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Computer-Aided VLSI System Design, Fall 2011
Verilog Lab 2: Waveform Debugging & Memory Generator
I. Objectives:

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

4

Generating memory model by using memory generator

II. Environment Setup:
1. Start X-window server (cygwin, X-win32, Xming, or Xmanager)

2. Setup X-window display environment variables by enabling X11 forwarding

and SSH v2 in PuTTY
#2 PuTTY Configuration Lé] #R PUTTY Configuration e @
Category: Category: 5
@ S?SSiDn Basic options for your PUTTY session E Teminal - Options controling SSH X11 forwarding
[ Loggng l Specify the destination you want to connect to 2 i - Keyboard 11 forwarding
- Teminal ) P i Bl .
¢\ Lo Keyboard = = o © i Festures Enable X11 forwardin
Bel cad27 eentu.edutw - Window ;
[ Featurss C_DnnEC‘thﬂ type: . L } ) - Appearance Remote 11 authentication protacol
=- Window (O Raw (0 Telnet (O Rlogin \@ S5H () ferial i i~ Behaviour @ MIT-MagicCookie-1 () XDM-Authorization-1
| i ;Sppaa!ance Load, save or delete a stored session Transation
ehaviour ) i - Selection
- Translation Saved Sessions i+ Colours
- Selection cad2? (- Connection
. Colours Default Settings Load -~ Data 3
= Connection -+ Prongy
- Data hawk - Telnat
. leopard
Proogy Rlegin
3 T Lo
Q - S5H 4 - Auth
N Close window on exit:
() Mways () Never @ Only on clean exit - 247 6
i Tunnels
.- Bugs o
About [ Open ] [ Cancel ] [ About ] [ Cpen ] I )Cancel
. e /l

Connect to the workstation

> w

Source the environment settings of CAD tools
i source ~cvsd/cvsd.cshrc
: source ~cvsd/verdi .cshrc

If you try entering the command “ncverilog” or “nWave” but it turns out
“command not found,” it means there’s something wrong with the
“*_cshrc” file or the software license is out of date.

lll. Lab File Acquisition:
1. Copy the lab file from this directory
i cp ~cvsd/11F/Verilog/Lab2.tar .
2. Un-tar the lab file
- tar -xvf Lab2.tar

3. Enter the lab directory
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. cd Lab2/
4. There are supposed to be some files as follows. Please check it!
Filename Description

Lab2 alu.v RTL code of 8-bit ALU
Lab2 test alu.v Testbench for 8-bit ALU
Lab2_alu_run.f File list for RTL simulation
Lab2_alu_s.v Gate-level code of 8-bit ALU
Lab2_alu_run_s.f  File list for gate-level simulation
Lab2 alu_s.sdf sdf file for gate-level timing annotation
Lab2_test_ram.v Testbench for generated RAM
tsmcl3.v Verilog model of TSMC .13 um CMOS

technology. Please DO NOT download
this file, for it is property of TSMC!

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

InputA —;p:.

~v ALU_out

InputB —x»

Instruction —4\»

IV. Lab 2.1: Generating the FSDB Waveform
1. Run the RTL simulation by using ncverilog
gncverilog Lab2 test alu.v Lab2 alu.v

or
Encverilog —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. Please open the testbench.
- jJoe Lab2_test_alu.v

Find line 17 & 18 of the file, you should note that something are commented
out. Please un-comment these two lines.

: $FsdbDumpfile('Lab2_alu.fsdb™);

§$fsdbDumpvars;

€6,

After editing, press “Ctrl+k” to turn to command mode, then type “x” to
save and quit.

3. Now re-run the simulation, note we should add “+access+r” to enable
FSDB file dumping.
gncverilog +access+r —f Lab2_alu _run.f
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4. After simulation, it shows something like

: *Novas* Create FSDB file "Lab2_alu.fsdb”
! *Novas* Begin traversing the top scope(test_alu), layer(0).
. *Novas* End of traversing the top scope(test_alu)

Please check if there exist a file called “Lab2_alu.fsdb”.

V. Lab 2.2: Using nWave for Waveform Debugging
1. Start nNWave. The token “&” enable you to use the terminal while n"Wave is
running in the background.
: nWave &

2. Open the FSDB file we obtained.

a 2 ran 2 P— o 2

-

ii'.'.-'::' <nWave:nWave:1> Mo File Opened

|Ei|e signal Yiews Waveform Analog Tools Wincdow

1{aE = ¢ =@ x o & 0 20
IDpenF|e|

< Open Dump File(Time Range: 0 ~ 65587350 x100ps) E=NEERTC

csflah2rLabs_alufzdb Delete |
Celete All |

File Wame

|fhnmefm8?fgiekstabza’Labz_alu.fsdb {| 3
8] /home/m37/gieksiLabz LINCA_libs
rarj INCA,_libs . it T Filter
o Bl abz alufsdb —
8] niWavel og fedkf /

|

I Use Signal Grouping Rule File:

_1 Open File by Time Range 4 ( K, w Cancel

=
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3. Choose signals we are interested in.

&¢ <nWavenWave:l> /home/m87/gieks/Lab
|Elﬂg77\\ View Waveform Analog Tt
EP RN

o] x| B @l s 8w e

]

[ Trputa [7:0]
B | inputE [7:0]

\ rese
\_=alu out[7:0

req B[7:0]

LOGIC_LOW

inputE 10

instruction[3:0]

El
L

I I T [ [ -

2 = o)
o 7
Aduanced‘..“ALl .—l » -.l L1 4.I| «« | Form Bus Rule: | 7 Apply m Cancel

4. Browse the waveform.

aolosmal o ; :

100ps

=

inEutﬂ['F:El]
inEutB['F:EI]

reset]
Iu out[7:0]

T

T ] ] a h [ d & f 10 11 12

El

b [ |

5. Change the radix/sign representation

 waveform E)alng Tools  Window

Auto Update 0 |@_@ Auto Update F_E_____TE:
g [T e

Height Height

C ColorPattern... C

Color/Pattern...
Signal Value Radix

T
Analog Waveform
Digital Wavefarm
Bus Invert

BEuz Reverse

VI.

Hexadecimal
Decitmal
ASCI

Lab 2.3: Gate-Level Simulation

Signal ¥alue Radix
Signal Yalue Motation

Digital Waveform
Bus Invert
Bus Reversa

Unsigned
Signed 2’s Complement
Signed 1's Complement
igned Magnitude

1. After synthesizing Lab2_alu.v, we can derive the gate-level netlist file

Lab2_alu_s.v. Try this command for gate-level simulation:

ncverilog +access+r Lab2_test_alu.v Lab2_alu_s.v tsmcl3.v

or
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: ncverilog +access+r —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 “tsmcl3.v” to
check if your design can run at the clock frequency defined in the testbench.
Please open the testbench again and un-comment the line 16:
$sdf_annotate(*'Lab2_alu _s.sdf",my alu);

Save the modified testbench and re-run step 1.

During the simulation, there should be lots of “traversing the top scope”
information, and should never prompt out any “timing violation.”

Open the waveform file. See how different it is between RTL waveform and

gate-level waveform.

VIl. Lab 2.4: Memory Generator

1.

Design your memory name and specification.

The name of your memory should be conformed to some kind of rule if you
want to maintain them easily in the future. Here we need a high speed,
single port memory with 512 words, each word is 8bit. Therefore we name
our memory as HSS13n_512x8, which means High Speed single port
0.13um normal RAM with 64words/8bit. Remember the name
“HSs13n_512x8”, it’s the name of your memory.

Run the memory compiler.

There are three kinds of memory compiler in TSMC 0.13pm cell library:
ralsh, ralshd, and ra2sh. “ralsh” is used for high-speed single-port
SRAM, “ralshd” is used for larger size SRAM, and “ra2sh” is for
high-speed dual port SRAM designs. “ralshd” is used in this lab, you can

type following command to start:

: ~cvsd/CBDK_IC_Contest/CIC/Memory/ralshd/bin/ralshd & :

(Note 1: it is a single-line command!)
(Note 2: when typing a long path, try TAB key!)
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3. And then you should see this!

T Artisan

= E=R
File Utilities Help
tigan SREAM-5P-HS SREAM Generator
(R DEL T TSMC CLO13G-FSG Process
~GEMERIC PARAMETERS ~RELATIVE FOOTPRINT
Instance Mame R&1SHD
Number of Words 40986
Mumber of Eits 16
Frequency <MHz> 1
Ring Width <sum> 2
Multiplexer Width [C8 [Ww16 []32
Drive Strength [vi 6 —ASCIl DATATAELE
word—Write Mask [ on [v off name | fast@—40C| fast@0C | typical [ |
qeOmsx 416.805 41E.803 41E6.803
Redundancy [on [v off geomy 534.195  |524.195  |534.195
Top Metal Layer I m4 [Jm5 [ mé [ m? [¥] m8 ring_size |5.200 5.200 5.200
Power Tvne 50 icc 0030 0.083 0.048
¥p vl Fing N 0.047 0.079 0.044
Horizontal Ring Layer [ ml [ m2 [¢¥l m3 ] m4 foC_w 0.054 0.086 0,051
- - i k 98.336 94415 EE.327
Yertical Ring Layer ml Jm2 [ m3 [¢¥ md !cc_pea
jce_desel |001E 0,048 0,018
jcc_stand.. |0.002 0.039 0.011
toye 1.045 1.127 1.640
ta 0,973 1.047 1.693
tas 01739 0,190 0.301
tah 0003 0.009 0.002
Default | | Update tes 0268 0.286 0403
tch 0.000 0,000 0.000
VIEWS Twis 0.2E89 0276 0,393
tw h 0,000 0.000 0,000
tds 0,124 0132 0,218
PDStSCI’iDt Datasheet tdh 0,000 0,000 0,000
tckh 0037 0,042 0.058
tekl 0,108 0112 0170
Default | | Generate tckr 4.000 4.000 4.000 4
load_qg 0520 0.538 0713 1
icap_a 0019 0,019 0.018 =]
: 2 [+]
I Hruiglieo o LU T U TIrie T a A uredires, —
The copyright notice(s) in this Software does not indicate actual or
intended publication of this Software,
SRAM—-SP—H5 SRAM Generator, TSMC CLO13G—F50 Procass
Log file is ACIlog
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4. Click in the specification

~GENERIC PARAMETERS

Instance Name H5513n_512x8
Mumber of Words= 512

Number of Eits E]

Frequency <MHz> 100

Ring Width <um> 2

Multiplexer Width 18 [# 16 []32
Drive Strength [¥] B

Word-—Write Mask [[Jon [w] off
Redundancy [Jon [¢ off
Top Metal Layer [[Imad [ m5 [ mb6 ] m? [¢¥ m&
Power Type [¢] Pings

Horizontal Ring Laver [ ml [ m2 [¢ m3 [ m4d
Yertical Ring Layer ml I m2 ] m3 [¥ md

o

Default | | Update |

5. Generate the Data Sheet and Verilog Behavior Model.
Click on the List box and choose “PostScript Datasheet”, then click
the “Generate” button. You’ll get a HSs13n_ 512x8.ps which is the data
sheet of the SRAM. And then click on the list box and choose “Verilog
Model”, and click the “Generate” button. You’ll get a file named
HSs13n 512x8.v.

T y 4 tues 0.275 0.251 0.395
"4 twh 0.000 0.000 0.000
tds 0.140 0.148 0.221
PostScript Datas heet / - tdh 0000 0000 0000
/ tckh 0.037 0.042 0.058
tekl 0108 0112 0.170

Default | | Generate | tckr 4.000 4.000 4.000 4

load_g 0520 0538 0713 1
D |

mal T DE LT anTE WHLALEL

#SC]| Datatable updated

command: fhome/raid2_2/course/cvsd/CBOK_IC_Contest/CIC/Memoryfralshd/bindralsh postscript —instname "H5513n_512

PaostScript Datasheet generater succeeded, created:
H5513nh_512%8.ps
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—WIEWS

Verilog Model -

Default | | Generate

HSS T3 _ o [2Rg Y RIcal Sy LI

H5213n_51228_slow_syn.lib
command: fhomefraid2_2/course/cvsd /CEDE_IC _Contest/CIC/Memear
Verileg Model generator succeeded, created:

H5213n_512x8.w

Generate the library for using in Synthesis.
Choose “Synopsys Model” in the list box and type in your library name.
Here we type “HSs13n_512x8” into it.

-VIEWS

Svynopsys Model - |

Library Name | H5:13n_512x8 |

| Default | | Generate

HSs13n_512x8_fast®2—40C_syn.lib
HS:13n_512x8_fast@0C_syn.lib
HSs13n_512=8_typical_syn.lib
HS:=13n_S512x8_slow _syn.lib

Click on “Generate” then you can generate three “.1ib” for use in Synopsys

Synthesis tool. The three “.lib” files are HSs13n_ 512x8 fast@-40C syn.lib,

HSs13n 512x8 fast@O0C syn.lib, HSs13n 512x8 typical syn.lib,

HSs13n 512x8 slow syn.lib.

After all, Click on the “Utilities -> Write Spec” to write down the spec of

your SRAM. CIC will model your RAM according to the specification file

you wrote.

Read timing diagram of synchronous RAM.

A. Download the HSs13n_ 512x8.ps and use Acrobat to read it.

B. Find out the function and timing diagram for every port of
HSs13n_512x8 module in HSs13n_512x8.v according to the data sheet.

How many words can be stored? How many bits for a word?
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9. Run Simulation of RAM

A. Run simulator:

ncverilog +access+r Lab2_test_ram.v HSs13n_512x8.v

B. Open the waveform Lab2_ram.fsdb via nWave. Compare the

waveform of HSs13n512x8 module with the timing diagram of data

sheet. Furthermore, you can find that the output port O[7:0] has some

timing delay because the timing information of HSs13n_512x8 module
is described in HSs13n_512x8.v.
C. Please examine how Lab2 test_ram.v to control this synchronous

RAM.

VIIl. Checkpoint:

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

are accomplished and to get credits.

1. Please draw the read-cycle timing diagram of synchronous single-port SRAM.

CLK

CEN

WEN

Al

Qlil

teye

Y

lekh

Lokl

tekh

Lekl

2. Please draw the write-cycle timing diagram of synchronous single-port

SRAM.

CLK

CEN
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fekh

Lokl

Lekh

Lok

—
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Pin Description

IX. END of LAB

Creator:

Ist Edition: Chao-Tsung Huang, 2002
2nd Edition: Yu-Lin Chang, 2004

3rd Edition: Yu-Lin Chang, 2006

4w Edition: Jui-Hsin Lai (Larry), 2008

5™ Edition: Min-An Chao, 2009
6" Edition: En-Jui Chang, 2010
7" Edition: En-Jui Chang, 2011

Pin Description
A[B:0] Addresses (A[0] = LSB)
D[7:0] Data Inputs (D[0] = LSB)
CLK Clock Input

CEN Chip Enable

WEN Write Enable
Q[7:0] Data Outputs (Q[0] = LSB)

NTU GIEE Computer Aided VLSI System Design

10/10



