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Digital Simulations

Dr Basel Halak

Learning Outcomes

m To describe the different Sign —off stages in the
digital design process

m To compile and simulate HDL models in Modelsim

m To perform different types of digital simulations
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Learning Outcomes Load Modelsim: CAD->Modelsim

After completing this unit, you should be able to:

m T describe the different Sign —off stages in the
digital design process

%, | 7 RTANT Wermation
ModelSim. Welcome to version 10.0a
This release uses the following boensing versions: E

Mentor Graphics Licensing MSL v2010_1 with
MGLS v9.2 4.1 and PCLS 2010113

m To compile and simulate HDL models in Modelsim

New Features Contained in this Releaser

m To perform different types of digital simulations e el et
* opeowed WLF dboggng - Milichnd reconfng o
::;;:E;:}:rfmz and LIVE viewing during batch

* VHDL Imgrovements - Support for sigaificant porsions
of VHIDL 2008 and Preservation of user case in

idenufiers
* Replace all Code Coverage windows with new Code v
Coversge Anslysis Pane 7 B
T oot s SIS umpetart | o] 4
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Load Modelsim: CAD->Modelsim Libraries
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ModelSirn, Weicome to version 10.0a
“This release uses the following licensing versions: 4
FLEXnetvil 6.1
Mentor Graphics Licensing MSL v2010_1 weith
MGLS v9.2 4.1 and PCLS v2010.113

|
|

New Features Contained in this Release:

* Improved GUI performance - lmproved structure
windaw and objects win

* lmproved WLF debugging - Multichamnel recording to
increase performance and LIVE viewing during batch
simulation

* VHDL Insprovements - Support for significant portionss
of VHDL 2008 and Prescrvation of user case in
ideatifiers

* Replace all Code Coverage windows with new Code e
Coverage Analysis Pane ; =
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Transcript -> commands Usual Windows Style menus
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Step 1: Create a Project Create the new directory
m File -> New -> project
™ Creste Project = M Create Project
\'\.’/ The project directory does not exist. OK to create the directory?
C:/digic Browe...|
Defndt Lirary fiame
otk
or Oa/modelsim.ini Browse....|
& Copy Linary Mepprga (" Refesence Lbvary Mapongs
oK | _cancel |
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Add the files

7 Add items to the Project

Click on the icon to add iems of that type:

.
i

Create New Fie Add Existing File

— .

Create Simulation Create New Folder

Add the files

to modify things

m You can reference the files, or you can copy into
the directory —this is a good idea if you are going

Close [ Add file to Project [x]
[ File Name-
7] Add file to Project ‘h./md\/cuumﬁmmxicwnneraihmvhd Browse...
[ File Name
Bm&seu. | ’7% file: as type: Folder
default Top Level ‘
Add file as type Folder I = ZI I - !‘
oot =|| |[orteve -l ‘ l & Relerence from curent location " Copy to project directory ‘
0K Cancel
% Reference from current location " Copy to project director _I ==
0K Cancel
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Note the transcript & workspace... You can add more files
R ]| AT - . ) Lo )
m File -> Add to project -> Existing Files
57 Add file to Project
File Mame
[H-Avhd7counterdbit/test vhd Browse...
Add fle s ype Folder———————
mm ~ ’lewel >
% Releience fiom curent location  Copy to project directony
0k | Cancel
W e |
1
— 3
g e =
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Now we have the complete project Note the status and type
== ey o /53 Vi s 1081 7= wen |
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What Now — Compile Compile Status
e ==
Fia 600 Vmn Comple_Smte_ Sy oo Wosom_ by
I BESE| I RBGR [0 RET DEEELIED 1] i -
m We can compile individual files — SR
e Useful for large designs /
m We can compile ALL the Verilog files
e What we usually do when all the individual files have
been checked
m Compile -> Compile All (from the menus)
e Or use the menu bar icon
He [t Wow Fomst Corple Seulote add ook Whow Eeb =
DEE& | SRR AL %] @MRE] ™ 2] xXE 2
Wokipse ——— " ————Bni
/ k|
P eksiecari [t et Featets
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What if it goes wrong? Edit a Verilog File

m E.g. syntax error m Right click on the Verilog file and choose Edit from
T ———————— the pop up menu to bring up the editor
B TS| A BB O ME || B[ Sman| 0[] vt e = ) . .
e =t el mmis m Double click on the error in the transcript to see
where the error is...
Double Click Again
M o FE|
5 |
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Debug the model Simulate
e T m Simulate -> Start Simulation
[T oo mi | ¥ a1 3
SR W )
i m Or click on theicon:
Widdw_Heb
e[| SEBA| o T 2] xx B
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List of compiled Units

Choose the test circuit
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Waveform Window
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Add Signals to the waveform window

™4 ModdSim SE 100
Fie Edt View Compde Simobte (A3H) Objects Took Leyout Window
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Run Commands

run continue

e T T R I E TR 3K |

restart .
Run time
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Run a 50 us simulation

m Type the following command:
e Run2us
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Learning Outcomes

After completing this unit, you should be able to:

m T describe the Different Sign —off stages in the

Types of Digital Simulations

Behavioural Simulations:

It is used to check the functionality of the design before
synthesis

You will need the following files:

.y . 1. HDL description of your design
digital design process P y ¢
) ) . ) 2. Atestbench
m To compile and simulate HDL models in Modelsim
m To perform different types of digital simulations
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Types of Digital Simulations Types of Digital Simulations
m Behavioural gate level simulation m Behavioural gate level simulation with SDF timing
. L . = ltis a post-synthesis simulation
= Itis a post-synthesis simulation
. = You will need:
= You will need : . . .
o . ) 1. HDL description of the synthesized design
1. HDL description of the synthesized design 2. SDF(standard delay format) file (which can be obtained for the synthesis
2. HDL models of all cells in your design (e.g. Verilog models ), and tool and from the layout tool)
3. Atest bench 3. HDL models of all cells in your design (e.g. Verilog models ), these
models should contain specify blocks in their behavioural view that have
= How to perform Behavioural gate level simulation delay information
Copy all the required files into your simulation directory and follow the 4. Atest bench
same procedure for behavioural simulation.
Note: you can generate SDF files in Design Compiler using this command:
write_sdf filename.sdf
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Types of Digital Simulations Types of Digital Simulations

m How to do Behavioural gate
level simulation with SDF =
timing

= Why use SDF file?

module NOR4O (R,

1. Copy all the required files into your
simulation directory

2. Edit the HDL description of the ] !
synthesised design by adding lhe
following statement: initial

$sdf_annotate (“filename.sdf") as
shown in figure 1

SDF delay information for an Instance of the NORAO cell
3. Save changes to your HDL

endmodale

4. Follow the same procedure for

behavioural simulations Figure 1 Behavioural Verilog Code for NOR40
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Behavioural Simulations Behavioural Gate Level Simulation
Wi =
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Behavioural Gate Level Simulation with SDF timing

- J.::_-“—!
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Digital Simulation Lab Instructions

For this lab you will need:

For Behavioural simulation

1. HDL model of the design (gmults.v)
2. Atest bench (test.v)
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SOC Encounter Lab Instructions

For this lab you will need:
For post Synthesis simulation

1. A synthesised Verilog net list of the design (this is
obtained from the synthesis stage)

2. Atest bench

3. Your timing constraints file “design.sdf” (this is
obtained from the synthesis stage)

4. HDL models of all cells in technology library
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SOC Encounter Lab Instructions

For this lab you will need:
For post Layout simulation

1. Post layout netlist (this is obtained from the layout
stage)

2. Atest bench

3. Your timing constraints file “design.sdf” (this is
obtained from the layout stage)

4. HDL models of all cells in technology library
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Behavioural Simulations Post Synthesis Simulations
1. Create a working directory called BehaviouralSim. 1. Create a working directory called PostSynSim.
2. Save the gmults HDL file and the test bench in this folder. 2. Save the gmults HDL file, the test bench, HDL models of the technology

library and SDF timing file in this folder.

3. Open the test bench in a text editor and investigate . 3. Open the test bench in a text editor and set the clock frequency in the

4. Set the clock period in the test to 2 ns. test to your maximum achievable frequency (from the synthesis stage).

5. Create a Modelsim Project. 4. Open the SDF file in a text editor and comment out all lines that begin
with the word “Removal”.

6. Compile all files. ) )
P 5. Create a second Modelsim Project.

7. Run the simulations and verify the design function correctly. 6 Compile all files

8. Does the design simulate correctly if you reduce clock period to 7. Run the simulations and verify the design function correctly.

0.5 ns? Why?. A ; .
8. Does the design simulate correctly if you reduce clock period to 0.5 ns?

9. Save a printout of your simulations. Why?
9. Save a printout of your simulations.
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Post Layout Simulations

1. Create a working directory called PostLaySim

2. Save the gmults HDL file, the test bench, HDL models of the technology
library and SDF timing file in this folder.

3. Open the test bench in a text editor and set the clock frequency in the
test to your maximum achievable frequency (from the synthesis stage).

4. Open the SDF file in a text editor and comment out all lines that begin
with the word “Removal”

5. Create a third Modelsim Project
6. Compile all files
7. Run the simulations and verify the design function correctly.

8. Does the design simulate correctly if you reduce clock period to 0.5 ns?
Why?

9. Save a printout of your simulations
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