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e Simulation using the University Waveform tool

1.
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Create the HDL file(s)

Run Analysis and Elaboration in Quartus
Verify the RTL is what is expected

Open a new University Program VWEF file
Select the desired signals to drive / analyze
Setup the input signal waveforms

Setup simulator options

Run the simulation

Evaluate the results

© tj



CPE 1500

1) Create the HDL file

-- mux_4_hd1. vhdl

-- created 12,/18/24
- tj

-- inputs: a, b, ¢, d, sel0, sell

-- outputs: mux_out

Tibrary ieee;

use jeee.std_logic_1164.al11;

entity mux_4_hdl is
port

~
oy e e
L T |

Lom T
.
=0

el : in

o_mux_out : out std_logic

);
end entity;

architecture behavioral of

mux_4_hdl 1is

-- internal signals - just for clarity

signal a_int:
signal b_int:
signal c_int:
signal d_int:

std_logic;
std_logic;
std_logic;
std_Togic;

begin
a_int <= i_a and not i_sel{l) and not 1i_sel{0);
b_int <= i_b and not i_sel({l) and i_sel(0);
c_int <= i_c and i_sel{1) and not d_sel(0);
d_int <= i_d and i_sel(l) and i_sel{0);
o_mux_out <= a_int or b_int or c_int or d_int;

end architecture;
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2) Run Analysis and Synthesis in Quartus

Creates a gate level implementation of the HDL

* Set the top-level block
* Rt-click on your top level block
* Select Set as Top-level Entity

File Edit WView Project Assignments Processing Tools Window Help

D ] D .- hdl_capture v

Open
Remave File from Project

A Setas Top-Level Entity Ctrl+Shift+V

Create AHDL Include Files for Current File
Create Symbol Files for Current File
Create Verilog Instantiation Template Files for Current File

Create VHDL Component Declaration Files for Current File

Properties...

Project Navigator EFiles * O ne x 0
File Table of Contents ]
¥ BB e oo

on

ES53

Tasks Compilation vy E QS X|
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2) Run Analysis and Synthesis in Quartus

* Processing = Start = Start Analysis and Synthesis
* Check the Device
* Check the Top-level Entity Name

21057 Implemented 9 device resources after synthesis - the final resource count might be different
qQuartus Prime Analysis & synthesis was successful. 0 errors, 2 warnings

T

@ <<Filter>>

Flow Status Successful - Wed Dec 18 14:15:35 2024

Et| | Quartus Prime Version 18.1.0 Build 625 09/12/2018 5J Lite Edition

Revision Name S———
Top-level Entity Name
Family MAX 10

Timing Models na

E || Total logic elements

Total registers

Total pins

Total virtual pins

Total memory bits
Embedded Multiplier 9-bit elements
Total PLLs

UFM blocks

o o0 o 9o o o d 9 M

ADC blocks
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3) Verify the RTL (schematic of the implementation)
* Tools = Netlist Viewers = RTL Viewer

e Evaluate the schematic — does it make sense?

Processi indow Help

Run Simulation Tool
%+ Launch Simulation Library Compiler

¥ % Launch Design Space Explorer Il
@ Timing Analyzer
Advisors

‘—'{’ Chip Planner
4> Design Partition Planner

Metlist Viewers

=~ Signal Tap Logic Analyzer

|
&) Technology Map Viewer (Post-Mapping)

A54C
il . P
& |n-System Memory Content Editor d  Technology Map Viewer (Post-Fitting]
[= Logic Analyzer Interface Editor @ state Machine Viewer rtition
In-System Sources and Probes Editor Total registers N/A until Partition
Cicel bl mie Trtal nine MIA intil Dartitin

BESOT» %49
ompilation Report - hdl_capture

Flow Summary

@, <<Filters>

Flow Status Successful - Wed
Quartus Prime Version 18.1.0 Build 625 (
Revision Mame hdl_capture
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© tj



CPE 1500

® New

4) Open a new University Program VWEF file
* File 2 New = University Program VWF

Black Diagram/Schematic File
EDIF File
Osys Systemn File
State Machine File
SystemWerilog HDL File
Tcl Script File
Verilog HDL File
WHDL File
¥ Memory Files
Hexadecimal (Intel-Format) File
Mermory Initialization File
™ Verification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File
Signal Tap Logic Analyzer File
~ Other Files
AHDL Include File
Block Svmbol File

Help
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4) Open a new University Program VWEF file

 Save the file: File 2 Save As
e Give is a useful file name (mux_4_hdl _sim1.vwf)

& Simulation Waveform Editor - C:fUsers/fjohnsontimoj/Quartus_Projects_CPE1500/HDL_Capture/hd|_capture - hdl_captu e - [mux_4_hdl_sim Tvwfawf]

File Edit Wiew Simulation Help v Search altera.com e

R QKO M E DT OE R NCEE R BT R A Y

Master Time Bar. Ops 1. }  Pointer 356.56ns Interval: 356.56 ns Start: End:

Value at 0 ps BD.IDrls ‘IEDiDns 24Di0n5 320i0n5 4DDiDn5 4BDiDns SEDiDns 54DiDn5 ?EDiDns SDDiDns BBDiDns QEDiDns

Marme
0 ps 0 ps

0% 00:00:00
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5) Select the desired signals to drive / analyze
Edit = Insert Node or Bus

& Insert Node or Bus

e Node Finder...
* Lijst

Cancel

-
Node Findel
-

MName: Use
Type: INPUT
Value type:  9-Level
Radix: Binary
Bus width: 1
Startindex: 0
Display gra:

CPE 1500

At this point we will
only see the pins

& Node Finder

Named: * Filter Pins: all - oK Named: * Filter: Fins: al -
Lookin: * .. Cancel Lookin: * List Cancel
Nodes Found Selected Nodes: Nodes Found: Selected Nodes:
Name Type Name Type Name Type Name Type
B ia Input
i i_b Input
Bic Input
i"' id Input
> # i_sel Input Group >
= B i_sell0] Input -~
- i sell1] Input
< qut =
‘@ o_mux_out Output
<< <<

© tj



5

Select the desired signals to drive / analyze

e Use the arrows to move nodes form the Found list to the Selected
list

* OK, OK

& Node Finder

Mamed: * Filter: Pins: all M

Lookin: * List Cancel

MNodes Found: Selected Nodes:

Name Type Mame Type

B ia Input

B ib Input

B ic Input

[y Input —

.# i_sel Input Group < = >

iﬂ_ i_sel[0] Input \;r

in & Insert Node or Bus

» i_sel[1] Input o~

<
?uIt o_mux_out  Output < > Mame: **Multiple ltems**
<<
Type: **Multiple ltems**
Value type: | 9-Level
Radix: Binary
Bus width: 1
Startindex: 0
Displ
L

CPE 1500

le count as binary count

Named: * Filter: Pins: all
Lookin: * List Cancel
Nodes Found: Selected Nodes:
MName Type MName Type
i ia Input B ia Input
B ib élnput B ib Input
B ic Input B ic Input
g id Input g id Input
B i sel Input Group > B isel Input Group
; Input = & i_sel[0] Input
Input & i_sel[1] Input
<
Output ‘@ o_mux_out Output
<<

-

MNode Finder...

10
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6) Setup the input signal waveforms

* You must have a plan

* What signals to switch at what time
* How long does the total test take

e Edit 2 Set Grid Size (10 ns)
e Edit 2 Set End Time (640 ns)

File Edit View Simulation Help

QA0 A EEE R E T NE Kk A

Master Time Bar. 0 ps

»  Pointer 3.59ns

Value at Y=

SSDiD ns 640.0ns

MName 0ps 0 ps
i, ia BO
i, ib BO
i, ic BO
i, id BO
B > ise B 0O




6) Setup the input signal waveforms

e See the University Waveform Viewer — Input Setup Slides (lab 2)
* File 2 Save

File Edit View Simulation Help Search altera.com

=
=
=

v

BO

.. BX

R @0 N Z T E R CE 2R R R A B
Master Time Bar: 0 ps 4 *  Pointer. 3.5%9ns Interval: 3.59 ns Start: O ps End: Ops
value at 0 ps BD.IIJ ns ‘IEDiD ns 24Di0 ns 320i0 ns 4DDiD ns 480i0 ns SEDiD ns B540.0 ns
0 ps 0 ps
== £.0000 YOS CEE N EEES 0 CEEEEETHCEEEENISEEEEHOIIOOEE LTI LEEEEIILOEE
fm,_ BO
- B0 | | | | ! | ! | ! | ! | ! | !
fm_ BO
fm,_ BO
B " Boo 00 b 01 b4 10 b4 1
. BO |

0% 00:00:00 i
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7

Setup the simulator options

Simulation = Simulation Settings
Select VHDL

Verify the vwf file name

* If incorrect Restore Defaults

Save

13

imulation Options

gy modifying these settings can cause the simulation to fail

HDL Language: ‘:] Veri he language used for the testbench and netlist)

Functional Simulation Settings Timing Simulation Settings

Testbench Generation Command (Functional Simulation):

quartus_eda ——gen_testbench -—-tool=madelsim_oem ——format=vhdl --write_settings_files=off hdl_capture -ch

Metlist Generation Command (Functional Simulation}:

quartus_eda -—-write_settings_files=off --simulation --functicnal=on --flatten_buses=off --tool=modelsim_oer

ModelSim Script (Functional Simulation}

onerror {exit -code 1}
vlib work

veom -work work hg

vecom -work worl
vsim -novopt -c -{
ved file -direction hdl_capture.msim.ved
ved add -internal mux_4_hdl_vhd_vec_tst/*
ved add -internal mux_4_hdl vhd_vec_tst/i1/*
proc simTimestamp { {

echo "Simulation time: $:now ps"

if { [string equal running [runStatus]] }{

after 2500 simTimestamp

1
1
after 2500 simTimestamp
run -all

quit -f

' Restore Defaults ' e Cancel
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8) Run Simulation
e Simulation =2 Run Functional Simulation

' Simulation Flow Progress

r

& Simulation Waveform Editor - C/Users/johnsentimej/Quartus_Projects CPE1500/HDL_Capture/hd|_capture - hd|_capt...

. Generating netlist... File Edit View Simulation Help Search altera.cor ')
write_settings_files=off l;b‘l - lab‘l_-— B [ Q >-03F¢-c 0 JlL E E )(IE % )@ X@ }E )@ Pl ot E?:f
500/Lab1/
f Run Log 500/Lab1fy Master Time Bar: 0 ps 1 * | Pointer 105.83 ns Interval: Simulation Plot
| q bb1® 0 160.0 i
(Will show any errors) [...... Name | Vaueat | PP ons (not the VWF window) [~
(Di if all ok) [ e |bP
Isappears I a O # W data_ln BDDDD Ly PAEA AL Lranyrl Ly b | PAEA AL Ly
Completed successfully. . i_a BO
in .
v Generating the functional simulation netlist ™ = b B0 | | | | | | | | | | | | | |
- ic BO
omodlemm oo oo ason —functenaon = | | T U U U U U
tool=modelsim_oem --format=vhdl —- L id BO
output_directory="C:/UsersfjohnsontimojfQuartus_Projects_CPE1500/ # v i sel B OO0 oo X o1 X 10 X 11 j
lab1 .
fn_ i sel. BO | |
\ iy i sel. BO | | | |
‘- o_mux_.. BO
L 0% 00:00:00
CPE 1500 14 © tj
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9)

Evaluate results
 Compare simulation results with expected results

¥ Simulation Waveform Editor - Ci/Users/johnsentimoj/Quartus_Projects CPE1500/HDL_Capture/hd|_capture - hd|_capt...

File Edit View Simulation Help Search altera.com ]
R QXS N E T E R E R A A e B
Master Time Bar: O ps i } | Pointer 105.83 ns Interval: 105.83 ns Start: End:
valueat |[OPS 160.0 ns 3200 ns 480.0 ns 640.0 s
Name 0 s b s
& v daain 80000
g ia BO [ ] [ ] RN
- ib BO . | L | L] IR I
. e B0 LT L L L L L L L L
e d 80 U U U U U T U U LT
B v s B 00 00 H 01 W 10 W 11 1
g i sel. BO | |
g i sel.. BO | | | |
%W omux. BO L LT L vy
sel:0,0 sel:1,0 sel:1,0 sel:1,1 _
mux:i_a mux:i_b mux:i_c mux:i_d o
15
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