NTU Graduate Institute of Electronics Engineering Spring 2023

Computer-Aided VLSI System Design
Lab2: Waveform Debugging

TA: EF =2 f08943129@ntu.edu.tw
Introduction

In this lab, you will learn:
1. How to dump FSDB waveform file through NC-Verilog simulator
2. Waveform debugging by using nWave

3. SDF annotation for gate-level simulation after synthesis

Data Preparation

1. Upload your files (Lab2.tar) to your work directory.

2. Decompress Lab2.tar with following command:

tar -xvf Lab2.tar

3. Lab2 files are shown as below:

Files/Folder Description
Lab2 alu.v RTL code of ALU
Lab2_test_alu.v | Testbench for ALU
Lab2_alu_run.f File list for RTL simulation
Lab2_alu s.v Gate-level netlist of ALU

Lab2_alu_run_s.f | File list for gate-level simulation

Lab2_alu_s.sdf SDF file for gate-level timing annotation

4. The circuit diagram of the ALU used for this lab is illustrated as follows:

InputA —:cu

> ALU_out

InputB —x»

Instruction —4\»

5. Enter Lab2 directory:

cd lab2
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Environment Setup

1. Source the default eshre file:

source /usr/cad/cadence/cshrc
source /usr/spring_soft/CIC/verdi.cshrc

Lab 2.1. Generating the VCD & FSDB Waveform

Value Change Dump (VCD) format:
e Indigenously supported by most simulators
e Using ASCII text for waveform recording (larger file size)
$dumpfile("filename.vcd");
$dumpvars;
Fast Signal Database (FSDB) format:
e Defined by Verdi debugging system
e More compact format, small file size
$fsdbDumpfile("filename.fsdb");
$fsdbDumpvars;

1. Run the RTL simulation using ncverilog:

ncverilog Lab2_test_alu.v Lab2_alu.v

or

ncverilog -f Lab2_alu_run.f

2. You would only see the text telling you "congratulations" but not knowing what's

going on inside the circuit. Now we would like to generate VCD file.

Please open the testbench Lab2_test_alu.v, add following lines in the

initial block in testbench to generate vcd file:

$dumpfile("Lab2_alu.vcd");
$dumpvars;

3. Now re-run the simulation, note we should add "+access+rw" to enable vcd file

dumping:

ncverilog +access+rw -f Lab2_alu_run.f

Please check if there exists a file called "Lab2_alu.vcd"

5. Now we would like to generate FSDB file. Please open the testbench again.
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6. Add following lines in the initial block in Lab2_test_alu.v, you can also

remove the two lines added in step 2:

$fsdbDumpfile("Lab2_alu.fsdb");
$fsdbDumpvars;

Now re-run the simulation, note we should add "+access+rw" to enable FSDB

file dumping:

ncverilog +access+rw -f Lab2_alu_run.f

Please check if there exists a file called "Lab2_alu.fsdb"

Lab 2.2. Using nWave for Waveform Debugging

1.

Start nWave. "&" enables you to use the terminal while nWave is running in the

background:

nWave &

Open the VCD file we obtained. VCD file will be translated to FSDB file, you can

either open the VCD file using GUI or run:

nWave Lab2_alu.vcd &

Choose the signals we are interested in.

X Get Signals@cad29

; ) Scope: \ymy_a x ~||&)|(d) Signal: x |
= la test alu(test alu)
7 my_alu(ALU)
-]
®[7:0] reg_B[7:0]
reg_ins[3:0]
sun[7:0]
tB[7 LOGIC_LOW
inputB_inv[7:0] LOGIC_HIGH
instruction[3:0] BLANK
reg_A[7:0]
|
options... ||{sulf| B]f| D] ]| [==]]| [@]]] |[=s v Apply

B ineutBL7:0] |

OK Cance
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4. View the waveform:

ﬂ *<nWave:1> /home/raid7_2/user08/r08011/CVSD_LAB2/Lab2/Lab2_alu.fsdb@cad29 - a X
File Signal View Waveform Analog Tools Window Help P v
&L @ 12,000 & |o 25 v -12,000 x100ps Q| (@) %] By: f| v[4] » Goto: »

verm—.M out[
ver f]»

hd hd
o 3 K 1 T
Selected: /test alu/my_alu/inputB[7:0]

5. Change the radix and sign representation:
"Waveform" —"Signal Value Radix" — "Decimal"

"Waveform" — "Signal Value Notation" — "Signed 2's Complement"

hi *<nWave:1> /home/raid7_2/user08/r08011/CVSD_LAB2/Lab2/Lab2_alu.fsdb@cad29 — (] X
File Signal View Analog Tools Window Help Y

ot . v -12,000 x100ps (Q| (@) Y| By | F]|~ 4| » Goto: »

Al

Spacing

Height

Fit Waveform Ctri+L

Color/Pattern C

Binary

Signal Value Notation » Octal

Analog Waveform v Hexadecimal

Digital Waveform

Invert Waveform ASCIl

Property » En erated Litera

Classic Transaction » IEEE-754 Floatin

Classic Message »| Add Alias from File...

Go To » Add Alias from Program

Set Search Value. Remove Alias

Set Search Constraint Edit Alias

Snap Cursor/Marker to Transitions S

Fix Cursor/Marker Delta Time X

Keep Cursor at Center Y

Wavetorm Time N Poxoo0, . foopoe o
- - A

Marker >
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Lab 2.3. Gate-level Simulation

1.

After synthesizing Lab2_alu. v, we can derive the gate-level netlist file
"Lab2_alu_s.v", which is already provided in this lab.

Try this command for gate-level simulation:

ncverilog +access+rw Lab2_test_alu.v Lab2_alu_s.v
/home/raid7_2/course/cvsd/CBDK_IC_Contest_v2.5/Verilog/tsmc13_neg.v

or

ncverilog +access+rw -f Lab2_alu_run_s.f

You will see a lot of warnings about "timing violation." That’s because the
simulator does not know about the propagation delay of each gate. So the
simulator cannot combine the delay information with the "tsmc13 neg.v" to check

if your design can run at the clock frequency defined in the testbench.

Please open the testbench Lab2_test_alu.v, and uncomment this line:

$sdf_annotate("Lab2_alu_s.sdf", my_alu);

This line annotates the timing information (.sdf) of the netlist.

Save the modified testbench and re-run step 1.
During the simulation, there is no timing violation anymore.
Open the waveform file to see how different it is between RTL waveform and

gate-level waveform.

Checkpoints

Please check with TAs before leaving this lab to make sure the following goals are

accomplished and to get credits.

1. Please generate the FSDB waveform.

2. Open nWave and take the snapshots of alu_out, clk, inputA and inputB.
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B *<nWave:1> /home/raid7_2/user09/109017/Lab2/Lab2_alu fsdb@cad29

file Signal View Waveform Analog Tools Window Help

8 & Y X B 0 &0 2vao x1000s (@] (@] %] 8y |F]v[«][») Goto: 61 ~|

§ alu_out[7:0]

inputB7:0]

0,000,000
P 3T L]
Selected: jtest_alu/my_alu/clk

3. Fix the timing violations in gate-level simulation.

4. Take a snapshot after passing gate-level simulation.
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Reading SDF file from location "Lab2_alu_s.sdf"
Annotating SDF timing data:
Compiled SDF file:
Log file:
Backannotation scope:
Configuration file:
MTM control:
Scale factors:
Scale type:
Annotation completed 5o
« Ul rdiuiueLdys = 504

Lab2_alu_s.sdf.X

test_alu.my_alu

15.28% -- No.
Percentage
13.28
0.00
18.63
9.85

SUF StdlistILs: AllNULdLleu = of Tchecks = 1368 Annotated = 12.28%
Total Annotated
3284 436
64 0
451 84
$ 10 853 84
But g instance overlay tables: ....................
Generating native compiled code:
worklib.DFFRX1:v <0x6002b0e3>
streams: 0, words: 0
worklib.DFFRX1:v <0x62e7bc7b>
streams: ©, words 0
worklib.test_alu:v <0x0d19f72a>
streams: 7, words: 17985

Path Delays

instance specific data structures.

L ing native compiled
Design hierarchy summar

Modules:
UDPs :
Primitives:
Timing outputs:
Registers:
Scalar wires:
Expanded wires:
Always blocks:
Initial blocks:
Pseudo assignme
Timing checks:
Interconnect:
Delayed tcheck
Simulation time
Writing initial simulat
Loading snapshot worklib.test_a
*Verdix L g libsscore_iusiS.

code:
y:
Instances
628
289
2074
794
194
3186
20
1
1
nts: 6
2221
285
signals: 665
scale: 1ps
ion snapshot: worklib.test_alu:v
lu:v
2.50

Unique

ncsim> source /usr/cad/cadence/INCISIV/cur/tools/inca/files/ncsimrc

ncsim> run
FSDB Dumper for IUS, Release Ve

rdi_R-2020.12, Linux, 11/19/2020

(C) 1996 - 2020 by Synopsys, Inc.
FSDB WARNING: The FSDB file already exists. Overwriting the FSDB file may crash the programs that are using this file.
: Create FSDB file 'Lab2_alu.fsdb'
: Begin traversing the scopes, layer (0).

: End of traversing.

ratulations!! Your Verilog Code is correct!!

Simulation complete via $fin
./Lab2_test_alu.v:127 #10 $fi
ncsim> exit

[ro9e17@cad29 ~/Lab21$ i

Submission

(1) at time 6558735 NS + ©
nish;

1. Due Tuesday, Mar. 21, 19:00

2. Take the snapshot of the result shown in previous section and submit to NTU

COOL in pdf format.



