPGA HDL
6.3.4 FPGA
FPGA Editor
(D) EDIF
()] NGDBuild NGD
(©)] NCD
4 FPGA NCD
5) NCD
6.3.5 FPGA
FPGA Editor FPGA Xilinx
Spartanll  Virtex Virtex-E  Virtex-Il Virtex-1l pro FPGA
FPGA Editor Virtex-E
Xilinx
Xilinx  Virtex-E
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DLL CLB
CLB OB
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LC LC
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10
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10
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10
6.3.6
FPGA
2bit FPGA
FPGA

nodul e add2(a, b, cin, c,cout);

input [1:0] a;
input [1:0] b;

i nput cin;
output [1:0] c;
out put cout;
assi gn {cout, c}
endnodul e

5v

a+b+cin

50Q 100kQ

24mA

Vcc

10B

48mA
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CLB
3 SLICE FPGA
2bit
G 2bit “ Example-6-2"
1. Windows [/ Xilinx ISE6 [/ Accessories
| FPGA Editor FPGA Editor
2. FPGA Editor File / New New 6-36
a
. Design or Macro
Design Design File Physical
Constraints File Part Macro
Physical Constraints File
. Design File Design
ncd Macro
nmc
. Physical Constraints File Design
pcf
Macro
. Part Design Macro
3. Macro 6-36 b
add_2bit.nmc
CEEE—— | RN x
D g e BeoreT 1 - Darige g Baewes 1
v [ g " Magrs | -I' D g i Waers
Tuaige Fils Hacrs Fila
e e - rockib-Ead_Thit ome Froes |
Fhpriesl Casrtvalste Pils Frreal g R At e L
0 ek BTl Tk i el Fpruan 1 :|
Tlﬂ Tl I.'-|r|.| ;"t Tl Mi
™ Ies dawics cpacifle galarlsg Deksss T Ees dawiis cpaclfli galarisg cekbs
o caea | | o | cam | |
(@ (b
6-36  FPGA
4. FPGA SLICE BRAM
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SLICE
6-37

R8C2 SO S1 CLB SLICE

L e Pl

TR

e 1

)
SELICET S, EibE COLE_ERCILEE . Iype - :.I.IT
i8e pim = CUE_BECZ Q8 Fi, poep pis = BLITEE,FE

S—

6-37 SLICE FPGA
[ e | 638

General Configuration Physical

Congtraints 3 General

Physical Constraints

Name
“ SLICE1”

Gansral |Conglperation] Figuiedd Constraiats |

FCTH

| 2R

Trps: Lagakien:

o wm

Cza ] x| Emw | an |

6-38

SLICE Array 3-37
SLICE

SLICE
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SLICE1 F1 Edit / Add Macro Externa Pin
6-39 Externa Name “a<0>”
Type of Pin INPUT F2->b<0>

Gl->a<1> G2->b<1> X->c<0> Y ->c<1> CIN->cin COUT->cout

6-39
SLICE SLICE
SLICE1 editblock |
6-40
o - (Bl - Bk Comns SLICET o She OUE_SSCHEN] .-J.ﬂ.l!l
Dok @] ] B E ]| mimmim|s) s e moe]| - |—IH w6 ETEE!
Bz Blu] Er| xc|Sla @i & =
o b
]

;

rﬂ W

6-40 1

6-41 Fegn Gegn “ (A1@A2)"
A SLICE Al



& XILNX FPGA — — FPGA Editor
A2 SLICE
¢« ~ NOT
e« + OR
o« % AND
e @ XOR
Fegn G Gegn “ (Al@AY)”
Al A2
m BT E (——— e k]
S o . . BE
0o £ @i=|# # | |- (HES [ETEE
[T ale] g cabnmimis] of —5—
A= i - %
ow T e |
=S 1y ',|E"-’.-'_. :ﬁ : ——
= ﬂ Pk E"‘
- | 1 [_a]
= i: = : lr-u.El;
»es FIITH $
Tin [ ez g |
e =
- cmig dbrdkl & bid g, @ . = :l
WL mrewes aw & BE waraieg j
|
Faryi, o et v g |
6-41 2
9. CYINIT CIN CIN
6-42
B, .
1h 1 ;_I 1| I
1_I'.-l'.-- :, E lj_?: |.~_—:, |}” } |}_)
o8 1 .ar-';_; _,-5‘:'-" H‘::;;:;:H .
= = e
: - . =i
VISF _.:':' Hh"'u‘, E'ﬂq
wh [£]
BT
Clrwa
[ row
6-42
10. 2bit SLICE 6-43
2bit HDL
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11. “ Example-6-2\Source\test_add2_macro.v”
XST Verilog
<> add 2bit.nmc

12. 2bit SLICE

6.4

FPGA
FPGA FPGA
FPGA

6.5

3. FPGA
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7 XPower IMPACT ChipScope Pro

XPower FPGA/CPLD
ChipScope Pro
iMPACT ChipScope Pro
. Xpower
. iMPACT
. ChipScope Pro
7.1 XPower
XPower
CPLD XPower
VCD
7.1.1 XPower
CMOS XPower

LUT FF BRAM

XPower FPGA
P=Cx*\/?* Ex F* 1000

P mw C \%

XPower ExF

XPower
XPower NCD PCF VCD XML PWR

iIMPACT

XPower

FPGA

ModelSim

FPGA

XPower
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7 XPower iMPACT  ChipScope Pro
VCD Vaue Change Dump ModelSim
XML XPower
XPower
PWR
X Power NCD PCF
VCD XML
XPower
FPGA Xpower
“ Example-7-1"
7.1.2 XPower
XPower Windows / /
Xilinx ISE 6 / Accessories / XPower
Project Navigator Processes for Source Implement Design Analyze
Power XPower XPower 7-1

§ Dilisg TPawsr — [precesls_cemuter. par ) i =m0 =)
[ Bile Bhit Lie Dnola Siwdew Balp ——— [#amE aliix
=@ - - A2 e[ L& | —~EETAE]
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-ll | 3 FErtz v 10ekgl 52 -8
'mm“ | E. N | Dwts wersiocn: FRODDCTION, w1.01,0%-28-00
= ForiT FUOWEELY: I|mk] F |m¥]
B0 Oiis ¥Videx :::::::::: -------------------------------------------
B Bapearl Wiar Totml awtimstsd powar corororpt ioms 13
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Ll Vooint 1.0z =T 156
[E.L- 311 Vooad1d 3.10W: 2 T
] (xeam|
Closhew: B 11
| Trimtm: 1 = =l
BgsANIHG | Power 1760 - Culy 0% of che peglacer oucputc aignals have hEsn 8sc, =
WARNIHG I Fowee 1 765 - Culy 0% of che depign aignals hsve bhEEn 880, _—
WABNINGIPower 1763 - Culy 0% of che design siguals cogyle. [T
WARHIH G Power 1740 - Cnly 0% of che reglocer ounpus aignals heave Deen aen, _I
WARNIHG I Fowee 1765 - Culy 0% of che depign aignals hsve hEen 8&c,
=l
Pr Naly, grace FL | [ | magms )
7-1 XPower
XPower Summary
View Explorer View History Bar Table
View
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XPower

File

Open Settings File
Save Settings File
Import Data from Worksheset

ISE 6 Xilinx
XML XML

Edit

Undo Redo

Preferences Edit / Preferences
Preferences 7-2

Pﬂ.‘lﬂiﬂm!’.ﬂﬂn‘

D 6 tmeeireg wtan cparang w sl

[T Colar Cide S greslc

[ Do Ties Bwaad wrdywiz sban lowhing YT

[T i deridwniiy of yreshireredst G greilr A

I Ehewr Bwttary Capwcity In Somsary

[~ Stew Theermsl Kol Cwck Dpidcnc PTGk decimae

=|

P 1 SHILangL
" Siandard Majar  Matailad Mapm i hdvanead Dapark

[Fal i
Nufmalt Eckiwity Kakn r
[l Frrcp=sridsr

™ Niapluar Frear Faln F [Hapley Cerrand Yal
Froarsr Undic

)

D Undic
Fregary Ymats
Dottt 13 v Loinbed Ui i

1D
1[04

J

IC Loaed Urdix
- Mafwalk T
iV Typaa
T Harwdhiod FP% doagn

[ | cuma wely | mep

E
i

Preference

Settings

Defaults

7-2 Preferences

5 Application Settings

Display Properties Default View

Application Settings Xpower

DRC
7-1
“ Thermal”

Open Simulation File
Save Settings As

Find

Report
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7 XPower iMPACT  ChipScope Pro X

7-1

XPower

Report Settings Default
Display Properties

Default View Types View
Hierarchical View

ﬁ View / DataViews

. View Data Views Tool Bar
Status Bar Summary View History
Bar Explorer View
. Tools DRC Run DRC Estimate
Activity Rates Set Default Activity
Report Confidence Details
. Window
. Help XPower
2.
XPower
DRC /
3. Explorer View
Data Views Reports Data Views
Reports
Power Report
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XPower

4. Summary View

5. Table View

6. History Bar
XPower

7.1.3 XPower

ISE Navigator
XML

NCD  PCF

XPower

T =
A e A
B By _NanigraiBreepla-T-1Eprwar _Jema'pra:

Berign Fils

Fipaical Gupatrainta Fila

- e Dt e\ Excimp ] a=T=1 " Tpdr_Dtes 1 parkn - Epwmam J

XPower XPower
XPower

VCD

File / Open File

Anttizga Fils

LI

gwsra .|

Simalaiion Fils

Wi Typ=hr
= Trpua

I lauschk ¥ow Nacige Wizard

PRI D]

" Mararekicd PR dsclgue

Arwurs I

I Forer feuds

7-3 Open

NCD
VCD

7-4

PCF XML

FPGA/CPLD
Summary
Vccint

Thermal
Vcco

Vceint Vcco

313



&

7 XPower iMPACT  ChipScope Pro
x
] Yoltage (V) Current (wh) Porer (uE)
| [¥ecint 1o
Dymamic 0.00 0. 00
Quiescent §0.00 144. 00
Yecod3 3.3
Dymamic 0.00 0. 00
Quiescent 2.00 B. B0
Total Fower 150. 60
Startup Current (mA) 500. 00
Confidence Level Inaccurate
| Summary  |Power Subtotals Current Subdatals I Thermal I
7-4
x|
Ambient Temperature (° C) 25
Junction Temperature (° C] 27.12
Case Temperature (* CJ 26.91
Fart Type Commercial
hirflow (LFM) 1]
Fackage bgise
Total Fower (ul) 162,96
Surmmary Power Sublotals Gurrent Subiotals Thermal I
7-5

100
XPower

@
)
©)
4
®)
(6)

FPGA

172

Tools / Set Default Activity
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& xunx X Power

“ Data
Views’ “ Types’ “ Types’ 4
7-6

M =Bl
Fila Fdit Fiew Teslz Tindew Ealp =il x|

@ = o - e L

coamilAr,

Walta| Curra E
Starta =00.00 E (0 [y
T pa—————
1 &
1.5
[R5 ]
ik
[N
[
om
i
[N
[y C
[N 1]
bt
T BT T
F L Ml i
£ Irgarta [ CH
£ Legiz L]
® 5 o
il | é-lp-ﬂ" Niqmy 1. (o
0. -
bl | _-l'"
-ﬂheedu:q consceaincs Iile) prescele councer, pol :I
“ THF 1 o
Per Ealp, yraaa FL | [ [ ek |
7-6
13 POWH”
7-6
“ Freguency” “ Capecitive Load” “ DC Load” “ Enable Rate’
“ Clocks” “ Inputs” “ Logic” “ Outputs’
“ Logics’ “ Signas’
FPGA/CPLD
File / Save Settings File
“ Reports” “ Power
Report” FPGA/CPLD Edit /
Preferences
3
XPower ModelSim VCD
FPGA
File / Open Simulation File Edit /
Preferences
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VCD

Verilog testbench VCD
initial begin
$dunpfile ("nmy_design.ved");
$dunpvars(1, t.uut);
end
mydesign.vcd VCD t testbench
uut “ Example-7-1”
testbench.tf
VHDL ModelSim do VCD
ved file ny_design.ved
vcd add testbench/uut/*

VCD

7.2 IMPACT

iIMPACT ISE PROM
FPGA/CPLD/PROM ISE PROM
PROM File Formatter iIMPACT FPGA/CPLD

7.2.1 IMPACT

FPGA 4 Master Serial Slave Seria
SelectMap Boundary Scan FPGA
PROM CCLK FPGA
Daisy-chain
FPGA CCLK PROM Virtex
FPGA SelectMap SelectMap
FPGA CCLK JTAG
IEEE 1149.1 Test Access Port JTAG FPGA/CPLD/PROM
JTAG TCK 1bit

iIMPACT 4 Boundary Scan Slave
Serial SelectMap Desktop Desktop
Xilinx FPGA/CPLD/ISP PROM/System ACE MPM
Xilinx MultiPRO Desktop Tool
JTAG FPGA/CPLD/PROM
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X iMPACT

iIMPACT
iMPACT JEDEC BIT JEDEC Xilinx CPLD Fitter
CPLD BIT FPGA FPGA JTAG
FPGA BIT iMPACT MCSEXO
PROM CDF Chain Description File PROM
PROM CDF
FPGA PROM iMPACT
PROM Formetter  BIT MCSEXO PROM
iIMPACT
7.2.2 IMPACT
iMPACT Windows / /
Xilinx ISE 6 / Accessories / iIMPACT
Project Navigator Processes for Source Generate Programming File
Generate PROM,ACE,or JTAG File Configure Device iMPACT iMPACT
7-7
alol x|
in Edk Mook Cgarsbiors Quipd e el RS
Dl & F m 88 2 B0 o ew ~FEIEE
Bvmmdary Sran | Stave Sorisd | Seleciit?] Deskies Configuraties |
Bl
ETfERD
Faghi chick 1o Add Davice ar [nitiades ITAD chan
A+ B TTH CAD - sdDwries -positian 1 -TiH Wy_Desigotmktmeshpaatrl bi 2 28 T ) =
O — Jwikch e Confipanton Mada
¥ oos BATCH (M bl
] _ _IE|
Por Halp, pram F] Confipration Fode | Boursdary-Scan Fic Crrractian F:
7-7 iMPACT
iIMPACT
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7 XPower iMPACT  ChipScope Pro X

. File Initialize Chain
Start Debug Chain
. Edit
Add Device PROM  FPGA/CPLD
Assign Configuration File Edit
Collection

System ACE CF

System ACE CF  System
ACE MPM System ACE SC  Xilinx

SystemACE System Advanced Configuration
Environment Edit PROM

PROM
Preferences Preferences
7-8
Frafararcea 1=
CopEiguratien Oparatier Berlas WE Dparwting Bede
I Cortaren on Faal F Bovice
T [Fiop on Fail I Expart
[ SARRN R E | Stwring Cle=k (FEGAL
& [Dariaaladd 7= kntwmukic Cerrackiee
™ Burdsf " Imdicats Errar
7 Igmarn dntting
I Gepcwrrask Beds CFLY & FRED)
T~ Xes EDGEE Iuetaad af NERRSS
I ntmmatic Chackres Draertiee KFLN 4 FRED
T~ Easp Intarmadiats 507 Pils (Spoies WCF axd ISFT Pi
™ Wan kbasluks Time 1n 3FF Fils
| | Lawal | o)
7-8 Preferences
Preferences Configuration Operation
Message Level System ACE
Operating Mode System ACE / Startup Clock
FPGA iIMPACT FPGA Bitstream
iIMPACT BIT
Concurrent Mode CPLD & PROM PLD
Automatic Checksum Insertion CPLD & PROM iIMPACT
CPLD PROM USERCODE Keep intermediate SVF file
System ACE System ACE SVE
BYPASS
ﬁ Use HIGHZ instead of BYPAS Xilinx XC9500/XL/XV
Virtex

Launch Wizard
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X iMPACT

Boundary-Scan

PROM Formatter Launch Wizard
PROM PROM
iIMPACT

Frapws FES Filaa =

T wart A
F i Bl FRS
T Farwllal FROE
{ Dilinx PROE woih D Pord ol ot ng Ensbdeed

FEN Pils Farmak
as CTEE 7 WP CC formwi]
I KR T EIR IS0

=

Beaey Fill Vil (F Hex FF

FEDN Fild M LOERNEL ]

Lagakimd "y e s ioberr, Fresman |

L b—& [T—F @ 7] Es | MR

79
Mode iIMPACT
iIMPACT
Operations iMPACT
Operations Program Verify
Erase Functional Test Blank Check
Readback Program XPLA UES
Get Device ID Get Device Checksum
Get Device Signature/Usercode Get XPLA device
UES On-The-Fly Activate On-The-Fly pattern
Validate Usercode IDCODE Looping
7-10 Operations Generate
File Compact Flash Copy to Compact Flash ~ Compact Flash
Compact Flash Integrity Check System
ACE
Output Cable Auto Connect
Cable Setup Cable Reset Cable Disconnect
SVF STAPL
View Status Bar View Log
File Clear Log Window Set Text
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Editor Refresh
. Help iIMPACT

Program. ..

Yerify

Eraze. ..

Functional Test

Elanls Checl

Beadbacl: . .

Program XELA UES. .

Get Device II

Get Nevice Checksum

Get Device SignaturefUsercede
Get Nevice Customer Code. . .
Get EFLE Dewice UES
hetivate On=The=Fls Fattern
Validate Ucercode

Execute XSVF

Select hotive Revision. . .

IOCODE Looping. . .

7-10 Operations

2.
« =] Toggle Mode iMPACT
. &
. Debug Chain
. Select All
Unselect All

Add Xilinx Device
Assign New Configuration File

B e 2 2

Program
Verify
Erase

(o (2

7.2.3 IMPACT

iIMPACT 4
iMPACT
iMPACT FPGA/CPLD
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iMPACT

iIMPACT “ Example-7-2"
g PROM
1 ISE *“ Processes for source” “ Generate PROM,ACE or JTAG
File” iIMPACT 7-11 Prepare
Configuration Prepare Configuration
Files 7-12
g s, Condli g P i
S|
Frocezzez for Source: “stopwatch” I;l 1 =mi i
: O’ Generate Post—Flace & Route ! ::1-"- oL
P View/Edit Flaced Desien (Fle AP
View/Edit Routed Design (FPGi gy B A
Analyze Fower (XFower)
Generate Fower Data
Generate Fast=Flace & Route !
Generate IBIS Madel
Malti Fass Flace & Route
Back-annotate Pin Locations
Generate Frogramming File
' Programming File Generation Report
Generate PROM, ACE, or JTAG File
: Configure Device (iMFACT) =
4| | LlJ e
] B Process ‘u'ieuul b=t [T §) EW | L1
7-11 iIMPACT 7-12 Prepare Configuration Files
2. FPGA PROM PROM file
PROM T Fwo Prepare PROM
Files 7-13
Frapors FEO Filea =
T rand i
i lare Earaal FREOM
T Furallal FREOS
" Nilirx PRON sdib Diocd g Beviconing Enabled
r e
FEM Fils Faraak
eSS T TEE o W CC format]
I (X T EH O IEC
r
By Fill Value (T Hix [FF
FRDN Fils M LAERNEL]
La g ek irhd : vy gra’eudchaart Brewan |
it—FE[TFw e ®s | mm |
7-13 Prepare PROM Files
3. Xilinx XC17 XC18v PROM Xilinx Serial
PROM MCS EXO PROM file Location
PROM Irwof Specify
Xilinx Serial PROM device 7-14
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7-14  Specify Xilinx Serial PROM device

4, PROM XC17
OTP One-time-programmable  XC18
XCF FLASH
XC18 PROM
Auto select PROM iMPACT PROM
PROM 2| PROM
PROM FPGA/CPLD i R |

File Generation Summary 7-15

7-15 File Generation Summary

5. File Generation Summary PROM
PROM
Add DeviceFile 7-16
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& xunx iMPACT

7-16 Add DeviceFile

6. Add Device File pamle | Add Device
7-17

7-17 Add Device

7. Add Device BIT RBT
Fe ]  imecT

7-18

7-18
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8. FPGA/CPLD
BIT RBT 7-19
7-19
9. iIMPACT PROM File Generation
PROM 7-20 T | iMPACT
7-20 PROM
BIT “ FPGA Start-Up Clock” CCLK
JTAG Clock 7-21 Slave-serial JTAG
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rreavcs franurniee . |

Gaparal Opkiens | Condaparwtion Optizem |
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7-21 Slave-seria FPGA Start-Up Clock
PROM File / Save As
CDF
CDF Edit /
Generate File
B
Slave-serid PROM FPGA JTAG BIT
FPGA JTAG JTAG
1. BIT Processes for source “ Generate
Programming File” “ FPGA Start-Up Clock”
JTAG Clock 7-22
rresece Fropernion
thunaral Optiema | Confipration Oplise
Starbap Optlass | Randbnck Optinms
Irageriy Name Falus
FEGA Simri-Up Clock -
Enabds Trisamal Do Fip B
Dlotel (Dayiperi Ewanic) [ e E Y]
Eraibds Duripoic (Duipai Evenic) Dfaadi (%)
Foblbbih Tl Pobrai (Doripari Evenicl DePaali (B
Eelisss Nciis Enablds (Duipai Evenicl Dfaadi (B
Ealabrs DLL (Deriperi Ewvsrioc] [fanli CRFaii]
i s Dorek Fin High L
oz | ®n | poa | W |
7-22 JTAG FPGA Start-Up Clock
2. Edit / LaunchWizard iIMPACT
7-23 iMPACT

CDF
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7-23

Boundary-Scan Mode Selection 7-24

7-24 Boundary-Scan Mode Selection

3. Boundary-Scan Mode Selection

LEm iMPACT

7-25
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S wmnitled [Configeratiisn Bade] - (NFACT Rl I [=] JF1|
Fils Bhit Fiww Suds fGgaratises kst Ealp
|[DEHE| e EESESSo RW
Houndary Sces | Slave Sesial | SelectMAP | Deskiop Ceafigantion |
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PROGEESE_END - Ebl Cpetution.
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Par Nilp, prsee FL Fﬂwlﬂ.n Naids ﬁl’n.l.u’rﬁln. EEI:IJ.I:I. I
7-25
4. Assign New Configuration File
7-26
J wmtinled [Configersiion Bade] - (NFACT i [ -1
Nila Bt Fiww Heds Operatiers (ubpst o Ealy
||:l FH RS E 2o | R
Houndary-Sces | Slave Sesial | SelecthAP | Deskiop Coafigantion |
v |
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e
v —
-Fila7 - ol
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HFS I friopeaich EARiRL 1] I
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Elpeed titee=  Dgso
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Pir Naly, graee FL [CanEl paration Nada T i} fFodla o ;
7-26
FPGA JTAG BIT BitGen
7-26
stopwatch.bit
FPGA
5 FPGA

327



7 XPower IMPACT ChipScopePro & XILINX

Program Program Options 7-27
ks

e — -

OFE i:=® Lol S 0fmaeEo|EF

m|u—.mm Him
I b Treparrin [T F
1" paridp r
I A
™ r: e
- o =
_:_-i:_.-_ T" avird Wils r i o
T Ll = =
e
I ||||||||
- e Ll
[
o CEd o | e |
Ter By puvas 1 e e a1 e Wl Trelertim r-:
7-27 Program Options
Programming Verify
PROM/CoolRunner-  Usercode
o3 -
7.3 ChipScope Pro
FPGA
FPGA
ChipScope Pro
7.3.1 ChipScope Pro
FPGA
PCB FPGA FPGA

PCB
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X ChipScope Pro

ChipScope Pro
ChipScope Pro Xilinx Virtex-11 Pro/Virtex/Virtex-11/Virtex-E/Virtex-EM/Spartan-
I1E/Spartan-11E FPGA JTAG
FPGA ChipScope Pro FPGA
BlockRam BlockRam
JTAG
ChipScope Pro FPGA
QD JTAG
2 Block-Ram
Block-Ram
(©)] ChipScope Pro NGC EDF EDN
IP
ChipScope Pro  IP
4 FPGA ChipScope Pro FPGA
FPGA
ChipScope Pro 7-28 ILA ICON ChipScope Pro
ChipScope Pro
ILA core Integrated Logic Analyzer core
ICON core Integrated Controller core ILA core
ICON core 1 15 ILA core ChipScope Pro
ILA core ICON core
ChipScope Pro Analyzer
Target Device Under Test
Host Computer with L::tll FLII-‘:?;;;‘H
e Pro Software
= 2
g ICON Pro -—J/-ﬁin
| |
Eoard-Under-Test
7-28 ChipScope Pro
ChipScope Pro ILA/ATC core Integrated Logic Analyzer with Agilent Trace
Core core  Xilinx  Agilent FPGA  Agilent E5904B

Option 500 Trace Port Analyzer Agilent TPA
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Agilent TPA ChipScope Pro FPGA
RAM Agilent TPA 2M samples
ILA 32k samples 60

PowerPC 405 MicroBlaze

IBM CoreConnect On-Chip Peripheral Bus IBA/OPB Integrated Bus Analyzer
for On-Chip Peripheral Bus

ChipScope Pro 5.1i IBA/PLB  Integrated Bus Analyzer for Processor
Local Bus CoreConnect Processor Local Bus VIO Virtua /O
Core ChipScope Pro core DIP
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module_a \Example-8-1\Modular_Design\l mp_top\top.ngo "
NGDBuild 8-15 module_a
“ Modular_Design\lmp_modules\module_a”
top.ngd module_a
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anto module
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8-16 module_a

module_a.ucf
“ ngdbuild -
module_a \Example-8-
module a

module_a.ucf
uc module aucf -modular module
1\Modular_Design\l mp_top\top.ngo”

4

-active

“ map top.ngd” 8-17
Modular Design
top.ngd
“ par -w top.ncd top_routed.ncd”
“w NCD

©®)
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congleted Thay Mar 27
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8-19 trce
(8) “ floorplanner
top.ncd”
Floorplanner
9 “ pimcreate \Example-8-1\Modular_Design\PIMs -ncd top_routed.ncd”
PIM “  \Example-8-
I\Modular_Design\PIMs’ module a  PIM 8-20
T x | [ |
L’—_|J Example-g-1 | 4 module_a.ncd
=] Modular_Design 8] module_a.ngc
= Imp_modules |=] module_a.ngm
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module_b
J module_c \
L nodule_aff)

module_b
module_c
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-] module_c
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Final Assembly
“ cd \Example-8-1\ Modular_Design\Imp_top”

“

ngdbuild -modular assemble -pimpath \Example-8-

I\Modular_Design\PIMs top.ngo”

map top.ngd”
par -w top.ncd top_routed.ncd”
trce top_routed.ncd’

“ “ (1] “ ”

twr twx

ngdanno -o top.nga top.ncd top.ngm”

ngd “ ngd2vhdl top.nga” VHDL
“ ngd2ver top.nga’ Verilog

Modular Design

Modular Design Initial Budgeting

Active Module Implementation

Initial Budgeting

Constraints Editor  Floorplanner
Active Module Implementation
“ Example-8-1\Modular_Design\Imp_top” top.ucf

Modular Design FPGA/CPLD

“ bitgen top_routed.ncd top.hit”
BIT
Modular Design

Constranits Editor Floorplanner
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1. Synplify/Synplify Pro
Synplicity Synplify/Synplify Pro 4
Synplicity B.EST
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Synplify/Synplify Pro

Synplify Pro 7.2 MultiPoint Synthesis
MultiPoint Logic Group Compile Point
Compile Point Compile Point
Compile Point
Synplify Pro MultiPoint
2. Leonardo Spectrum
Leonardo Spectrum  Mentor
Synplify Pro
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Bottom-Up Leonardo Bottom-Up
Group EDIF EDIF
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Leonardo Bottom-Up

Timing

Synplify Pro

8.7

Logic

EDIF

(D) Logic Group Logic Group

Verilog
“ module’ VHDL “
“ macro”

entity”

367



&

8
110 /O Buffer Clock Buffer Logic
Group “a Verilog “av’ macro
TCL
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Group Logic Group
Logic Group “ dont_touch”
“ noopt” Logic
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EDIF
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TCL
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(©)] Tranglate ngdbuild
ngd ngdbuild
8221
3. FPGA Compiler Il
Synopsys  FPGA Compiler Il
BLIS Block Level Incremental Synthesis
4. XST
XST BLSI XST
xcf XST Logic Group XST
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XCF Logic Group
Logic Group Logic Group A
Logic Group B Logic Group C XCF
MODEL "t op"
i ncrenment al _synt hesi s=yes;
MODEL " A"

i ncrenment al _synt hesi s=yes;
MODEL " B"

i ncrenment al _synt hesi s=yes;
MODEL " C'

i ncrenment al _synt hesi s=yes;
MODEL "top" resynthesize=no;
MODEL " A" resynthesi ze=yes;
MODEL "B" resynthesi ze=no;

8.6.2
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Modualr Design
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. 110
. Slice
. FPGA Slice Block RAM TBUF Multipliers
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FPGA

PACE Foorplanner

I NST Logi c_G oup_A AREA GROUP = AG Logic_Group_A ;

AREA GROUP "AG Logi c_Group_A" RANGE = SLI CE_X0Y20: SLI CE_X20Y30 ;
AREA GROUP "AG Logi c_Group_A" RANGE = RAMB16_X0Y2: RAMBL6_XO0Y2 ;
AREA GROUP "AG Logi c_Group A" RANGE = MULT18X18 X0Y1: MULT18X18_ XOY1;
AREA GROUP "AG Logi c_Group_A" RANGE = TBUF_X0YO: X1YO;

?f. Incremental Design  Modular Design
Floorplanner Constraints Editor  PACE FPGA

2. PACE

PACE ISE 5.1 Incremental
Design PACE PACE

UCF PACE 55
Floorplanner Floorplaner
6.2
3.
Guide File
Map P&R

“ design_name” Map “ design_name_map.ngm ”
“ design_name_map.ncd” P&R “ design_name.ncd”

Guide File

@ UCF EDIF

Trandate Map P&R 3
@ Map map
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8-21 ISE

“ design_name_map.ncd”
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Guide
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8-21 ISE Map Guide
TCL Guide
map -gmincrenental -gf <design_name>_map_gui de. ncd
Map Guide Mode 4 “ Incrementa”
“ None” “ Exact” “ Leverage” 4 PAR
Guide Mode
* None Guide Map PAR Map PAR
Guide Mode
e Exact Guide
IP Core
e Leverage Guide
Map PAR Guide
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8-22 ISE Guide PAR
“ PAR Guide Mode” “ Incrementa”
“ design_name.ncd”
x|
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8-22 ISE PAR Guide
TCL Guide
par -gmincrenental -gf <design_name>_par_gui de. ncd
PAR Logic Group
Guide Logic Group
Logic Group PAR
map
par 8.6.3 “ Modular Design "

8.7
Incremental Design
84  Modular Design Synplify
Pro Synplify Pro
Synplify Pro 7.2 ISE 51
= Incremental Design
“ Example-8-2”
1 Synplify Pro

(1) Pl

“ Synthesis’ 8-23
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8-23 Synplify Pro

@)
8-24 module a module b  module ¢ 3 Logic Group
top.v Virtex2.v Xilinx
“ Example-8-2\source”
©)
8-25

4

Synplify Pro 8-26
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I WCOMEXAMPLE-8-2'\synpli fyr_synhrev_1
E@ Syn_Incremental (project)

E| a warilog

module_b. +

module_c. v

module_a. v

virtexZ. v

top. w

rew_l (top)

Synplify Pro 2\ TEPRE

THRXHERTRRE
8-26
5) Run / Compile Only
(6) O SCOPE e SCOPE
Attributes “ Xc_area group” Xilinx
Slice CLB
Synplify Pro
SDC Xilinx NCF
xc_area group  SDC
Silice (Virtexll and Virtexl|-Pro)

define_attribute {v:work. modul e} xc_area_group {SLI CE_X0YO: SLI CE_X9Y9}
Defined by CLB Row Colum (Virtex and VirtexE)
define_attribute {v.work. modul e} xc_area_group {CLB_R10C29: CLB_R16C35}

Slice CLB
XC_area_group PACE
Synplify Pro
SDC
@) Compile Points Logic Group module a module b
module ¢ Compile Point 8-27
1 [ module_a Tocked
2 p module b locked
j ~ module_c locked
v I,
’ g e T BT TR
8-27 Logic Group ~ Compile Point
SCOPE 4.134
(8 4 4134 Clocks
Logic Group

=1
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SCOPE

9 Synplify Pro - I

Compiling Mapping

“ Done”
Logic Group
2. ISE
(0] top.edf top.ncf
ISE File / New Project
EDIF 8-28
x|
~Enter a WHame and Location for the Project
Project Name: Project
Tnecremental_demo D:%CD'Example—6-2'Incremental_desi _|
—Select the type of Top-Level module for the Froject
Top-Lewel Module Type:
EITF =l
Crsw|T-f@ | | mE | =
8-28 EDIF
2 FT—Fmw > 8-29
top.ncf
x|
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x|
~Select the Device and Design Flow for the Project
Property Name Value
Device Family -
Device we2v500
Fackage £4256
Speed Grade B3
Top-Level Module Type EDIF
Symthesiz Tool W&
Sinulator [Wodelzim
Generated Simulation Language |08
< @ [F-Emw 5| il FEED
8-30
4 T—& W > e
13
(D) 8-31 Creat Area
H i
Constraints PACE

Processes for Source: “top”

Create Hew Source
Design Entry Utilities

User Constraints
Create Timing Constraints
I Azsign Package Pins

Create Area Constraints
4 Edit Constraints (Text)
Implement Design
O/ Translate

Lo TP R&FnEE. Bzh
Flace & Route PACERIEEE B4+ R

Generate Programming File

8-31 PACE
) PACE 8-32 “ Assign Area Constraints
Mode”
C_— _ |
N EREEEEL
=13 fsign Area Constraint Mode .
LB EE. Bt
AEBE R
8-32
3 Design Browser Logic Logic
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4 Area Group UCF PACE UCF
“ AREA_GROUP’
#PACE: Start of Constraints generated by PACE

#PACE: Start of PACE I/O Pin Assignnments

#PACE: Start of PACE Area Constraints

AREA GROUP "AG_ i nstance_a" RANGE = SLI CE_X32Y59: SLI CE_X45Y42 ;
I NST "instance_a" AREA GROUP = "AG.instance_a" ;

AREA GROUP "AG i nstance_b" RANGE = SLI CE_X16Y59: SLI CE_X29Y42 ;
I NST "instance_b" AREA GROUP = "AG. i nstance_b" ;

AREA GROUP "AG i nstance_c" RANGE = SLICE_X0Y59: SLI CE_X13Y42 ;
I NST "instance_c" AREA GROUP = "AG. i nstance_c" ;

#PACE: Start of PACE Prohibit Constraints

#PACE: End of Constraints generated by PACE

4, Guide
1) ISE 8-34
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“ top_map.ngm”  “ top_map.ncd” P&R “ top.ncd”
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Logic Group module b.v
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D top.edf
“ top_map_guide.ngm” *“ top_map_guide.ncd” “ top_guide.ncd” 3
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2 Guide Map 8-35 ISE
MAP “ MAP Guide Mode” “ Incrementa”
“ top_map_guide.ncd” Lfs Map
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a branch, what do yon want to
a7

A2T an outent marker
€ hdd 2 bidirectional marker
€ Remove the marker

When you add an 10 narker, set
its erientation so its
diraction from its comneetion
Point iz to the ==

hutomatic -

In addition to clicking on a
branch end point, you can drag a
restangle around one or mere
branch end points te add or
remove 10 markers at those
points

CHIED. sch ent60. seh

ECS

9-8

110

Add Wire
BusName X Y
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_ S *

BusName

Q3Q:Q:1Q0
3

Ishsec 3.0 ”

@

[EZ% xilinx ECS - [CNT60.5ch]

B Ele Edt Yew Add Tooks Window Hel

bzm@aw

X MSB Y
cb4ce”

LSB

o]

[tmeoc|@|aaxsean

=

|x o -=zs~oNOA|Dmo 4| v|[Be=2ram]|

=181

Options | symbols |

A4 Het Hane Options

When vou click on 2 branch E
 Wans the bran
Tame the branch’ =

€ Pick up a name by clicking
on & branch

@ 5 o s o s

- 8 q
members by clicking on a
bus net

Selected Bus Hane

e
Hane

E oo e |

I” Display the nane on the branch
whare pou click even i€ the
branch ’s net nans is slready

displayed semehers on the
branch

After naning the branch or net
% Keev the name
€ Increment the name

: .
€ Clear the name <

CHIED. sch entB0. sch

Hsbsec(3:0
hsec(30)

CBACE
1. it the : ' . :

L |

9-9

) =

©)
9-10

[ xilinas ECS - [CNT60.5ch]

Pl Edt View Add Took Window Help

=IOl =]

ozrasr||izec~ @ |aaxEan
[n vz ~noNOA B an|s||[Ed=28m
=

=l8]x|

Options | Symbols |

Add Bustap Options

When you add a bustap, set its
orientation so that the broad
end = the part that comnects
to the bus - is at the

Tep

"
S
E

Botton

Tou can also use the CtrltR and
CtrlfE keyboard accelerators to
rotate the bustap before you add —
it to the schematic

K] | — D
T ome.sch ertBl. sch

9-10
(4) 9-11
“ BusName a” “ BusName”
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cnt60”

ﬁ.



LSB

Zoom Out
8.
9.

[E55 xilinx ECS - [CNT60.sch]
%E\\e Edt View Add Tools Window Help

=loix|
=18(x]

DEEger ||[smeo- B |@arxam

X[ r=zs~noNOABO s n|v B 2mam|

x|

Options |5y,mk|

Kdd Fat Wame Options

When vou click on o branch

" Wame the branch’ s net.

€ Fick up a nane by clicking
on 4 branch

€ Pick up nanes of bus Isbsee(])
members by clicking on a
bus net

Ishsec(l)

Selected Bus Nane

bw T |

™ Display the name on the branch
where you click even if the
branch *s net mane is alrsady
displayed sonewhere on the
branch

After namine the branch or met
¥ Keen the nane
" Increment the name

K}

" Decrement the nane
" Clear the nane

-

9-11

cnt60”

Center

cnt60”

H H 13 ul
Project Navigator cnt60
“ . e
Design Entry Utilities
il
cnt60
2l
Frocesses for Current Source |
£ @ Design Entry Utiliti
! 8T
: Launch MedelSin Simidator
View Conmand Line Log File
@ Check Design Rules
@ View ¥erilog Functional Model
----- [Elo# View ¥eriloz Instantiation Template
User Conztraints
Synthesize
Inplenent Design
Generate Programming File
2 process Viem
SE
Somes fm Bajadt |
------ B watch_sc
£ 2e?vB0-6£ePS5 - IST Verilog
" bovle View l 10 Snapshat View J Ty Library view ]

10.

9-12

“

outs3”

4

ECS

ECS

No errors detected”

Zoom In

Create Schematic Symbol

9-12



“ outsgn
9-13

[TEER)), IEE R
inputs () aus)
inputs(1) %{3 D;,,w aus()
inputs(2) %O r/?;w ()
inputs(¥) %O D;w ous()
inputs () %{) %w s
inpuds(5) %O [%w (s
inpts () %G D;w oS ()
inputs(7) [20 F‘gw outs ()
inputs (&) %O FL%W outs(E)
inputs(d) %O ’\L%w ous()

9-13 * outs3”

9.2.3 Core Generator “ tenths” IP

ISE IP Core — — Core Generator
“ tenths’ 4bit 2

G Core Generator “ tenths’ IP
“ Example-9-1”
1 Coregen IP

(1)
“ Coregen IP’ “ tenths’
9-14

hew E

Uzer Document

Schenatic Pil,
Verilog Test Fizturs =

Test Banch faweform -w
BN File

WEN Fils .
TImplementation Constraints File Logatioz

Architecture Wizard .
State Diagram T:\ISE'watch_sc

a3 1o proje
<t so[FEwme]  mm | #s

9-14 “ Coregen IP”
(2) T—& W@ > ohl Core
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I xunx

Generator IP Core Core Generator
Core Generator Core
Generator
2. IP
(0] IP Core “ Basic Elements
Counters ” Binary Counter

IPCore 9-15

pinubywsn gt Py Evpmgaty o mmtary

B I — N O

* + + ¥ e e

) L o o ey
i ey I 'l

| ispiryy

i Franary, fotstar o Fipsiaing

e 'y I i

) Dol gl Prywarppimny

s i
beriee | B O art Bl

| i g s, g A
Pl il Derainmrnd M Frspal =

st e = ¥
9-15 “ Coregen IP”
) Binary Counter IP
et | IP Core  PDF
IP Core
3 IP
¥ P 9-16

I it [ e vt I ot [ s L]

*m Enary Compied

] I T Y

Le LT ]

s cowm oo |
cmatiwn

m e |

s P i

i T ceemeees

cwmi T L (o e e, G
) i

vmi | Deram | omesmn | wekses | amscsmcece

9-16
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9 —_— ” I xunx

9-17
©) 9-18
| tukg] [FiT
9-18

4 “ tenths’
5) Core Generator Project Navigator

IP Core .XCO 9-19 Xilinx 1P Core

IP Core
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&

Sources in Praject:
e E wateh_se
£ xc2vB0-BEESE — ¥ST Verilog

2] entB0 (CHTEO. sch) IP Core
‘0] outs3 (outs3. sch) Pﬁ%ﬁﬁ%

9-19 IPCore

9.24 StateCAD “ stmach_v”

2.3 StateCAD StateCAD
i ” 13 gmmh_v ” 9-20
i CL EA R” b Zero” b aart” i Counti ng" 13 gopl’ L goppw” 6
13 grgop”
StateCAD StateCAD
HDL

strtstop = 'O

skoutz='0l L
=

StateCAD “ stmach V"
“ Example-9-1"
1. StateCAD
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®

“ Schematic” “ stmach v”
9-21
pew
VUser Document
Verilog Module
Coregen IF
Schematic File

Verilog Test Fixture
Test Beneh faveform
EMM File
MEM File

Implementation Constraints File Locatior
hr

#izard
<R A — [T T

iy

re[FEw]  mE | ®m |
9-21 “ stmach_v”

@

aaaaaaa

9-22

State Machine Wizard

Select the
appearance of the

Previev

ctata machina

—Shape of state machine
~ Multi-Colun
= Row
" Geometric

—Humber of states (3.1
—_—

E_=

Hep | Cpack |

Cancel

(2) Hext > I 2

Asynchronous

(3) Hext > I 3

@ ﬁrStOp"

StateCAD

9-20

“ drstop



4

0" 9-23

Finish I

Design Wizard : Setup Transitions

Each state can have a transition which Sample
retwrns to it (loop back), as well as

transitions going from it to the next state

and previous state. The zample window shows HEXT

To place the state machine, click Finish BESE
Move the cursor to the desired locatiom and
clisk the left mouse button.

NEXT
Add Set condition to
Loop back: (Jstrstop = '0°_J
Fext: |

I~ Prewious: I Defaunlt |
Help | <Back | Finish | Cancal |

9-23

9-24

[] strstop="0' QO

STATES

9-24

9-20 9-24

“ STATES” “ STATE2"

LY | “ STATEO”

Delete

2
STATES” “ STATEO”

STATEOQ”
1
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“ STATE2 “ STATE2’
9-20

9-25

“ STATEO” “ STATES” 6 “ CLEAR”
zero” “ start” “ counting” “ stop” “ stopped’ 6
D “ STATEO”
* CLEAR’ 9-26

clkout=" 0'” oK |
9-27 “orsgt=t 1" oK I

o
9-25
Logic Wizard x| Logic Wizard x|
Adder 3 & constant value is - Adder 3 & constant value is -
hnd boimme]  Bomeficas mem hnd boimme]  Bomeficas mem
Bit Compare be in decimal (default or Bit Compare be in decimal (default or
Buffer in a base you specify). To _I Eu: in a base you specify). To _I
EET— - Q@ - -
— Customize — Customize
COHSTANT COHSTANT

T T

Data path Data path

Help 0K | Cancel | W Registered Help 0K | Cancel | W Registered
| I I | I I

9-26 “ clkout * 0" 9-27 st 1
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2 |

“ clkout=" 0 rst=" 1'” “ CLEAR’
:H b <:H b CI kout<:£ Ol
rst<=" 1" 9-28

zl
State Mame: CLEAR

Dutputs: Unassigned autputs are retained [ie. 9=q)

ste="1"
- |

Output Wizard || Create counters, muves, ete. with the wizard

’—Jusml State Nams ‘ IrJustlly Output |

" Leit @ Center (" Right " Left @ Center ¢ Right

o | Eancell Help |

9-28

©)] “ STATE1” “ zero” “ ckout<=' 0 rsi<=
3 0! ”

4 “ STATEZ2” “ dtart” “ clkout<=' 1' rst<=
3 0! ”

5) “ STATE3” “ counting” “ clkout<=* 1’
rst<=" 0"

(6) “ STATE4" “ dop” “ clkout<=' Q' rst<=
3 0! ”

@) “ STATES" “ stopped” “ clkout<=' 0 rst<=
3 0! ”

9-29
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3 1
“ drstop ¢ 0”7 “ dart”
stop” “ drstop 1" 2
“reset ‘1" 3
1)

) “ start”

“ srstop ¢ 1”7 9-30 Ok I

Edit Conn n

Condition:

x|
Clwfﬁ Bl
=
=

Outputs: Unassigned outputs ars retained fie. g=a)

To edt equations created with the wizard, place
Output™wizardl 1o C1 oo in the equation and cick, Outpul

IrJustily Condition ‘ IrJustily Dutpu ‘

" Left & Center C Right || € Left & Canter { Right
. Hode

I~ Mutually Exclusive | Border " Symchonous

Priaiity [0 :I oK. |cém:e|| He|p| © Asprohronous

9-30

©) 9-31

strstop= 1"

B strstop.=t'

9-31
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9-20 9-31

) g

“ My_Stopwatch” zero

e :I “ zero
©) ]

” 9-32

strstop.=11"
(m]
9-32 .

7.
D S

110

“ FPGAH
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9
Speed
4 Hext > I 4
Guarantee coverage
(5) Hext > I 5
Enable buffer " “ 110 Optimize Port 1/O0 " “
Retain unassigned outputs between clock ”
(6) Hext > I 6
VHDL “ VHDL”
7 Hext > I 7
XST”
(8) Hext > I
StateCAD 110
8. HDL
StateCAD
StateCAD
HDL
D
9-33

)

402

Compiled Perfectiyl
Close
Mo Problems [dentifisd.

| Review dezigh statistics below |

R e
L)

v . F o @

cHeok 57 AHALYZE eiifizE "7 GEneRRTE

— Summary

106  Lines of code generated
113 K-Bytes Memaory uzed
0.080 Seconds Compiling

L LD

— D'esign Information

1 State Machines ﬂ
E States
18 Transitions _I

—Analysis Performed

0.001 Seconds Yalidating State Assignments ﬂ
0.001 Seconds Locating Indeterminate Conditions
0.001 Seconds ldentifying Conflicting Yariables

9-33

| StateCAD
HDL 9-34 “ "

StateCAD “ ?

HDL

“ Verilog”

“ Xilinx

HDL
HDL



&

BRSTMACH_Y.DIA - StateCAD{r) - 1= x|
Eile Edit Y¥iew Options window Help
b fpoann
D u (%-& %5- LT3 e @. E Q Q
OpenFie | Saverie | QRAMSUE | FIdOm | gpimpe | S | StaeBench|  Preview | Prin 2zoomin | Zoom Out
| e |g | | itz =] | <] & 3| x | ‘ D|D"‘|U|B|@.||a SRR = x.vl@ 5%« ‘
48 StateCAD HDL Browser - J:\ISE\watch_sc\STMACH_¥.v 3l x|

(m|n|n|n|n|n|n)<pmlE) ||slo|g|¢|n|: |uje ]

Wy _Stopwatch

g
| chout=="15
rat <=0,

e counting
[ Chout <=1}
I rate=10t

strstop ="

File View

CEEE)
{ JUSEAWATCH_SC\STMACH_V.v

! Verilog created by Xilinx's StateCAD 5.1i
f Wed Dec 04 09:42:10 2002

'} This Verilog code [for use with Xilinx X5T) was generated using:
! one-hot state assignment with boolean code format.

} Minimization is disabled. implied else is enabled,

! and outputs are speed optimized.

“timescale 1s/1s

dul

stmach_v[CLK reset.strstop.clkoutrst]

input CLK;

input reset,strstop;

output clkout.rst;

reg clkoutnext_clkout rst.next_rst;

reg CLEAR,next_CLEAR.counting.next_counting.start.next_start,stop.next_stop,
stopped,next_stopped,zero,next_zero;

always @[posedge CLK or posedge reset]
begin

if [reset] CLEAR =1:

else CLEAR = next_CLEAR;
end

always @[posedge CLK or posedge reset]

n begin
if [ reset] counting = 0;
else counting = next_counting;
stopped end
[ cloout == 0"
A rete="0; always @[posedge CLK or posedge reset]
- begin =
P Ready [l
934 © " HDL
StateCAD Project Navigator “ stmach_v.v’ “ watch_sc”

VHDL
stmach_v”
“ Create Schematic Symbol” “

“ stmach_v.vhd”
“ Design Entry Utilities”

stmach_v”

9.25 Architecture Wizard “ decml”

25 Architecture Wizard
Clock Manager I/O Rocket /O™ transceivers
Wizard “ deml”
Architecture Wizard DCM
DCM

DCM Digital
Architecture

Architecture Wizard
DCM

B

DCM

Architecture Wizard “ dem?”
“ Example-9-1”

1. Architecture Wizard

(1)

“ Architecture Wizard”
9-35

“ DCM_l”
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9 __a » & XILINX

@) TE® 5

ser Documen: t

Verilog Module

Coregen TP

Schenatic Fil
Verilog Test Fizture '
Test Bench Waveform iﬁ!’
B File .

MEM File

Logatior

T:AISElwateh_se

anztraintz File

[State Trazram N

<tso|[F—fw]  mE | #m |

9-35 Architecture Wizard

2. DCM
“ xc2v80 fg256 —6” Virtex-11
Wizard DCM Virtex-11 Pro
DCM  Rocket /O™ transceivers
“ DCM Wizard’ x| DCM
3. DCM DCM
(1) DCM Core Generator IP
DCM
J “ RST” “ LOCKED”
. “ 50MHZz"
. Clkin Source “ Externd”
. Feedback Source “ Internal”
. Feedback Value “o1XT
. Phase Shift “ None”
. Duty Cycle Correction “ Yes'

Xilinx DCM Wizard - General Setup. : x|
ICH Instance Hame fnon_twsT

K3l

UL

=

PSEN
PSINCDEC

PSCLK

Input Clock Frequency CLETN Seurce Divide By Value
= o Externals

Tuty Cycle Correction

& on |

Seurce % Internal, (" Externsl ( HNone
Value: & LE (ol §

Fhass Shift
C Bimad " Yaristls Advanced

Phase Shife Velue |0 j More Info |

¥t

9-36 DCM
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Architecture
Architecture Wizard
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2 _IMV““‘I- = 9-37 DCM
. “ DONFE” DCM “ Yes’
° 2 13 NO"
Xilint DCM Wizard - Advanced x|
—Wait for DCM lock before DOWE =ignal goes high?
" Ho
—Divide Input Clock by 27
i Tes
DCM Deskew Adjust: <[SYSTEN_STNCHRONDUS =]
x| Cancel |
9-37 DCM
©) == “ Locked”
QK I
Xilinx DCM
BUFGP Global Buffer B
DCM
4, Project Navigator “ deml”
“ Design Entry Utilities’ “ Create Schematic
Symbol” “ deml”
9.2.6 “ hex2led” * decode” HDL
2.2 ISE HDL Editor
Language Templates
“ hex2led” * ” “ decode” HDL
HDL HDL
‘ hex2led”
G “ hex2led”
“ Example-9-1”
1. HDL
“ Verilog Module” VHDL “ VHDL
Module” “ hex2led” 9-38
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Test Fench Waveform
EMM File

MEM File .
Implementation Constraints File Logatior

State Diagram

Architecture Wizard

|User Tlocument
CFEgEn
Schematic
Verilog Test Fixture

File

e

IJ': WISE'watch_se

< o [F-gw |

i

FEE

(1) TE® >

9-38

@) TE® 5

Define Yerilog Source

9-39

Module Hame [hexZled

Port Hame

Direction N5EH

HEX

input 3

LED

output B

TIY

input

input

input

input

input

input

input

input

input

< L—iF B |‘F—bF () >|

Hin

FEEh

9-39

3.
HDL Editor

© 2

VHDL

Templates HEX2LED Converter

@) x|

9-41
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VHDL

“ hex2led”

Verilog

9-40

Synthesis



&

B |G| e
-
Uemilaftes J/MEI-to-seven-sement decoder 2l
£ input [3:0] HEX;
S omtput [6:07 LED;
I/ reg [6:0] LED;
'
Jf segment encoding
{2 Compoment Tnstantiation ' 0
£ Lan Templ I fi-
guage Templates /s | | 1
=-{Z7 Synthesis Tenplates I fi- -8
Barrel Shifter Hoal ez
Comparator j:i fré
Counter
Debounce circuit always @ (HEX)
Decoder begin
case (HEX)
Encoder 4'B0001 © LED = 7'b1111001: /71
[#1+{_] Flip Flops 40010 © LED = 7'bO100100;  //2
4'b0011 ¢ LED = T'bOL10000; /73
0100 : LED = 7'bOOL10OL; /74
®-{] Latches 4b0101 : LED = T'bO0L00LO; /(5
51 Mhal tiplesers 40110 © LED = 7'b000OOIO;  //R
Bt ¢B0111 : LED = T'b1111000;  //7T
£B1000 : LED = 7'bO00OOOO;  //8
Pullup ¢'Bb1001 : LED = 7'bO0100O0;  //9
-7 R £BI010 : IED = 7°bOO0IOOD:  f/A
151 Shift Registers 4'b1011 : LED = 7'b0O00OOLL;  //b
£B1100 ¢ IED = 7'b1000110;  //C
#1-[] State Machines £B1101 : LED = 7'b0100001;  //d
-2 Tristate Buffers 4'BI110 : LED = 7°bOD0OLIO:  //E
(] Vrer Templates ¢BI111 : LED = 7'BOO0LLIO;  //F
default | LED = 7' b1O00DOO; /0
-] vHOL endoase
end b
Kl LlJ
hexZled. v Q Language. . .
9-40
1 module hexZled (HEX, LED);
2 input [3:0] HEX;
3 cutput [6:0] LED;
4
:
= segnent encoding
i 1]
= i
o 45| |t
18 M- e
11 f 4| |z
=2 i
1= 3
14
15 always @(HEX)
18  begin
17 caze (HEX)
18 430001 : LED = 7'b1111001;  //1
19 430010 ; LED = 7' BOLOOL0O;  //2
20 4'p0011 : LED = 7'b0110000;  //3
21 4'p0100 : LED = 7'b0011001; /4
22 450101 : LED = 7' BOOLOOIO;  //S
e 430110 : LED = 7' b00000M0; (/B
24 4'p0111 : LED = 7'b1111000:  //7
25 451000 : LED = 7'b0000OOO;  //8
o 4'pl001 : LED = 7' BOOLOOOD; /49
>7 4’31010 : LED = 7°b0001000;  //h
25 4'p1011 : LED = 7'b000001L:  //b
2 4°p1100 : LED = 7' B1OOOLI0;  //C
=0 4’1101 : LED = 7' b0100001;  //d
=1 4'p1110 : LED = 7'b0000110:  //E
32 4'p1111 : LED = 7'b0001110;  //F
33 defsult : LED = 7'bl00000O; /0
24 endcase
35  end
35
27
32 endnodule
30
9-41 “ hex2led”
Project Navigator
13 . ” 13 ” 1] ”
Synthesis Check Syntax hex2led
13 ” 13 .
hex2led Design Entry
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) - S

- y “ . »
Utilities Create Schematic Symbol
“ ” “ decoden
1  module decode (binary, one_hotl:
2 input [3:0] binary;
3 output[3:0] one_hot;
4
5  reg [9:0] one_hot:
=}
7 always B(binary)
8 begin
=] case (binary)
10 4'b0001 © eme_hot = 10° LOOOOOOODOL; !
11 4'p0010 : ome_hot = 10° bLOOODOOOD1O; fie
12 4'p0011 : ome_hot = 10° LOOOOODOO100; i3
12 4'b0100 © one_hot = 10’ bOOD0OO1000: 4
14 4b0101 © ome_hot = 10° bOOD0D10000; /5
15 4'p0110 : ome_hot = 10° bOOOO100000; B
16 4'p0111 : one_hot = 10° LOOOL000000; £
17 4'b1000 : ene_hot = 10° bOO10000000: £
18 4'b1001 © eme_hot = 10’ bO100000000; /19
19 4°51010 : osne_hot = 10 B1000000000; Ao
20 default : ene_hot = 10° LOODOOOOOOL ; £
21 endeaze
22 end
232
24
25 endmadule
25
9-42 " " “ decode”
1 ” 7 9_43
IP Core DCM
Sources in Project:
cntBl (CHTEO. sch)
DCMI (DCML. zaw)
decode (decode. )
hex?led (hexZled v)
[£] outs3 (outs3. sch)
stmach_v (STMACH_Y. +)
# tenths (tenths. xco)
9-43 * " 7

8 ECS
“ Example-9-1”
1 “ stopwatch”

Schematic “ stopwatch”

408

Symbol

ECS

“

decode”



9-1
" I BU F” 13 BU FG" 13 I NV” 113 AND2"
“ gmach v’ “ DCM_1" “ decode” “ outs3” “ cnt60” “ hex2led”

9-44

T= ¥ilink ECS - [stopwatch.sch] =1
&% Fle Edt View Add Tools Window Help ===
Dedadgr||s=es - f||aax=an||sg=aem

ULz s|NoNDA|@G 4Ny

=]l
Options Symbols | Bl

Categories

- dem1 . . - stmach_v -

CLEIN_IH CLKD_OUT

CLE elkout f—a

Buffer
Carry Logic
Comparatar
Counter

DR Flip Flop ._|>_.
Decoder TBUF
Flip_Flap . .
General

10 > . —
10_FlipFlop Gar i

reset

[ [ ]

strstap st

T0 Latch
Latch
Logic

uT

Shift_Register
Shifter
Q_THRESHD|—

decode outs3

Symbols - IcE [Ty ——binary (30 one_hat(3:0) == —inputs(30) outstd: 0N ——3
CLK

ANIT

decode
hexfled
outs3
stmach_v

tenths . . . . . . . .
> cnt60 hex2led

FERE :D_ T mecal= S ETNED=
Eggﬁﬁ%— A4iDT —pe hex2led

S Isbseo(d 0=} —vecn e
Symbol Heme Filter
[ : : : : : : : ’ ’ ’ =
Orientation 4] _>|_I

Rotate O ha N
=] = stepwateh sch

[524,1456]

9-44

9-1 110

9.3

ISE HDL Bencher
ModelSim HDL Bencher VHDL Verilog ECS

ModelSim
ModelSim VHDL Verilog
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ModelSim

93.1 HDL Bencher

2.6

g HDL Bencher

“ Example-9-1”
1.

®

Bench Waveform”

hew

)

FERE

User Document
¥erilog Module

HDL Bencher HDL Bencher
“ Test
“ stopwatch_top tb” 9-45
“ stopwatch” 9-46
HDL Bencher

|Associate with Source

hrchitecture Wizard
State Diazram

FF 4dd to proje

IJ': WISEhwatch_se

Coregen IF
. X deml
Schematic File e
onts3
@whﬁtopitb. thw o iE0
MEM File stmach_v
Implementation Consiraintz File Logatior decode

crse[Ff-Ewe] | mE | #m | <r—sw[FfEw>] @mE | =B |
9-45 9-46
2.
3
GSR FPGA PRLD CPLD
ms ns ps 9-47
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Add Asynchronous Signal support




HDL Bencher

3.
HDL Bencher

Preview

Maximum
output delay

Clock
high for

—~Clock Timi. ~Design T,
Inputs are assigmed at ' input setup
time' and outputs are checked at

Rising E £~ Falling Ed
€ Dusl Edge (IR desig
Clock high time

€ Multiple Cloc

" Combinatorisl Design (or internsl

Combinatorial Tining
Inputs sre acsigned, outputs are decode

then checked. A delay hetween inputs
and outputs avoids assigmnent/checking

Check 10 ne after accign
hesign 10 ns after output

Time {rs =

[~ Add Asynchronous Signal Supp

Clock low time
Input setup

Output valid

Dffset

~6lobal Signals (Verilog Only)
[~ BELD (CFID) [ GSK (FEGA)

Transition low |10 ns

| me | gene | map |

9-47

2.6 “ Pattern Wizard”
“ CI k” “ rm” "

“ strstop” “ K /

9-48

=10l x|

'ATCH_SC\STOPWATCH_TOP_TB.TBW - HDL Bencher(tm)
File Edit Yiew Options Help

SHEH |62 &

0pneee

[—
I

\

o 4
B [ |
Fie Edit
1 /7 Werilog model created from schematic stapwatch.sch — Ved Dec 04 16:36:55 2002
-
e
4 Ins / lps
5
&
7
& input clk
3 input reset

10 input strstop

11 output [6:0] onesout:
12 output [6:0] tensout:
12 output [9:0] tenthsout;

15 wire [3:0] @
16  wire XLEN_10 -

a

N

9-48

9-49
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Help

9-49

Project Navigator
HDL Bencher

9.3.2 ModelSim

ModelSim 9.6
ModelSim
HDL Bencher “ fdo”
ModelSim Xilinx

HDL Bencher ModelSim
Xilinx IP Core Modd Sim
Xilinx Xilinx 3 33 “ ”
Xilinx “ stopwatch_top_tb.tbw”

“ Simulate Behavioral Verilog Model” ISE ModelSim
9-50 “ Example-9-1"

T = niPEES == =il i
e | el | VIR e 3 [
“.‘M' r

Iy Tee — :

[ ]

i i

| Tewtetemrrry ey

'-------------'I e -
— [— 1 * ¥

-II.I_F.
in Ll e BF= S RTE T | mateer
T s e SE T

Ew e e clrpn e e pus

SEE il SR e RRCEE Y Griuae | eSS

9-50 ModelSim
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Synplify Pro  XST

9.4 Synplify Pro

Synplify Pro

XST

XST

Synplify Pro

94.1 XST

RTL View  Technology View

4.4 XST XST  Xilinx Synthesis
Technology Xilinx 1SE 3 Xilinx
ISE
XST Project Navigator XST
Verilog  XST VHDL
G XST “ Example-9-
1”
1 XST
(D) “ stopwatch”
Synthesize
(2) XST HDL Xilinx
3 9-51 9-53 3
T 4
Process Properties ll
Synthesis Options |HDL Options | ¥ilinx Specific Optiens |
Property Hame Talue
Optimization Goal Speed
Optimization Effort High
Srnthesiz Constraints File
Use Irnthesis Constraints File [
Keep Hierarchy p
GFlobal Optimization Goal Al1ClockHet=
Generate RTL Schematic Tes
EKead Cores [
Write Timing Constraints ol
Crozs Clock Analysis [
Hierarchy Separator _
Bus Delimiter <
Slice Wtilization Ratio 100
Caze Maintain
Verilog 2001 [
Verilog Search Paths
Verilog Include Directories
WE Wil | perae | EB |
9-51 XST
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@

)

Process Properties

Synthesis Options HOL Optiens |¥ilinx Specific Uptlonsl

Property Hame

Falue

FEM Encoding Algorithm

Case Implementation Strle

Hone

FAX Eztraction

p

FAX Strle

Auto

EOXM Eztraction

4

Muz Eztraction

Muz Strle

Decoder Eztraction

< E
g

Friority Encoder Eztraction

=]
w
tn

Shift Register Eztraction

<l

Logical Shifter Eztraction

HOR Collapsing

Resource Sharing

Complex Clock Enable Eztraction

Multiplier Strle

EIRURYRRY

a

W

i

Dol | EEH |

9-52

Process Properties

Symthesis Uptlonsl HDL Options #ilinx Specific Options I

XST HDL

Property Hame Yalue
idd I/0 Buffers =
Maz Fanout 100
Humber of Clock Buffers 16
Register Duplication v
Equivalent Register Kemoval v
Register Balancing o
Move First Flip—Flop Stage Bk
Move Last Flip-Flop Stage Hfa
Slice Facking =
Pack I/0 Registers into I0Bs futo
= il | Defwalt S
9-53 XST Xilinx

XST

Sources in Project

Processes for Current Source

XST
“ View Synthesis Report”
Schematic”

Synthesize

3
“ View RTL
Anayze Hierarchy”

“ View RTL Schematic”
Synplify Pro

“ View RTL Schematic”
9-54

ISE

“

RTL View  Technology View

ECS
“ stopwatch”



X Synplify Pro  XST

—clk onesout<g.0> ——
— reset tensout<6:.0> ——
— sirstop tenthsout<9.0> ——
9-54 “ stopwatch”
(3) 13 ”
9-55
T I_:a ; e } Jrmtnrsar sioras | ———— (e
.

- g s

= I -

o>

9-55
(4 : : * stmach_v"
9-56
LE—L_L_ e e T e e e
e i
A I = ¥ [

9-56 “ stmach v”
(5) ECS |[x|m@mm AL mme| RTL
9.4.2 Synplify Pro
Synplicity Synplify/Synplify Pro FPGA/CPLD

Synplify/Synplify Pro
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9 _—
“ i Synplify Pro
Synplify Pro  RTL View  Technology View
Synplify Pro RTL View
SCOPE
G Synplify Pro
“ Example-9-1”
1
Synplify Pro HDL
HDL XST
XST ISE
ECS DCM
“ Design Entry Utilities” “ View Verilog Functional Model”
VHDL “ View VHDL Functional Model” ISE
HDL
“ Synplify_Pro” “ tenthsv” Core Generator IP Core
“ decodev” “ hex2led.v’ “ STMACH_V.v* StateCAD
“ deml.v”  Architecture Wizard DCM “ cnt60.vf”  ECS
“ outs3.vf” ECS “ stopwatch.vf” ECS
“ \watch_sc\Synplify_Pro” VHDL
“ vhd” “ vhf”
Xilinx “ AND2" “ OR2”
Synplify Pro Synplify Pro “ lib\Xilinx”
Virtex-11 Verilog  VHDL “ \watch_sc\Synplify_Pro”
9 Verilog
VHDL
Synplify Pro
New Project
“ Proj”
“ Add Source File’ 9-57 “ \watch_sc\Synplify_Pro”
“ stopwatch.vf” VHDL
“ stopwatch.vhf”
“ stopwatch.vf” VHDL “ stopwatch.vhf” E

Save Project As
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Synplify Pro  XST

“ \watch_sc\Synplify_Pro”

AT (3 I

2.
Synplify Pro

HDL

3. RTL View

Run

9-58

Project Name

Select Files to Add to Project

20|

BHFEE O | (3 symplify_tro

x|« ®ckE-

outs3.vf

STMACH_W.w

E] Synplify_syn
wi]black_box.v

virtexzu.v

| i

[#] et v s8] stopwatch. v

E‘dcml‘v Syn_Pro_stopwatch‘prd
;_E]decode‘v Syn_Pro_stopwatch‘prj
yi|hex2led.v kenths

K|

IHE W [Tvirtalp e” TentD vf” “dmml " “dazed

SR ) M1 Files (%)
Files Ta Add Ta Praject:

= |

)28 SE\watch_sehSynplifp_Protwitex2p.

)24 SESwatch_schSynplify_Probent0. v

I SE Swiatch_sehSynplify_Prosdem v

JMISE watch_schSynplify_Protdecode.v
J:8ISE \watch_schSpnplify_ProvhesZed v

)24 SESwatch_sehSynplifn_Prohauts3.uf

)8 SESwatch_sehSynplify_ProdS TMACH_V.v
I SE watch_seASpnpliy Protstopwatch v
JMISE watch_se\Synplify_Proftenths.v

)24 SENwatch_sehSynplifp_Protblack_bow.w

<-Add Al

Remove All >
Femove -

9-57

Synthesis Check

“ Syn_Pro_stopwatch”

Syntax Check

[ Compile Only

S8’
b O JONCNOR 1}

@] RTL

#*| RTL

RTL

Fl- © Instances (12)
[+ F YLXI_I0 (decode)
[+ IF ¥LIT_11 Couts3)

|:_]...

< Primitives

< Ports (5)
< Fets (15)
[+ IF ¥LXT 13 (henZled)
[ fF YIXT 14 (hexZled)
[+ £F ¥LXT_16 (dem1)
[+ I} ¥LIT S (stnach v)
[+ < Primitives
H- © Ports (8]
H- S Fets (18)

Fl- © Clock Tree
foo {1 XLET_1B DCH_TNST (DCM)

<

I} H1¥1_12 15 (CBACE_MXILINK_cnt50)
Tk XLXT_12. 16 (COMCE_MEILINK cntS0)

v

9-58 Synplify Pro

RTL View
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9-59

Cross-Probing
RTL

“ DCM” RTL

[=]- & Instances (12)

; FLXT_10 (decode)
RLXT_11 (outs3)

FIXT_12 (entBO)

KLXI_13 (hex2led)
KLXI_14 (hex2led)
HLXT_16 (deml)

HLXI_S (stmach_v)

oHHEEEEG

Primitives
Forts (B)
Hetz (18)
Clock Tree
KLXT_16. DCM_THST

&y Sheet 1 of 1 - XLXI_16 {of module dem1) (RTL ¥iew) Impl-Synplify_syn

[ELRI_ A "=

A4 Module deml =
A4 Generated by Xilinx Architecture Wi
A Werilog

A4 Written for synthesis tool: 3T

A Hiline device: xcZwi0-0fg25o

module deml (CLEIN_IN, CLEOD_OUT):

input CLEIN_IN;

IBUFG ocutput CLED_0UT:
o

wire CLEIN_IEBUFG:
wire CLEFB_IN:
wire CLEO_BUF;

CLEJN_BUFG_NST

ceeeetl ]

PEDONE
STATUSE 0]

i
CTUTIITITTT

assign CLEO_OUT = CLKFE_IN;

DCM_INST
oolo now O (
T .CLETH (CLKIN_TEUFG),
.CLEFE [CLEFE_IN),
.RST (1'bdj,
JPSEN (1'bOj,

EF4ta T RIDCMIEEL. RTL
TEBBERRS, RiE>

(&8 Cross Probing & 5 3% Ez_‘ll JPETICREC fLpol LILI
[ | KT | i line 19.Cc/
9-59 “ DCM” RTL 3
4, SCOPE
Synplify Pro
SDC SCOPE Synthesis Constraints Optimization Environment
| SCOPE SCOPE
110
SCOPE Compile SCOPE
1/0
Multipoint Synthesis Flow
Top Level
e SCOPE SCOPC Clocks
Inputs/Outputs Registers Multi-Cycle Paths Fase
Paths Attributes Compile Points Other 8
9-60
. clk 100MHz
. 2ns
. DCM clkout 5ns
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Synplify Pro  XST

Freguencr Rise &t Fall it Dutr Crele REoute ¥irtual
Enabled Clock Clock &
nahe i (Ez) ock Fromp (ns) (ns) ) (ns) | Clock
i W~ 100: efault_clkerou 50 [
Belative ¥alue REoute
Enabled Port T, Clock Ed
nable or Tpe to Clock ec Ee (ns) (ns)
1 p <input defaultl} input_delar elk elk:r 2
2 p <output default> output_delar elk elk:r 2
Enabled Begister Troe Boute
(ns)
1 [ HLEI 5. clkout TeE input. delay 5
2 ~ KLXI_S. clkout reg_input_delar 5

9-60

SCOPE

SCOPE

Synplify Pro

Congtraints
Verilog VHDL 6

_stopwatch : Synpl

Options for implement:

x|
|

Inplementation Results | Timing Report | Veriloz
Device Options Constraints
Technolo, ackaze
o Virtex? [xcavan FGI5E
Device Wapping Uptiens
Ogtion alue -

Fanoul Guide 100

Digable L[/O Insertion -

Fipelinine i

Update Compile Foint Timing Data ~

Werification Mode l =]

Option

Click on an option for a description

Device
Implementation Results

Options
Timing Report
9-61 9-66

jon: Syn_Pro_stopwatch : Syn

| Timing Report | Veriloz

Constraints

Inplemantation Results

Device Options

Optinization Switch

SN Compiler
SN Explorer
[TResource Shering

x|

T mis | #m | T mis | #m |
_stapwatch : Synpl x| mentation: 5yn_Pro_stopwatch : Synj x|
Tmplementation Results | Timing Report | Verilog | Dewice (ptions Constraints
Conztraints Implementation Results Timing Report Yerilog

Options

Device

[Global Constraint:

Frequency

Inplementstion

Pomslitrem IS

Resulis Directory:

Constraint Files

AISE'watch_sc\Symplify_Fre\Symplify_s

Browss. ..

Result

Check the “Sel” colunn for files that apply to this

sel

W |1:MSE\watch sc\Srnplify ProhSrm Fro_stopwatch sde

Result File Name:

opwatch e

Optional Output Files

[~ Hirite Wapped Verilog Ha
[ Mrite Mapped VHIL Hatli

v Write Vendor Constraim

Qesiz > =]

i FElh

9-63

9-64
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Options for implementation: Syn_Pro_stopwatch : Synpl il Options for implementation: Syn_Pro_stopwatch : Synpll il
Device | (ptions | Constraints | Device | (ptions Constraints |
Implementation Results Timing Report | Verilog Implementation Results Timing Report Yerilog

Top Level
Hunber of Critical @

Humber of Start/End Include Path Order: *“i|X| 1‘| 4|

Deseripti

Configure the timing report by specifying the mumber of paths to
include in the “Starting/Ending Points with worst slack” and
"or=t Faths” report sections

[V Use Verilog 2001

[V Push Tristates across Process/Block boun

WE mig | &m | WE mig | &m |

9-65 9-66

Synplify Pro e I

“ Compiling”

“ Mapping”

Done”

“ tlg” “ gs’ RTL
“ edif”

f%” nci ”

Xilinx srm’

3 Log Watch window

110
Technology View Timing Analyst

FPGA/CPLD
Primitive RTL

RTL

L2 O0P0PPHe |

9-67
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© Instances @7) oor

fF XIXT_ 10 (decode) 00020

I X111 (outs3) noozL

I a2 (entén) ggg;g

I HLII_15 thexdled) o024

= no0zs

hexdled 00026

g (L6 (denl) il iopy ropn mdBlBiET 0027
15 (stnach v)

= 5 . on0zs

O Irinitives = no0z9

< Forty 6) 00030

N 00031

< lHets| 231 o003z

00033
00034
0

] hexzled
HEE  LEDED

14
(00036
f——— 00037

00038

?‘H{% K. ecods = b
AR e w0t 1] sl 1 5 orrpy =BAGHE R (00040
JF‘FTJF-Q%'LH ; : : oo o oo
ikitree v =
E’i‘g@%% omur 00045
° 00048

~ NKIN}

W Sheet 1 of 1 - top level {of module stopwatch} {Techn i [=[ 9] © Sheet i of - 101 | |[EEE

wire XL
wire XL
wire clk_int;

wire clien_int;
wire [9:0] one_hot;
wire [3:0] ones;
wire o thres;

wire rst_int;

wire [3:0] tens;

ANDZ ¥LXI_LS {.I0{c
cntél XLXI_1Z (.clr
.1sbsecitens|
dewl XLXI_L§ (.CLKI
decode XLXI_10 (.bi
hexZled XLXI 13 (.}
hexzled BIRENE (.t
HI_2 (.Ifres
/ synthesis att
IBUF XLXI_G (.Iist:
/7 spnthesis att
INV MLRI_ 7 (. T{XLX
outsd KIXI_LL {.ing
stwach_w WLXI_S (.C
clkout {clker
tenths XLXI_9 (.CEl
LATNIT(est_ir
endnodule

Flatten Schematic
9-68

KLXI_16. DCW_INST CLERTO, Fiﬂ
KLXI_16. DCW_INST CLEDY, Far
KLXI 16, DCW_INST CLXFX, Far
KLXI_16. DCW_INST CLEFX160,
KLXI_16. DCW_INST_LOCKED, F=
KLXI 16, DCW_INST _PSDOKE, F=
HLXI_16, DCM_IHST_STATUS[T:C

L

KLXN_3, Fanout=T
KLXN_ &, Fanout=l
KLXN_7, Fanout=f
KLXN_19, Fanout=S

XELAN S0
I ngsort by

clk, Fanout=1 s I
cll_int, Fanout=14 FovE

L

clken_int, Fanout=2

fral rn B en Bl
(EdREdRERE}

cioleivr ol T IYIIIIIIITITT

XR_N_SLID
KNG Eisort oy

q thres, Fanout=l

reset, Fanouts, e RLRL NS 1012

rst_int, Fanout=10

one_hot[8:0], Fanout=1 -
KELAZELR
ones[3:0], Fanout[11-15] —
enezout[B:0], Fanout=l
onezout_c[6], enesout_c[4:0]
Foce
s
x

| 126103

strstop, Fanou!

- [ BEER. REENE,
{# FCross Probing-#T

tensout_z[8], tencout _e[4:0] jin e

tenthsout[9:0], Fancut=1

] — ﬂj;l

9.5

FPGA/CPLD
Trangate Map Place & Route
Congtraints Editor
Timing Anayzer FPGA FPGA Editor
Viewer Floorplanner

ISE
3
PACE
Chip

Constraints Editor
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9 —_—
PACE UCF
9.5.1 Constraints Editor UCF
NGD Native Generic Databse UCF User
Constraints File UCF
UCF
= Constraints Editor UCF
“ Example-9-1”
1.
UCF NGD
1/0
“ stopwatch” Implement Design
(@)
“ Implementation Congtraints File”
“ stopwatch CE” 9-69
] x|
cr—rw[FoEwo]  mw | ®m |
9-69
2 UCF
“ stopwatch CE” ===
ISE
©)] “ stopwatch”
“ Design Entry Utilities’ Creat Timing Constraints
“ stopwatch CE.ucf”
2.
Global Ports
Advanced Misc 4

422



“ CI kn
20ns

16ns
“ Ped to Pad”

9-70

“orst_int” 50ns

UCF

s ¥ilinx Constraints Editor - [Global - stopwatch.ngd / stopwatch_CEucF - Ol x|
Fil= Edit Yew Window Help
D[=|&| x| z[=|ax 2
Clock Het Hame Period Fad to Setunp Clock to Fad
clk 16 nz HIGH 50 % 5 ns 5 nz |
rst_int 50 ns HIGH 50 % Hia EIE Ji
4 | i
Ead to Ped |
@lobel | Ports | Advenced Mise |
MET "cli" THM_NET = "clk’; -
TIMESPEC "TS_clk" = PERICD "clk" 16 ns HIGH 50 %;
MET "rst_int" TMM_MET = "rst_int"; }%l’ Fﬁ;{j—};‘-
TIMESPEC "TS_rst_int" = PERIOD "rst_int" 50 ns HIGH 50 %) E)]UCF
TIMESPEC "TS_P2P" = FRCM "PADS" TO "PADS" 20 ns;
UGF Constraints [read-write] [JCF Constraints [read-only) Source Constraints [read-only) I
For Help, press F1 WG 4
9-70
13 1) 1
/O Pad to Setup Clock to P

9-71 .

“ Location”
BUFG

Location:
qﬁ) Cancel |
Comment : Help |

s>

9-71

“ onesout<0>" “ onesout<5>"
“ onesout_OutPort”

“ onesout<0>"

“ onesout<5>"
“ Group Name
9-72
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Xilinx

424

File Edit VYiew ‘Window Help

=1l x|

D|=|&| x| =[={alz| 20|

I Port Wame [ Pozt Location Pad to Setup Clock to 1+
o1k INFUT B2 ik Hi4
omesout <63
reset IRPUT )
strstop 1HFUT Bk
tensomt {03 OUTPUT ik _I_I
4] | 3
Fad Groups

Grouy Wane: Fonaront DutFeris
[~ 1/0 Configuration Options B i o225 out_JutFort

Prohibit I/0 Locations. .. I Select Group: -

Fad to Setup

Clock to Fad

Global Forts | Advanced | Mise

TIMESPEC "T3_P2P" = FROM "PADS" TO "PADS" 20 ns;
INST "onesout<0=" THM = "onesout_OutPort";
IMST "onesout <1=" THM = "onesout_OutPort";
INST "onesout <2=" THM = "onesout_OukPort";
INST "onesout <3=" THM = "onesout_OutPort";
IMST "onesout<4=" THM = "onesout_OutPort";
INST "onesout<5=" THM = "onesout_OutPort”;
INST "onesout<6>" THM = "onesout_OukPort”;
[MFFSFT = Th 5 r< REFORF “rll"

=]

VUCF Constraints [read-write] |UCF Constraints (read-only] Source Constraints [read-only)

For Help, press FL

[ |

“ onesout_OutPort”
9-73

9-72

Select Group

Fad Group: @t_ﬂut?ort ;I

Time Requirement

TS wie &S =

Cancel |
Help |

Relative to Clock Fad Het: clk

Register Timegroup: I

Ld L

Comment : Output Fort

Clock to Pad

9-73

“ tensout” “ Clock to Pad”




Hierarchy
“ THRU” “ OFFSET
IN BEFORE” “ OFFSET IN AFTER” “ FROM TO” “ FROM TOTIG" “ NETTIG"
5
Xilinx I0OB
RAM/ROM SRL16 /
Ll
UCF
9.5.2 PACE UCF
PACE Pinout and Area Constraints Editor ISE5.1
/0 Congtraints Editor
Constraints Editor NGD UCF
ISE 5.1 PACE
PACE 1/0 I/0 Bank
/0 /O 1/0
PACE DRC Design Rule Check
PACE PACE NGD
/O
PACE
5
G PACE
“ Example-9-1”
1 PACE
Constraints Editor UCF
PACE UCF UCF PACE
“ stopwatch” “ Design Entry
Utilities’ Assign Package Pins PACE
PACE Design Hierarchy Window Design Object
List Window Device Architecture Window Package Pins
Window Package Pins Legend Window
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PACE

Location
Editor

Constraints Editor

PACE
“ One$ut"

426

110

Design Object List Window

“ CI kll 13
9-74

1/0 Bame [1/0 Direction|Loeation|Bank 10 std.
strstop Input LVTTL
reset Input LVTTL
onesout<g> |Output C1 - ||FAHE T
onesout<i> |Output o AHET
onesout<4: |[Output D3 BAHET
onesout<i> | Output D2 BANKT
onesout<2> | Output E4 BANKT fo
onesout<l» Output E3 BAFET % ) ’A-T:' ff%
onesout<0: |Output H4 BANKT L
elk Input it} BAHKD

9-74

Design Object List Window
Package Pins Window
“ tensout”

88"

110

Constraints

110
9-75

i xilink PACE - stopwatch_CEucf =13l x|
Fie Edt Wew [0Bs Aress Toos Window Help
DESd &= 2REn i 24 xXQasap 0000 DNNNOEN
B Design Hierarchy E M [=[ B3] | [FTDevice architecture for XC2V80-6-FG256 I =T
= symbal_| Pin Type
tenthsout<5> [T} Package Pins for XC2¥80-6-FG256 =
tenthsout<d> )
— : User Profibit
tenthsout <2 Gho
tenthsout<1> Top View " e
Lenthsont@> 1234567 8391011121314 e
tensout <G> L] veao
tensout<{s> CONFIG
temsout<d> | + HE Sle Tag
= " W]
tensout<3> AR B . GELK | GEK
tensout 2> 110 B Temparature Diode
tensont<1> - J\Eﬁg c £ Analog YoC
strstop - - Pawer Management
rasat 5
« y E VEATT
- [ Gigabit Serial
i b I L E =lolx * YCC MGT Termination
1/0 Fame |[I/0 Direction|L i 1.4 G Mot Connected
Tenthaout (95 [Output 1 TUTTL Banky
tenthsout (83 [Dutput I LVTTL J:¢ Banki
tenthaout (73 [utput | LVTTL 7 e
tenthsout <&>|Output f LVTTL Banks
tenthaout 53 [Output I VT k %
tenthsout (43 [Dutput LITTL . Clllss
tenthsont (3> [Tutput LUTTL Lo Banks
tentheout (25 Tutput I LUTTL y Barks.
tenthsoutels|Output 1 TUTTL . K Bank?
tenthsout 03 [Dutput i LUTTL o N
tensout<er |Dutput / EL FANKT| -
tensout<sy |output | |E2 EANKT L P
tensoutcd>  [Output / Fi DANET
tenzoutsr |Dutput [ BT R
tenzout<2> |Dutput v = BANKT| N
esoutcs — T (HE
e 1 23 45 67 1011 12 13 14

«

varat Tremt T

LUTTL
T T
| »

|cxoup(1/0 Dizection|bank|1/0 sta.|

9

(K1l

9-75

UCF

PACE PACE
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Design Entry Utilities Edit Congtraints ~ Text HDL
UCF 9-76 UCF

topwatch_CE.ucf & -(o] x|

File Edit

H BB oo al+%%%

11 [INST “onesout<S>" THM
12  |IHST “onesout<5>" THW
13  |OFFSET = IH 5 n=z BEFDRE “elk”:

14 [OFFSET = OUT 5 ns AFTER "clk";

15  |TIMEGEF “onesout OutPort” OFFSET = OUT 10 ns AFTER “clk”; #0utput Fort
16  |INST “tensout<0>” THM = “tensout_OutPort”;

17 |INST “tensout{1>” THW = "tensout_OutPort”:

18  |IHST “tensout<E>” THW = “tensout_OutPort”;

19 |TNST “tensout<3>" THW = "tensout_OutPort”:

20 |IHST “tensout<4>” THM = “tensout_DutPort”;

21 THST “tensout<G>" THM = “tenzout_DutPort”;

22 |IHST “tensout<5>" THM = “tensout_DutPort”;

23 [TIMEGEF "tensout_OutPort” OFFSET = OUT 10 nz AFTER "clk”: #0utput Port
24 *LALLT Tart oL LOonstraiinis exitracied by PALL Irom Lhe DEslgl

25  #PACE: Start of Constraints extracted by FACE from the Design

28 #PACE: Start of Constraints extracted by PACE from the Design

27  #PACE: Start of Constraints extracted by FACE from the Design

onesout_(utPort”;
“onesout_JutPort”;

1 "mzr ok THW_BET = "clk =]
2 TIMESFEC “TS_clk” = PERIOD “clk” 16 ns HIGH 50 %;

3 [HET “rst_int” THW_HET = "rst_int":

= TIMESFEC “TS_r=t_int” = PERIOD “rst_int” 50 nz HIGH 50 %;

5 TIMESFEC “TS_FZF” = FROM “FADS” TO "FADS” 20 ns;

=3 INST “onesout<0>” THM = "onesout_OutPort”;

7 [IHST "onesout<1>” THM = “onesout_DutFort”:

2 [INST "onesout<®>" THW = "onesout_OutFort”: | {5 FlConstrain Editor

9 [IFST “onesout<3>” THM = “onesout_DutPert™; | 2 RLASE &

10 [INET "oneseutéd>” THW = “enesout OutFort™s L7 = HOBY A

28 [FET “Tensoutdhs DOC = “EI

28 |NET “tenzent<5>" LOC = "E2”

30 |HET "tensout<4>” LOC = “F3"

231 HET "tensout<3>” LOC = "F4" -

32 |NET “tensout<2>" LOC = "G4 PACETE

33 |NET “tenzout{1>” LOC = "G3" =3

34 |HET "tenseut<D>” LOC = "H3" ; ﬁﬁﬂ%

35 |NET “omesout<B>” LOC = “C1" .

36 |HET "omesout<5>" LOC = “I1"

37 |NET “omezeut<{4>” LOC = "D3"

38  |HET "omesout<3>” LOC = “I2"

29 |WET "omesout<2>” LOC = "E4"

40 |HET "omeseut<1>" LOC = "E3"

k1 HET “onesout<0>™ IOC = "H4™

142 [NET “clk" LOC = "B5°

laz >
4| _’l_I

For Help, press F1 | ufEen

9-76 Constrants Editor  PACE UCF

9.5.3

Implement

3 Trandate Map
Place & Route ISE 3
. Xilinx
3 Trandation
Report Floorplan Design Xilinx
Floorplanner Generate Post-
Trandate Simulation Model

Map Report Generate
Post-Map Static Timing
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Timing Analyzer
Editor

FPGA
Simulation Model

. Xilinx
FPGA/CPLD

Report
Pad Report

Manualy Place & Route FPGA
Xilinx

Generate Post-Map

Place & Route

Asynchronous Delay Report

Guide Results Report
NCD

Generate Post-Place & Route Static Timing
Timing Analyzer

View/Edit Place Design
FPGA Editor

Xilinx
Analyze Power XPower

Post-Place & Route Simulation Model

FPGA

Model
Place & Route

IBIS

Properties

Process Properties x|

Floorplanner
Floorplanner

View/Edit Place Design
FPGA Editor FPGA

Generate

Generate IBIS
PCB Multi Pass
Back-annotate Pin Locations

Edit Process

9-81

Process Properties E x|

Post-Map Static Timing Report Properties Post-Map Static Timing Report Froperties
Fost-Flace & Route Static Timing Report Froperties Fost-Flace & Koute Static Timing Report Froperties
Tranzlste Properties Map Froperties | Place & Route Properties Translate Properties Map Properties Flace & Route Properties
Property Fame ¥alue Propertr Hame ¥alue
Use LOC Constraints Trim Uncormected Signals v
Fetlist Translation Trpe Timestann Eeplicate Logic to Allow Loeic Level Reductio |[#
Macro Search Fath #1llow Logic Optimization Across Hierarchy
Create I/0 Pads from Forts [mi [Wap to Tnput Functions
Allow Unezpanded Blocks [ |Optimization Strateey (Cover Mode) Ares
User Eules File for Hetlister Launcher | |Eenerate Tetailed MAF Report [mi
Tenore LOC Constraints on Invalid Object Hame [ Use Guide Design File [ med)
Preserve Hierarchy on Sub Module [m] Cuide Kode Hone
Uzs ELOC Constraints =
Pack 1/0 Registers/Latches into I0Es Default (For [/0]
Disable Register Orderine [ml
CLE Pack Factor Percentage 100
Tri-state Duffer Transformation Kode 0ff
Fexform Timing-Driven Fackine [ml
|Map Slice Logic into Unused Block EaXs r

= o e

Wi Bl | peeane | @E |

9-77
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Process Properties : _| Process Propetties
Post-Map Static Timing Report Properties | Translate Properties Map Properties Elace & Route Properties |
Post-Flace & Eoute Statie Timing Report Froperties Fost-Map Statie Timing Report Properties
Translate Froperties | Map Properties Flace & Route Properties FPost-Flace & Route Static Timing Report Froperties
Property Hame ¥alue Property Bame ¥alue
Flace & Route Effort Lewel (Overall) - Report Trpe -
Flacer Effort Level (Overrides Overall Levell |H/4 Number of Items in Error/¥erbose Report (0-32 [10
Router Effort Level (Overrides Ouverall Level]l /4 Timing Report (Wumber of items) 10
Estra Effort (Highest PAR level only) Wa Perform Advanced inalysis [m
Starting Placer Cozt Table (1-100) 1 Changs Device Speed To
Flace And Foute Mode Formal Flace and Foute Teport Uncovered Faths (Mumber of I1ems)
Guide File Analyze Clock Skew for All Clocks [
Guide Mode 20 Stamp Timing Model Filemame
Use Timine Constraints rd Timing Specification Interaction Report file
Use Bonded 1/0s O
Generate Detailed FAR Report
Generate Fost-Flace & Koute Static Timing Rep |[¢
Generate Post-Place & Eoute Simulation Model |[
i B | perawe | ®EN | s B | perans | ®EB |

9-79 9-80

Process Properti

Translate Froperties Map Freperties |  Flace & Route Froperties |
Post-Place & Route Static Timing Report Properties
Fost-Wap Static Timing Report Properties

Propertr Hame Yalue

Eeport Trpe -
Fumber of Items in Error/Yerbose Keport (0-32 |10

Timing Report (Humber of items) 1
Perform Advanced analrsis

Change Dewice Speed To

Report Uncovered Faths (Humber of Items)

T B | perwae | ARy |

981
Run Process

Xilinx
FPGA

B “ Example-
9-1"

Anayze Post-Place &
Route Static Timing  Timing Anayzer
9-82
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=8| x|
Elle Edit Wiew Analyze Window Help
SEEIDEEEE

_lO|x]

- Timing Report Description Timing Constraints
= Warnings
= WARNING: Timing: 2666 - Constrai
- WARMING: Timing: 2667 - clk does
= \WARNING: Tirning: 2666 - Constrai d I I
- WARNING: Timing: 2667 - clk doses

-~ A :Timing: 2666 - Constrai
= L . :
—T5 Fsf_f = PERIOD TIMEGRP . | TimMing constraint: TS_rst_int :J

= T3_P2F = MAXDELAY FROM TIME

- T5_clk = PERIOD TIMEGRF "ck!" 8 items analyzed, B timing err
[+ OFFSET = IN 5 nS BEFORE COME

Timing Constraints
+- Default period analysis Far net "rs
efault OFFSET OUT AFTER anal:
efault OFFSET IM BEFORE analy
efault period analysis For net "cll -

Pathtracing Contrals N P
Active Pathtracing Cantrols Release 5.1.81i - Timing Analyzer F.

Active Component Pathtracing Cantrc Copyright (c) 1995-28682 Xilinx, Inc.
% End of Report File

Design file: stopuatch.
FFSET = OUT & nS AFTER C N . .
TIMEGRP "onesolt_DUtPart” OFF Physical constraint file: st.:npwatch:
TIMEGRP "tensout_OutPort” OFF: Report level: timespec i

Constraint compliance: Timing constraint: TS_P2P = HAX
=) Data Sheet report:

SetupfHold to clock dk 5 A = = 5
Clock clk ko Pad @ items analyzed, @ timing err * This timing constraint 1nl.:era|-:t1(v
Clock to Setup on destination cloc <| I S mEpTe e e """"‘";' 7

- WARNING: Timing: 2718 - Clock ne
ts Analysis Repor

- Timing Analyzer Settings:
Timing constraint: TS_clk = PER

3 MFQ: Timing: 2700 - Timing constr
128 items analyzed, B timing e [=- Timing Constraints

E18

W

&E 8L ERT
1] i

ETF' fﬁl.l {iﬁ EP‘ A A = efault period analysis For net "cll
f?%ﬁ??ﬁﬂﬁ“]ﬁ%f N WHLE LN L e G LR eFaulk OFFSET I BEFORE analy —
efault OFFSET OUT AFTER anal SR
Slack: 11.836n efault period analysis far net "rs Relea?e ool L Ll |.1na.llyze|‘ F.
Source : XLXI 97 - Constraint compliance Copyright (c) 1995-2882 Xilinx, Inc.
Destination: ALRI 9/ Data shest report:
. Prare— etupjHold to clock clk Design File: stopuatch.
Requirement : 16.888n lack clk to Pad N ; .
Data Path Delay: 4.162ns + Clack to Setup on destination dac Phy?lcal TSRS RS CE ST L
Clock Skew: _B.807n - WARNING:Timing: 2715 - otk ne bevice,speed: ®C2080,-6
Source Clock: clk int T\m!nqsummary Report level: verbose re
. ) =, Timing Analyzer Settings:
Destination Clock: clk_int . )
= Environment Uariable Effect -
K K — 37| K | H
For Help, press F1 stopwatch.pef
9-82 Timing Analyzer

Floorplanner FPGA
Floorplanner  ISE 4.1 Cross-Probing

Floorplanner Timing Alayzer
View/Edit Place Design
Floorplanner Floorplanner 9-83
Floorplanner

3. FPGA
FPGA Editor  Xilinx
CLB 10B FPGA
FPGA Editor

View/Edit Place Design FPGA Editor
FPGA Editor 9-84 FPGA Editor
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ilinx Floorplanner - stopwatch.fnf |8 x|
Fle Edt View Herarchy Pattern Floorplan Window Help
DR S22 E SIS
B T
I E “stopwatch” [ o7 I0Fs, 43 FGs, 4 (ls, 22
] ELET 16 “dewi® [ 1 DCH, 1 BUFG ] Cross-Probe
XLXT_ 9 “tenths® [ 12 FGs, 4 Cls, & DFFs ]
ELXT 5 “stmaeh v* [ 7 FGs, T DFFs ] ﬁ ﬁ ﬁﬁ i) ﬁ ﬁﬁﬁ
ELXT 14 “BexZled” [ 7 Foz ] }%‘L P
| ] XLXT 12 “ents0* [ & DFFs |
XLIT 10 “decode” [ 10 FGs ] #
Vi
L]
b
'ff pOo o0
%%
7 %% b
7%
277
7% bO
V% b
%7 :
7%
4 ILIT 13/Brom LED inst lutd 01 [ FG | gt
g stopwatch “Primitives® [ 27 I0Bs ] N .
C=  tenthsont<9> [ TOB 1 T XIXT_11/YLXH_12 PAD: ter §
= {enthsout<8> [ TOB 1 T:X¥IXT_11/YLXH_13 PAD:ter 5
T tenthsout<T> [ T0B 1 I:XLXI_11/XLXN 14 FAD:ter >
= tenthsout<6> [ TOB 1 T:X¥IXT_11/YLXH_I5 PAD:ter @ 3
™ tenthsout<5> [ I0B 1 I .XLXI_11/YLXH_i§ FAD:ter
C=  tenthsont<4> [ TOB 1 T XLXT_11/YLXH_IT PAD: ter ol
— o cenn Foam 1 mowmwr 4 ormaw amomam. s
|1 I f
m I §E¥ ; I
B B0
XL 0
e € [RHTHES
HLAI_8/H105
AT ONI0 Floor Planner?f 5 P8
XLAI_9/H143
XLEI 9/H100
HLXI_3/Ha8
HLAI_a/HaT
XLAI_9/NG4
YA 8/H46 id
[« F{ [» [4] [
ovz MM [SCRL
9-83 “ " Floorplanner
18] %]
Fle Edit Yew Took Window Help
Dlsld|=| +| 25|+ Bl o e O Y = e N
= _ o x & =S| a;z
a
[Placed Conponents = b
Fane Filter p—
[ clear
delay
Ham|Sit|Trp|#ri Wi —
e
1 PRE_[v0C_ [voc |1 E T
e
2 e froc_jvee 1 = e
editblac
3 e froc_lvee 1 = =
4 e [voc_lvee 1 = =
5 Q<0 |SLIC |SLIC |8 E | |h|||[g
B a<t> [suicfauic iz [[m YEH"' —
ila
T G E =
info
3 w [suicfsuic i = e
3 ot [suic(suic 4 [ e
[ [ B
11 KLXI |8LIC |SLIC|T E PP
roule
12 ot fsuic (el [
sway
13 ot fsuic e s = um;e
14 i [suicfsuic iz [
15 KLXI |SLIC |SLIC |10 EV
[l »

For Help, press F1

9-84 *

”

xc2vB0-6f3256  [No Logic Changes

FPGA Editor
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9.6

Simulation Model

“ PrjName_timesim.sdf”

432

9 o " 3
4. X Power
XPower  Xilinx
FPGA/CPLD PCB
Analyze
Power XPower XPower 9-85
? XPower - stopwatch.ncd . =] ]
File Edit View Tools Help
=20 RS W
|| Data Views Summary | Thermal |
El"' TLpeSsignals WCCInk (¥) Quiescent Power (') Logic Block Pawer {mw) Outputs Power (mia)
] Logi | 15 | 201.60 | 0171 | 0.0
] Cutputs
i Clocks Power (') Signal Power (i) Inputs Power (i) I0s Power (m)
- | Reports | 8124 | 0.358 | 0.433 | 0.0
— = Battery Capacity {mé Hours) Battery Life (Hours) Tatal Power (i)
| vow | 0.00 | 208.70

Release 5.1.01i - XPower Softwareversion:F.24
Copyright {c) 1995-2002 Xilinx, Inc. All rights reserved.

Design: stopwatch
Preferences: stopwatch. pcf
Part: 2wBOfg256-6

Data wersion: ADVANCED 1.113 2002-08-21

Power surnmary I(rnay  POm

Bl

Total estimated power consumption: 204

Weoint 1.5%: B0 120
Wocaux 3.3 25 83

Yoo 334! 2 7
Clocks: 4 3
Mets 0 0

4

Loading device datsbase for application XPower from file
“T:4I5E\watch_schstopwateh ned”

“stopwateh” iz an HCD, wersion 2. 37, dewice xcZwB0, package £zP56, speed —B

|2v80fg256-6 |

9-85 XPower “ "

ModelSim

FPGA

PriName_timesim.v ” “  PrjName_timesim.vhd ”

“ PrjName”

Generate Post-Place & Route
Xilinx

SDF



FPGA/CPLD

& iMPACT
Xilinx IP Core ModelSim
Xilinx 33
HDL Bencher HDL Bencher
ModelSim
Xilinx
HDL Bencher ModelSim
“ stopwatch_top_tb.tbw”
Simulate Post-
VHDL

Place & Route Verilog Model
ModelSim

ISE

VHDL
9-86

B, i I

.|;|

1)
1MW @ in JFTH pe

9.7 IMPACT

iMPACT ISE 5.x

FPGA/CPLD/PROM
ISE 5.1

iMPACT

9-86 ModelSim

FPGA/CPLD

PROM
ISE 5.1

PROM

PROM Fi

T

le Formatter
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FGPA/CPLD
iMPACT 4 Boundary-Scan Slave
Serial SelectMap Desktop
JTAG FPGA/CPLD/PROM
iMPACT FPGA/CPLD/PROM
PROM 4 Intel MCS-86
“ mcs’  Tektronix TEKHEX “ tek”  Motorola EXORmacs
“ exa” HEX “ hex”
XC2v80 635360hit XC18v01
PROM
PROM XC18v01 FPGA XC2v80 iIMPACT
FGPA/CPLD
G IMPACT XC18v01l PROM
“ Example-9-1”
1
(D) “ stopwatch”
“ Generate Programming File” Edit Process
Properties
FPGA FPGA Start-Up Clock
BIT FGPA JTAG Clock
PROM CCLK 9-87
[ —— x|
Sturi o] st it | e i |
e EE
o T e A T
Match Crele Default (MoRait)
L B
W I e
9-87 FPGA
@) FPGA/CPLD
2.
(D) “ Generate Programming File”
Generate PROM,ACE,or JTAG File iIMPACT
Prepare Configuration 9-88
2 T=EPE 9-89 PROM File
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iIMPACT FPGA/CPLD

Dperation Mode Selection

x| Prepare Configuration Files

$hat do you want to do

I want to

€ Configure Deviee

 System ACE £il

(% Prepare Configuration

" Bowndary—Sean £i
" Load Configustion File (< oundary—Sean £i

el e D

t—se[FFfw>] B | B |

9-88

() 9-90 PROM
(4) 9-91 PROM
PROM

9-89

Add

PROM FPGA/CPLD

Prepare PROM Files

| [l Specify Xilinx Serial PROM device

x|
™ huto select FREOM
v T Sl
€ Pavallel FHEOR Selent a Serial add
FREOM File Format Fosition FPart
‘m ~ TEK <] xeldu
CE0 O C o
F Swap bit:
Wemory £111 valus (2 i
FROM file Cstoptatorrron Delete AL
Locatiof \TSEwatch s/ drowss..
<t—#w[FFw>|  mH e tso[FEwmy] mM | am |
9-90 PROM 9-91 PROM
(5) T @ > TF—H M >
13 T4
9-92 BIT stopwatch.bit

EHBE D [ warch s

[ e = s =

_ projnav
_ngo
_tmp_

Synplify_Pro

TP W [stopwateh bt

[ 77w |
PSR (): [H11 Design Files

R

A

9-92 FPGA/CPLD BIT
(6) iIMPACT BIT

iMPACT BIT BIT
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436

(7) BIT
Generation PROM
PROM
T iIMPACT

PROM

3 untitled [File Generation Mode] - iIMPACT -1olx|
Fle Edt Mode Operations Cuput Wiew Help
D@ E| & e EE oS
System ACE PROM Formatier | SvF-sTAPL |
{55 FliMPACTHE A
/ PROMECE X fF

w1 vl
57 % Ful

4s2v80

PROM File Generation Succeeded
Witing fils "] USEwalch_selStopWalohFROM prma'. |

Witing fle "J.USEbwatch_scliStop WatehFROM sig’.
I+ BATCH CMD : getenate

I+ BATCH CMD : sotCurrentDesign ~version
I+ BATCH CMD - sothvlods -pfl’

L

Far Help, press F1 [File Generation Made ~ Prom Fermatter

9-93 iMPACT PROM

8
E] FPGA/CPLD PROM
FPGA/CPLD PROM

3. iIMPACT
1) iMPACT
“ Generate Programming File”
iMPACT iMPACT
2 9-94 Configuration
3 9-95
Mode

Dperation Mode Selection E 3| Wl configure Devices

Device

fhat do you want to de I want to_configwre

i + Boundary—Sean Mode
& Fonfizuve levic

€ Prepare Configuration
€ Load Configuration File (o

" Slave Serial Mo
7 SelectMAF Mode
" Desktop Configuration Mc

PROM File
iMPACT

9-93

iMPACT

Configure Device

Boundary-Scan

e | L] FEED

<t~ @ [F-Fw |

B

FERh

9-94 9-95



X iIMPACT FPGA/CPLD

(4) 9-96 Boundary-
Scan “ Automatically connect to cable and identify Boundary-Scan

Boundary-5can Mode Selection x|

[

T T
d identify Boundary-Sean

T Entar = Boundary-Scan Ch

<t—so| == | ®mw |  ®=m |

9-96 Boundary-Scan

5) iIMPACT Boundary-Scan
%| Debug Chain
(6)
Program 9-97

PROM

- 472 [Configuration Mod| I [ 54
Fie Edt Mode Operstions Ot

Wiew Help
JDB”H| RN AR - HEEREw R (=Rl ) o
Boundary Scan | Slave Serial | ScleclMAF‘I Desktop Configuration |

- -
Program Options x|
¥ Erase Befors Programmi | [ Functionsl Te
¥ ¥erife I= | Or-The-Fly Progra

[T |trite Prote: I Skip user arr
~V¥irtex—TT T
I [Geaure Hodt SE
TDO- [T Progren Eey P

[~ Read Frotect \ FROM

[~ Load Fpza

Gopy | [ Berallel med

"Z;féﬁ I~ Uze D4 £or O

[V PROM/CoolRunner-IT Usercode (8 Hex Chars)

| AF021208]

I~ MELA UES: Enter up 13 characte: {{E{EJ%F'EJ
I

GUI - Add ore devics l
[ BATCH CMD : setMode b5

GUI --- #1 3180l LISEwatch sclStopWatchPROM rucs 0K I [ Hel,

GUI - #2 w2v80  JAISEwatch sclstopwatchbit = fmcad | e |

Device #1 selected

o o

Far Help, press F1 [Configuration Modz  [Boundary-Scan [N Connectian | 4

9-97 FPGA/CPLD PROM

PROM CoolRunnerll User Code 8 16
PROM
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9.8

9.9
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FGPA/CPLD

FPGA/CPLD

ISE
ISE
ISE FPGA/CPLD
FPGA/CPLD
ISE EDA



10 ISE ——1°C

ISE
FPGA/IC
ISE Synplify Pro  ModelSim
1°C
EDIF BIT FPGA
9 . " «
” |2C

«  EFX-SP200

. I°C

. I°C — — AT24C EEPROM

. I°C
10.1 EFX-SP200— —

FPGA/IC
EDA
FPGA
FPGA/IC EFX-SP200
10-1
EFX-SP200
. Xilinx Spartan 1 X C2S200-PQ208 20
208
. 100MHz  SDRAM SDRAM
. 32KB RAM

. 1°C 1°C EEPROM AT24C02



10 ISE ——1IC &
. RS232
. PS2 VGA 7 LED
. Xilinx IP Core RISC CPU PCI PicoBlaze
. 80C51 sSoC
RS232 ez
- SDRAM Spa%é::;('mzoo SRAM
RS232 Bs/2
i L
- /
EEPROM 80C51 @
Speaker
4 LED VGA
w6 @] [E B
10-1 EFX-SP200
EFX-SP200 EDA
http://www.edacn.net
1C 1’C
EFX-SP200
2
10.2 I°C
USB IEEE1394 1-wire I°C 1°C
EEPROM LCD
1’C Inter IC BUS Philips 1°C
SDA
SCL A/D D/A LCD
1°C 400pF
SDA
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& Ee

intemupt within slave

clock line held low while
interrupts are serviced

1’C 100kbit/s 400kbit/s 1°C
10-2
/ N/SECAM
ENV598E6G3 JLC1562BF TC9090N TA1229N
[ [ [ 12C_0
12¢ 1 || Twav
MSP3410B-F7 T2
12 1C104 —_
QA02 VMSP3410B-F7 TA1216AN
x 12¢_3
M65839SP | JLC1562BN
[ [ [
, Qvo3 /7 7 ,
TA8859 TC9083F TA1222AN HY02
10-2 1°C
10-2 NC-6 CPU 4 1°C
G2966 G2967
1’C IC 10.2.4 1’C
Philips Semicoductor 1°C
http://www.semiconductors.philips.com/buses/i2¢/products/index.html 100
1’C
1’C 1°’c
http://www.edacn.net
10.2.1 I*C
1°’C SCL  SDA SCL
SDA 1°’C 10-3
T el
oo\ /X X XN N X X X
| | MSE acknowledgement acknowladgemeant | Sr
| | signal from slave signal from receiver |
| | byte complete,
|
[

seb | 8| l EX
or 1 2 . 7 ] 9 1 2 3-a 9 or
S P
Lsr ] ACK ACK Lrd
START ar STOP ar
rapeated START repeated START
condition condition
103 I1*C
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1°C 10-4 SCL SDA
SDA SDA 1°C

scL L

| | |

| data ing | charge |

| stable; | ofdata |

| datavaiid | allowsd |
2

10-4 1C

10-5 1°C SCL

sDA “_E:\__ /_"__\ -_/_:_" SoA

scL | ‘\_fﬁi Y / sCL
| 8 P

START condition STOP condition

10-5

SDA 10-6

r]
/X X X /

DATA QUTPUT |
BY TRAMSMITTER
not acknowl edge M

acknowledge

|
|
||

DATA OUTPUT 1 -
BY RECEIVER Lol
I

SCL FROM 9
MASTER | U 2 __ . J
L=
N cock pulse for
START acknowladgement
condition
2
10-6 IC

SDA 8
MSB
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& Ee

SCL
SCL
SDA SCL
10-7
SDA [ Senal Data Lins)
2CL (Senal ﬂl:_:
]
|2
! SCLK
LIH
10-7 I1°C
SDA 1’C RS232
1’c
1’Cc 8 RS232
5-9 RS232 1’C
10.2.2 I’C
1°C 1°C
7 1
10-8

MEE L5E

L e |em)

I— alayve adoress —I

10-8
10-8 7 LSB
1 0
1°’C
AT24C 1°C EEPROM
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10 ISE ——1IC &

4 3 1°C 8
EEPROM
1°C
9
S S TR TR I TR
START ADDRESS RW  ACK DATA ACK DATA ACK STOF
condition condiion
10-9
3
L]
10-10
l/s; 7 SLAVE ADDRESS ?{:'R:ﬁ 3] A [/DATA ,j A F’U.qm:ﬂ AR F” p’:J
i LA i A A A i i A A
o dala transferred
0" (write) {r byles + acknowledge)
t&l from master to slave
A = acknowledge (SDA LOW)
_ = not acknowledge (SDA HIGH)
| | from slave lo masber % = START condition
P = 3TOP condition
10-10
L]
10-11
1
Zs;, "SLAVE ADDRESS | 'RW-| A | pata [a7] pata FAZ[ P
R YT I TN ErYE, e ey A o
I— daia transferred —I
(read) {n byles + acknowledge)]
10-11
L]
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10-12

o e i
VE;}'VELN\."E ADDREEE"FF{I"I'FJ A | DAT.Al Nﬁr g SLA\I"E H.DDHESS H.'W A | DAT.H|FJAKF'£
T

. J e
raxad or wrils direction
of ransler
¥ Dok alia bacu Sr = repeated START condition Tﬁ':.is'mﬁtﬁ
data and acknowladge bils
depends on RIW bits.
10-12
10.2.3
1’C 1’C
1’C ScL SCL
I’C SCL
SCL SCL SCL
SCL SCL
1’C SCL
10-13 1
CLK1 SCL 2 SCL
SCL 1
2 SCL 1
2 SCL SCL
SCL 0 SCL 10-
13 1 SCL SCL SCL
0
| HICH pen

10-13 I°C

445



|2C tHD;STA 10'
24
SDA SCL
SDA
10-14
SCL
1 SDA
2 1 2
R
D-’:‘IA | /_i
1 I | |
A e W
1 I | |
S0A : :,l' I\ {({_
1
e T A NN AN TN A
10-14
1’C
10.2.4 I°’C
1°C 100kbit/s 7 20
80
Philips Semiconductors IC
1°C
. 400kbit/s
. Hs-mode 3.4Mbit/s
« 10 1024
10 1°C
2
10.3 I“C — — AT24C EEPROM
AT24C 1°C EEPROM 1K bit
512K bit /100 100
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IC AT24C02 AT24C
EEPROM

10.3.1 AT24CO02

AT24C02 2K bit 256Byte 8 TSSOP  SOIC
10-15
8-lead TSSOP 8-lead SOIC
Pin Configurations o0 e o=k [
Pin Name | Function Az TAwWP :;gg ;g;\fCPL
AD- A2 Address Inputs G:§E j g g gg: GMD 4 &[1sSDA
S0A Serial Data
SC@T? Serial Clock Input Aball dBGAZ S-lead MAP
Wi Write Protect voo|@ @ |ao Voo /@ T A0
NC Mo Connect WP @ (A WP [ ] A1
- = SCL|E () |az SCLE 3] A2
GMD Ground sDA|@E @ |GND SDA ] I GHD
VCC Power Supply Bottom View Bottom View
8-lead POIP 5 lead SOT23 S-lead SO0T23 Rotated (R)
{1k only)
AO1 apwvcc sCLC1 E[wWP .
arrle rhwe anp2 sab spvee
a20]3 shscL snars v GNDC2
GND 4 50s0A soa2 AN
10-15 AT24C02
2
SDA SCL IC WP
. 2 . .
AO0~A2  7hit IC 3hbit 4bit “ 1010”
2 2
I“C 8 AT24C02 AO~A2 I“C
Master
AT24C02 10-16 EEPROM 32 8
VEG —»
GND —»
WP
B0L START
STOP
8DA Loglc

h SERIAL EN
# CONTACOL H.V. PUMP/TIMING
Loalc
LOAD I
DEVIGE COME

DATA REGOVERY

ADDRESS
COMPARATOR ING

Ap ‘ ‘

Ay JRw [ DATA WORD i el

A ADDR/GOUNTER e

¥ DEG ‘ SERIAL MUX

Din DoyrfACK
Loalc

; | Dour |
I

10-16 AT24C02
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10.3.2
AT24C Byte Write  Page Write
8 10-17
a) Byte ¥rite i ‘:{ :
¥ ADorse E  womo aboness v B
sowewe [T FT i | ]
R 4 5 N ¥ ¢
b) Page ¥rite . W
8B 1 o sconsse  oem DAAGT N\ OAA (40 ¢
B0A LNE [I:I_I'Irf_flli\ﬁI?IIIII‘IIIZIIIII*IIII'.IIII‘I%II.‘III‘H
H Bk £ £ & £
10-17 AT24C02
Byte Write Master AT24C02
AT24C02 AT24C02 Master 10-17 WORD
ADDRESS AT24C02 AT24C02 Master
AT24C02 Master
AT24C02
Page Write AT24C02 8 Page Write
Slave Master
7 AT24C02
1 Master 8
8
Master AT24C02
Master AT24C02
Master AT24C02 AT24C02
0 AT24C02 Master
10.3.3
AT24C02 3 Current Address Read Random
Read Sequential Read 10-18
Slave R/W 1
Current Address Read 1
N Current Address Read N+1 N=255 0
AT24C02 Master AT24C02
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Master
a) Current Address Read
g R 8
A E T
R DEVICE A o
T ADDRESE D P
onune [ 1T M
s she ™™ 3
B BWK
8
K
b) Random Read
: ¥ P oe B .
A bevice T WORD R ADDRESS E 5
T ADDREEE E ADDREES n T D 3
sowwe [T | TN T T
M LRA W LA M L A DATA n N
B Eic s EC 8 s C o
| B BWK B BlK B K A
| )
DUMMY WRITE L
¢) Sequential Read N
g A 0y
R oevice & 8 g 8 Ag
T apoREse D K K K ¢ P
sowune [T [T o [ Lo T
M L?A DATA n DATA n + 1 DATA N + 2 DATA N + x
5 5/ ¢
B BW K
10-18  AT24C02
Random Read Master AT24C02 Master
Slave R/W=0 Dummy
Write AT24C02 AT24C02 Master
Slave R/W 1 AT24C02 8
Master
Sequential Read Current Address Read Random Read
Master ACK=0 AT24C02
Master
AT24C02 0 Page Write
10.3.4 AT24C IC
AT24C 1’C EEPROM IC IC
IC IC IC IC
IC chU 3 IC
IC 10-19

449



10 ISE ——IC &
F B0 filsd \
a1 T Eg% Bos
At @ Bos
e EEFROM AbsT
NG /‘
10-19 IC
10-19 IC EEPROM 1°C
AT24C EEPROM IC ATMEL
IC AT24CXXSC 1’C EEPROM
IC
1°’C IC
1’C
IC
2
104 1C
1’C HC  Microcontroller 1’C
80C5h1 SRAM LCD FLASH
EEPROM 1°’C
1’C 1’C e
10-20 SOC
S04
____ GoolRunner 2C Bus Controller SCL
[ |
[ |
[ |
| |
Address | |
I 126 Master |
Microcontrollar ___-Data s Microcontroiler - Slave - I
__:Ccun trol | - Interface T — i
| |
[ |
[ |
| |
-
10-20 1C
10-20 1°C nC
I°C Master/Slave 1°’C 1°’C
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1’C
1’C Xilinx
1’C Xilinx
1’Cc EEPROM ‘247 Catayst
CAT24WC ST M24C EEPROM
2-Wire Bus 1C
2
10.4.1 I°C
1’C 10-21
& g
[t o
4 B o f .
8| 5| &| 2| g 3
Ir__' _______ I _____Ic_nieﬁa_c?:
' ADDR_DECODEBus Inferface '
: | peser
I & ! I
| ' ' ' B B
| | Slalus Regisler Conirol Riegisler {hddress Ragisler Dala Regisler |
| MBSH WECH HADR MEDFR: |
: ] : S¥S CLK
r T T T T N r |
: 0 Sials Address 2C Header PCDaa | L
I Regisker Compase [ | Regisler Regisler |
[ } ] Y :
I 1 *| s1arRm |
STP
l Arbilrzlion and Lisin Stale Machine | w  SCL I
| 8 IEG‘EIF:! r.'?rCIP Genaralion |
Jalachon
|
: F1 f i :
I |
] o iCinterface |
21 5
e ] [ 1
1021 1°C
10-21 1’C e 1’C
pC MBSR MBCR MADR
MBDR / 1’C
uc 1’C o/
1 1°C Master/Slave
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1’C Save
1°’C 1’C 1°C
/ 1°C Header 1°’C /
M aster 1°’C 1°C
Header 1°C
/ 1°C
/ 1°C
1°C Save
Master Slave
1°C 10-1 SDA SCL I°C 1°C
CLK I°C 1°C N
10-1 12C
SDA 1’c
SCL 1’c
ADDR_BUS[23:0] ncC
DATA_BUS[7:0] uc
AS
DS puc
R W / 1 0
DTACK . r’c ne
IRQ
uc 1’c MCF
MCF 9 1
CLK
10.4.2 puC
e 1’C uc
HDL
10421 uC I°C
1°C e 10-22
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1’c

Microcontroller
Address the Device

1. Sat RAW to indicate dirsction of data trarsfer
2. Place Address on A23:A1

3. Assert Address Sirobe (AS)

4. Place data on OT:D0 (if Wribs)

I2C Controller

5. Assert Data Strobe (DS) —- Input the Data
1. Decode Address
2. Laich data on DT-D0 (if Write)
or place data on D700 {if Read)
Terminate Transfer agff———| 3 Aszsert Data Transfer Acknowledge (DTACK)
1. Lateh data (if Read)
2. Megate 05
2. Megate AS
4. Remowve data from bus (if Wiils)  p— Terminates the Cycle
1. Remowve data from O7:D0 (if Read)
Start Next Cycle |- 2. Negate DTACK
10-22 uc I°C
10.4.2.2 uC
pc VHDL 10-23
ﬂsn
hesonad
S
AS Asmoriad
RESET Hogstiod
ADDREZ3. MATCH ns
Hegpted Negaled
D5 Asmeted
ADDRESS LWICH Aesoried
A
[ Magalad
1023 pC
10-23 puc IDLE AS Address Strobe

453



10 ISE ——IC &
ADDR e 1°C
1°C e 1°C
DS DataStrobe DATA_TRS
DATA_TRS e e
ucC e 1°C
1°C ASSERT_DTACK DTACK
e 1°C
DTACK e
AS DS IDLE
pne pne
ASIDSR_ W 1°C / / 1°C
DTACK ucC 1°C
e FPGA/ASIC
e VHDL
“ Example-10-1"
-- Process: SEQUENTI AL

-- Function: Synchronize target state machine
SEQUENTI AL: process (clk, reset)
begi n
if reset = RESET_ACTI VE t hen
prs_state <= IDLE
dtack_int <="'1";

elsif clk’event and clk = '1' then
prs_state <= next_state
dtack_int <= dtack_com

end if;

end process;

COMBI NATI ONAL
-- Function: Contains the synchronous target state machine to nediate

-- Process:

-- t he handshaki ng taking place with the uProc parallel bus
COMVBI NATI ONAL:
addr ess_nmat ch)

process (prs_state, as, as_int_di, ds_int,

begi n
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next _state <= prs_state;
dtack_com <= "'1’
dtack_oe <= '0';

case prs_state is

when | DLE =>

-- Wit for falling edge of as
if as_int_dl ='1" and as = '0" then
-- falling edge of AS
next state <= ADDR
end if;

------------ ADDR State (01) --------------
when ADDR =>
-- Check that this nodule is being addressed
if address_match = '1' then
-- Wit for ds to be asserted, active |ow
if ds_int ='0 then -- source of ds_int: ds_int <= ds
next _state <= DATA TRS;
el se
next state <= ADDR
end if;
el se
-- this nodule is not being addressed
next state <= | DLE;
end if;

---------- DATA TRS State (10) ------------
when DATA TRS =>
-- Read or wite fromenabl ed register
next state <= ASSERT_ DTACK;
dtack_oe <= "1";

-------- ASSERT_DTACK State (11) ----------
when ASSERT_DTACK =>
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-- Assert dtack to uProcessor

dtack_com <= '0";

dtack_oe <= "1";

-- Wit for rising edge of as and ds

if (as_int_dl1 ='0") and (ds_int ='0") then
next state <= ASSERT DTACK;

elsif (as_int_dl ='1") and (ds_int "1") then
next _state <= | DLE;

end if;

end case;

end process;

10.4.2.31°C
uc 1c 1’C
MBSR MBCR MADR MBDR
10-2
10-2 1’c
MBASE+$141 MADR 1’c
MBASE+$145 MBCR 1’c
MBASE+$147 MBSR 1’c
MBASE+$149 MBDR 1’c
24 16 1°’C 10-2
MBASE VHDL pc 8
o MADR
1’C Slave 10-3
VHDL
10-3
uc

71 / 1’c
0

. MBCR

1°’C 10-4
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10-4
uc
1’c MEN MBCR
MEN /
1 1’C 0 1’C
MIEN /
1 MIF 1 0
Master/Slave Master uc 0 1 I
MSTA / 0 1’c Slave
/ 1’c
MTX /
1 0
1C
1 1
TXAK /
0 0
1’c
1’c 1 1’C
RSTA ! 1’c 1 RSTA
MBSR
1’C MIF/MAL
10-5
10-5
ucC
1’c MCF 0 9
MCF 1 1’c MCF
Addressed as Slave Bit 1c MADR 1c
MAAS Slave mode MAAS
Bus Busy Bit 1’c MBB
MBB MBB
Arbitration Lost Bit 1C MAL uc 0
MAL / MAL
1’c SRW read/write
SRW
SRW 1
0
MIF MIEN 1 1’c uc
MIF / MIE
RXAK Received Acknowledge Bit RXAK SDA
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. MBDR
1’C e
1°C 1°C 1°C
10-6
10-6
ucC
70 D7 DO / 1’c
VHDL MBDR 8
% ucC puc 1°C 1°’c 1°’c
10.4.3 I1°C
1°’C 1°C 1°C 1°C
SCL/SDA/STOP Generation 1°C
M aster SCL/SDA/STOP
SCL/SDA/STOP Generation
10.4.3.1 SCL/SDA/STOP Generation
1°C 1°C 1°C M aster 1°C
1°C 1°C 1°C Slave 1°C 1°C
1°C 1°C 10-24 10-7
_____ 1 I ___I
SODA N I r I
_——— I | |
r T ““}'tBUF“' I

SCL

--J

tzusTA™

10-24 1°C
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& 1°c
10-7 1’C
SCL fSCL 0 100 0 400 kHz
tHD;STA | 4.0 - 06 - us
SCL tLOW 47 - 13 - us
SCL tHIGH 40 - 0.6 - us
tSU;STA 4.7 - 0.6 - us
CBUS tHD;DAT | 5.0 - - - us
12c 0 345 0 0.9 us
tSU;STA 250 - 100 - ns
SDA SCL tr - 1000 20+0.1Cb = 300 ns
SDA  SCL tf - 300 20+0.1Cbh 300 ns
tSU;STO 4.0 - 0.6 - us
tBUF 47 - 13 - us
Cb - 400 - 400 pF
vnL 0.1VDD - 01VDD - \Y
VnH 0.2VDD - 02VvDD - \Y
1’C
1’C CLK  2MHz 4.0ns
8 CLK 4.7ns 9
CLK SCL
CLK VHDL
const ant CNT_100KHZ: std_l ogi c_vector(4 downto 0) := "10100"
-- nunber of 2MHz cl ocks in 100KHz
const ant H GH_CNT : std_l ogi c_vector(3 downto 0) := "1000"
-- nunber of 2MHz clocks in half
-- 100KHz period -1 since count fromO
-- and -1 for "edge" state
const ant LOW CNT std_l ogi c_vector(3 dowmnto 0) := "1000"

nunber of 2Mhz clocks in half
100KHZ period-1 since count fromO

-- and -1 for "edge" state
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const ant H GH_CNT_2 std_l ogi c_vector (3 downto 0) := "0100";
-~ half of H GH CNT
const ant TBUF std_l| ogi c_vector (3 downto 0) := "1001";
-- nunber of 2MHz clocks in 4.7uS
const ant DATA HOLD std_l ogi c_vector (3 downto 0) := "0001";
-- nunber of 2MHz cl ocks in 300ns
const ant START_HOLD: std_l ogi c_vector(3 downto 0) := "1000";
-- nunber of 2MHz clocks in 4.0uS
SCL/SDA/STOP Generation 10-25
10-25 SCL/SDA/STOP Generation
1°C IDLE SCL  SDA 1°C
Master SCL  SDA 1°C Master 1°C
pC MBCR MSTA GEN_START
START
START SCL SDA 1°C
1°C
>4ns SCL_LOW_EDGE
SCL_LOW_EDGE SCL
SCL_LOW SCL_LOW SCL
SCL >4.7ns
SCL
IDLE SCL_HI_EDGE
SCL_HI_EDGE SCL SCL SCL
Master SCL_HI SCL
SCL_HI
SCL_HI 1’C SCL
>4.0ns 12 SCL
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START IDLE SCL
SCL_LOW_EDGE SCL

SCL/SDA/STOP Generation

“ Example-10-1”
L RkARAERARKRRAR*KR AR GOL CoMEr At OF PrOCESS FrEAEF ARk KAk kK kA k kKA K
-- This process generates SCL and SDA when in Master node. It
-- generates the START and STOP conditions. If arbitration is |ost,
-- SCL will be generated until the end of the byte transfer.

scl _generator_conb: process (scl_state, arb_lost, smstop, gen_stop,
rep_start, bus_busy, gen_start, mast er _sl ave,
stop_scl _reg, clk_cnt, bit_cnt, scl_in, state, sda_out,
sda_out _reg, naster_sda)

begin

-- state machine defaults

scl _out <="1";

sda_out <= sda_out_reg;
stop_scl <= stop_scl _reg;
clk_cnt_en <= "'0;

clk_cnt_rst <="1";

next _scl _state <= scl _state;
rsta_rst <= not (RESET_ACTI VE);

case scl_state is

when SCL_I DLE =>
sda_out <= "'1";
stop_scl <='0";
-- leave |IDLE state when nmaster, bus is idle, and gen_start
if master_slave = '1' and bus_busy = 0" and gen_start =
1' then
next _scl _state <= START;
end if;

when START =>
-- generate start condition

clk_cnt_en <= "1";
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clk_cnt_rst <=
sda_out <= '0";
stop_sc
-- generate reset for r
if

rep_start
rsta_rst <=
end if;

if clk_cnt

next _scl _state <=

el se

next _scl _state <=

end if;

when SCL_LOW EDGE =
clk_cnt_rst <=
scl _out <="'0";
next _scl _state
stop_sc
when SCL_LOW =>
clk_cnt_en <="
clk_cnt_rst <=
scl _out <="'0";
-- set SDA OQUT
if arb_lost ="
stop_scl <=
elsif ((smstop

(state /= ACK DATA and state /= ACK HEADER and state

/= WAI T_ACK)) then
sda_out <=
stop_scl <=
elsif rep_start
sda_out <=
stop_scl <=

elsif clk_cnt =

sda_out <=

stop_scl <=
el se

stop_scl <=
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<= '0':

<= '0Q':

yoy.
1

epeat start bit if
"1" then

RESET_ACTI VE;

repeat start

= START_HOLD t hen

SCL_LOW EDGE;

START;

>

1
1

<= SCL_LOW

1
0

based on contro
1' then
0
=7

signal s

or gen_stop ='1') and

0

0
DATA HOLD t hen
mast er _sda
N

0

condi tion



end if;

-- determ ne next state
if clk_cnt = LOWCNT then

if bit_cnt = CNT_DONE and arb_lost = '1" then
next _scl _state <= SCL_I| DLE;

el se
next _scl _state <= SCL_H GH_EDGE;
end if;
el se
next _scl _state <= SCL_LOW
end if;

when SCL_H GH EDCGE =>

WAI T_ACK)) then

clk_cnt_rst <="'1";

scl _out <="1";

if ((smstop "1 or gen_stop ='1") and

(state /= ACK _DATA and state /= ACK HEADER and state /=

stop_scl <="'1";
el se
stop_scl <="'0";

end if;

if scl_in="0 then --wait until SCL switching 1
next _scl _state <= SCL_H GH_EDGE;

el se
next _scl _state <= SCL_H GH;

end if;

when SCL_H GH =>

-- now all SCL drivers have set SCL to '1’
-- begin count for high tine

clk_cnt_en <= "1";

clk_cnt_rst <='0";

scl _out <="1";

-- check to see if a repeated start or a stop needs to be

-- generated. If so, only hold SCL high for half of the high tine

463



10 ISE ——1IC &

if clk_cnt = HHGH . CNT_2 then

if rep_start ='1" then
next _scl _state <= START;
clk_cnt_rst <="'1";
elsif stop_scl_reg ='1" then
next _scl _state <= STOP_WAIT;
clk_cnt_rst <="'1";
end if;
elsif clk_cnt = H GH CNT then
next _scl _state <= SCL_LOW EDGE;
el se
next _scl _state <= SCL_H GH;

end if;

when STOP_WAIT =>
--this state gives the required free tinme between stop and start -
-condi tions
clk_cnt_en <="1";
clk_cnt_rst <="'0";
sda_out <= "'1";
stop_scl <="'0";
if clk_cnt = TBUF then
next _scl _state <= SCL_| DLE;
el se
next _scl _state <= STOP_WAIT;

end if;

end case;
end process;

scl _generator_regs: process (sys_clk, reset)
begin
if reset = RESET_ACTI VE t hen
scl _state <= SCL_I DLE;
sda_out _reg <= '1";
scl _out_reg <='1";
stop_scl _reg <='0";
el sif sys_clk’event and sys_cl k="1" then
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scl _state <= next_scl _state;
sda_out _reg <= sda_out;
scl _out_reg <= scl _out;
stop_scl _reg <= stop_scl;
end if;
end process;
10.4.3.2 1°’C
1°C 10-26 1°C M aster
Slave
1°C Save
Master Slave
i
_
/
10-26 1°C
IDLE START HEADER
START 1°C M aster 1°C
1°C
HEADER 1’C Master MBDR
HEADER 1°C Slave 1°C M aster
Slave HEADER 1°C 1°C
Header Shift Register 8 ACK_HEADER
ACK_HEADER 1°C Master SDA
Slave STOP
SCL/START/STOP Generator STOP Slave
Header RCV_DATA
XMIT_DATA 1°C Slave Header Shift
Register 1°C MADR
1°’C M aster 1°’C Slave
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MBSR MAAS 1 1°C M aster MBSR
SRW Header pc Master
RCV_DATA 1°C
1°C 8
ACK_DATA 1°C M aster Save
1’C Save 0 1°C
Master 1 Save
0 Save MBCR TXAK e
1°C STOP
XMIT_DATA 1°C
MBDR SDA 8
GET_ACK_DATA XMIT_DATA
STOP
STOP Master SCL/START/STOP Generator
IDLE
1°C “ Example-10-1"

Lo kkkkkkxkRAR*E  MNRIiN State MACHI NE ProCESS *** %+ k% x4k kkkdkkkkk*
-- The follow ng process contains the main |2C state machine for both
-- nmaster and slave nobdes. This state machine is clocked on the falling
-- edge of SCL. DETECT_STOP nust stay as an asynchronous reset because
-- once STOP has been generated, SCL cl ock stops.

state_machi ne: process (scl, reset, detect_stop)

begin

if reset = RESET_ACTIVE or detect_stop = '1'" then
state <= | DLE;
smstop <=0

elsif scl’event and scl ='0" then

case state is
when | DLE =>
if detect_start = '1' then

state <= HEADER,
end if;
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------------- HEADER STATE -------------
when HEADER =>
if bit_cnt = CNT_DONE then
state <= ACK_HEADER
end if;
------------- ACK_HEADER STATE -------------
when ACK_HEADER =>
if arb_lost ='1" then
state <= | DLE;
elsif sda_in ="'0" then
-- ack has been received, check for master/slave
if master_slave = '1' then
-- nmaster, so check ntx bit for direction
if mx ="'0" then
-- receive node
state <= RCV_DATA;
el se
--transmt node
state <= XM T_DATA,
end if;
el se
if addr_match = '1' then
--if maas = '1 then
-- addressed slave, so check
-- | 2C_HEADER(0) for direction
if i2c_header(0) = '0" then
-- receive node
state <= RCV_DATA;
el se
-- transmt node
state <= XM T_DATA,
end if;
el se
-- not addressed, go back to |IDLE
state <= | DLE;
end if;
end if;
el se
-- no ack received, stop
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state <= | DLE;
if master_slave = '1' then
smstop <= '1";

end if;

end if;

------------- RCV_DATA State --------------
when RCV_DATA =>

-- check for repeated start

if (detect_start = '1") then
state <= HEADER,

elsif bit_cnt = CNT_DONE then

-- Send an acknow edge
state <= ACK _DATA;

------------ XM T_DATA State --------------
when XM T_DATA =>
-- check for repeated start
if (detect_start = '1") then
state <= HEADER,

elsif bit_cnt = CNT_DONE then

-- Wit for acknow edge

state <= WAl T_ACK;

------------- ACK_DATA State --------------

when ACK_DATA =>

state <= RCV_DATA;

------------- WAIT_ACK State --------------

when WAI T_ACK =>
if arb_lost ='1 then
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state <= | DLE;
elsif (sda ='0") then

state <= XM T_DATA,
el se

-- no ack received, generate a stop and return

-- to IDLE state

if master_slave = '1' then

smstop <=1
end if;
state <= | DLE;
end if;

end case;
end if;
end process;

1°C
SCL 1°C

10.4.4

VHDL

FPGA 1°C
10.4.4.1

10-27
10-27

Route

FPGA BIT

SCL
SCL
M aster FPGA
RTL
Place and
1°C
FPGA
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10-27 I1°C
10.4.4.2 Testbench
Testbench 1°’C 10-28
VHDL
—>{ BFM contlrchller < a-or(zj:(;
ud 12C bu:
Verilog
10-28 I1°C Testbench
BFM Bus Function Model
pC
AT24C02 Model ATMEL AT24C02 EEPROM
1°’C 1°’C 1°’C
Testbench Transaction Based Verification
AT24C02 AT24C02 RTL
Testbench AT24C02
1°’C VHDL BFM AT24C02
Verilog EDA FPGA/ASIC
IP SOC
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P
IP
IP Verilog VHDL
1°C
N 1°C 1°C EEPROM 0 255
1°C
Testbench 1°C 10-29

Wirlle 120 Hesadar
In MEDR

]

Set MSTA In MBCR
o Genaraba BTART

Transtar
Complsia?
[MCF = 1)

Witile [2C Heada
In KRR
\Il Rasd Daka
Sel MSTA In MIBCR o MEDR
loGenasala START
Mo
Yes
Villle Data
IoKEDR
Sal THAK In MBCR
Mo fe Tum it Ak
3 ves
Rasd Data from
Yies: MBDR
Mo
Tes
Megale HSTA In MECR
0 Generadle STOP

Magale MSTA INMEC R
i I Generaa STOP
10-29 I1°C
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1°C M aster e
1°C MBCR 1C
Slave Testbench EEPROM

J]xxxxkrxkxr® write data 1O EEPROM **** %% %tk k% k% k%
task current_wite_eeprom
begin
‘ mbcr =8’ bO;
nen=1" b1l;
nbb=1" b1;
t xak=1"b0; //ack
uc_write_i2c(l2C_MBCR_ADDR, ‘nbcr); [//enable |2C
whi | e( mbb==1) /1l =1, bus busy
begin
uc_read_i 2c(read_out, |1 2C_MBSR_ADDR) ;
‘nbsr=read_out;
end

uc_write_i2c(l2C MBDR_ADDR, { EEPROM Address, 1'b0}); //wite i2c header
in MBDR, 1'b0 neans naster wite data

nt x=1; //necessary
nsta=1; //Set MSTA in MBCR to Generate START
uc_write_i2c(l2C_MBCR_ADDR, ‘ nbcr);

@ posedge ncf_wire);

f or (count =255; count >=1; count =count - 1)
begin
@ posedge ntf_wire)
uc_write_i2c(l2C_MBDR _ADDR, count); //wite data to MBDR
$di splay("wite data: %", count);
end

@ posedge ntf_wire);

nsta=1' b0;//reset MSTA in MBCR to Cenerate stop
uc_write_i2c(l2C_MBCR_ADDR, ‘ nbcr);

end

endt ask



& I2C

BFM task
Testbench “ Example-10-1"
Testbench
FPGA/IC HDL 30% 60 70
IP IP
Testbench
10.4.4.3 BFM
FPGA/IC —BFM BFM
Testbench uc 1°c
uc  Ic 1’C
BFM Testbench
(1) Testbench BFM Testbench
BFM DUT DUT
cycle-accurate
2 BFM DUT
BFM Testbench DUT
1°C BFM uC 1°C task Verilog

task uc_wite_i2c;
i nput [23:0] addr;

input [7:0] data;

begi n

@ negedge cl k)
r_w=1"bo;

addr _bus=addr;
as=1" b0;

dat a_bus=dat a
ds=1" b0;

dat a_bus_drive=1;

@ negedge dt ack)
as=1'bl;
ds=1' b1;

dat a_bus=8' hzz;
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BFM

r_w=1"bil; /lreset the r_wline

dat a_bus_dri ve=0;

#1000; /12clk, wait for uc_interface to transit to idle state
end

endt ask

task uc_read_i 2c;

output [7:0] data;

i nput [23:0] addr;

begin

@ negedge cl k) /[/wite i2c header in MBDR

r_w=1"bil;

addr _bus=addr;

as=1" b0;

ds=1" bO0; /lwait for state transition fromaddr to data_trs
dat a_bus_drive=1’ b0;

@ negedge dt ack)

as=1'bl;

ds=1'bl;

dat a=data_bus_tri;

#1000 ; /12clk, wait for uc_interface to transite to idle state
end

endt ask

BFM 1C task
MBCR

uc_write_i2¢c(12C_MBCR_ADDR, mbcr);

MBSR

uc_read_i2c(read_out,12C_MBSR_ADDR);

BFM

10.4.4.4

474

1°C

uc  I°c

Testbench Testbench  DUT HDL Testbench
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ISE ISE ModdSm ISE
HDL ModelSim
ModelSim 1°C VHDL Testbench
Verilog Verilog
VHDL 10-30
Pila Jdit Fiww Cewpile Ziwslats Jusls Tewdew Falp
=
IEEFEIEED)
ks i
| Flarsa {S1atu Tp | Crcle Madimd
P ]  WHOL B DTN [ 0T
Sl o aikg i 0P S DET2 1P ﬂ
[ o Weikg 2 7T B30 0B Ak
it whd o WHOL 3 ELTF A DT 57 Fie ﬂ
iy vk 0 071504 D61 EGFY
Cr_conkeld o HIL G (ETFAM 6757 Fi —
S o WHOL T 07BN T2 5P J
upcrd vhd o WHOL 4 DETFAM DB 5F Fie ﬂ
ikl b (n | Candid |
10-30

10-31

[il= Gt P [ewrs Foresd [eds Bimks
oo A || B E || R e il o Ba e || 2V RLERE W

I A -

1 - oy a I L]
[Wpa 10 SaTioi [

10-31

DUT
Testbench
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Testbench
DUT
DUT RTL
RTL
DUT / RTL
/ DUT
/
DUT Testbench DUT
DUT DUT
Testbench Testbench
DUT
Testbench 10-32
Testhench File “Cold
Vectors
CQutput Error/Status
Comparator Messages
Stimulus
Generator
10-32 Testbench
* Reference Model” DUT
Gold Vectors Testbench
DUT
1’C Testbench Modelsim 10-
33 1’C
ISE
RTL * Simulation Model Target”
10-34 “ Generate Post-Map Simulation Model” ISE i2c_map.vhd
VHDL “ Generate Post-Place & Route Simulation Model”
i2c_timesim.vhd i2c_timesim.sdf
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ModelSim

VHDL

be

wiorkspace

TI MName # .wave

uc_interface. vhd

wn -all

# Begin
# W aiting
#

dao D:Abdy |

Dresign/12C modelsimAformat. do

# Power_up_Initialization

ain Loop
for START _condition

# Begin b

STOP condition detected
ain Loop
for START _condition

# W aiting
#
# Drata_Tr.

CCCeNN

START condition detected
anzmizzion

# Device Address Match

#
# the warite
# Loading
# Address
Hwfrite zen
# the write

Hp—

# the warite

# b write

f

H b write

# Increment the address

B egin "Wirite Sequence
data: 255

L5E address byte

bytes are loaded

# First clock after address bytes are loaded

quence

# ALK and write a byte

data: 254

# Increment the address register

D 308 Wit

# ALK and write a byte

data: 253
regizter LSE bute
s Page wiite

# ALK and write a byte

data: 252

# Increment the address register LSE byte

s P a0 Wit

# ALK and write a byte

data: 251

# Increment the address regisﬁer LSE bete

10-33
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Synplify pro
* vhm
ModelSim

VHDL Netlist”
RTL

RTL

Post-map

Implementation Results”

“ Example-10-1”
SIMPRIM VITALZ2000

“ Write Mapped

.vhd
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10.4.5
1°C FPGA
Testbench
60 70 Testbench
1°C BIT
Synplify Pro 1°C
FPGA
EFX-SP200 80C51 1°’C
1°C FPGA
1°C Testbench
80C51 C EDA
http://www.edacn.net
DSP TI 6416  Microprocessor Motorola 8260
80C51
EFX-SP200 FPGA
80C51 SOC
105
FPGA/IC
HDL
FPGA/IC 1°C
1°C 1°C
FPGA/IC
EDIF
FPGA/ASIC
10.6
1 I°C
2 1%c
3
4
5 BFM Testbench
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