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Introduction

This tutorial will guide you through the procesfscreating a test bench for your VHDL designs, which

will aid you in debugging your design before or in addition going to the FPGA for execution. For the sake

of simplicity we will revisit the counter tutorial available Rtofesso5 dzO1 6 2 NIl KQa ¢6So6aAidSy
http://ece.wpi.edu/~rjduck/Nexys2%20ISE%2010 1%20Counter%20TutoridNpdkill recreate the

sample counter and decoder and then create a VHDL test bench for the cooisteow what it looks

like in the new Xilinx software. This process will be helpful to you in the later labs in the course, as you

will be able to see what your signals are doing as well as allow you to check to see if the values coming

out are correct omot. Without further adog let us continue to the counter example.

The Simple 4-bit Counter Revisited

If you have already created a project for the counter tutorial, feel free to use that as a base for this
tutorial. If you have not, please follow thetorial at the link given in the introduction to complete the
counter design.

With the counter and decoder designs created agdthesizedselect from the Xilinx tool bdtroject->
New Sourc® bl YS (GKS &2dz2NOS a2YS{KXy adzGokntekl théa &A3y AFKASE A
example/ f ANGXE di


mailto:bhnath@wpi.edu
http://ece.wpi.edu/~rjduck/Nexys2%20ISE%2010_1%20Counter%20Tutorial.pdf
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|Design 08 x £ 1 im buckvorth A
1] | Sources For: Inplementation 8 = 2 CE Dept, WPI
3 -- January 6, 2005
& [Herae 4 - councer.vhd
& ] eceaato_counter th a 5 library IEEE:
= O xc3s500e-4g320 M
2| @ [k counter - Behaviral (W\ECE3810_Salece3810_courter th|counter vhd) = 3
4] decoder! - decoder - Behavioral (M|ECEIB10_SAlecedd10_ounter_th\decoder vhd) o 8
& [ M:\ECE3810_SA\ece3810_counter_tbicounter_uct.uct s
a A| 10 entity counter is
| 11 Fort ( reset : in std_logics
- 12 clk_S0M : in =scd_logics
= A 13 seven_seg : out logic_vecter [§ dovate 0):
14 an0 : out std logic:
25 New Source Wizard
Select Source Type:
Selct source type, fle name and i ocation.
R amre
&4 Chipscope Defintion and Connaction Fils
[ implementation Corstraits Fie
7] 1P (CORE Generator & Architecture Wizard) value (for simulaion)
B | Mo s design module s selected. “
e | @ DesigniLriities e name:
11} courrer tb | seq)
;t Location:
” FLHECER810_SAlece3810_counker th =
[¥] Add ko project
43 - count seconds from D to 9
44 count_process: process(reset, clk iHz) v
< >
Design | Fiks | Livaries 5] counter.vhd
Console ~08x
Process "Create VHDL Test Bench” completed successfully -
Started : "Launching ISE Text Editor to edit counter.vhd”.
Started : "Launching ISE Text Editor to edit counter_th.vhd".
v

<

Consoke | Erars | Wamings | Find nFiles Resuls

Add a new source to the project

From here, select which design you want to create a test bench for. Here we will select the counter
design as it is at the tefevel for this project. Keep in mind that you may make test benches for
individual components of your designs as well as thelémel design which ties it all together
(analogous to testing individual functions versus your main in a programming language)Next db
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Took Window  Help

SIEIL] 1 - Jim buckvorth
~ 2 WPT
3 -- January 6, 2005
& 4 - counter.vhd
@ eceamo_counter_th 3 5
= a rﬁsguoﬁmm € use IEEE.STD_LOGIC_1164.ALL;
5| @ [uldl counter - Behavioral (M:\ECE3810_SA\ace3810_counter_th|counter vhd) 5 use IEEE.STD LOGIC ARITH.ALL:
decoder | - decoder - Behaviorsl (M:\ECES810_SAlece3810_ourter th\decoder.vhd) - 8 use IEEE.STD LOGIC UNSIGNED.ALL;
5 MH|ECES810_Silece3810_courter_thicountes_uct uct 5 - -
A 10 entity counter is
%] 12 Port ( reset : in std_logics
12 Clk_SOM : in std_logic:
% 13 seven_seg : out std logic_vector (6 dovate 0):
14 a0 : out st logic:

value (for simulation)

No sigie design module is selected.

[ 3
0 @ W  DesignLriites
x oy
43 - count seconds from D to 9
44 counc_process: process(reser, clk iHz) v
& m 1 >
T
Design | Files || Liraries | 5] counter.vhd |
Console “O8x
Process “Create VHDL Test Bench® completed successfully ~
Started : "Launching ISE Text Editor to edit counter.vhd”.
Started : "Launching ISE Text Editor to edit counter_th.vhd".
!
< L 2
Consoke | Erars | Wamings | Find inFies Resuks |
Add 2 new sousce to the project 1n33Col20 VoL

unter_tblece 3810_counter_tb.xise - [counter.vhd]

ie View Project Source Proess Tooks ‘Window

[E] E

DPEHP L XDDXx v [ MAAL2XXL2E|A
|Design 08 x
Souces for: | Implementation ~

p

BEOD SR PTL T

I3 10 entity counter is
| =| 1 Port ( reset : in =td_logic:
E| 12 clk_SOM : in =td_logics

13 seven_seg : out =td logic_vector (6 dawats 0):
14 an0 @ ot std_logic:

15 led : out =td_logic);
dnumrem.—aehwurdm:\::mm_sn\m o 36 =na councer; -
] MAECE3810_SA\ece3810_counter thicounter_uct uct 17

0
&l
e

& [l counter - Behavioral (M:|ECE3510_SA\ece3810_counter|

A
*
20 cowponent decoder is

M| 21 Port ( count : in integer range O to 9
3% | 2z seven seg : ou sta logic vecror(s downto 0)

29 - gend AddtoProject: es
Scurce Drectory: MAECES810_SA|ece3810_courter t
‘Scurce Type: VHDL Test Bench
Scuree Name: counkar_th.vhd

- - 3 32 begin
‘ 33 3f resq acsocation: counter

No s design modus s selected.
® W  Desion

HHBA v

count + 1; ~
< m 3 |@ L | >
Desgn | Fiks | Lérares | B countervhd B countee_thvha

Console. +08& x
Parsing VHDL file "N:/ECE3810_SA/ecedslo_counter_th/decoder.vhd” into library isim_temp -~
Parsing VHDL file "N:/ECEI810_Si/ecedB10_counter th/counter.vhd" into library isim_temp
Parsing VHDL file "N:/ECE3S10_SA/ecedBil_tounter_th/cOunter_rh.vha”™ 1nto Library 13im_temp

Process "Check Syntax” completed successfully

< 2
onsoe | Errors | wamngs | FndnFies Resuks |
Akd 2 new sousce to the project inico1 woL




At this point, you will now bable to view your test bench file that Xilinx has generated in the main
programming window. You will notice that it does however, not show up in the side panel where your
other VHDL files are. This is because Xilinx has separate views for Implememtdtibesafiles. To view
your Test Bench file on the panel, navigate to the upper left hand corner of the Xilinx ISE and click the
I NN ¢ InfléSnddBationé A 4 OdzZNNBydGfte o0SAy3a RAALA I &@SRO

E ISE Project Mavigator - M:\ECE3810_SAlece3810_counter_tblece 3810_counter_tb.xise - [counter_tb.vhd]

[B Fle Ede vew Project Source Process Tooks ‘Window Heip BEE
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Design «0O&X = 55

[ | sourcesfor: 8 &=

ic_vestor (6 downte 0]:

] ey

| B e
5 £ xcassonearyI

a & [ counter - Behavioral (M:\ECE3310_SA\ece3810_counter_thcounter vhd) 61
[’ decoder1 - decoder - Behavioral (M:\ECE3810_SAlece3810_counter_tbidacoder vhd) o2
WHECE3810_5A|ece3310_courter_tbicounter_ucf ucf =

FRF 0
a

[LIF
78 wait for clk_SON_period/Z;

<=1
No singie design module i selected. 80 wait for clk_SOM_peciod/2;
® %  Design Lkiies 81 end process;

»
o
=1} 83
Y

98 v

i~
I

Deson  Files | Liraries B courter.vhd B counter _th.vhd

Console “0dx
Process "Create WHDL Test Bench” completed successfully Al

grarted : "Launching ISE Text EAitor to edit COUNCEE.Vhd".

Started : "Launching ISE Text Editor te edit counter th.whd".

< >
Corsole | Ervors | Warnings | Find inFiles Resuks

s e

74 start ) Gmal - Inbox: (5758) .. S ISE Project Navigator. B risc_test-L - wordPad I ism T line vrion Test Benc... | |1 Master volume T |25y s

Once you have clicked the arrow, you will see two additieied/s for the panel. The one you will want
G2 aSsSt S ®ahaviosl SimalatiéaSIR /6 A O1 GKAA 2LJGA2Yy YR GKS
to view and select for testing the VHDL designs.



[l Fle Ed Wew Project Sowce Process Took indow Hep

o2 % 0 P Y IS 9
Desin A
1] | sources Fors [Bchaviral Simndstion logic_vector (6 downto 0) 3
~ 57 signal an0 : std_logi
dg] | Herarchy 58 s)gnsl led : logics
] eceantn_counter_th . = -
5002 463320 60 - Clock period definitio
L 61 constant clk SOM_period : cime := lus:
2| e
63 BEGIN
Al 6
| s -- Instanciate che Unic Under Test (UUT)
86 wut: counter PORT MAF (
= Ld I reset => reset,
Wl es Clk_SON => clk_SON,
60 seven_seg => seven seg,
70 an0 =5 and,
7 lea => led
72 1
7
74 -~ Clock process definitions
75 c1x_SOM process iprocess
76 begin
7 cli_S0M <= '0';
78 wait for clk_SON period/2:
79 clk SOM <= ‘107
> |Processes: courter.th- behavior 80 wait for clk_SON period/Z;
e |E W 15imSmulator 81 end process;
o €D Behavioral Check Syntax 82
= [y se———— =S
a4 -- Stimulus process
A 85 stim_proc: process
- 86 begin
a7 == hold resec stace for 100ms.
88 wait Zor 100ms;
89
90 wair Zor clk_SON_pericdii0;
51
2 -~ insert stimulus here
93
5t wait;
95 end process:
56
97 END:
98 v
£ ]
Design | Fies | Liraries B} counter,vhd B counter_th.vhd
Console ~oax
Process “Create VHDL Test Bench® completed successfully Al
Started : "Launching ISE Text Editor to edit councer,vha”.
Started : "Launching ISE Text Editor te edit counter_th.vhd”.
|
< 5 |

Congole | Ermors | Wamings | Find in Files Resuks

You will now see new options available for yowstlect, much like when you are implementing your

designs on the FPGA (Synthesize, Map, Program5e&)dzo f S BehaVi@4dl GhgcR Symtax & A  f

OKSO1l G2 as8SS$S AT GKS  Simdate®éhgviom Madgly BIAE t A 8 EGD

z 7

bSYOK Ay GKS GKANR LI NEebBavikidN@hacKByhtaxL § 2 YWl F 8 dzd 6z88 Ofi K K

default test bench is okay.



= 1SE Project Navigator - M:AFCE3B10_SAlece3810_counter_tblece3810_counter_th.xise - [counter_tb.vhd] [BWEE
[] Fle Edt Vew Froject Sowce Process Tooks Window Help BEE]

D2E4 o 0o P& S AX2RAREOD LR IPELIT
Design »08x 53 signal clk_50K : std_logic t= '0'; A
Sources For: | Behaviaral Simaistion ~ 54
55 o put:
Loy 56 signal seven gic_vector {6 downto 0)
€] ecemto_courner 1o 57 signal an0 : sud logi
= £ ressone-4gzen B signal led
= [ counter_th - behavier (:|ECE3810_SAlece3810_counter_thicourter_th.vhd) =
=1 [ wt - countes - Behaviorsl (MECE3810_SAlece3810_counter_thicounter. vhd) - oy Clock pericd definitions
[*) decoder! - decoder - Behavioral (M ECE3810_Salce3810_counter_tbidecoder.vhd) 61 constant Glk SOM period i time i= lus;
a 4| 62
% 63 DEGIN
I« ; 64
- ad Instantiate the Unit Under Test (UUT)
4 e uut: counter PORT AP (
67 =
68 €li_SON => cli_SOM,
69 seven_seg => seven_seq,
70 an0 => ang,

71 led => led

20 vait for elk_SON_period10;
91
9z -- insert stimulus here
23
94 wait;
5 ena process:
26 v
< >
Design | Fils | Liraries = counker.vhd B counter_th vhd
Console +048x

Parsing VHDL file "M:/ECE3510_SA/ece3Sl0_counter ch/decoder.vhd” into library isim_temp ~
Parsing VHDL file "M:/ECE3510_Si/ece3Si0_counter_th/counter.vhd" into library isim_temp
Farsing VHDL file "M:/ECE3510_Si/ece3510_counter_tb/counter_tb.vhd” into library isim temp
Process "Check Syntax" completed successfully

< >

Congole | Ermors | Wamings | Find in Files Resuks

—_

‘4 start [76%) ShadesofLoeds says... B 1€ Project Navigator.., | I fse_test-L - WorPad. | 0 IS [ e vHDL Test Bene... | [ Master vome: [T new source th - Paint

VHDL Test Benchz Dissected

Now is an excellent time to go over the parts of the VHDL test beéntdst bench in VHDL msists of

same two main parts of a normal VHDL design; an entity and architecture. The entity is left blank
because we are simply supplying inputs and observing the outputs to the design in test. The architecture
of the test bench will consist of the degigve are testing as a component, internal signals for input and
output, a port map of the component for tHaUT @nit under test), a process to run the clock and finally

a stimulus process, which will be responsible for running the tests you write tthieskesignRefer to

the test bench file that Xilinx generates and go over the components to make sure you have an
understanding of what is going on.

b2g GKIG ¢S KIFI@S 3I2yS 20SN) gKIFd GKS RAFFSNBYyG LI2N
add in some stimulus code to see how it all works togetkanst, we need to modify the clock that Xilinx
has generated for us to work well with the counter design.

First, edit the constant for the clock period definition. We would like this to matcth@eIHz clock that
is coming into the test bench to make the timing diagrams match up nicely. To do this, we simply take
1/50 MHz and convert to nanosecond, which comes out to be 20 nanoseconds.

-- Clock period definitions
constant clk_50M_period ime := 20ns;




Next, we need to modify the clock process statement that Xilinx generated which divides the clock by
two, creating a 25MHz clock. To change this, we just need to remove the dividers in the statement to
look like the following.

-- Clock process definitions
clk_50M_process :process
begin
clk_50M <="0";
wait for clk_50M_period;
clk_50M <="1";
wait for clk_50M_period;
end process;

Finallyreplace the stimulus process with the following code segimehich will serve as the first
example for running a VHDL test bench simulation.

-- Stimulus process
stim_proc: process
begin
--hold reset state for 100
wait for 100rs;

--Sample way of setting inputgeset used as a redundant example
reset <="1"

wait for 1ns;

reset <="'0"

wait for 1ns;

wait;
end process;

The following code will cycle the redamitton and perform a very simple initial test of the design for
simulation.To execute the testdoubleO f A OSimulty BetiavioralModél | yR G KS L{AY az27¥
open with your test bench loaded.
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= 0 15im - [Default.wcfg®]
Sources For: | Behavior
i@ Fie Edt View Smuation Window Help -8 x
Hierarchy - ==
] ecesoro o] O 3 H FOHOX® oo M =h=)
D08 x [objects w08 x 4
Simulation Obijects for counter_tb
) b o] 16/ 18116 &
Object Hame ahue
ry g reset [
& clk_Som [
m 5 seven _seq6:0] 1000000

g an0 0
led o
1§ ch_som_period 1000000 5

Processes: court ter th
=W 15msmul
o 2@ seha
] ==
< >
Instances snd Frocesses | Source Files < > Default, wefg*
Conscle sO8x

This-is 3 Full version of ISim.
Time resolution < 1 ps

Design | Files || Lirari

Consale =08 x
Launching ISim -
"M:/ECE3810_SA,
ISim simulatio

s ima1e] Console | eresponks | Find i Fhes Recuks | Search Resuke

5im Time: 1,000,000 ps

Consoke | Erars | Wamings | Find nFiles Resuls
1n98Col24 WL
[7€) Gmed- Inbox (9759) ... | B I5€ Project Navigator... | FJ risc_test-1-wordPed | G ok VDL TestBenc... | 1 Master volume [ newsowcefinsh-P.. 23 15im - [Defautwcig*]

You will now be presented with the ISim prograrnere you will be able to simulate your designs and
check for errors. You will notice that the program is very much like a software debugger, in the way
which you can step through your VHDL designs and check the states of signals, as well as set the
simuhtion to run for specific amounts of time and view output in the bottom windol® simulator

will open with your simulation executetfou will notice that the resolution for the simulations is set to 1
picosecondThis is due to some Xilinx primitivegjugring a 1 picosecond resolution ¢miaranteethat

your designs are processed correctly. To get a better view of the simulation, navigate dewto
Zoom-> Full View(F6). This will allow you to get a better view of what your simulation is doingyand
may also zoom in and out to get to finer levels of observation.
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Desi
= 0 15im - [Default.wcfg®]
Sources For: | Behavior
i@ Fie Edt View Smulstion  Window  Help
o] | Hererehy T
@l 9 D2 © o e
2 0 & X Objects w08 x 4
S Simuiation Gbjects for courker_th
& (o) b aib| 16| 18
a2 Object Hame Yabie
2 g reset 0
& dlk_Som 0
m g seven _seg:0] 1000000
g an0 [
led o
B dk_S0m_period 1000000 ps
<
B | Processes: cour ter th

e 5im Sl
b [4 (3] e
-]

e

< >

Instances ard Frocesses | Source Files | | < > Default wefg*

Conscle: zoax
This-is 3 Full version of ISim.
T

it itislizaticn process.
35

ation proce: o
>
Design | Files | Librari
Console <08 x
Launching ISim P
"M:/ECE3810_SA
I3im simulatio
- Console | Graskpoinee | Find i Fies Resuke | Search Resubs
Sim Time: 1,000,000 ps -
< >

Congole | Ermors | Wamings | Find in Files Resuks
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o7 start | ) tuedceophonasey... | B ISE ProjctNavigator... | B risc test-L -WorPsd | T iDL TestBene... | i Master Volume [ 15m-paint 0 15im - [Defaukwefg*]

As you can see, when ISim opened it ran your simulation for you at what the parameters were set in the
test bench. To avoid this happening and to be able to start with a clean tiffaggam at the start of

the program, go back to Xilinx and rightt A O Bimulaté 8ehavioral Modéll Y R aBdc&O G &

t NB LIS BIXPA S a X
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Design ] 1 a
Sources For 2 Compan;
= 3 Engineer:
] | Herarchy - K ’
& €] ecemto_courner 1o a (] Create Date 28:00 03/25/2010
= @ xcassone-4igacn |
J 3 Design Har
& [ counter_th - behavior (MECER10. < = 7 Module Mewe:  M:/ECE3810_SA/ece3S10_counter_tb/counter_th.vhd
= [ uut - counter - Behaviorsl (1 8 Project Neme: =ced8i) counter_th
[R decoder - dacoder - Behavic a - -
A 10
11 Description:
5 =
- A 13 VHDL Test Bench Created by ISE for medule: counter
| 1
15 Dependencies
1 --
17 Revision:
18 Revizion 0.01 - File Creatsd
19 - Aaditional Comments:
20 —
21
22 - bench has been aucomatically generated using types std_logic and
23 std_logic_vector for the ports of the unit under test. Xilinx recommends
& 5] 24 that these types always be used for the top-level I/0 of & design in order
— = 25 - to guarantee that the testbench vill bind correctly to the post-implemencation
| | Processes: counter_th- behavior 26 -- simulation nodel.
=W IsimSmulator 27
® Behavioral Check Syr: 28 LIBRARY ieee:
B 25 LALL:
T Run d_logic_unsigned.all;
£ Refun LL;
m Rerun Al
L . ENTITY counter_tb IS
= END counter_th:
Foece Process Upto-Date ARCHITECTURE behavior OF counter_th IS
Open Without Updating
—- Component Declaration for the Unit Under Test (0UT)
CONPONENT counter
PORT (
reser : IN
clk_SOM : IN _logic.
seven seg : OUT std logic wector (6 dovaco 0): a
ann AT e
3 ]
Desin | Fies | Livaries counter.vird B counter_th.vhd B decoder.vhd
Console ~08x
Parsing VHDL file "M:/ECE3510_Si/ece3Sl0_counter_th/decoder.vhd” into library isim_temp -
Parsing VHDL file "N:/ECE3B1D_Si/ecelBi0_counter_th/counter.vhd" into library isim tenp
Parsing VHDL file "N:/ECE3510_Si/ece3Si0_counter_th/counter_th.vha” into Library isim temp
Process "Check Syntax” completed successfully
-
< >

Corsole | Emors | Wammings | Find i Files Resuks
Edit the properties For the highlighted process

In this window you can modify some various settings of the ISE simulator. For our purposes, uncheck the
LILX @8 b20S '

box markd&R Rin for Specified Time | YR KA G |

AT AY

simulation for a specified amount of time prior to starting the application that this is the place to do

that.
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&
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Sitch Name Property e value
Use Custom Smulation Command Fie [
Customn Smudation Command Fie
o
1000 ns
M:ECEI010_SAfece3510_counker_thjcounter th_fsim _beh.wdb (]

< na
Specy Top Level Instance Names  counker_th

|~
=

Processes: counter_th - behavior 26 -- =1
= % 15msmulator 27
@ Behavioral Check Syrtax 26
Simulake Behavioral Modsl 29

HA Y

36 ARCHITECTURE be Property display level: Standard % | [7] Display swich names Default

38 -~ Componen (
39

a0 CONPONENT
41 PORT|

o | [ cancel | [ apoty [ ek ]

aset : IN std_
a3 clk SO : IN =t
44 seven_seg : OUT

e A -

vector (6 dowato 0):
~|

< > )
Design | Fies | Léraries [E] counter.vhd B counter_th.vhd E] dcader vhd

Console w08 x

I~

AV

With this setting changed, 8 E S O dziiS8nulétkB®hadioral Modél t Ay S Ay (KS (G22ft &
behavioral simulation. Note that you should close ISim before rerunning this command as it will try to

open a new instance of the program and fail. Now you should be able to see a blank timingwdiagra

0SSOl dzaS y2iKAy3 KI& 6SSy NHzy &S tNBaaAyd GKS ww
right pointed triangle) will execute your design until you hit pause (also along the buttons near the run

button). You may wish to play with the zoonafares of ISim to be able to get a better view of what is

happening with the simulation. Once you play with the zoom for a little while, the timing diagram should

come out to something like below.



You may also specify points in time for the simulatmnun for in the text box located in the same

region as the run button. The button to the left of the box will execute the simulation for the time you
have specified in the boklote that it seems that ISim has some problems dealing with measurements
suK U W2NJ 2yS &aSO2yR:X &2 AyaidSER

Upping the Clock Speed and Internal Signal Watching

2dz YI &
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running at 1Hz from the clock dividing process located in the counter deBiggmakes checking to see

AT @2dzNJ aAYdz FGA2Y g2NJ a F2N) GKAA
to 1KHzChange thene_second_process the counter.vhd file as so.

--generate a 1 second clock from the 50MHz oscillator
one_second_process: process(reset, clk_50M)
variable counter_50M : integer range 0%6_00Q
begin
if reset ='1' then
counter_50M := 0;
elsif rising_edge(clk_50M) then
counter_50M := counter_50M + 1,
if counter_50M =50_000then
clk_1Hz <= NOT clk_1Hz;
counter_50M :=0;
end if;
end if;
end process one_second_process;

SEIF YL S NJ GKSNJ



Close the current ISim session anetua the behavioral simulation as you have done before and when
you run the simulation you will now see that it runs much fastéter playing around with the zoom
settings a bit, your timing diagram should look cltsé¢hat displayed below.

While running simulations on your designs, you will probably find the need to be able to view internal
signals and their values as the simulation runs on via the timing diagram. To get this working, draw your
attentiontothef STiG Y2ad LI ySt glKsEyceslafdPibcesstding joki caDvieivt SR«
all of the running instances of designs and processes within each design in your current tesfloench.

get the items from the decoder to show up in your timing diagraiokithe down arrow on

bcounter thé = F2ff 26SR 08 uitkThis WIBSBoy you aAlNEhé pr@cgssed running

inside of the design as well as internal signals used witldrdisplay an internal signal in the timing

diagram, highlight one sudh dcouatt¢ |y Relickl JoBbWell byCopy



