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These slides describe how to create testbench code

Upon completion: You should be able to write
testbench code that allows visual verification of
circuit operation via waveforms
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e Testbench

* VHDL file used to run simulations on a block(s)

e Testbenches have:
* One or more blocks instantiated in it
 Signals to drive the block’s inputs
» Signals to sense the block’s outputs

* Additional simulation related code
* Generate input signals (with timing) to drive the block
* Note — this makes the testbench un-synthesizable
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e Testbench process

* Create simulatable VHDL files (testbench) to drive the
inputs of our design

* Note: these are not synthesizable

Instantiate our design in the testbench file

Simulate the design
* ModelSim is our simulation tool

View the resulting output waveforms and check for
correctness
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* Create Design

* Arbitrary logic example

o_qg~reg0

D
t>CLK Q

SCLR
CLRN

i rstb D—T

logic1
i_a[ >—od
i b[ >—d

o _foo

» Set to top level, Elaborate and check for errors

—-- testhench_ex_hdl. vhdl

-- created 2/17/21
-- 1tj

-- Inputs: rstb, clk, a, b,
-- Qutputs: g, foo

Tibrary ieee;
use ieee.std_logic_1164.al1;

entity testhench_ex_hdl dis

port(
i_clk: in std_logic;
irsth: in std_logic;
i_a: in std_logic;
i_b: in std_logic;
i_c: in std_logic;
o_g: out std_Tlogic;
o_foo: out std_logic
H
end entity;

architecture behavioral of testbench_ex_hdl is
-- create a couple of itermediate signals
signal one: std_logic;
signal two: std_Tlogic;

begin
-- input logic processes
logicl: process(i_a, i_b)

begin
if{i_a = "0 and i_b = "0') then
one <= "1";
else
one <= "0°;
end if;

end process;

Togic2: process(i_c)
begin
case i_c 1is
when "0° =» two <= "1°;
when "1° => two <= "0°;
when others => two <= '0°;
end case;
end process;

-- flipflop process
EFUCESE(ﬁ_c1E, i_rsth)
egin

if(iJrsth = :D'} then
ot

o_q == ;

elsif(rising_edge(i_clk)) then
o_g <= two;

end if;

end process;

-- simple output mapping
o_foo == one;

end architecture;
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* Create component prototype

» Rt-click the design file and select Create VHDL
Component...

W Quartus Prime Lite Edition - Z:/msoe_current/21_Q3_CE1911/Projects/Class_Projects/General_HDL/general_hdI - general_hdl

.cmp file created in the project directory
Block_name.cmp = component prototype

. testbench_ex_hdl.cmp - Motepad

File

Edit Format View Help
Copyright (C) 2018 Intel Corporation. All rights reserved.
Your use of Intel Corporation's design tools, logic functions
and other software and tools, and its AMPP partner logic
functions, and any output files from any of the foregoing
(including device programming or simulation files), and any
associated documentation or information are expressly subject
to the terms and conditions of the Intel Program License
Subscription Agreement, the Intel Quartus Prime License Agreement,
the Intel FPGA IP License Agreement, or other applicable license
agreement, including, without limitation, that your use is for
the sole purpose of programming logic devices manufactured by
Intel and sold by Intel or its authorized distributors. Please
refer to the applicable agreement for further details.

Generated by Quartus Prime Version 18.1 (Build Build 625 ©9/12/20818)
Created on Wed Feb 17 69:45:47 2821

o

File Edit View Project Assignments Processing Tools Window Help
r » ’
D = D ." general_hdl -] 9 ¢ @'
Project Navigator E Files ~lalge x| & Compilation Report - general_hdl € testbench_e
reg_64_bit_tb.vhdl _. w {_i 5 D m. Ig
reg_64_bit.vhdl N e —————
reg_8_bit_en.vhdl 2
[ 3 testbench_ex_hd1. vhdl
& reg_8_bitvhdl 4 -
5 -- created 2/
counter_8bit_unsigned_tb.vhdl 6 —
n " 7 -
counter_8bit_unsigned.vhdl 8 rev 0
I counter_8bit_unsigned.cmp 9 |
= 5 10 -
testbench ¢ - o ° show testbench op
i 2l Open
- RemoveFile from Project [T
Tasks k, a, b,
E Set as Top-Level Entity Ctrl+Shift+Vv
Create AHDL Include Files for Current Fite: |
¥ P con 1164, a11;
> Create Symbol Files for Current File I . ’
~
£ Create Verilog Instantiation Template Files for Current File _hd1 dis
I 1 Create VHDL Component Declaration Files for Current File n 5td_'||]g‘i(;
| E n std_logic;
n =rd Tnmic:
< Properties
x L]
s (@A [A] (A [ <Fites 8B Find. | |8 Find Next
it
= || Type io Message
i) RuNning Quartus Prime Netlist Viewers Preprocess
L command: quartus_npp general_hdl -c general_hdl --netlist_type=sgate
' 18236 Number of processors has not been specified which may cause overloading
I i ] quartus Prime netlist viewers Preprocess was successful. O errors, 1 wal
o
H &l
o
2| system(1) Processing (31)

reate VHD&L Component Declaration Files for Current File

CE 1911

COMPONENT testbench_ex_hdl

3
END COMPONENT;

PORT

(
i clk IN STD_LOGIC;
i_rstb IN STD_LOGIC;
ia IN STD_LOGIC;
ib IN STD_LOGIC;
ic IN STD_LOGIC;
oq OUT STD_LOGIC;
o_foo OUT STD_LOGIC
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e Create Testbench Code

* Name your testbench the same as your design file but add _tb to the end
* counter_8bit.vhdl = counter_8bit_tb.vhdl
» shift_reg nbit.vhdl = shift_reg _nbit_tb.vhdl

* When we start using the DE10 we will do the same thing

* Name your DE10 implementation the same as your design file but add _del0 to the
end

* counter_8bit.vhdl = counter_8bit_de10.vhdlI
* shift_reg nbit.vhdl = shift_reg_nbit_de10.vhd]I

* |In both cases we never change the base design file

* Ensures what we designed is what we simulate, and what we simulated is what we build

foo_tb.vhdl foo_del0.vhdl
foo.vhdl Testbench with Design DE10 with Design File
Design File instantiated instantiated
File Design Design
File File
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* Create Testbench Code
* Description and entity

-- testbench_ex_hdl_th. vhdl

-- created: 2/17/21
-- by: johnsontimoj
-- rev: 0

-- of testhench_ex_hdl.vhdl

Tibrary ieee;
use ieee.std_Togic_11e4.all;

entity testhench_ex_hdl_th is

-- no entry - testhench
end entity;

-- testbench for testbench setup example

Description

« Note — entity statement required

nothing in it

testbench name
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e Create Testbench Code

* Testbench signals

* Device to test

<+
larchitecture testbenchﬁstbench_ex_hd'l_tb is

top level nam

14

signal cLK: std_logic;
signal RSTB: td_logic;
signal A: td_logic;
signal B: std_logic;
signal C: std_logic;
signal q td_1

td_1

i : ogic;
signal FOO:

|||;J'iC;

constant PER: tinm

dut: testhench_ex_hdl

port map(
i_clk =» CLK, \

rsth => RSTB,
a => A,

b == B

c

5
i
E
1 ’
i == C,
0-? => Q,

, / o_foo == FOO

;

component signals testbench signals

CE 1911

testbench is the type (can call it anything you want)
—testbench name

Names used in the testbench for all inputs
and outputs to your design — | use all caps
and remove theo_andi_

— The period of 1 clock cycle on the DE10

(used later to make things easier)

——__ Prototype for the component —type it in

or let the tool generate it for you

Instantiation of the component — type it in
(connect DUT wires to testbench wires)

DUT stands for device under test — you can
label it anything you want
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* Create Testbench Code
* Test processes

-- Clock process
clock: process -- note: no sens 1ist
begin
CLK <= "0";
wait for PER/Z;
inf: Toop
CLK <= not CLK;
wait for PER/Z;
end loop;
end process;

-- reset process
reset: process -- note: no sens list
begin
RSTE <= '0°;
wait for PER®2Z;
RSTE <= "1';
wait;
end process;

-— Fun process

-- cycle a and c through 4 states and stop
ac: process -- note: no sens 1ist
begin

-- initialize values

A<= "0";

C == '0";

-- wait for reset + a Tittle bit

wait for PER¥4;|

-- cycle through values

A<= 1"

H
wait for PER®2;
A<= "0";
C <= "1";
wait for PER®Z;
A== "1";
C == "1";
wait;
end process;
-- cycle b forever
bonly: process -- note: no sens 1ist
begin
B == '0";
wait for PER¥3I;

B <= "1";
wait for PER%3;
end process;

end architecture;

Process for the clock signal
Runs continuously

_ Process for the reset_bar signal
Runs once then waits forever

_ Run process — cycles through a and c
then waits forever

— Run process — cycles b and runs forever

10 © tj



e Create Testbench Code
e The wait command

-- Clock process

clock: process -- note: no sens 1ist
begin
CLK == "07;

wait for PER/Z;

| wait for xx causes the process block

inf: Toop : :
CLK <= not CLK: / or construct to continue running

wait for PER/Z;
end loop;
end process;

-- reset process
reset: process -- note: no sens 1ist

(looping)

begin o o — Walt with no time causes the process
RoTE <o M block or construct to remain in its
wait;

end process;

current state - signals no longer change

11 © tj



e Quartus Interaction and ModelSim
* Test benches can contain un-synthesizable code

* Quartus will generate errors on compilation if you set the
testbench to the top level entity

e Use the block under test as the top level entity

CE 1911 12 © tj
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* Elaborate your design

* Run Analysis and Elaboration
Do not do a full compile, it is a waste of time

Make sure your design (NOT the testbench) is selected as the top
level block)

Checks the design and testbench for errors (checks everything in the project)
Creates the mathematical models of your design used in simulation

‘IP[a(ing R x

. x

~ i Installed IP

¥ Project Directory

¥ Library
Basic Functions
Dsp
Interface Protocols
Memory Interfaces and Controllers
Processors and Peripherals
University Program

@ search for Partner IP

+ add..

Flle Edit View Project Assignments Processing Tools Window Help
¢ _hdl - Z 1 1 i’i 1 9
Or=d r QOO TUP+ - OOAOHE
Project Navigator = Files v Q@8 x| 4 Compilation Report - general_hdl ] ¢ testbench_ex_hdLvhdl % toll_booth_bdf_tbvhdl
Files 4 | Table of Contents
mod_10_countera_tbvhd E2 Flow summary & <<Fil
mod_10_counterAvhd B Flow settings Flow Status Successful - Wed Feb 17 10:15: *
Tollgooth_bdf.vhd E= Flow Non-Default Global Settings Quartus Prime Version 18.1.0 Build 625 09/12/2018 5.
[2 Tolleooth_bdf.cmp EE Flow Elapsed Time Revision Name general_hdl
B toll_booth_bdf_th.vhdl EE Flow 05 Summary Top-level Entity Name testbench_ex_hdl
BB stoplight_tb.vhdl E FlowLog Family MAX 10
B StopLight1.vhd Analysis & Elaboration Device 10M50DAF256C7G
£ stopLight1.cmp v © Flow Messages Timing Models Final
O Flows d M: Total L 1 e N/A until Partiti M
Fts E— N ow Suppressed Messages otal logic elements /A until Partition Merge
Total registers N/A until Partition Merge
-
Task Total pins N/A until Partition Merge
~ P Compile Design Total virtual pins N/A until Partition Merge
~ P Analysis & Synthesis Total memory bits N/A until Partition Merge
B Edit settings Embedded Multiplier 9-bit elements  N/A until Partition Merge
B view Report v Total PLLs N/A until Partition Merge
< > ||« >||< >
x L]
B A (B &4 A \ B8 Eind.. | |88 Find Next
7
= | Type ID  Message
@ 12021 Found 2 design units, including 1 entities, in source file testbench_ex_hdl.vhdl
@ 12021 Found 2 design units, including 1 entities, in source file testbench_ex_hdl_tb. vhdl
© 12127 Elaborating entity "testbench_ex_hdl” for the top level hierarchy
[ Quartus Prime Analysis & Elaboration was successful. 0 errors, 1 warning
111
L] system (1) Processing (27)

100%  00:00:15

13
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Category

* Prepare for simulation

* Provides ModelSim with the required information to run
your testbench

e Assighments = Settings = EDA Tool Settings = Simulation

General
Files
Libraries
¥ IP settings
1P Catalog Search Locations
Design Templates

<

Operating Settings and Conditions
Voltage

Temperature

<

Compilation Process Settings

Incremental Compilation

¥ EDA Tool Settings

aihesis

Board-Level

¥ Compiler Settings
VHDL Input
Verilog HDL Input
Default Parameters
Timing Analyzer
Assembler
Design Assistant
Signal Tap Logic Analyzer
Logic Analyzer Interface
Power Analyzer Settings
SSN Analyzer

Specify optio

[ run gate

#Bmatically after compilation
EDA Netlist Writer settings

Eormat for output neffist: | VHDL

filagutput files for use with other EDA tools.

Output directory: simulan T —

[[] Map illegal HDL characters

Options for Power Estimation

[ Generate Value Change Dump (VCD) file script  Seript Settings

Design jns

Mare EDA Netlist Writer Settings.

NativeLink settings

% set up simulation

O Script to compile test bench:

Mare Nativelink Settings..

Cancel

14

Select Test Benches
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* Prepare for simulation

* Provides ModelSim with the required information to run
your testbench

* Test Benches X

Specify settings for each test bench. /
Existing test bench settings: | Mew... i
MName Top Level Module Design Instance Run For Test Bench File(s) Edit
Delete
OK Cancel Help
15
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* Prepare for simulation

* Provides ModelSim with the required information to run

your testbench

Create new test bench settings. / Type in name Of your testbenCh file

no .vhdl extension

Test bench name: |te5tbench_e:¢_hdl_tb

/r
Top level module in test bench: |testbench_ex_hdl_tb &
[ use test bench to perform VHDL timing simulation \ AUtO m atlca | Iy fl I Ied N

Design instance name in test bench: |NA

Simulation period

() Run simulation until all vector stimuli are used

S m | - Select End simulation at button
et bench and imuzton fle Enter how long you want the simulation to run
Eile name: | | Add
File Name Library HDL Version Remave ‘Select . e
Up
Down
Properties. .
OK Cancel Help
CE 1911 16
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* Prepare for simulation

* Provides ModelSim with the required information to run
your testbench

* Select File

Z\msoe_current\21_Q3_CE1. lass_Projects\General HDL 7| & &4 Q

Look in:
s} My Computer Nj reg_file_32x8b.vhdl | | testbench_ex_hdl_tb.vhdlbak
R iohnsontino | reg_n_bitvhdl | toll_booth_bdf_tb.vhdl
7| shift_reg_8_bit.vhdl P8 TollBooth_bdf.bdf
7| shift_reg_8_bit thvhdl | TollBooth_bdf.cmp

|| shift_reg_8_bit_tb.vhdlLbak j TollBooth_bdf.vhd
) stopLight?.bdf

j stopLightl.cmp

Nj stopLight1.vhd

7 stoplight?_tb.vhdl

j testbench_ex_hdlecmp

j testbench_ex_hdlvhdl

| | testbench_ex_hdlvhdlbak

] testbench_ex_hdl tbvhdl

<

File name:

testbench_ex_hdl_tb.vhdl

Files of type: | All Files (%)

CE 1911

Select your testbench file
Be careful not to get the .bak version

\

Select Open
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* Prepare for simulation

* Provides ModelSim with the required information to run
your testbench

# New Test Bench Settings X

Create new test bench settings.

Test bench name: |testbench_ex_hdl_tb

Top level module in test bench: |testbench_ex_hdl_tb

Design instance name in test bench: |NA
Simulation period

O Run simulation until all vector stimuli are used

[ use test bench to perform VHDL timing simulation

| e

IA‘

® End simulation at: ns ~
Test bench a?m!\'
Eile nare: |testbench_ex_hdl_tb.\rhdl ) | | Add
>
File Name\l_'uﬁary/ HDL Version Remove
Up
Down
Properties__.
OK Cancel Help

18

Select Add
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* Prepare for simulation

* Provides ModelSim with the required information to run
your testbench

* Mew Test Bench Settings

Create new test bench settings.

Test bench name: |testbench_ex_hdl_tb

Top level module in test bench: |testbench_ex_hdl_tb

[ use test bench to perform VHDL timing simulation

nce name in test bench: |NA

Design in
Simulation period
O Run simulation until all vector stimuli are used

@gndsimulationat: 500 ns ¥

Test bench and simulation files

File name: |

HDL Version

Default

testbench_ex_h...

N —

S\

Properties...

Cancel

Help

* Test Benches

specify settings for each test bench. 2
Existing test bench settings: Mew... |
Mame Top Level Module  Design Instance Run For Test Bench File(s) Edit
mod_10_count.. mod_10_count.. NA 1000 ns mod_10_counterA_tb.vhd
shift_reg 8 bi Ta——— i bit th.vhdl D
<,;§stbench_ex_h.. testbench_ex_h... NA 500 ns testbench_ex_hdl tb.
/ CK ferEs heE

# Settings - general_hdl

Select OK

Category:

Specify options for generating output files for uj

DA Tool Settings
sign Entry/Synthesis

¥ Compiler setting
VHDL Input
Verilog HDL Input
Default Parameters
Timing Analyzer
3 Assembler

Design Assistant

Signal Tap Logic Analyzer

Logic Analyzer Interface
Power Analyzer Settings
SSN Analyzer

19

General
Files
Libraries
V1P Settings
IP Catalog Search Locations
Design Templates
V' Operating Settings and Conditions
Voltage
Temperature
¥ Compilation Process Settings
N Ineremental Compilation

Tool name: | Modelsim-Altera
[ Run gate-level simulation automatically aftef
EDA Netlist Wiiter setiings

Eormat for output netlist: | VHDL

All available testbenches are here
Select the one you want to run

© Time scale: [100us '

Output directory: |simulation/modelsim

|

[ Map illegal HOL characters.

Options for Power Estimation

[0 Generate Value Change Dump (VCD) file script  Script Settings.

"More EDA Netlist Writer Seftings.

Nativelink settings

O scriptto compie test D

More NativeLink Settings.

W Buy Software oK Cancel Apply Help

[ enable glitch filtering

- | [Testgenches.

Reset

© tj
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e Start ModelSim
* Tools =2 Run Simulation Tool =2 RTL Simulation

Quartus Prime Lite Edition - Z:/msoe_current/21_0Q3_CE107" "M -niects/Class_Projects/General_HDL/general_hdl - general_hdl

File Edit View Project Assignments Process

O~

[ Bl

Project Navigator

= Files Al

Files
Em

¥ mod_10_countera_tb.vhd

8 mod_10_counterA.vhd

3 1 3

El

HL

BB TollBooth_bdf.vhd
TollBooth_bdf.cmp
T toll_booth_bdf_tb.vhdl
stoplight1_tb.vhdl

e stoplightl.vhd
E stoplLightl.cmp

Tasks

Compilation AE]

Task

~ P compile Design

~ P Analysis & Synthesis

B Edit Settings

B view Report

Ill-n%x"*

A @

L]
A A (A

eoeen

<

ID

Message

12021 Found 2 design units, ine
12021 Found 2 design units, ding
12127 elaborating entity "testl

Quartus Prime Analysis &

[rsesases

System (1)

Processing (27)

-

L
o4

4

g

Z.X

&

tn simulation Tool

Launch Design Space Explorer Il
Timing Analyzer
Advisors

Chip Planner
Design Partition Planner
Netlist Viewers

Signal Tap Logic Analyzer

In-System Memory Content Editor
Logic Analyzer Interface Editor
In-System Sources and Probes Editor
Signal Probe Pins...

Programmer

JTAG Chain Debugger

Fault Injection Debugger

System Debugging Tools

IP Catalog
Nios II Software Build Tools for Eclipse

Platfarm Designer
Tel Scripts..

Customize...
Options...
License Setup

Install Devices

* testbench_ex_hdl_tb.vhdl

0T Y e

-- note: no sens 1ist

-- note: no sens 1ist

ugh 4 states and stop
- naTa: nn =ans Tiar

rPrOOAOR 9

|IP Catalog

[

v J Installed IP

' Project Directory

¥ Library

Basic Functions

DsP

Interface Protocols

Memory Interfaces and Controllers
Processors and Peripherals

University Program

e Search for Partner IP

B Find Next

+ Add

testhench_ex_hd1. vhdl
testbench_ex_hd1_tb.vhdl
rarchy

rs, 1 warning

20
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e Start ModelSim
e ModelSim will start in a new window

e Often is starts minimized — so you need to select it from the toolbar

ﬁ ModelSim - INTEL FPGA STARTER EDITION 10.5b

File Edit View Compile Simulate Add Wave Tools Layout Bookmarks Window Help

INEEIE 3

el MEN|| ST RE|| [ tas (B ondAOBEe 9 pe| tatit-an
Layout |Simalate !I H Columnlayout |311Columns ﬂ H ng EL~ E.:: L‘E’*v @ H H |14 ﬂ é’f-‘ ‘
& e s R Aepgr|aaessn| [l IWiEI
&l sm-Defalt ———————————————u # & x| | §aObjects ~uu:1 + | x| | gm] Wave -Default
VlInsiBnca |Design unit |Dasign unit type |Top Category |\-'isibi|\ty' |TOIBI coverage | | ¥|Mame J
- testbench_ex_hdl_... testbench_... Architecture DU Instance
++ 1l dut testbench_... Architecture DU Instance Jtestbench_ex_hdl
& dock testbench_... Process - Iteﬂﬂ)a\d‘_ax_hd_
& reset testbench_... Process ,-'te:ﬁ:end"_ax_hd
& ac testhench_... Process 4 = - _hd
& borly testbench_... Process - b= _Ex_hd_
B standard standard Package Package b= =
W textio textio Package Package b= —ex_hd
W std_logic_1154 std_logic_1... Package Package
es (Active) = H B %]
¥|Name
] ]

H ] x|

=

Ji=d Transcript e

[E by | &sn |« cificiee DI [P

4 view signals
# .main_pane.objects.interior.cs.body.tree
# run 300 ns

VSIM 2=

Mow: 500 ns Delta: 2 sim: ftestbench_ex_hd_tb

499050 ps to 499268 ps

H A x|

=

v

21
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e Simulation Results

e Resize windows as desired
e Rt-click and select Zoom Full on the waveform window

ﬁ ModelSim - INTEL FPGA STARTER EDITION 10.5b

File Edit View Compile Simulate Add Wave Tools Layout Bookmarks Window Help

@'@n"3f;§§%EO:.'."’E-J'ME'_EJ@; ﬁaj & 4 & | EF opsH ELEL B2 ! %J@"Htﬁ i A 3 A
Layout [Simlate wl J ColumnLayout [211Columns J ‘ 3308 .3 H ﬁ J e ‘
Mg LJ—}::L_{_-J‘_H} oo | Search: [ ] ki JQQQJ_EA&. J T ‘
Eite H 2| x| | $a: + 2| || gg| Wave Default e e
:‘_- — J N T o N N T e T A T A N T
+r= gztck B 4 Jtestbench_ex_hdl_tb/RSTB L r e L re r L re L L e e L
@ reset j 4 Jtestbench_ex_hdl_th/A
P ] [
& bonly

B standard & i H A ]
W textio ¥ [Name

W std_logic_1

£ g prrgger| B

FlTranscrlpt ----------

T TSIE T IPT T CITTIT T IoE T SOTTT T TITTIT o T ST TTIC IIoIE T IIITITITIIE T UL RUIR T RUCR TUDTOISST TOTT e e T
# Start time: 10:37:03 on Feb 17,2021
# Loading std.standard

# Loading std.textio{body)

# Loading ieee.std logic 1164 (body)
# Loading work.testbench_ex_hdl_th(y
# Loading work.testbench ex_hdl (beh IVIa ke Su re you Ca n See
&

# add wave ¥ .

# view structure th g I

# .main_pane.structure.intericr.cs. e SI na na meS
¢ view signals
# .main_pane.objects.interior.cs.body.tree
# run 500 ns

[+
[ |1
[» b | |

VSIM 2=

N |4]

Now: 500 ns Delta: 2 C 0ps to 525ns

22
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e Simulation Results

* Move around in the simulation window

o) o-MEE| S

File Edit View Compile Simulate Add Wave Tools Layout Bookmarks Window Help

&=

|[mtes F o=IEADIHS i PH | tFTiL-AL

Layout |Simulate

!I H ColumnLayout |211Columns

a-a3-2a 3] | # | INEEETLY

’ H T e e )@ Search:

Gt i

ﬂﬁ@&“@i%@ﬁ%]LL!'

¥ | Instance
:‘—- testbench_¢ Jftestbench_ex_hdl_th/CLK
+r= Sztck Jtestbench_ex_hd|_tb/RSTE
@ et = Jtestbench_ex_hdl_tb/A
@ ftestbench_ex_hdl_tb/B
@ bonly [T
W standard 4 o)
B textio Jftestbench_ex_hdl_th/FOO
W std_logic_1

T |
(e DA ) |l

= Transcript \ % N Ha
= e 5 e aa e

# Start time: 10:37:03 on Feb 17,2021

# Loading std.standard

# Loading std.textioc(body)

# Loading ieee.std_logic_l164 (body) \

# Loading work.testbench_ex hdl_tb({teatbench)

# Loading work.testbench_ex_hdl (behavioral) OOI I I SC roll

#

# add wave * . . . .

¢ v st to desired sections of the simulation

# .main_pane.structure.interior.cs.body.struct

# view signals

# .main pane.objects.intericr.cs.body.tree

# run 500 ns

VsIM 23 ~
Mow: 500 ns Delta: 2 Z 0 ps to 222038 ps Y

23
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* Verify Design
e Check critical sections to prove design works

* Document what you are showing Q changing
g| Wave - Default i on Clk edges + &
£iv

“

4

3

3 — ]

I
—
et —no cha

] T T
) ng 150

Make sure you can see
the signal names

E e

s

AC pattern stops

GO

L Mow  |500



CE 1911

* Run Process Examples

direction

Vv t;

list

Up/dn counter — DIR changes the
-- Run Process
run: process -- NO sensiti
begin
-- initialize inputs

DIR <= ,

- in code /

| Enough clock cycles to make sure it wraps
. then - changes direction
_Note: it then counts down forever

wait for J00*PER;
DIR <= '1°;
wait; «———————‘____________—

end process run;
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* Run Process Examples

8 bit shift register (L/R based on DIR) (shift/no-shift based on SHIFT)

- verify no shift
"1'; wait for PER;

D
D s wait for PER:

<
<

- verify shift 1t
SHIFT <= "1°;

D <= "1": wait for S8*PER:
D <= '0": wait for E8*PER:

— '-E'"-if'_',-' sp-.-i-r:t rt
DIR <= 1°':

run: process -- no sensitivity list
begin
-- Initialize {inputs
D<= '0": T . .
SHIFT <= '0": Initialize the input signals
DIR <= "0°; |
wait for 2PER;  -- wait for reset| \Wait for reset to complete

|
No-shift

Shift 1 way — enough times to test all bits

D <= "1": wait for S8*PER:
D <= "0": wait for B%PER;

Shift the other way — enough times to test all bits

end process run;

No ‘wait’ at the end — repeats the whole process

-- End test processes
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* Run Process Examples

Multiple RUN process — used for independent signals

-= RUN Processes
Nn_s: process
begin

TNS <= '07;

wait for 10%PER;
TNS <= "1°;

a

Independent N/S signal

wait for 15%PER;

TNS <= "0°";

wait for 15%PER;
end process n_s;

ew: process

begin
TEW <= ;
wait for 13*PER;

Independent E/W signal

TEW <= "17;
wait for 7*PER;
end process ew;

-- End test processe
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