CPE 462
VHDL: Simulation and Synthesis

Topic #03 - b) Introduction to Xilinx development
environment
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Class software & hardware

* We are in the process of updating the hardware / software tools

* Our current set-up:

* FPGA boards: Spartan 3
e Software to load code onto FPGAs IDE: Xilinx ISE 7.1
¢ Software to simulate and test VHDL: Aldec HDL

* You can install and run this software on your own computer
(windows XP and up) to test and simulate your code.

* To deploy the code into FPGA boards you need to come to the
lab. Our Spartan 3 boards can only be loaded with Windows XP.
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Spartan-3 FPGA board

1MB SRAM ——E xpansion Conredors——

(512KB x 16)
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http://www.xilinx.com/support/documentation/boards_and_kits/ug|30.pdf
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Some useful pinouts
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Back of FPGA chip is connected to a
bunch of I/Os

3 5 3 7 8 9 10 1 12 13

CPU_A2 CPU_AS[¥CCAUX| CPU_D1 CPU_D? CPU_DIf CPU_DM4|¥CCAUR| DIACK INT_B

I0B3_0 I0B3_1 | CPU_A1 CPU_&4 CPU_Af2 CPU_D0 CPU_DE| GND CPLU_UDS

I0B3_2  10B3_3 |CPU_A0 CPU_A3 CPU_A7 CPU_AN CPU_AIS CPU_D5 CPU_AS CPU_LDECPU IPLY SPICLK SPILDIN RAM_D0 RAM_DI1

I0B3_4 USER_H0[PROG_E CPU_A6 CPU_A10 CPU_AM4 CPU_D4 CPU_DI0 CPU_DI3CPLU_IPLL RAM D2 RAM D3 LIS

2R BT R EEREEEE e

I0B3_5 I0B3_6  10B3_7 CPU_AS CPU_A13 CPU_D3 CPU_D3 CPU_DI2 CPU_DI5 RAM_D4 RAM_D5

YCCAUR| USER_I8 10B3 8 10839 USER_I3| GND CPU_D2 CPU_DS GND |RAM_D7 RAM_DS RAM_D3IRAM_DIQ¥CCAUR

T AR RN R RN R R EE
'SR R R R E R R R R R N R R R R R RN

‘T EEEREER R

USER_I7 IDB3_10 10B3_11 I0B3_12 10B3_13 ( BXD  RAM_DHRAM_DIZRAM_DIZRAM_DM

TME SRAM —E xpansion Conredors——
(512KB x 16) Al A2 B1

USER_I6 I0B3_14 I0B3_15 I0B3_16 I0B3_17 RAM_DIERAM_A0 JOYEOD RAM_A1RAM_A2 JOYE]

I0B3_18 10B3_13 10B3_20 10B3_21 10B3_22 USER_IS JOYE2  JOYBZ RAM_A3Z RAM_A4 RAM_AS

3

q I0B3_23 10B3_24 I0B3 25 USER_I4 I0B3_26 RAM_AE RAM_A7 RAM_AS RAM_AI RAM_AIC

10B3_27 10B3_28 I0B3_29 I0B3_30| GND GREEMN2 GND  [RAM_ATRAM_AIZRAM_AIZRAM_A14YCCAUR|

10B3_31 USER_I3 10B3_32 I0B2_10 JOYSA2 KBDDAT GREEN3 RED1  JOYS4 JOYER4  JOYBS RAM_AIE

}{i II nx Spa rta n3 }{C 38 200‘ Fl—2 5 6 10B3_33 USER_I1 USER_I2 I0BE2_E  10BZ2_8 I0B2_12 KEDCLK BLUE0 RED2

10B3_34 10B3_35| 10B2_0 I0B2_5 I10B2_8 I0B2_11 MSDAT BLUE1 RED3

10B3_36 10B3_37 [EPGASLE I0B2_7 JOYS] BLUEZ GREENO REDO AUDIOL | CCLK

2
I0B2_4 |VCCAUK| JOYS0 MSCLK BLUEZ GREENT|¥WCCAUX| JOYAS AUDIOR  DIN
O O D E E @ Bank 2
8 LEDs - D
4buttons O Switches PS2
4 7-seq. Port

dispiays Each I/O has a special FPGA pin name.
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Slider switch connections
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Switch SW7
FPGA Pin K13
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Push button connections

ﬁymfsmﬁrm 3

‘ Push Button I BTN3 (User Reset)
| FPGA Pin ] L14
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Keep in mind that these buttons are
not de-bounced

* Push button switch has a spring

* When a switch is operated spikes of low and high voltages will
always occur across that switch

* This is a series of High and Low signals that can by interpreted by
a digital circuit as more that one pulse instead of one clean pulse

or transition from a logic state to another
Source of error

./ \ v o Volts
— Ul U \Digital cutput) A r Button Pressed r Button Released

High (Logic 1)
unknown
Low (Logic 0)

hme
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FPGAPin P11 P12
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/-Segment Displays

Table 3-1: FPGA Connections to Seven-Segment Display (Active Low)
Segment FPGA Pin

AN3 (E13) AN2 (F14) A El4
0 A G13
(E14)

e | N15

(F13) F I (G13) - P15
(N16) | R16

T F13

¢ | (N15) ' N16

- 4 N P16
(P15) ' !

(P16)

-0 -~ O 0O - 0O O

Table 3-2: Digit Enable (Anode Control) Signals (Active Low)
Anode Control AN3 AN2 AN1 ANO

FPGA Pin | E13 Fl14 Gl4 D14
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Installing software
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Installing Xilinx ISE 7.1 in windows

e Download all the files from the
course website.

® Put them all into a local sub-
directory without any
spaces (e.g. c:\cpe462), and NSTALL EHECKLST

Welcome

i n Stal I th e m i n O r.d e r. Accept Software Licenses

Enter Registration 1D
Select Destination Directory
Select Xiling Modules
|Jpdate Environment

) Just insta” them a” |nto CZ\XI|II’\X Begin Installation

All rights reserved.

1. WebPACK 71 fcfull i.exe
2.7 1 011 pc.exe
3.EDK 7 1 021 win.exe

Trademarks and Patents

Copyright (] 1995-2005 Xilin, Inc.

Select Destination Directory - Xilinx Software Installation

Select a Destination Directory

Select the directory where you want the software installed.

| Browse...

MNote: If installing over an existing 7.11 installation where a Xilink Service Pack has been
installed, the Xilink Service Pack will need to be reapplied after completing this installation.

Select a Program Folder

The name you enter here will appear in the Start Menu->Programs list on your desktop.

Kilins ISE 7.1 Ll

4.7 1 031 pc.exe
5.7 1 041 pc.exe

CPE 462 - VHDL: Simulation and Synthesis - Fall [ |
Nuno Alves (nalves@wne.edu), College of Engineering

WESTERN NEW ENGLAND


mailto:nalves@wne.edu
mailto:nalves@wne.edu

on't change environment

Pain will ensure if you do so.

EE44/_lecturez-1 y Iveriog-u.Y.4_setup 3 lectureus

Update Environment

Select the environment variables below that you would like the installer to
automatically update with the appropriate values.

M PATH [%Path%:%XILINX%\bin\nt]
» - WIXILINX [c:\Xiling]
AL THE SPEED YO TS WILMC_HOME [ZZXILINXZ%\smartmodelintiinstalled_nt)

INSTALL CHECKLIST

Welcome

Accept Software Licenses

Enter Registration |D

Select Destination Directory

Select Xilins Modules Select/Deselect Al
$ Update Environment

Beain Installation Description

) N Sets the PATH environment variable to the value shown above. This variable is
Copyright (] 1335-2005 Xilinz, Inc. required for the Xilink software to work properly.
All rights reserved.

Trademarks and Patents
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Do NOT search for updates

| "1 CE94%/ _leciures-1 ,.m I'VSVIIUg"‘U.?.‘l__Se.EUD | "1 !EFEE!?UD

oo ol

Begin Installation - Xilinx Software Installation

-~ YIS NTED
ALL THE o you/ fvis

¢ Click on NO

INSTALL CHECKLIST

® We I(n OW th at We lt::zg?:oftware Licenses

Enter Registration |D

M Select Destination Directory
a re u S I ng O bs O I ete Select Xilins Modules
|Jpdate Environment

S Oftwa re @ Begin Installation

Installing

Setup complete

Kiling Software Updates may be available. Would you like to visit the
Kiling Software Updates page to check for the latest service packs,
IP updates, and more?

Yes

All rights reserved.

Trademarks and Patents

Copyright [c] 1995-2005 Xilinx, Inc.

low-cost programmable solutions.

Visit us at www.xilinx.com/ise
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Loading NAND program into

the FPGA board
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* VWe want to use switches #7/
and #8 as the input to our

NAND gate

* The result of our NAND
computation, will be displayed
through LED #7/.
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Launch Xilinx ISE 7.1 navigator

n)( llllll - Project Navigator - No Project
File EdRt Wew Project Source Process Simdation Window Help

o T e e e L O e s T

Sources in Progct.
[No Progect Open)

Remember, you

can do all these

steps at home... e
until the very e .
end, for which

you must come

to the lab.

o 'RPfocustl

{ﬂ (Enpty Log)

" [) Console [@§FndinFies 3 Erces| § Wamings |
B
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Create a new project

New Project - b

Enter a Name and Locabon for the Project
Project Name: Propct Locahorc
nand_gate_tutonal CAruro\nand_tulosianand_gate tutonal _J

~ Select the type of Top-Level module for the Projact
TopLevel Module Type:

|HOL =
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Ensure FPGA settings are correct

New Project

Select the Device and Desgn Flow for the Project
Property Name

. Device Famiy | t
Family: Spartan-3 e — =
Speed Grade l-4

Device: xc3s200 TopLevel Modie Type DL e
Synthesis Tool |XST (VHDL NVeriog)
Simudator Modeaizim

Package: ft256 Gensiated Simulation Languags VHDL

Speed Grade: -4
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Add a new source

Create a new sowce 1o add to the project [optonall. Only one new sowrce can be speched now.
Addbonal rnew sources can be addad altes propact creshon using the "Progect->New Sowce™
command

Existing sources can be added on the next page.

< Back |;”“][e;i>‘“'1| Cancal
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Select aVHDL Module

New Prf New Source

~C ® IP [Archieciure Wiead)
I€) Schamatic
[£) State Diagram Flo Nara:

Test Bench Waveloem '
[£) User Document |nend_oato_twmd

B Verlog Module

1) Veriiog Test Fuhue Location:

BWDL Libearty [e:\uno\nand_tutoriahnand_g _l
) VHOL Modude

(¥) VHDL Package

) VHOL Test Berch
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Adding the appropriate ports

m Define YHDL Source H

C Entity Name |nand_gate_tutonal

Archiecture Name |8 ehanoal

For a 2-bit NAND we just
need three ports:

Port Name Duwection | MSB | LSB

a and b are in

output are out

ERERERERERERERES ssis's
‘

|=
2
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Finishing the project

m New Source Information dn i - New Project Information :
T

Progect Navigatoe will create a new skeleton source wath the , : - ~ - o

e [ Scelions: Create a New Source Project Navigator will create a new Project with the following spechications:

1 |Scuea Tm VHDL Modue Sowurce File New Sourcs Project:
nand_gate_tutorial ddiioti Picject Name: nand_gate_tutoial

| g%"?&?m %”oduu i {1_inand_gate_tutorialvh P:S:cf l.t::m' C\_r;.::w_mord\:w\d_gde_mud

" larchitecture Name: Behaviceal Pngea Type HOL

Poet Defiritionss:

W%C ice Faemily. S 3
. eice Family. Spartan’
scaly - Device xc3200
scala Package h258
output scalar ot Speed Grade 4

Create a new source to add to the project foptional]. Only cne new sowrce can be speched now. g;ﬁg;frm}mgfkmm]

Addhonal new sources can be addad altes propact crestion using the "Project->New Scurce™ Strudator Modelsim
command Gearmatad Simulation Languags VHDL

Sources
Existing sources can be added on the next page. VHOL Module nand_gate_tutorial vihd

&
, Sowce Directory.  ¢:\nuno'\nand_tutonafnand_gate_tutorial

<Back [TFrh | cCacel | Hep |

<Back | Mew> | Cancel

Just keep pressing next...
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Main project win

EYilinx - Project Navigator - C:\nuno\nand_tutorial\nand_gate_tutorial\nand_gate_tutorialise - [Design Summary)
£ Fle Edt View Project Source Process Simulation Window Hebp

D|=|u|@| & 2Z|E| =2 #|F| W L] |08 || sl

2lx

Sources n Progect. ]
B nand_gate_tutcnd ise
= %c3:200-40296

Desgn Dveniew for nand_gate_tutorial
Property Value

Propect Name: ¢ \nuno\nand_tutoeal\nand_gate_tutons
T aget Device xc3s200

Report Gansvatad: Morday (8/22/17 at 1836

Printable Summary [View as HTMLY nand qate tubonal sumenaty hird

_j narnd_gate_tutonalbehavioral [nand_gate_tutosial vi

Device Utization Summany

Logic Utilization | Used| Available| Utilization| Notefs)|
Data Not Yet Available)

Performance Summaey

Property Valuel
Data Not Yet Availablel

Falng Constiaints

| | » Constiaint(s) Requested| Actual| Logic Levels)
B¢ Module View | £ Snapshot E]wayvm] Data Not Yet Avalable

Detaled Reposts
Report Name| Status| Last Date Modiied|

]
!
;

2lx
3 for Source: “nand_gate_tutonal behavioeal” I
Add Existing Sowrce

Create New Source

o

Proces

-
ol

View Desgn Summary
Dezign Utiltas
User Constramnts

& Creste Timng Constramts
Assn Packags P
Create Area Corstrants
| & Edt Constramts [T esd)
Synthesee - XST
Implement Design
Generate Programmng File

)

=

|s) Programmmg File Generation Repert
Generate PROM_ ACE, o JTAG File
Corfige Device (MPACT)

€m0

Z] B8 Process View I (V] nand_gate_ I Design Sum l
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Select VHDL and type code

: Y xilinx - Project Navigator - C:\nuno\nand_tutorial\nand_gate_tutorial\nand_gate_tutorialise - [nand_gat
s [) Fle Edt WView Project Scurce Process Simulation Window Help

1 DISEI0) &) 9|5] m2|#|E W £]%]| 1R8] o] Alwf

0 = A | e e 8 Y e D R e Y R R
x|
Sources in Propect: ] : ;’

O om'ae“ sn = = 12

F wc3:200- 4256 13
[A) nand_gate_tutorialbehaviceal (nand_gate_tute

14

4 m EmE E E =E = 15

18

17

18

20 library IEEE;

21  use IEEE.STD LOGIC 1164.ALL:
22 use IEEE.STD LOGIC ARITH.ALL:
23 use IEEE.STD_LOGIC_UNSIGNED.ALL:
24

25

< | » 28

8 Module View | £ Snapshot | ) Librasy View |

27
27

28
2l | B9
Processes for Source: “nand_gate_tutonial behavioeal™ I 30 pentity nand gate_tutorial is
— 31 Port ( a : 1in bict:
Add Existing Sowrce 32 R
Create New Source 33

output : out bit);
View Design Summaty 34 end nand gate tutorial:
Design Utiltas 38 - =
User Constrants 28
& Creste Timng Constrants 37
Assign Packags Pine ¥ Do oy mm B B

) )

architecture Behavioral of nand gate tutorial is

| & Idtilrc:-:lr,-.n!-.l'f--fl 20 output <= a NAND b;
or

Synthesee - XS a1 ne ehavior .
Implement Design = H E 'i Il '

<

Create Area Corstrants 33(
(=

Generate Programmng File
0 FProgrammmng Filbe Generahon Report
g Generate PROM, ACE, ot JTAG File

Corfigue Device (MPALT) «| |

5 T Dl "A nand aste ¢ T Desion Sum._ |
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Synthesize

L [0) Fle Edt view Project Source Process Simulation Window Hebp
. Dls{Rle) &) @Y= Bl R el
O — = T

~lx
] 10

11
12
13

Sources in Progct:
B nand gale lutond ise
1 #c3:200.47256
[A) nand_gate_titorialbehavioeal {nand_gate_tute

14
15
18
17
18
19
20 library
21 use IEE

* Synthesize the VHDL code while : 22 e 1z

-4

<9

ensuring no syntax errors - Lo - wfllES

27

Be Module "'icWJ £ Snapshot t] Library View ] ok
28

EF | | ol
30 Penticy !

* Double click in Synthesize XST [ e |1k

= =

0 Create New Source 33
= View Design Summaty 34

s v Dezign Utilties
@ User Constrarts

Creste Timng Constiants
s0n Pac l a02 P

Cre: rn.qr- Oy Il]n
| - h

ons l

Jynlhe SRe - /SY
- & In fﬂ'ﬁl an '
Genetate Frogrammmry jl"nb-

:' Froga rmnn.xfb-L,:n—ta; Report
Generate PROM A JTAG File
I'--rhgrrflmrh|_P!:‘Ar'|

B8 Process View l
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Assign package pins

* We need to assign the

input / output ports to the
buttons and LEDs

2
7]
>
D
=
[&
[

* Click on Assign Package Pins,
which is under User
Constraints

* And say “YES” to the
creation of an UCF file

»

2l
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Mapping pins to design

* We want to use switches
#7 and #8 as the inpu

e The physical FPGA BGA == === =

pins for these are K13
and K14

* The output should be .
displayed through LED |

#7 i 170 Name]| 170 Direction| Loc | Bank 170 Std.
P] E: E.‘t.}v‘:.

BANK

e This is pin P | || e = EA
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Specifying default bus delimiter

bus Deimiter

Select 10 Bus Delmiter
(o XST Defaukt <>

(™ XST Optional {}

* After saving, ensure that ™ Syrolly Verkog Defovik [
. (" Syrphly VHDL / Exemplar Dalauk | )

you are using the default
bus delimiter.

[ Don't show this dislog sgan

[can be set through peeferences dulog)

oK |
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Final steps inside project navigator

Sources in Progct:
Ei nand gale lulond e
£ =c3:200.47255

_‘j nand gole hutonakbehavicral (nand_gate tuty j = _j nand_gate_tutonalbehavioral (nand_gate_tuk
) nand_gate_tutosal ucl ] nand_gate_tutoeal ucl

Sources n Progct:
B nand J._lr- utond ise

L
e e R s e S e

[ NI N

LS I N

[N}

7|
f
Z
]
i
g
]
1
i

[ wel "~ ) e Bl it

I SI N

«| | » «| | »

=] BE Module ")icWI 3 Snapshot @ Librasy ‘v'r_w] = BE Module View I 3 Snapshot E] Librasy ‘v'r.‘.w]

2lx 2lx
Processes for Source: “nand_gate_tstonal behavioeal™ ] Processes for Source: “nand_gate_tutonal behavioeal” ]
Add Existing Sowrce Add Existing Sowrce

Create New Source Create New Source

View Desgn Summaty View Desgn Sumematy
Deszign Utiltas + Deszign Utitzs
User Constramnts User Constrants
b Creste Timng Constrants by Creste Timng Constiamts
%] Assign Packags Prne %l Assgn Packags Png
BBl  Create Area Corstrants Create Area Corstraints
|®  Edi Constramts Tes) |9  Edt Constramts [Tex)
ﬁy ynthesee -:':'5- + f\y yrthesee - XST
¥ Oq ‘ OM In plement Design

I’rrmv-r‘r grammng File = \J Genetate Programmng File

j_:\. Programmng File Generaton Report Programmng File Genstabon Report

Generate PROM, ACE, or JTAG File =5 Generate PROM, ACE, ot JTAG File
Corfigwre Device (MPALT) Conhguie Device (MPALT )

.l: =\ " —
Process View I B8 Process View I

X [ Generating Report x|

Double click on Implement Design  Double click on Configure Device
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Inside IMPACT 1[/2

Boundary-Scan | Slave Serial | Sel

B2 b a8w
AP| Desktop Configuration |

.‘

| want to configuee device via I
¢ Boundary-Scan Mode
" Slavea Sesial Mode
I e O
" Deskiop Configuration Mode

R 2 .
T oMew
SO
uw
TN
-
SN
uw
I L S
T omew
S 2 2
uw
SN
uw
SN
uw
SN

BATCH CX
BATCH C
BATCH CX
BATCH C
BATCH CX
BATCH C
BATCH CX
BATCH C
BATCH CX
BATCH C
BATCH CX
BATCH C
BATCH CX
BATCH C
BATCH CX
BATCH CX
BATCH CK

For Help, press Fi

(LY
ma
v oor
B
m o
-

0

onm
R

f ContigOnrailure 5TO
StartupCLock - AUTO_CORRECEIONEN
[ AutoSignature FALSE
KeepSVF : FALSE

svilUsaTime FALSE

Configur ation Mode

r.C'L L™ G p - -

- = e DL OV LT AVURITONNLNS T L1T
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Inside IMPACT 2/2

-------~

¢ Jugomahicaly connect to cable and u);'-'-h'yl
I Boundary-Scan chan .

‘ [ By SR N PO
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Specifying the bitstream

| boungary-scan | Slave Serial | SelectMAP | Desktop Configuration |

- | | [
* Select the .bit file | el =

Lock n [ ) nand_gate_tutons

) pronay

., (e
* This file, generated | e | FE——
after the “implement
design” step is the

bitstream that needs to
be sent into the FPGA

LS SIULLY
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Playing with the board

s
BT c\nuno\nand_tutorial\nand_gate_tutorial/nand_gate_tutorialipf [Configuration Mode] - IMPACT

s File Edt View Mode Operations OCutput Debug Heb
D 2|3 &t BB B A B BN
§ Boundary-Scan ISIavc Serial | SelectMAP | Desktop Configuration |

We only care about
the first device!

Programming Succeeded

NFO MP;\ CT 579
INFO: 1MPAC T 58 ( e

8 B u_ ed successfully
PROGRESS "N[ End Operation
Elapsed tine = E

<

For Help, press Fi Configuration Mode  Boundary-Scan Paralid 111
DEvl

Programming Succeeded is what you
want to see!

CPE 462 - VHDL: Simulation and Synthesis - Fall [ |
Nuno Alves (nalves@wne.edu), College of Engineering
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'N’f imnmu-s :

Move switches and see LED change
through a NAND operation!
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Verification of Synthesis
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Register Transfer Level (RTL)

Processes for Source: "nand_gate-behavioral

* Your synthesized design can be viewed X View Desion Summay

+ - &&  Design Utilities

as a schematic in the Register Transfer - ¥ §er°onstfaints

Create Timing Constraints
. Assign Package Pins
Leve I (RT L) VI ewer. BX|  Create Area Constraints

|9  Edit Constraints [Text)

- 3e7 Synthesize - XST
c/ View Synthesis Report
s B § View RTL Schematic —
v O
w507 Check Syntax
+- 3  [Generate Post-Synthesis Simulation Model |

«| | | |
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Schematic for a NAND gate

Schematic | Truth Table | Karnaugh Map |

* Keep double clicking for more detail
* You can even see Karnaugh Maps

Close
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Some small design modifications

%O—
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Viewing placement

(Ellnand _gate Design Hiera... Q@@ nand _gate Editable Floorplan for xq

=] nand_gate “nand_gatfe’ [310Bs 4 |
output1 [ FG ] O:output_0OBUF |0:
output [ 10B ] PAD:output 01:outy
b [I0B ] PAD:bl:b_IBUF
Processes for Source: "hand_gate-behavioral” a[I0B ] PAD:al:a_IBUF
= 07 Implement Design
#-3¢7 Tianslate
[+ O(y Map
= OM Place & Route
¢/ Place & Route Report

Asynchronous Delay Report he n l\

ef Pad Report
Guide Results Report
+] O(W Generate Post-Place & Route Static Timin

View/Edit Placed Design (Floorplanner)
Analyze Power [XPower) i =
Generate Power Data M -

¥}  Generate Post-Place & Route Simulation Mo ?_—B@Ej
: X

+
< | BN E nand_gate Design Nets
| B2 Process View

output_0OBUF
b_IBUF
a_|BUF
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Viewing resource utilization

Processes for Source: "nand_gate-behavioral

]  AddExisting Source
]  Create New Source

'Logic Utilization Used| Available| Utilization| Note(s])|
: - Number of 4 input LUTs: 1 3.840 1%
+ - &&  Design Utilities T Dishibulion:
@&  User Constraints o o,

- . MNumber of occupied Slices:
Create Timing Constraints Number of S i o elted logic:
i Assion Packsge Pins umber of Slices containing only related logic:

Device Utilization Summary

1,920 1%
1 100%

3.840 1
173 1

.
1

BB  Create Area Constraints Number of Slices containing unrelated logic: 10 1 0%
3

IA-. Edit Constraints (Text] Total Number of 4 input LUTs:
= 0(/ Synthesize - XST Number of bonded |0Bs:

o7 View Synthesis Report

B  viewRTL Schematic

B view Technology Schematic

<
B B2 Process View |
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Woaveform Simulation

Important note:
ISE 7.1 is an obsolete software, so you CAN’T request software licenses to
run this feature on your own computer.
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You can also simulate in the lab

cxdinx - Project Navigator - c:\nuno'\nand_test\nand_testise - [main.vhd] =101 x|

[) Fle Edt View | Projct Source Process Simuation Window Heb »| |81 x|
® Add new NECITR e == el sl@(e] -] slaf
SR o T e e Y B e A S B

source — ——

12
B nend_testise " 12
5 #c3:2004R2 14
= [A) mainbet re 15 -- Reviszion: |

U] mar 18 "

-= Dependencies:

izion 0,01 File Created

-- Additional Comnents:

library IEEE:

use IEEE.STD_LOGIC_1164.ALL:

uze IEEE.STD_LOGIC_ARITH.ALL:
use IEEE.STD_LOGIC UNSIGNED.ALL:

==== Uncomrent the following library declaration if inscantiacting
linx primitives in this coc

NRORNNDN

o

-=-use UNISIN.VComponencs.all:

98 Moduie View [ g Snapshot | L) Liorary View |

N
(]

[*]
o

DP.’.‘,]P',' main 1=
Port (& : in
b : 1in
output :

2lx|
Processes for Source: “mainbehavioral” [al
[ Add Existing Source
[ Create New Source
£ View Desgn Summaty
= @§#  DesignUtitties
a Create Schematic Symbol

w
-

w
N

W W
b oW

end main;

w
= ]

architecture Behavioral of main 13

]
~

Launch MocdelSim Smulator
[8) ? View Command Line Log File
E)  View HDL Instantiation Template
+ w User Conshiarts =
=07 Synthesee -XST
[B) 2 View Syrehesis Repoat
View RTL Schematc
View Technology Schematic
P Check Syrtax

—.I 0 R mmmesbm Dans C —Hp‘,-.-lc.m l-l.’-l_, 4 I I -
¢ Process View | EOesgnSum. ) manvhd J&  astpd |

w
o

begin
output<=a NAND b:

w
o

& w
o (]
W T FE T T TETET

end Behavioral:

1
N

Loading device for application Rf_Device from file '3=2200 nph' in environment C:-Xilinx

x|
-

“_ E]Cm&olel%‘ndnﬂez R Erroes Y Wanngsl
Add & new source to the projact Ln 15Col 28 WHOL

CPE 462 - VHDL: Simulation and Synthesis - Fall [ | WESTERN NEW ENGLAND WNE
Nuno Alves (nalves@wne.edu), College of Engineering UNIVERSITY



mailto:nalves@wne.edu
mailto:nalves@wne.edu

Adding test waveform

e Test Bench Waveform

librarp TRER.

uze IE New Source

uae IE

uze I1E

] BMM File
W) Implementation Constrants Fie

; ® 1P |Architeciure Wiead)
4
[) MEM File g —

—mne

-=libr

€] Schematic |te$t_ssa«-d
3 State Disgram
[£) Test Bench Wavefosm Logation

:;.) User Document |.3 \nuno\nand_test
] Veriog Module

J Varlog Test Fuhue

tj VHOL Libraey

(/) VHDL Modude

) VHOL Package

&) VHDL Test Bench

| New> | Concel |

CPE 462 - VHDL: Simulation and Synthesis - Fall [ |
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* Make sure you select the
main source program.

ar» TRREFP.

1E
1E Sowrca File
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Internal clock selection

Assign Check Assign
Inputs OUtpUtS Inputs

Wait To Wait To ‘
Check l- Assign -

Clock Information
For this example | sy s o |
o " Mukiple Clocks

(+ Combinatorial {or nternal clock)

we are not
Combinatorial Timing Information
Inputs are assigned, outputs are decoded then

concerned about ks v ssone, ot v dcddten
. . assignment/checking confikcts.

tlmlngs, SO SeleCt Chadk Outputs ["_ rs After Inputs are Assignad

internal CIOCk Assign Inputs |’.-_ s After Qutputs are Checked

Global Signals
I™ PRLD (CPLD) I~ GSR (FPGA) Intial Length of Test Bench: |:oc-J ns
Time Scale: |ns vl

High for Irstial; | ns
[T Add Asyrehronous Signal Support

= o] o | _on> |

test/main vhd” in Library work
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Manual input selection

50ns 150 ns 250 ns 350 ns 450 ns 55
T I T T T T T O O O O

550 ns

650 ns 750 ns 850 ns

|

Click on the blue boxes to change the logic values for each

CPE 462 - VHDL: Simulation and Synthesis - Fall [ |
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Generating expected simulation
results

e Go back to the main
project window

¢ Select the wave file

* Generate expected
simulation results which is
under ModelSim Simulator

Sources in Progect:
[‘3 nand_ted ise
1 =c3:200.47255
- __’] masrrbehavioral [man vhd)

tesl_wave (last_wave bw)

_J man.ucl

" 9 Module View [ g8 Snapshat | L) Library View |

2l x
Processes for Source: “test_wave" ]
[ Add Existing Sowrce
. Create New Source
B o7 View Generated Test Bench As HDL
M Add TestBench To Propct
y ModelSim Srmudator
n Simulate Behavoral Model
™ Generals Expecied Smudation Resulls

Simulate Post-Translate VHOL Model
Simulate Post-Map VHDL Model

Simulate Post-Flace & Rouwe VHDL M

<

i B8 Process View I

library IEEE:

uze IEEE.STD _LOGIC_1164.ALL:

uze IEEE.STD_LOGIC_ARITH.ALL:
use IEEE.STD LOGIC UNSIGNED.ALL:

ncompment Tne

--library UNISINM:
--ugse UNISIN.VComponencts.all:

€)e-r.' ity main is
Port (& : in
b : 1in
ﬁl]f;‘,'ll’_ + Ou

end main;
architecture Behavioral

begin
output<=a NAND b:

end Behavioral:

K —

folloving librarv declaratcii

nx primitives in this code

o main 13

EOesgnSun ) manvhd J&  atpdt |
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Adding the expected results to test
waveform

Sources in Project: AN QX
B nand_tesl ise . .
5 01 #c3:20040255 cnd Time:
- _j mairrbehavioral [man vhd)
[) test_mwave (test_wave tbw)

W) man.ucl YL 0
alo 1 |
3N output 0

1000 ns 50 ns 150 ns 250 ns 350 ns 450 ns
v o oo

" ™8 Module View [ g Snapshot | 1) Library View |

% Expected Results x|

* ‘ main Replace outputs with expected values? Selecting "No® adds the expected values as signals to the display for comparison.

| Yes I No I Canced I

«| | »lel ]l »]l«

Make sure you add the expected values to your wave (select yes)
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Visualizing the simulation outcome

Make sure that the output wave matches your expected
simulation outcome

Tl HCES e
End Time:
1000 ns 50 ns 150 ns 250 ns 350 ns 450 ns 550 ne 650 ns 750 ns 850 ns
v Lo | b b b b
s 0
gt 1 | |
3N output 1 I
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Practice Exercises
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Gate vs functional level

Up to now, we described our circuits using logic gates...
for example look at the following 4-to-1 MUX

entity mux is
port(a,b,c,d,s0,sl1 : in bit;
z : out bit);

end entity;

architecture myarch of mux is
begin
z <=
(a AND NOT(s0) AND NOT(sl)) o o o
OR F:(,{Sgsl)-l-(BSOS1)+(CS051)+(DSQSl)
(b AND s0 AND NOT(sl))
OR
(c AND NOT(s0) AND sl)

OR However, its is not very practical. VHDL
(d AND s0 AND sl); also can describe the function of the

end architecture ; . . . .
circuit without logic gates.
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Exercise #1- SPARTAN-3 FPGA
implementation of a 2-to-1 MUX

B(3:0)

.

Z(3:0)
Z=(A-S)+(B-8S)

A (3:0)

* Inputs A and B are a 4-bit bus

* Fix the code on the left and map
each 4-bit bus to different sets of
switches

* Map SO to button BTNO
* Map the output to 4 LEDs

CPE 462 - VHDL: Simulation and Synthesis - Fall [ |
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library ieee;
use

entity mux is

port ( '
downto 0);
sel: in :

: out std logic vector (3 downto

std logic vector (3

0));
end mux;

architecture example of
begin
process (a, b, sel)
begin
if (sel='0’) then
c <= a;
elsif (
c <= ;
end if;
end
end

) then

WESTERN NEW ENGLAND
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