intel)

Simulation Quick-Start for
ModelSim* - Intel® FPGA Edition

Intel® Quartus® Prime Pro Edition

UG-20093
2017.07.15

Last updated for Intel® Quartus® Prime Design Suite: 17.0

.h\ Subscribe
C] Send Feedback


https://www.altera.com/bin/rssdoc?name=yur1496247032051
mailto:FPGAtechdocfeedback@intel.com?subject=Feedback%20on%20Simulation%20Quick-Start%20for%20ModelSim%20-%20Intel%20FPGA%20Edition%20Intel%20Quartus%20Prime%20Pro%20Edition%20(UG-20093%202017.07.15)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

(intel“’

Contents

1 Simulation Quick-Start for ModelSim* - Intel® FPGA Edition (Intel® Quartus®

Prime Pro Edition)..iciicicrimiermmemememiemssmamassasssmsssasassassssassnsasssssssassnsassssassnssnsasansassnnnss 3
1.1 Open the EXampPle DeSIgN .. ..cuieiii ittt ettt s et s e e s e s n e neneaeas 4
1.2 Specify EDA ToOl SetliNgS. .o ittt i e e 4
1.3 Generate a Simulator Setup Script Template......coviiiiiiii 5
1.4 Modify the Simulator SetUp SCriPt. ... it e 5
1.5 Compile and Simulate the DeSIgN.......cueeieiiie e e e ee e eenanens 7
1.6 View Signal WavefOrmS. ... ettt e e e e e e 8
1.7 Add Signals to the SImUlation.......ooiiiii e 10
1.8 RerUN SimMUIATION . ot ettt e e 11
1.9 Modify the Simulation TeStbENCH. ...t e 11
2 Document Revision HiStOry...ccicriiarimrmimrariemsmmarsssemssmassassssasassassnsassnsasssssssassnsasassassnsasnnsas 13

Simulation Quick-Start for ModelSim* - Intel® FPGA Edition Intel® Quartus® Prime Pro Edition
2



1 Simulation Quick-Start for ModelSim* - Intel® FPGA Edition (Intel® Quartus® Prime Pro

Edition)

1 Simulation
Edition (Intel

intel.

uick-Start for ModelSim* - Intel® FPGA
Quartus® Prime Pro Edition)

This document demonstrates how to simulate an Intel® Quartus® Prime Pro Edition
design in the ModelSim* - Intel FPGA Edition simulator. Design simulation verifies your
design before device programming. The Intel Quartus Prime software generates
simulation files for supported EDA simulators during design compilation.

Figure 1. ModelSim - Intel FPGA Edition
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Design simulation involves generating simulation files, compiling simulation models,
running the simulation, and viewing the results. The following steps describe this flow:

Open the Example Design on page 4
Specify EDA Tool Settings on page 4

Compile and Simulate the Design on page 7
View Signal Waveforms on page 8
Add Signals to the Simulation on page 10

® N v kW=

Rerun Simulation on page 11

©

Modify the Simulation Testbench on page 11

Modify the Simulator Setup Script on page 5

Generate a Simulator Setup Script Template on page 5
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1.1 Open the Example Design

The PLL_RAM example design includes Intel FPGA IP cores to demonstrate the basic
simulation flow. Download the example design files and open the project in the Intel
Quartus Prime software.

Note: This Quick-Start requires a basic understanding of hardware description language
syntax and the Intel Quartus Prime design flow, as the Intel Quartus Prime Pro Edition
Foundation Online Training describes.

1. Download and unzip the Quartus Pro PLL RAM.zip design example from the
Altera wiki.
Launch the Intel Quartus Prime Pro Edition software.

To open the example design project, click File 0 Open Project, select the
pll_ram.qpf project file, and then click OK.

1.2 Specify EDA Tool Settings

Specify EDA tool settings to generate simulation files for supported simulators.

1. In the Intel Quartus Prime software, click Assignments O Settings 0 EDA Tool
Settings.

2. Under Simulation, select ModelSim-Altera as the Tool name. Retain the
default settings for Format for output netlist and Output directory.

EDA Tool Settings

Specify options for generating output files for use with other EDA tools.

Design Entry/Synthesis

Tool name: [<None> H |
Simulation

Tool name: ‘ModelSim—Intel FPGA H |
Format for output netlist: | Verilog HDL H {

Output directory: [simutation/modelsim I |

Map illegal HDL characters

Board-level signal integrity analysis

Format: |<None> - |

IBIS version =

p——

Enable model selector
Enable extended model selector

Print per pin RLC package model with mutual coupling

Reset

Simulation Quick-Start for ModelSim* - Intel® FPGA Edition Intel® Quartus® Prime Pro Edition
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1.3 Generate a Simulator Setup Script Template

Simulator setup scripts help you to simulate the IP cores in your design. Follow these
steps to generate the vendor-specific simulator setup script template for the IP
modules in the example design. You can then customize this template for your specific
simulation goals.

1. To compile the design, click Processing [ Start Compilation. The Messages
window indicates when compilation is complete.

2. Click Tools 0 Generate Simulator Setup Script for IP. Retain the default
Output directory and Use relative paths whenever possible setting for the
setup script file. The setup script template generates in the directory that you
specify.

Figure 2. Generate Simulator Setup Scripts IP Dialog Box

ik ) Generate Simulator Setup Script for IP (v (2 % |
Output directory: | dataf17.0/PLL_RAM/

« Use relative paths whenever possible

oK I Cancel Help

1.4 Modify the Simulator Setup Script

Modify the generated simulator setup script to enable specific commands that simulate
the IP cores in the project.

In a text editor, open the /PLL_RAM/mentor/msim_setup.tcl file.

2. Create a new text file with the name mentor_example.do and save it in the /
PLL_RAM/mentor/ directory.

3. Inthe msim_setup.tcl file, copy the section of code enclosed within the TOP-
LEVEL TEMPLATE — BEGIN and TOP-LEVEL TEMPLATE — END comments, and
then paste this code into the new mentor_example.do file.

4. 1In the mentor_example.do file, delete the single pound (#) characters preceding
the following highlighted lines to enable compilation commands:

Simulation Quick-Start for ModelSim* - Intel® FPGA Edition Intel® Quartus® Prime Pro Edition
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Uncomment Highlighted Simulation Commands in the Script
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¢ top level. (These are all the files required for simulation other
Lcript)

or testbench sodulefentity nase, which is

5. Replace the following lines in the mentor_example.do script:

Figure 3.
la#
| # set @5%S SIMDIR <script generation cutput directory>
| ##
| # # Source the generated IP sisulation script.
| # source $05YS SIMDIR/méntor/msim setup.tcl
| & #
i & & 5et any compilation options you require £t
| # set ED COMPILE OPTIONS <compilatd
| # sk VDL COMPILE OPTIONS <comp 1
set USER DEFIMED VERILOG COMPILE OPTIONS <compilat
#
| # @ Call command to compile the Quartus EDA simulation
dev com
#
| & # Call command to compile the Qu
| # com
| & #
| *e Add comeands to compile all design files amd testbench Fil
5§t
| # # than the files compiled by the Quartus-generated IP simulation
| éa
| # vlog <compilation options> <design and testbench files>
L
| # # Set the top-level simulation
| # & used by the elab command to elaborate the top level.
| # @
| # set TOP LEVEL _NAME «<simulation tope
| & @
| # # Set any elaboration options you require.
| # set USER DEFINED ELAE OPTIONS <elaberation options>
| & @
| # # Call command to elaborate your design and testbench.
| # elab
| & &
|, & # Run the sisulation,
| ® ren -2
| ##
Table 1. Specify Values in the mentor_example.do Script

Replace this Line

With this Line

set QSYS_SIMDIR <script generation
output directory>

vlog <compilation options> <design
and testbench files>

vlog —vlogOlcompat
vlog —vlogOlcompat

vlog —vlogOlcompat
DOWN_COUNTER_IP.v

vlog —vlogOlcompat
vlog —vlogOlcompat

vlog —vlogOlcompat

—work work .

—work work .

—work work

—-work work .
—work work .

—work work .

./PLL_RAM.v
./UP_COUNTER_IP/UP_COUNTER_IP.v
. ./DOWN_COUNTER_IP/

./ClockPLL/ClockPLL.v
./RAMhub/RAMhub . v

./testbench_1.v

set Top_Level_Name <simulation top>

set Top_Level_Name tb

run -a

add wave *
view structure
view signals
run —all

6. Save the /PLL_RAM/mentor/mentor_example.do file. The following figure
shows the mentor_example.do file after revisions are complete:

Simulation Quick-Start for ModelSim* - Intel® FPGA Edition Intel® Quartus® Prime Pro Edition
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Figure 4. Completed Top-Level IP Simulation Setup Script
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&4

57 ¥

41 set TOP LEVEL NAME thb
#

55 # # Report success to the shell.
56 # # exit -code B

58 i TOP.1EVE]L _TEMPLATE ENO

L"* l e e T—
1 # # TOP-LEVEL TEMPLATE - BEGIH
2 #
3 # # 05YS SIMDIR is used in the Quartus-generated IP simulation script to
4 # # construct paths to the files required to simulate the IP in your Quartus
5 # # project. By default, the IP script assumes that you are launching the
6 # # simulator from the IP script location. If launching froa another
7 # # location, set QSYS_SIMDIR to the cutput directory you specified when you
8 # # generated the IP script, relative to the directory from which you launch
9 # # the simulator,
18 e
11 set Q5YS_SIMDIR ../
12 ##
13 # # Source the generated IP simulation script,
14 source S0SY5S SIMDIR/mentor/msim setup.tcl
15 L
16 # # Set any compilation options you require (this is wnusuall.
17 # set USER DEFINED COMPILE OPTIONS <compilation optionss>
18 # set USER DEFINED VHDL COMPILE OPTIONS <compilation options for WVHDL>
19 # set USER DEFINED VERILOG COMPILE OPTIONS <compilation options for Verilegs
20 ##
21 # # Call command to compile the Quartus EDA simulation library.
22 dev_com
23 [E-! #
24 # # Call command to compile the Quartus-generated IP simulation files.
5 com
26 L
27 # # Add commands to compile all design files and testbench files, including
28 # ¥ the top level. (These are all the files required for simulation other
29 # # than the files compiled by the Quartus-generated IP simulation script)
38 #
31 vlog -vlegdlcompat -work work ../PLL RAM.v
32 vlog -vleg@lcospat -work work .. UP_COUNTER_IP/UP COUNTER_IP.v
33 vlog -vloglconpat -work work ../DOWN_COUNTER IP/DOWH _COUNTER IP.v
34 viog -vlogBlcompat -work work ../ClockPLL/ClockPLL.v
35 vlog -viegBlcompat -work work ../RAMhub/RAMAub.v
36 vlog -viegBlcompat -work work .. /testbench 1.v
X

# # Set the top-level simulation or testbench module/entity name, which is
# # used by the elab command to elaborate the top level.

# Call command to elaborate your design and testbench.

42 L

43 # # Set any elaboration options you require.
44 # set USER DEFINED ELAB OPTIONS <elaboration options=
45 W

46 ¥

47 elab

48 ?a W

40 # # Run the simulation.

50 add wave *

51 view structure

52 view signals

53 run -all

54 Fd

1.5 Compile and Simulate the Design

Run the top-level mentor_example.do script in the ModelSim - Intel FPGA Edition
software to compile and simulate your design.

Simulation Quick-Start for ModelSim* - Intel® FPGA Edition Intel® Quartus® Prime Pro Edition
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1. Launch the ModelSim - Intel FPGA Edition software. The ModelSim - Intel FPGA
Edition GUI organizes the elements of your simulation onto separate windows and
tabs.

2. In PLL_RAM project directory, right-click the mentor_example.do file, select
Open with, and specify the path to the ModelSim - Intel FPGA Edition executable.
The file opens in ModelSim - Intel FPGA Edition. Repeat this step to open the
testbench_1.v file.

3. To display the Transcript window, click View O Transcript. You can enter
commands for ModelSim - Intel FPGA Edition directly in the Transcript window.

4. Type the following command in the Transcript window and then press Enter:
do mentor_example.do
The design compiles and simulates, according to your specifications in the

mentor_example.do script. The following figure shows the ModelSim - Intel FPGA
Edition simulator:

Figure 5. ModelSim - Intel FPGA Edition GUI
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window

1.6 View Signal Waveforms

Follow these steps to view signals in the testbench_1.v simulation waveform:

1. Click the Wave window. The simulation waveform ends at 11030 ns, as the
testbench specifies. The Wave window lists the CLOCK, WE, OFFSET, RESET_N,
and RD_DATA signals.

Simulation Quick-Start for ModelSim* - Intel® FPGA Edition Intel® Quartus® Prime Pro Edition
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Figure 6. ModelSim - Intel FPGA Edition Wave Window
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2. To view the signals in the top-level pll_ram.v design, click the Sim tab. The Sim
window synchronizes with the Objects window.
Figure 7. ModelSim - Intel FPGA Edition Sim and Objects Windows
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3. To view the top-level module signals, expand the tb folder in the Objects tab.
Similarly, expand the Test1 folder. The Objects window displays the UP_module,
DOWN_modulle, PLL_module, and RAM_module signals.

4. In the Sim window, click a module under Test1 to display the module's signals in
the Objects window.

5. View the simulation library files in the Library window.

Simulation Quick-Start for ModelSim* - Intel® FPGA Edition Intel® Quartus® Prime Pro Edition
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Figure 8.
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ModelSim - Intel FPGA Edition Library Window
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1.7 Add Signals to the Simulation

The CLOCK, WE, OFFSET, RESET_N, and RD_DATA signals automatically appear in the
Wave window because the top-level design defines these I/0. In addition, you can
optionally add internal signals to the simulation.

1. In the Objects window, locate the UP_module, DOWN_module, PLL_module, and
RAM_module modules.

2. In the Objects window, select RAM_module. The module's inputs and outputs

display.

Simulation Quick-Start for ModelSim* - Intel® FPGA Edition Intel® Quartus® Prime Pro Edition
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Figure 9. Add Signals To Wave Window
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To add the internal signals between the down-counter and dual-port RAM module,
right-click rdaddress and then click Add Wave.

To add the internal signals between the up-counter and dual-port RAM module,
right-click wraddress and then click Add Wave. Alternatively, you can drag and
drop these signals from the Objects window to the Wave window.

To generate the waveforms for the new signals you add, click Simulate 0 Run O
Continue.

1.8 Rerun Simulation

You must rerun the simulation if you make changes to the simulation setup, such as
adding signals to the Wave window, or modifying the testbench_1.v file. Follow
these steps to rerun simulation:

1.

In the ModelSim - Intel FPGA Edition simulator, click Simulate 0 Restart. Retain
the default options and click OK. These options clear the waveforms and restart
the simulation time, while retaining the necessary signals and settings.

Note: Alternatively, you can re-run the /PLL_RAM/mentor/mentor_example.do
script to re-run simulation at the command line.

Click Simulate O Run O Run -all. The testbench_1.v file simulates according
to the testbench specifications. To continue simulation, click Simulate 0 Run O
Continue. This command continues the simulation until you click the Stop button.

1.9 Modify the Simulation Testbench

The testbench_1.v example testbench tests only a specific set of conditions and
test cases. You can manually edit the testbench_1.v file in the ModelSim - Intel
FPGA Edition simulator to test other cases and conditions:

Simulation Quick-Start for ModelSim* - Intel® FPGA Edition Intel® Quartus® Prime Pro Edition
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Open the testbench_1.v file in the ModelSim - Intel FPGA Edition simulator.

Right-click in the testbench_1.v file to confirm that the file is not set to Read
Only.

Enter and save any additional testbench parameters in the testbench_1.v file.

To generate the waveforms for a testbench that you modify, click Simulate O
Restart.

Click Simulate O Run O Run -all.

Simulation Quick-Start for ModelSim* - Intel® FPGA Edition Intel® Quartus® Prime Pro Edition
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