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Lab-1: Combinational Logic Circuit Design in Verilog HDL

Introduction

A hardware description language (HDL) is similar to a typical computer programming language except that an
HDL is used to describe hardware rather than a program to be executed on a computer. Two HDLs are IEEE
standards: Verilog HDL and VHDL (Very High Speed Integrated Circuit Hardware Description Language).
Verilog language can be used in several ways to model digital systems. In this lab, we will implement
combinational logic circuits using Gate level or structural modeling, Data flow modeling (DFM), and

Behavioral modeling styles of Verilog.

module module_name [(pori_name{, pori_name})];

[parameter declarations]

[input declarations]

[output declarations]

[inout declarations]

[wire or tri declarations)]

[reg or integer declarations]

[function or task declarations]

[assign continuous assignments|

[initial block]

[always blocks]

[gate instantiations]

[module instantiations|
endmodule

Structure of a Verilog Module

Example 01

Example 01 demonstrates the Verilog HDL code of a Half Adder using the Gate Level abstraction.

module Half_Adder(s,c,x,y);
input x,y;

output s,c;

xor s1(s,x,y);

and c1(c,x,y);

endmodule

AL AN WN R

Example 02

Example 02 demonstrates the Verilog HDL code of a Half Adder using the Data Flow modeling style.

module Half_Adder(s,c,x,y);
input x,y;

output s,c;

assign s=x"\y;

assign c=x&y;

endmodule

AL AN WN R
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Example 03

Example 03 demonstrates the Verilog HDL code of a 2X1 multiplexer using the Gate Level abstraction.

O 0O N UL AN WNR

module mux_2tol(s,lo,I1,Y);
input s,lo,l1;

outputy;

wire wl,w2,w3;

not gl(w1,s);

and g2(w2,lo,w1);

and g3(w3,s,11);

or g4(Y,w2,w3);

endmodule

Example 04

Example 04 demonstrates the Verilog HDL code of a 2X1 multiplexer using the Data Flow modeling style.

1 | module mux_2tol(s,lo,l1,Y);
2 | inputs,lo,l1;
3 | output;
4 | assign Y=(~s& lo)|(s&I1);
5 | endmodule
Example 05
Example 02 demonstrates the Verilog HDL code of a 2X1 multiplexer using the Behavioral modeling
style.
1 | module mux_2to1(s,lo,I1,Y);
2 | inputs,lo,l1;
3 | outputreg;
4 | always@ (s,lo,11) //if we use always @* The * operator will automatically identify all sensitive variables.
5 | begin
6 if(s==0)
7 Y=lo;
8 else if(s==1)
9 Y=I11;
10 else
11 Y=0;
12 | end
13 | endmodule
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Student Task

1. Verify the functionality of Example-3 using the clock pulses shown in figure-a.

: |

S S e
R e T

10 20 30 40

figure-a

2. Write a Verilog code to obtain the same logic circuit of figure-b in ‘RTL Viewer’ and verify the

functionality of the circuit using the clock pulses shown in figure-c.

pa— X~0
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:/\ Vo1

X

p MS

figure-b

figure-c
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1. Download the Intel® Quartus® Prime Lite Edition Design Software Version 22.1.2 from the

following link

https://www.intel.com/content/www/us/en/software-kit/660907/intel-quartus-prime-lite-

edition-design-software-version-20-1-1-for-windows.html

Multiple Download Individual Files Additional Software

Multiple Download

Copyleft Licensed Source

Intel® Quartus® Prime Lite Edition Software (Device support included)

Download

Quartus-lite-20.1.1.720-windows.tar

Size: 5.9 GB
SHA1: f1bec3a3bf03e7ab9106af5fac93475347b66e1e

What's Included?

** Nios® Il EDS on Windows requires Ubuntu 18.04 LTS on Windows Subsystem for Linux (WSL), which requires a manual installation.

** Nios® Il EDS requires you to install an Eclipse IDE manually.

2. Extract the downloaded file.

3. Run the setup.bat file.

4. During installation make sure the following components are selected.

O Installing Quartus Prime Lite Edition (Free) 20.1.1.720

Select Components

- | X

Select the components you want to install

= E Quartus Prime Lite

Nios 11 EDS ) (EE84ME)

B- [ pe

[ cvciene (293.5ME)

[[] cyclone v (1434.3ME)

[] max11/v (13.1MB]

[J max 10 FPGA (367.5MEB)
ModelSim - Intel FPGA Starter Edition (Free)
[7] ModelSim - Inte! FRGA Edition (4318.8ME)

'.|
!
l
m
=

Installs Cyclone 10 LP device support. (293.5MB)

< Back Next > Cancel
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Simulating Verilog HDL using Quartus Prime

1. Find the following icon on your PC and run the software by double-clicking the icon.

O

2. For using the Quartus Prime very first time we need to locate the directory of ModelSim Altera.
For that execute Tool - Options - EDA Tool Options and give the proper location of ModelSim
Altera and click OK. Normally the location is

C:\intelFPGA_lite\20.1\modelsim_ase\win32aloem
or
C:\intelFPGA\20.1\modelsim_ase\win32aloem

License Setup
Preferred Text Editor ModelSim

Uk Options X
Category:
v Geperal EDA Tool Options
EDA Tool Options Specify the directory that contains the tool executable for each third-party EDA tool:
Fonts
Headers & Footers Seting EDA Tool Directory Containing Tool Executable
¥ Internet Connectivity Precision S... | |
Notifications synplify | |
npli
Libraries vnp
v |P Settings synplify Pro | |
IP Catalog Search Local | | A tive-HDL | |
Design Templates
Riviera-PRO | |

Processing Questasim

Tooltip Settings

v Messages ModelSim-... |ChintelFPGA_lite\20.1\modelsim_ase\win32aloem
Colors
Fonts
< > OK Cancel Help

3. The following window will pop up. Now click on the New project wizard.
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Qb Quartus Prime Lite Edition
File Edit view Project Assignments Processing Tools Window Help
) r o @ o DAE @
Project Navigator| # Hierarchy vaisx IP Catalog We x

Device Family Cyclone 10LP =

Recent Projects C—1

Full_Adder.qpt
ull_Adder.qpf ~ & Installed IP

“ Project Directory
i!i New Project Wizard ﬁ Open Project No Selection Available
" # ~ Library

Basic Functons

d © - bse
iy Sofh " what's New MNotfications Interface Protocols

Memory Interfaces and Com
Processors and Peripherals

& Compilation Hierarchy

University Program
® search for Parmer IP

Tasks Compilation MELLE

Task

¥ P Compile Design

P Timing A

P EDA Netlist wrlter
W Edit Setting:

pen Programmer
5 + Add.

Al 0 A A AT <<Fler> B8 Find_ | |88 Find Next

Tvoe ID Messaoe

system | Processing
Connecting 10 Intel FPGA web site.. 0%  DOD000

4. Click Next on the following window.

(Ol New Project Wizard >

Introduction

The New Project Wizard helps you create a new project and preliminary project settings, including the

following:

* Project name and directory

* Name of the top-level design entity
* Project files and libraries

A Target device family and device

-

EDA tool settings

You can change the settings for an existing project and specify additional project-wide settings with the
Settings command [(Assignments menu). You can use the various pages of the Settings dialog box to add
functionality to the project.

[] pon't show me this introduction again

< Back Finish Cancel Help

5. In the following window change the working directory of the project to your directory (e.g.
D:\150205022/Half_Adder) and give a name to the project as shown and click Next four times.
[Project name must be same as the top module]
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G MNew Project Wizard x
]

Directory, Name, Top-Level Entity

What is the working directory for this project?

I 0:/150205022/Half_Adder — I

what is the name of this project?

half_adder

what is the name of the top-level design entity for this project? This name is case sensitive and must exactly
match the entity name in the design file.

half_adder

Use Existing Project Settings...

6. After clicking Next four times the following window will pop up then set the simulation tool as
“Questa Intel FPGA” , format as “Verilog HDL” and make sure the “Run gate-level simulation

automatically after compilation” check box is not checked in the EDA tool settings window.
After that click Next.

G New Project Wizard

EDA Tool Settings

Specify the other EDA tools used with the Quartus Prime software to develop your project.

EDA tools:
Tool Type Tool Name Format(s) Run Tool Automartically
Design Entry/S... <None> ¥ <None> - Run this tool automatically to synthesize the current design
Simulation Maodelsim-Altera ¥ Verilog HDL H:] Run gate-level simulation automatically after compilation
Board-Level Timing <None> -

Symbol <None> -

Signal Integrity <None> &2

Boundary Scan <None> &2

< Back II Finish Cancel Help
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7. The summary window will appear and click Finish.

O New Projec

zard

Summary

When you click Finish, the project will be created with the following settings:

Project directory:

Project name:

Top-level design entity:
Number of files added:

Number of user libraries added:

Device assignments:

Design template:

Family name:

Device:

Board:

EDA tools:

Design entry/synthesis:

Simulation:

Timing analysis:

Operating conditions:

Core voltage:

Junction temperature range:

D:/150205022/Half_Adder
half_adder

half_adder

]

0

nfa
Cyclone IVE
AUTO

nfa

<None> (<None>)
ModelSim-Altera (Verilog HDL)
0

nfa

nfa

< Back Next = [I Cancel Help

8. Execute File - New. In the New window select the Verilog HDL file and click ok. The editor
window will appear.

File Edit WView Project Assignments Proce O Mew b
I 1 New.. Ctri+MN
- EEE= CHLES New Quartus Prime Project ~
Close Cirli+F4 ~ Design Files
[=] MNew Project wizard... AHDL File
= O PRt Gt Block Diagram/Schematic File
Save Proj-ec\: EDIE Eile
close Projec Qsys Systemn File
= zi:z e s State Machine File
& sawve All Ctri+Shifi+S systemverilog HDL File
File Properties... Lcl Script Eile
N I Verilos HDL File I
E)’(Zi‘i" Update VHDL File
Convert Programming Files... *~ Memory Files
f] Page Setup.. Hexadecimal (Intel-Format) File
s g Memory Initialization File
Y Err e ~ Werification/Debugging Files
recent Filoe R In-System Sources and Probes... .
Recent Projects > Cancel Help
Exit Alt+Fa

9. Inthe editor window write the Verilog module of your design.

<
BeT FE

Verilog1.v* a
il = B =

input A,B;

(= R - FEY N

endmodule

output sum,carry,
assign sum=AAB;
assign carry=A&B;

moduTle half_adder(a,B,sum,carry);
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10. Now click on the compilation icon for compiling the design. In this step, the software will ask you
to save the Verilog HDL file. Save it with the identical name of the project file.

s dprpro s e

11. After successful compilation you will get the following message. Ignore the warnings.

" .
Al O A A AT e Mrind.  #FindNe
Tvoe ID Messaae
% Running Quartus Prime EDA Netlist Writer
0 Command: quartus_eda --read_settings_files=off --write_settings_files=off half_adder -c half_adder

i, 18236 Number of processors has not been specified which may cause overloading on shared machines, Set the global ass
0 204019 Generated file half_adder.vo in folder "D:/150205022/Half_Adder/sinulation/modelsim/" for EDA simulation tool

y 0 Quartus Prime EDA Netlist Writer was successful. 0 errors, 1 warning
0 293000 Quartus Prime Full Compilation was successful. 0 errors, 14 warnings

System  Processing (122)

12. The RTL view of the Verilog module can be obtained in Quartus prime by executing Tools =
Netlist Viewers - RTL Viewer.

Tools § window Help

Run Simulation Tool > -
&, Launch Simulation Library Compiler =
@, Launch Design Space Explorer 1l

e Timing Analyzer
Advisors L

<» Chip Planner

Design Partition Planner
=
Netlist Viewers Ld Iq IRTL Viewer

~#2 signal Tap Logic Analyzer Q Technology Map Viewer (Post-Mapping)
== |n-System Memory Content Editor “ Technology Map Viewer (Post-Fitting)

m| Logic Analyzer Interface Editor <R state Machine Viewer

13. The RTL view of our design will be like the following figure.

q RTL Viewer - D:/150205022/Half_Adder/half_adder - half_adder - a >

File Edit WView Tools Window Help Search altera.com .
> EIET M QT W R R Page: 10of1 ~
™Y Metlist Navigator g = |a half_adder:1 Iil

> - half_adder

carry

AL
ASENREN ol

sum

4 »
100% 00:00:01
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14. Now to launch ModelSim, execute Tool=» Run Simulation Tool - RTL Simulation.

Tools | Window Help

Run Simulation Tool | i h RTL Simulation

Launch Simulation Library Compiler k* Gate Level Simulation..

Launch Design Space Explorer Il

Timing Analyzer
Advisors b

Chip Planner

©® 09~

Design Partition Planner

Netlist Viewers 4

15. The ModelSim will be launched, and the following window will open.

ﬁNarr‘;m-l‘ﬂlL\’(A’JAHE"\'WH‘\I 20201
Compile Simulste Add Library Tooks Layout Book Help
Y Fetal Y- ET Loyoct [Bimiane
= - i ‘ % a4 g Y ‘
oW D BT B W
|+ x| | Otjects ——:::—— +| & x||| g Wave - Defauit
atr | =1 | ¥iname = s

$400H | 8 Processes (Acsve) LEE
¥ Name [Type (fin

T _ L o | IO i

X

<Na Design Loaded > <o Context>

3

onst lus

16. Now go to the Library window present on the left side of the ModelSim window and execute

rtl_work-> <double click on your project module name>

Library
Library
Module
Library
Library
Library
Library
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17. The input and output variables defined in the Verilog will appear in the Objects window.

421 Objects o : H | x|

¥|Mame "I!' B How | | »

18. Now select all the input and output variables of the Objects window and by right-clicking on
your mouse execute Add Wave to place them in the Wave window.

$4 Objects e 4 o x| | g Wave - Default
¥|Name ey -0
4 5Um 5tX Met
& cary St Met

View Dedaration
View Memory Contents

Add Wave Mew
Ll_ Add Wave To 3
ﬁ, — Add Dataflow Ctrl+D

]
T|Name Add to

19. All the input and output variables will be placed on the wave window and the wave window will
look like the following.

g Wave - Default B H ) x

b s i
;, Jfhalf_adder /A +o Data- j

No Data-

No Data-

No Data-

Cursor 1

L T B o

-
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20. Now apply clocks to each input variable. Right-clicking any input variable and from the popped-

up menu execute Modify - Clock.

¢ Jhalf_adde

“ . jhalf_adde

Object Dedaration

E
Es

Jjhalf_adde
Jhalf_adde

Add
Edit
View

UPF
Radix
Format
Cast to

Combine Signals. ..
Group...
Ungroup

Properties...

21. The Define Clock window will appear. Set parameters as per your requirement keep in mind all

the units are in picoseconds by default.
M Define Clock

bt

Clock Mame
[sim:/hals_addersn

— offset Dby
[o [s0
— Peried —Cancel
[100 [
Logic Values
’7High: |l Loww: |0

FirstEdge ———
i Rising * Falling

OK Cancel

22. After defining all the input clocks, to evaluate the outputs write run 100 ps on the Transcript of
ModelSim. Then the simulation will be performed for 100 ps.
[Give run length according to your requirement.]

force
force
W5IM 6> run 100 ps

WSIM T

—freeze sim:/half addsr/A 0 0O,
—freesze sim:/ /half add=src/B 0 0O,

—r 100
—-r 50

1 {50 ps}
1l {25 p=]

Mow: 100 ps Delta: 1

|5im:ﬂ13IF_adder |

Alternatively, we can run the wave output using the Run icon by typing the Run length
5 s S S
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23. The wave window will look like the following figure after simulation.

18 Wave -Default

48 x|

& half_adder/a o Data-
} o Data-

Mo Data-

& half ¥ o Data-

Cursor 1 0.104ns

L] BN~ B

If you need to change the clock pulse you must reset all the clocks before changing clocks otherwise
the inputs and outputs will change after the previous run time which is not a convenient way to
represent the inputs and outputs. The command “restart” is used in the transcript for resetting all
the clocks. Alternatively, restart can be performed by executing Simulate - Restart

Showing Binary values on the Wave

Sometimes it is hard to verify the functionality of a digital system from the wave. For easy functional
verification, we can read the binary values from the wave of ModelSim by doing the following steps.

I.  Select all the input and output variables on the clock and right-click on the mouse and

execute Radix -» Binary.

J i i TFEE N i' =

Sy mbalic
Einary I
O ctal
Decimal
Unsigmed
2mE| WWave - Default Hexadecimal
FSEE . AsCII
= /half_adder/A “ric Time
=3 /halt_adder/B e Sfixed
- /half_adder fsum =T Ufixeed

¢ e B —

Object Dedarataon

Aadd »>
Edit Ld
Wi Ls
W=l 3
Fadix

—
Format Ls

Use Global Setdng
Show Base

Mumeric Enums
Symbolic Enums

1 float3=
2 floats<s

1. After changing the Radix, change the Format type similarly by selecting all input and
output variables on the wave by right-clicking on the mouse and then executing Format

-> Literal.

Format
Cast to k

Combine Signals...
Group...
Ungroup

Literal
Logic
Event

Analog (automatic)
Analog (customy). ..

Il. Now on the wave, binary values will be displayed which can be easily analyzed.
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M Wave - Default e 14| X

T

£ flf zdder
4., el adderam
s al_addercary

Cursor 1 0,105 nig

Changing Clock Unit

In step 21 it is mentioned that ModelSim’s default timing unit is picosecond. But in some cases, we may
need to define clocks in other units. Let us consider, that we need to define the period of a, b, and c as
10ms, 5ms, and 2.5ms respectively. Now define the clock a, b, and c as shown in the below figures.

M Define Clock M Define Clock

Clock Name Clock Name

sim:/half_adder/a sim:/half_adder/B

offset Duty offset Duty
a 50 0 50
Period Cancel
Period Cancel =re ance
5 ms
10 ms
Logic Values
Logic Values
High: |1 Low: |0
High: |1 Low: |0
First Edge
First Edge
(" Rising §™* Faling
~ Rising | ™ Falling

oK Cancel ﬁ @

To view the output for all the input combinations the run length should be equal to the maximum
period.

B tmn | omsEfEBRRS
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As all the units are in milliseconds, for easy visualization we can change the time units of the wave grid
by executing Wave - Wave Preferences - Grid & Timeline - Time units - ms.

Tools Layout Bookmarks M

Format 3

Display Grid & Timeline
Wawe Editor » alE]

Iv Grid Configuration

Ctrl+E Grid Offset Minimum Grid Spacing
Ciorl -+ 0 ps 40 (pixels)
Grid Period
on v Auto Period Reset to Default
Refresh Display 1 ps

Assertion Debug

Assoc AdTay View Timeline Configuration

Zoom Ld

f* Display simulation time in timeline area
Expanded Time L i unt {cyde count)
Examine Time units |ms -

™ Use commas in time values

[T Show frequency in cursor delta

Mouse Mode »
Cursors > Cursor Control
Delete Window Pane (q) W Left Mouse dick in wave area moves the dosest cursor to the mouse location

Remowe All

Signal Seardh...
virtual Builder. .
Filter LﬂJauEFDrrn . )

oK ICanceIl Apply

Now the ModelSim wave window will look like the following figure.

1] Vave -Defauit i 1 4| 7 x|
£ fhalf adder/a
£ half_adder/B
4, jhalf_adderfsum
4, half_adder/carry

10ms

Cursor 1 10,525 ms

L 0 i N

Similarly, for femtoseconds, nanoseconds, and microseconds, we can use fs, ns, and ms respectively
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Lab-2: Digital System Design Using Verilog HDL

Example 01

Example 01 demonstrates the Verilog HDL code of a full adder following the Hierarchical Modeling style.
In the design, a half-adder module is constructed from the predefined logic gates and then the half-
adder module is used twice to design the full adder.

1 | module Full_Adder(A,B,Cin,sum,carry); // Top module
2 | input A,B,Cin;
3 | output sum,carry;
4 | wire sl,cl,c2;
5 | Half_Adder smi(s1,c1,A,B);
6 | Half_Adder sm2(sum,c2,s1,Cin);
7 | orol(carry,cl,c2);
8 | endmodule
9
10 | module Half_Adder(s,c,x,y); // macro cell
11 | input x,y;
12 | output s,c;
13 | xor si(s,x,y); // predefined primitive or leaf cells
14 | and c1(c,x,y);
15 | endmodule
N.B. One module can be instantiated to another module without maintaining the 1/0 sequence
using the Name Wise Instantiation or Explicit method (.Exact_Port(Port_to_be_Assigned)).
Example 02
Example 02 demonstrates the Verilog HDL code of a 4 to 2 priority encoder with a valid bit.
1 | module p_encoder_4to2(D,Y,V);
2 | input [3:0]D; //declaring variable for input
3 | output reg [1:0]Y; //declaring variable for output
4 | outputregV; //declaring the variable for valid bit
5| always@ *
6 | begin
7 casex(D)
8 4'b0001:
9 begin
10 Y=2'b00; V=1;
11 end
12 4'b001x:
13 begin
14 Y=2'b01; V=1;
15 end
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16 4'b01xx:

17 begin

18 Y=2'b10; V=1;
19 end

20 4'b1xxx:

21 begin

22 Y=2'b11; V=1;
23 end

24 default:

25 begin

26 Y=2'bx; V=0;
27 end

28 endcase

29 | end

30 | endmodule

Example 03
Example 03 demonstrates the Verilog HDL code of a 2 to 4 decoder.
1 | module decoder_2to4(s,e,y);
2 | input [1:0] s;
3 | input e;
4 | output reg [3:0]y;
5| integer k;
6 | always@ (s,e)
7 | begin
8 for (k=0;k<=3;k=k+1)
9 begin
10 if ((s==k) && (e==1))
11 ylk]=1;
12 else
13 y[k]=0;
14 end
15 | end
16 | endmodule
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Example 04

Example 04 demonstrates the Verilog HDL code of a 3-bit arithmetic logic unit that works according to
the function table mentioned in Table-1

A —{:.’ ,
| 3bit — :
- | AW

e .

i)
opcode

Block representation of the ALU of Example 04

Table-1
Operation Code Function
00 Binary sum of A and B
01 Adds 1 with B
10 2s complement of A
11 Bitwise XOR operation between A and B

module ALU_4bit(A,B,F,opcode);

input [2:0]A, B;

input [1:0]opcode;

output reg [3:0]F;

always@ (*)

begin

case(opcode)
2'b00:F=A+B;
2'b01:F=B+1;
2'b10: F=-A;
2'b11: F=A"B;
default:F=0;

endcase

end

endmodule

O 0O N OO &N WN R

N R R R RR
N W N RO
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Student Task:

1. Write a Verilog code to implement the system shown in figure-a using two submodules and a
top module. Hence verify the output X and Y with the clock pulse shown in figure-b.

10
[0 o,
I i 2tol y »Y |1
|t Multiplexer
S A
A »| a
sum
HALF ADDER
B : b N P
carry > X B
m
figure-a figure-b

2. Write a Verilog code to implement a 4x1 Multiplexer with the minimum number of 2x1
Multiplexers.

3. Write a Verilog code to implement a BCD adder using behavioral statements.

4. Write a Verilog code to implement a 4-bit magnitude comparator.

5. Write a Verilog code to implement a 4-bit ripple carry adder using full adders.
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Lab-3: Sequential System Design Using Verilog HDL

Example 01
Example 01 demonstrates the Verilog HDL code of a SR Latch

1 | module sr_latch(s,r,Q,clk);
2 | input clk,s,r;
3 | outputregQ;
4 | always@ *
5 | begin
6 | if(clk==1)
7 begin
8 case ({s,r})
9 2'b00:Q=Q;
10 2'b01:Q=0;
11 2'b10:Q=1;
12 default:Q=1'bx;
13 endcase
14 end
15 | end
16 | endmodule
Example 02

Example 02 demonstrates the Verilog HDL code of a JK Latch.

W oo N UL AN WNR

R R R R R RRR
N O N WN RO

module jk_latch(J,K,Q,clk);
input clk,J,K;
outputreg Q;

always@ (*)
begin
if(clk==1)
begin
case({J,K})
2'b00:Q=Q;
2'b01:Q=0;
2'b10:Q=1;
2'b11:Q="Q;
default:Q=1'bx;
endcase
end
end
endmodule
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Example 03

Example 03 demonstrates the Verilog HDL code of a D Latch using behavioral statements.

module D_latch(D,Q,clk);
input clk,D;
output reg Q;
always@ (*)
begin
if (clk==1)
Q=D;
end
endmodule

W oo N UL N WNR

Example 04

Example 04 demonstrates the Verilog HDL code of a T Latch using behavioral statements.

module T_latch(T,Q,clk);
input T,clk;
output reg Q;
always@ (*)
begin
if (clk==1)
begin
if(T==0)
Q=Q;
else if(T==1)
Q="Q;

W o0 N UL AN WNR

R R R
N R O

end

~
W

end
endmodule

~
BN

Example 05
Example 05 demonstrates the Verilog HDL code of a positive edge triggered D flip-flop.

module D_FF(clk, D,Q);

input D,clk;

output reg Q;

always@(posedge clk)
Q=D;

endmodule

AL AN WIN R
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Example 06 demonstrates the Verilog HDL code of a positive edge triggered D flip-flop with synchronous

set and reset.

module D_FF(clk, rst, set, D, Q);
input D,set,rst,clk;
output reg Q;
always@ (posedge clk)
begin
if(rst==1)
Q=0;
else if(set==1)
Q=1;

W 0O N OO N WN R

else

=
~ O

Q=D;

=~
N

end
endmodule

=~
W

Example 07

Example 07 demonstrates the Verilog HDL code of a positive edge triggered D flip-flop with

asynchronous reset.

1 | module D_FF(clk, rst, set, D, Q);
2 | input D,set,rst,clk;
3 | outputreg Q;
4 | always@ (posedge clk, posedge rst)
51 begin
6 if(rst==1)
7 Q=0;
8 else if(set==1)
9 Q=1;
10 else
11 Q=D;
12 | end
13 | endmodule
Example 08
Q~0
T
Q~1
ck[ > — > Q

figure-a
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Example 08 demonstrates the Verilog HDL code of the RTL view shown in figure-a.

module rtl1(T,clk,Q);
input T,clk;
output reg Q;
always@(posedge clk)
begin

Q<=(T&(~Q)) [(Q&(~T));
end
endmodule

O N O UL AN WN R

Example 09

Example 09 demonstrates the Verilog HDL code of a 2-bit up counter with synchronous enable.

module up_count(clk,E,Q);
input clk,E;
output reg [1:0]Q;
always@(posedge clk)
if(!E)

Q=0;
else

Q=Q+1;
endmodule

O 0O NGO UL N WNR

Example 10
Example 10 demonstrates the Verilog HDL code of a 4-bit shift registrar.

modaule shift_reg(w,clk,Q);
input w,clk;
output reg [3:0]Q;
always@(posedge clk)
begin
Q[3]<=w;
Q[2]<=Q[3];
Q[1]<=Q[2];
Q[0]<=Q[1];

W o N UL AN WNR

=~
(=)

end
endmodule

~
~
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Student Task

1. Verify the functionality of Example-09 using the clock pulses shown in figure-a.

|

clk

10 20 30 40 50 60 70 80 90 100 110
——— ]S

figure-a
2. Write a Verilog code to obtain the same logic circuit of figure-b in ‘RTL Viewer’.

x3[ 1Q~0

: \
o »

Q0

ck[ >

figure-b

3. What is the difference between the outputs of the two modules (testl and test2) shown below?

module testl(a,b,y); 1 | module test2(a,b,y);
input a,b; 2 | input a,b;
output regy; 3 | outputregy;
always@(*) 4 | always@(*)
begin 5| begin
y=a; 6 y<=a;
y=y|b; 7 y<=y|b;
y=y"b; 8 y<=y”b;
end 9| end
endmodule 10 | endmodule

4. Write a Verilog code to design a BCD counter.

5. Write Verilog code for a universal shift register which can shift left/right and can load data both
in parallel mode and serial mode.

6. Write the Verilog code for a logic circuit which counts to 3 if selection input (composed of 2 bits)
5180 = 01, counts to 7 if $1S0 = 10, counts to 15 if 150 = 11. If $150 = 00, then it halts counting.
Use positive edge-triggered counter.
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Lab-4: CMOS Inverter Design Using Cadence Virtuoso

Objectives:

e Tolearn how to logging into the Cadence Virtuoso.
e To learn how to draw schematic of basic logic gates in Cadence Virtuoso.
e To learn how to create symbol view from schematic view

Steps to Login into the server

\ Start XLaunch
v
Start Putty
Open VLSI_LAB session
'

Login to server using the
following credentials
User Name: eee_20200105320
Password: 20200105320

l

Type the commands one by one
and press Enter:
csh
source cshrc. txt
virtuoso &

The detailed instructions are given below

1. Find the Desktop shortcut icon for XLaunch. Double-click on it. Click Next, Next, Next,
Finish (in that order) in the windows that pop up one after another.

20

XLaunch -
Shortcut

After it starts, you will see the Xming icon at the bottom right corner of your Desktop
screen.

~F 1140 AM
AR e By U

2. Find the icon for Putty. Double click on it to open it. ‘Putty Configuration’” window will
pop-up
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3. Select VLSI_LAB under the ‘Saved Sessions’ category. Click Load and then click Open.

4.

5.

6.

7.

ﬁ PuTTY Configuration >
Category:
=- Sessmn Basic options for your PuTTY session
: ~Legging Specify the destination you wantto connectto
=J- Terminal L ¥
- Keyboard Host Mame (or IP address) Port
- Bell [172.16.16.160 |[22 |
[—j--\u'\..':.i.aneoE::fures Connection type: . ]
. Appearance () Raw { ) Telnet () Rlogin (@ SSH () Serial

- Behaviour
- Translation
- Selection

. Colours |VLSILab

—|-Connection
= - Data Load

Load. save or delete a stored session

Saved Sessions

- Proxy
- Telnet
- Rlogin
- SSH

- Serial

Save

Delete

Close window on exit
() Always () Never (@) Only on clean exit

3

About Open Cancel

Now you will see a Terminal window which prompts you for login.

o 172.16.16.160 - PuTTY - O X

login as: I

Log in to your workstation using your username and password. Your username will be
eee_<student id> and your password will be your student ID. When you are typing
your password, the command window will not display the characters you type in, so
make sure you are typing the right password. After logging in to your account, the
terminal window should look like the following:

&2 eee 150205105@aust:~ - O X

login as: eee 150205105
eee_150205105€@172.16.16.160"s password:

Last login: Sun Dec 10 15:19:39 2023 from 172.16.16.166
[eee_150205105@aust ~15 ]

Type csh and press the ‘Enter’ key.

&2 eee 150205105@aust:~ - O X

login as: eee 150205105

eee 150205105@172.16.16.160"s password:

Last login: Sun Dec 10 15:19:39 2023 from 172.16.16.166
[eee 150205105@aust ~15 csh

Then type source cshrc_q and press the ‘Enter’ key. The following message will be
displayed in the Terminal window: Welcome to Cadence Tools That means you can use
Cadence tools now.
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@2 eee 150205105@aust:~ - 0 X
login as: eee 150205105
eee 150205105@172.16.16.160"'s password:
Last login: Sun Dec 10 15:19:39 2023 from 172.16.16.166
[eee 150205105@aust ~]$ csh
[eee 150205105@aust ~]$ source cshrc.txt
Ik kr AR Ak AR Ak kA Ak dd kA Ak hkhhkhhhd kA hhhhhhhrdhddhhh k%
FEEEEF Welcome to Cadence Tools FEFFF KK
FhEkFk A A A A A A A A A A A AL FA A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AL
Then type virtuoso & in the command prompt as shown below.
- O X"

&P eee_150205105@aust:~

login as: eee 150205105
eee_150205105€@172.16.16.160's password:
Last login: Sun Dec 10 15:19:39 2023 from 172.16.16.166

[eee 150205105Q@aust ~]$ csh

[eee 150205105R@aust ~]$ source cshrc.txt
khkkkkkkkkhkhhkhkhkhkhkhhkhkhkhkhhhhhkhhhhhhhkhhhhhkkhkhhhkdkkdkhx*k

kkkkkk Welcome to Cadence Tools kkkkkkx
IR S S S R S S S R S S R S S R R R R RS S RS SRS RS SRS RS SRR E R RS S

[eee 150205105@aust ~] § virtuoso &
Virtuoso® Command Interpreter Window (CIW) appears at the bottom of the screen.

From the CIW menus, all Cadence main tools, online help and options can be accessed.
In the window area, all kind of messages (info, errors, warnings, etc) generated by the
different Cadence tools appear. You can also introduce commands.

[€] Virtuoso? Studio IC23.1 -0 X
| Eile Tools Qptions Help cadence
COPYRIGHT (C) 1992-2023 (CADENCE DESIGN SYSTEMS INC. ALL RIGHTS RESERVED.
(C) 1992-2023 UNIX SYSTENS Laboratories INC., &
Reproduced with permission.

This Cadence Design Systems program and online documentation are Y
K
ot

[}

—

|/Imouse L: M: R:

11 = ﬂ
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Creating a Schematic

1. In the Command Interpreter Window (CIW), execute File->New ->Cellview. Set up the ‘New

File’ form as follows:

Library: mylib, Cell: inverter, View: schematic, Type:

Schematics L

schematic, Application: Open with:

X New File — O x
File

—
Library mylib n
Cell inverter
View schematic
Type schernatic n
Application
Open with schemiatics L n

__ Always use this application for this type of file

Library path file

fhome/spring23feee_20200105320/cds. 1lib

A blank schematic window for the inverter design appears.

BE virtuoso? Studic Schematic Editor L Editing: mylib inverter schematic

—_ [} >
Launch File Edit View Create Check Options Window Pegasus Help cadence
L3 | =3 4 0 X O T e 42 -7 B9 A Y% L L 2 e @
- Basic

= =

22|

Schematic |
inverter

~ OBJECTS

Al

Instances

Nets

Fins T

Nets and Pins

~ GROUPS

Cells

Types | EE
» QUERIES [os]
e ol

Property Editor 7=2x|

45k schematifil attributes  [EB)

Wiew schematic

unknown
Thujan 1 ..
Locked By eee_20200...
Units inch

mouse L: schSingleSelectPi))
1(2)

M: deMew()

SRR NN EN

ar B -

R: schHiMousePoplU pi)
Cma: Conn:on se:o [

Page 30 of 100



EEE 4134 || VLSI-I Laboratory

2. To create an instance, you can execute Create—> Instance in Virtuoso schematic editor

H4
I

window or simply use shortcut key “i”. The following window will appear. Click Browse to select

a library component.

K Ldd Instance — [ =

Library I Browse I
R ——————

Zell

W ey symbol

Fames

M Al Wire Stubs at:

— all terminals = registered terminals only
S —

array Rowrs 1 Columns 1
A7 Rotate Ak Sidewaws = Upside Diown
m Zancel Defaults Help

3. Library Browser window will show up. Choose Library: gpdk045, Cell: nmos1v, View: symbol.
(Note that while you are doing this, the ‘Add Instance’ form is getting updated as well).

L_d Library Browser - Add Instance - O *
__ 5Show Categories ¥ Show Non-Virtuoso View Types
Library Cell View
Y B-v. By B-
T gpdko4s * | nmostv v 'l symbol -
analogLib ndio_2v_nvt View Al Lock | Size |
basic ndio_hwvt auCdl 20k
cdsDefTechLib ndia_fvt aulvs 20k
gpdk043 ndio_nvt hspiceD 20k
e _ 20k
mylib nmoslv_3 = 20k
sheets nmos1v_hwt

nmosiv_hwvt_3

nmos1v_ht

nmosiv_ht 3

nmos1v_nat

nmoslv_nat_3

nmaos2y

nmos2v_3

nmos2v_nat

nmos2v_nat_3

nmoscapTv

nmoscap2v —

nnn? —

Lib: gpdk045 |Free: 491.45G
Clase Display... Help
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M Add Instance — (. =
Librrary gpdk045 il
Cell nmo s 1w

Wiewr symbol

Mames

& pdd Wire Stubs at:

— all terminals & registered terminals only
Array Rowws 1 Columns 1

4 Rotate | | Ak Sideways xé Upside Down

Model Marr E45n1svh

Multiplier 1

Lengtih 45m M —
Finger Width 1200 M -
Total Width 120n M

Fingers 1

Folding Threshold 100 M

4. Make sure that the view name field in the form is set to symbol. After you complete the
form, move your cursor to the schematic window and click left button of mouse to place the
component. After entering the components, click Cancel in the Create Instance form or press
Esc keeping your cursor in the schematic window.

‘nmeaaly

"945n13\r’t”
‘{E i 12E‘in _
H 11-5r| :

Similarly, add pmos1v cell.

If you place component in the wrong location, press ‘m’ on keyboard, click once on the

component to select it and move the mouse to move the component to your desired location.

5. Now we can adjust the sizes of the transistors by editing instance properties. Left click on the

NMOS to select the component. Then, press “q” to modify its properties, or in schematic editor
window, execute Edit 2 Properties > Object.

You will update the Library Name, Cell Name, and the property values given in the table below
as you place each component. The inverter design contains the following cells from the
following libraries.

For example, while modifying the transistor width for PMOS, set Total Width to 240n, and then
press ‘Tab’ key and the Finger Width will be set to the same value. Click OK.
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;{ Edit Object Properties

only current

n instance

~ CDF

Apply To

Show system | wf user

EBrowwse

Reset Instance Labels Display

Property
Library MName
Cell Name
Wiews Marme

Instance Mame

CDF Farameter
rodel Marme
Multiplier
Lengtih
Finger Width
Total Width
Fingers

Folding Threshold

Walue
gpdki45 =
pmos 1w =
symbol =
PMO
Sudldd Drelete P oy
Walue

Crisplay

BE4Spliswvt

1

A45m M

2400 M

240 M

T0u M

To deselect any object, press keyboard command “Ctrl+d”.

Next, instantiate power nets (cell vdd and gnd from analoglLib library).
L4 Library Browser - Add Instance

— Show Categories | Show Non-Virtuoso View Types

Library Cell View
&4 n -~ | F ~ Bk n -
analogLib W Lock Size
- weea
cdsDefTechLib vccap symbol_xform 13k
gpdk045 veod
my_lib
mylib
sheets

wdd_inherit

wdda

wddd

vee

veed

veed

WExp

wnnn

Lib: analogLib [Free: 490.34G
Close

Display...

Help
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L.d Library Browser - fdd Instance — O >

— Show Categories & Show NMon-Virtuoso View Types

Library Cell View
v B-|v B-|r M-
-l'—'_,} analogLib - -l'—'_,}[gndl j - h symbol -
delayline View ~ | Lock Size
cdsDefTechLib diffstbprobel_gnd symbol_xform 13k
gpdk045 diode
my_lib dummy H
mylib fourier
sheets fourier2ch

fracpole

generic

gnda

gndd

iam

ibis_buffer

ibit

idc

ideal_balun

iexp -

ind e

Lib: analoglib |Free: 490.34G
Close Display... Help

6. Execute Create =2 Pin or press ‘p’ on keyboard. ‘Add Pin’ form will appear. Enter the name of
the pin and Direction of the pin. Add all the pins (in, out) to the schematic. For an inverter, gate
input pin (e.g. in) is the input and output pin (e.g. out) at the common node between drains of
NMOS and PMOS is output of the inverter. So, select Direction property as input for in, and
output for out.

f}{ Create Pin — O * M Create Pin — O prd

MNames | in Names out

Direction |input Direction |putput

Usage |schematic Usage |schernatic

Signal Type |signal Signal Type |signal

__ Expand busses __ Expand busses
— Place multiple pins — Place multiple pins
b Net Expression __ Attach to pin F Net Expression __ Attach to pin
¥ Supply Sensitivity r Supply Sensitivity
Rotation &3 oh = A Rotation A2 h = Ak

Cancel Defaults Help Cancel Defaults Help
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7. Use Add = Wire menu or simply press ‘W’ key while staying on the schematic editor to enter
wiring mode / Esc to exit. Click and release left button of mouse to start wire connections and

click again at another point to draw wire connection.

It is a good practice to periodically save your work by clicking on Check and Save button (the
checkmark button just below the Tools menu). You can also save your work from the drop-
down menu File DSave.

The final schematic looks like the following one:

B =it

nmi== 1 kA= - - -
oS 1=ttt o
L =t = |

8. Click Check and Save.

2

9. Check CIW for errors or warnings. Some licence warnings may be ignored. If there are no

error or design warning, you should see the following message:

INFO (5CH-1183): No changes were made. No objects updated.
IMFO (SCH-1170): Extracting "inverter schematic”

INFD (5CH-1426): 5chematic check completed with no errors.
INFD (5CH-1181): "mylib inverter schematic” sawved.
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Symbol Creation

We will create a symbol for your inverter design so that we can use this symbol view for the
schematic in a hierarchical design.

1. In the schematic editor window for inverter, execute Create =>Cellview =From Cellview.

‘Cellview from cellview’ window appears. Click OK.

Cellview From Cellview

Library MMame

Zell rMame

From “Yiew Mame

To “Wiesww Hame

Tool » Data Type

mylikb

Erowse
— T

inwverter

schematic =

swmbol

schematicSwmboal n

Displaw Cellviews

Edit COptions

KK

Cancel

Defaults Sl Help

2. In the ‘Symbol Generation Options’ window, you can choose the location of the pins.

Symbol Generation Options

Library Mame

Cell Mame

Wiewy Mame

inwerter svmbol
Fin Specifications attribute s
Left Ping in I List
e
Right Pins out I List
e
Top FPins List
—
Bottom Pins List
—

E=clude Inherited Connection FPins:

=2 Mone o all

LoadriSave

e Dnly these:

Edit atiributes

Edit Lakels

Edit Fropeties

Cancel Spply Help

3. Click OK on the ‘Symbol Generation Options’ window and the Symbol Editor window will

open.
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Virtuoso® Symbol Editor L Editing: mylib inverter symbol

cadence

3. Click Delete icon in the symbol window, delete the outer red rectangle and green rectangle.

4. Execute Create >Shape 2polygon, and draw a shape similar to triangle. After creating the

triangle, press Esc key.

5. Execute Create 2*Shape >Circle to make a circle at the end of the triangle. You can move the

pin names according to the location.

6. Execute Create ?Selection Box. In the ‘Add Selection Box’ form, click ‘Automatic’. A new red

selection box is automatically added.

X Add Selection Box - O X

Draw the rectangle to define the selection box

or Click belo ' ically.
Automatic

@I . cancel | Help

7. After creating symbol, click on the save icon in the symbol editor window to save the symbol.
In the symbol editor window, execute File=>Check and Save. Then close the symbol editor

window.
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Appendix: Cadence Virtuoso® Schematic Editor L Shortcuts

Shortcut key Tasks performed
w Add a wire
i Add an instance
p Add a pin
I Add label to a wire
e Display options
q Select an object and press q to open ‘Edit
Object Property’ dialogue box
[ Zoom out
] Zoom in
c Copy
m Move
u Undo
Shift+u Redo
f Fit the entire schematic in the window
Student Task
7. Implement 3 input NOR and NAND gate using CMOS logic family
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Lab-5: Measuring Different Performance Parameters of a
CMOS Inverter

Objectives:

e To verify the functionality through transient simulation.
e To measure power dissipation, propagation delay, rise time and fall time of logic gates.

e To learn about process corners and their effects on delay and power dissipation

Functional Verification

The following flowchart shows the steps to be executed to simulate a design using ADE
Explorer:

Launch ADE Explorer

Setup Model Libraries
gpdk045 mos.scs
v
Choose Secrion tt ]

¥
Setup Analysis

| |

+
I Choose Stimuli I
I |
l |

I
Select Ourpits
5

Run Simulation

1. To simulate the schematic of inverter first open the schematic of inverter, execute File>
Open in CIW. In the ‘Open File’ window, select the inverter schematic from the list. Click OK.

M Open File — 1 =
File
R = & h
Cell inwertex]
WiEnay schematic =
Twpe schematic
Erowsse

Applhication
Open with Schematics L =

. abvays use this application far this twpe aof file

Cpen Tar = cdit . read

Librarwy path file Jhomese F21116 120105001 Fcicscds. 1ib

[€&D] concer e
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2. In the Schematic editor window, execute Launch = ADE Explorer. The following window may

appear.

=TT File Edit View

ALLC CXpIOTer
ADE Assembler

Layout XL

r Layout EXL

Layout MXL

Layout 5iP with Template
Layout 5iP

Schematics L

Schematics XL

Pcall IDE

Virtuoso! Studio Schemaljic

n

M Launch ADE Explorer

O

X Create new ADE Explorer... — O bt
File
Library mylib n
cell [inveree] |
View magstro
Type maestro -
Application
Open with ADE Explorer
se this application for this type of file

Library path file

Power Manager fhome/spring23/feee_20200105320/cds.1lib

Plugins »

Openin @ newtab _ currenttab . new window

Tuneo

m Cancel Help
The following window may appear. Click Always.
X Next License — O X
/") Failed to check out license Virtuoso_ADE_Explorer
Nay, Would you like to check out the next license Virtuoso_ADE_Assembler instead?
Skip Always Never
Analog Design Environment (ADE) Explorer window will appear.
[€] Virtuose? Studio ADE Explorer Editing: mylib inverter maestre - x
Launch Session Setup Analyses Variables Qutputs Simulation Results Tools EAD Parasitics/LDE Window Help cadence
[[EF=R= e S =N = [ - JCEI - 17N B x| L&
| Setup Ez@\’.‘al & inverter [ maestro % ?
Name | Value | Name | Type | Details. | Plot |  Save Spec 3
= B &
& e %~
E\% Analyses b4
E\& Design Variables >
L [ ]
61w & Parameters
v =f znmml Ii
[ __ Reliability Analyses
_ W MBZE Ca: Sampling @g i
]| CheckstAsserts
|__Explorer Run summary 78
M 0 Corner
¥ Nominal Corner
s a
EIE

mylib inverter schematic | Simulator: spectre aps ﬂJ
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6. Set up the model libraries by executing Setup Model Libraries. ‘Model Library Setup’
Window will appear:

(X spectrel: Model Library Setup -

| MosRe  swin

EJ- Global Model Files
b v {home/cadence/tech/gpdk045 v 6_0/gpdk045/. /models/spectre/gpdk045.5cs me

& Job Setup ... | W <Clckhere o add model > I
.?-'- Design ...

Simulator ..

> ADE Explerer Editing: mylib inverter re

Sl Analyses  Wariables Outputs

Sawve Options ...

Simulation FEiles ...

i© Temperature ...
EMYIR Analysis ...
MATLAB/Simulink »

8 Ernwvironment ... QK \ £ﬂ|'|[E| y ﬁpm

7. Click twice on the file name given under Global Model Files. An ash coloured button will
appear.

(- Global Model Files
[ vl home/cadence/tech/gpdk045_v_6_0/gpdk045/./models/spectre/gpd kﬂ45.3

Click on the button. ‘Choose Model File’ window will appear.

X Choose Model File >
Look in: |FH /home/cadence/tech/gpdk045_v_6_0/models/spectre Q = (=] =]
[2 computer |1 Name ~|size  |Type  |DateModified |
E eee 20200 | [ gpdk045.scs 6.37 KiB scs File 21 Aug ..5:05:17
[ gpdkD45_bipolar.scs 25...KiB =cs File 21 Aug ..5:05:17
[ gpdko45_dicde.scs 28...KiB scs File 21 Aug ..5:05:17
[ gpdk045_inductor.scs 2.B4 KiB =cs File 21 Aug 50517
3.87 MIiB =sc
[ gpdkD45_resistor.scs 80...KiB =cs File 21 Aug ..5:05:17
[ gpdkD45_soa.scs 12....KiB =cs File 21 Aug 50517
File name: pdk045 _mos.scs

Files of type: | *

&

8. Select gpdk045_mos.scs from the list. Click Open.
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In this model file, there are models to simulate various corners like fast-fast (FF), fast-slow (FS),
typical-typical (TT) etc. These are called process corners, depending on the speed of MOS
transistors (NMOS and PMOS). Refer to the following figure for the definition of process

corners:

FF

Fast

pMOS

SS

Slow

-

Slow Fast
nMOS

We will choose the section typical from the Section scroll bar and select the section ‘tt’. These
will enable us to use the TT models of the 1.2 V MOS transistors. Only one Global Model File
will be defined. Uncheck or delete any other model files that appear. Click OK.

|Model File |Section |
[} Global Model Files
> ¥ |fhomefcadence/tech/gpdk045 v 6_0/modelsispectre/gpdkl45_mos.scs I ft I

e eClick here to add model file>

9. Now choose the analysis to be done from Analyses >Choose. Select transient (tran)
analysis to be done. Provide a reasonable value for ‘stop time’ to observe few periods of
signals. (e.g. Analysis: tran, Stop Time: 100n, Accuracy Defaults: moderate). Click OK.

M Choosingfnalvz=es - ADE Explorer — O >
Anabhysis W dc o BT — nNoise
— s Sens w dcmatch . acmatch

w sth ' pZ o' IT — Sp

— envip wos PSS ww pac w— pstb
[€] Virtuoso? Studio ADE Eg el = S pep O aps=
Launch Session Setup — qpac — gpnoise . gpxf ~— gpsp

ws hb « hbac « hbstb — hbnoise

w hbsp e NbxF

1 » Transient Analysis
Stop Time 100N

| Accuracy Defaults (errpreset)

__ conservative 1 __ liberal

— Transient Noise

Dymamic Parameter

Enabled S Options...
—_—
I m I Cancel Drefaults Apply Help
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8. Now execute Setup = Stimuli to assign signals to pins of the inverter.

ri—l Wirtuoso? Studic ADE Explorer Editing: mylib inverter m
Laumch 5§ssiun@nalyses VWariables Outputs
l#E2 @2 = = oo setup ..

| Setup L Design ..

Mame Simulator ..

Save Options ..

High-Performance Simulation ...

Simulation Files ...
Temperature ...
EMYIR Analysis ...
MATLABSImulink L

Envircnment ...

8. In ‘Stimuli Assignment’ window, select Globals. Now you can see global power net vdd!.
Click on Authoring = ON.

N Stimuli Assignment (mylib_inverter!_1) - 0 X
I
n
Append y
L
Stimuli Authoring | |
Functions [ !Sources ' J IIAuthuring: & On . Off I vild [ de ey
IE——
Parameter: Value |
Noaise file name Browse
Number of noise/freq pairs |0
DCvoltage 1
AC magnitude
AC phase
XF magnitude S
Preview Transient Waveforms: . Show & Hide Apply Defaults Close
Pin Assignments are disabled because Authoring is 'On’
o Pins L & Globals U | Globals Assignment Status: 0/1 Assigned 0/1 Disabled ‘ _ Show Unassigned Pins
[ |
Enae ~ | Name o K@ o K@ Rer B | stimui
by udd I - fgnd! Unassigned

Write vdd in the box and select dc under the drop down menu. Put a value of 1 on the DC
voltage box. The filled up form for ‘vdd! will look like the one below. Click Apply (clicking OK
will close the window and it will have to be reopened to setup inputs).
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K Stimuli Assignment (mylib_inverter!_1) — a x

Stimuli Authoring

Functions n50urces n | Authoring: & On _ O || de AR A
A | Value |
Noise file name Browse
Mumber of noise/freq pairs |0
DC voltage 1 E
AC magnitude
AC phase
XF magnitude =
Preview Transient Waveforms: . Show & Hide ‘ Apply D’(aults Close
Pin Assignments are disabled uthoring is "On’ V
| \+/ Pins !_‘ 2 Globals ’L Globals Assignment Status: 0/1 Assigned 0/1 Disabled | Show Unassigned Pins
L J
%
Enable — | Name [oir B Jsrc B [rer B@ | Stimuli
L vdd! 1 - fgnd! Unassigned

> vdd: xml state successfully updated. Note: no waveform generated

Cancel Apply, Help

9. Select Inputs. For input pin ‘in’, we have to set a pulse waveform. The following figure shows

the definition of pulse parameters:

A Voltage

Voltage2|~ I_ -

Voltagel
Delay | RS pulse Widh el | |
Time *Time Time
< > >
Period Period Tine

For setting signal to input pin ‘in’, select Pins in Stimuli Assignment window. Click on Authoring
- ON, write in in the box and select ‘pulse’ under the drop down menu. Parameters for pulse
source will be as follows: Voltagel = 0V, Voltage2 = 1V, Period = 40n, Delay time = 3n, Rise
time = 3n, Fall time = 3n, Pulse width = 20n. Click Apply and then click OK. (Delay, Rise time

and Fall time can also be set at ps ranges for sharp transitions).
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X Stimuli Assignment (mylib_inverter1_1) - O X

L= (Append “ |
L

Stimuli Authoring

||pulse sy
——— | B
Voltage 1 0
Voltage 2 1
Period 40n
Delay time 3n
Rise time in
Fall time n
Pulse width 20n
Temperature coefficient 1 v
lPreuiew Transient Waveforms: . Show & Hide Apply Defaults ClusveJ

& Globals %

Pin Assignment Status: 0/1 Assigned 0/1 Disabled ‘ __ Show Unassigned Pins

Enable — | Name I - BE - BT - e ol
i . | _

..... v in Jgnd! Unassigned

>> in: xml state successfully updated. Note: no waveform generated.

DK Cancel Apply Help

10. Now Click on Authoring = OFF. Then select the pin vdd in the Stimuli Authoring window.

Go to Pin Assignments = Right Click on vdd! =2 Assign Stimuli to selected Pin.
(>< Stimuli Assignment (mylib_inverter]_1)

|

Stimuli Authoring
|Functions nlinurces n_ |Authoring: . On & Off

! ]

Globals Assignment Status: 1/1 Assigned 071 Disabl

J

Pin Assignments

[@|Iﬂr| W/ Pins Gy

Dir src Ref stimuli
[RCIN - INEEN - I - BEE
| v d

fgnd! v

Do the same for other pins that has been defined previously.
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10. Select the output to be plotted by executing Outputs >To be plotted ?Select on Design in
the ADE window. Schematic editor window will pop up, select ‘out’ and ‘in’ by clicking on the
pins/terminals or selecting from the list on the left hand side as shown in the figure below.

When you select them, you will see colours being assigned to these pins.

‘nmealy LA - :
"dan e
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11. Your Analog Design Environment window should now look like the following:
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Launch Sgssion Setup Analyses Variables OQutputs Simulation Resuits Tools EAD Parasitics/LDE Window Help

cadence

%@JEI lE RO [ R e B BRG) BE X0

EJ & jnverter] |Emaeslm X

Name | Value

+ 4 mylio imverter_t
Q; Simulator specire
2@, Analyses
W fran 01000 moderate

5 Design Variabes

fv & Parameters

Alv 9 Comers

4 Reliabiity Analyses

5 |9 Monte Carlo Sampling
3 Checks/Asserts

N[ Neme | Type | Detas  vie | Pot [
n signal /in l "
signal  fout L ¥

12. Now run the simulation by executing Simulation 2?Netlist and Run in the ADE window. The

following window may appear. Click on Do not show again = Close.

M ViVA Graph Tip - O

Did you know you can undock the ViVA Graph assistant? To do this,
click the "Launch ViVA" button available on the title bar of VivA Graph
assistant.

ViVA Graph

uvuulfaaﬁlx

- GER

To dock it back, click the "Dock Window" button available on the VivA
toolbar.

File Edit View Graph g&e Marker

1=~ .0, Lo

Alternatively, you can set the "vivaWindowMode" .cdsenv variable in
tool partition "viva.application” to "assistant” or "window" to control
how ViVA Graph is first shown. The default value of this variable is
"assistant”.

gEDD not show this againé I
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The simulation will run and the VIVA Graph will appear in window as shown below. Click on the

marked icon shown in figure.
f—
VIVA Graph ¢lefz 8 x

' uu@%"{'—:‘ »

Sun Dec 10 16:46:27 1

The output will appear in virtuoso visualization window as shown below.

Transient Response Sun Dec 1017:41:23 2023 1

10 —"]
0.8
06
3
=
0.4
02
00
D
00 50 100 150 200 250 300 3B0 40 4H0 00 550 600 650 700 750 800 80 900 950 100

time (ns)

13. Finally, we are going to separate the plots into two sub-graphs. Click on the following icon

for splitting graphs.
i
by
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The final plot should look like the one shown below:

Transient Response

=l
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Sun Dec 1017:41:23 2023 1

)

00

00 90 100

Measuring average power using Waveform calculator

We will compute the average power consumed in a circuit for the duration of transient

simulation window.

1. To do this, make sure that before running simulation you select the Outputs-=>Save All
option in ADE L window. ‘Save Options’ window will appear. Under ‘Select power signals to

output (pwr)’ option, put a tick mark in all option. Click OK.

Save Options

Select signals to output (save)

Select povweer signals to output ()

_ hone _ selected | Ivlpub

el » allpub o all
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2. Then simulate the circuit as usual, by executing Simulation ?Netlist and Run.
Execute Tools = Result Browser in ADE L window. ‘Result Browser’ window will appear to the
left side in ‘Virtuoso Analysis and Visualization XL’ window. Double-click on tran. From the

signals list,

Browser 718X - -
| ¥ mylib inverter schematic £
ﬁFJPE”LS n - Satapr15 14:14:11 2017
5 :
N
un-"|n\,.-er1er.f's;Ieclrer’schsﬂna[n:.f'psr'n I

. F _finverter/spectre/schematic/psf

Signals Search
& tran
o rantd
3 model
L instance
L output
& designParamVals
| primitives
B subckts
] variahles ,
e ——
" 10.0 200 0.0 400 700 800 50.0 100
r v’ n » i )
3. Now double-click on :pwr
Brouwsser =1 SI<]
Append B L A o

~r X | {= | 8%

nfinvertersspectresschematic/psr n i

=- B .. verter/’spectresschematics/psr |
| _®» tran
LA tranop
L model
- @ instance L J
output
L designParamyals
L primitives

TREEEE
[

Search
&% in
AL P G2 out
@ Pr0:pwsr & wdd!
ap _vin:p
ap _wwvddl:p

4. The waveform display window will show the “:pwr” (the instantaneous power consumed by
the whole circuit) along with ‘in” and ‘out’ signals.
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Browser edll=1b
— | k1 mylib inverter schematic £
.."-\ppend n - 8 ey Sataprls 14:14:1
A X | {= | B

ondinvertersspectrasschematic/pst i@ |

=- k& _sinvererspectre/schematic/pst

G- 3 tranOp

. model

instance

output
designParamyals

primitives
subckis
variables

FPEEEPE

Signals Search

g MO it

@ Fra0pwr
@ _vinp
@ _wvddip
& in

& out

& ved

20.0 a0.0

5. Now, open Waveform calculator window. The calculator window appears. Make sure the
“Wave” and “Clip” options are selected.

wi AT vdc vs __3-05 . op . ot . mp
® ® i @ - ® - . opt . var
e @ Famml e Wave | w Clip || Sl &7 |Append [~ |

6. Now switch back to the waveform window and left click the mouse once on the power

waveform. Then switch back to the calculator window. The buffer window should be filled in as

follows:

Y | o WT woc WS . Os . Op . ot — mp Y] g -

|| R T . idc O -] . opt . Nwar LY o P o

— Off (_ Family @ Wave |w Clip | Bln &$5 [append B ectanguiar |
E—

R i XN ctDataf puer Fresult “tranf

T o 9 i

< =1 51 *

i - - = ‘l qu oy Pop i =8 - | me  [V=e | =% e e |

0 — : = = P 5 g | g = i Y=
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7. Now select ‘average’ from ‘Special Functions’ Menu and click apply.

l@pecial Functions BIQ,

Fr dutyCycle iinteg psd tangent
azd 2 A inl pdbb thd

il evmizipsk inteq pstddey unity GainFreg
mWeﬁpenure intersect pzhode value

eyeliagram  ipn pefilter wavey siWave

clip fallTime ipnt Rl riseTime =ma
compare flip [oadpull Fims =rin
COMpression fourEval Ishift rmstoise =val
compressionRl freq normal2G rms_jitter AR

8. The buffer will now look like the following one:

ey .. EE‘ etData(":pwr" Tresult "tran")l:l

L\t Ll

9. Click on Evaluate the buffer icon and the average power dissipation in that time window will

be displayed (about 1.838 W in this example).

Key ..  EX|¥s3e-4
2 (i (el
ad (e (e 2
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Measuring propagation delay using Waveform calculator

Waveform calculator can be used to perform

many different measurements and

transformations on the waveforms displayed in the waveform window. This includes —

computing the average of a waveform (e.g. power) over the entire length of the simulation or in

a given period of time, finding the propagation delay of between input and output signals, or

addition/subtraction/multiplication/division of wavefor

ms, etc.

1. Execute Tools->Calculator in Virtuoso Visualization & Analysis XL window. ‘Virtuoso

. . . . ) . . .
Visualization & Analysis XL calculator’ window will pop-up:
E72 Virtuoso (R} Visualization 8 Analysis XL calculator — O =
File Toaols Xiew ©Options Constants Help CEdE‘I’ICE
|||A| In Context Results DE: omestalll 6201 05001.-"simuIationf’in'-.-'er‘ter.-’spec:tre.-"sc:hematic:.-"psfn =
o 2t LT s Wdc s W= . o= — op s ot — mp s Wn e SB
>
||| it T . idc ) iz — Opt o war — MNE — Zp
L _J
le o _ Family _ wave |w cip | ) &5 (@ppend Bcctanausr Bl 48 | =
[ key ... EESA
s =] 9 &
< S ] =
1 Z = A| -y Pop E=1 ' | Er-1 o |m!|- risn fn_ |
0 - D f& i | M5 g | Q= o= g IS
[ Stack =S
o
]
S
-5
Function Panel 1=
|Special Functions n Q
Pl compare dBEm  dutyCycle flip gainkiargin iinteqg loadpull peakTof
azd Ccompression delay ewmca kg fourEwal getssciivave inl Ishift period_j
abs_jitter compression Rl deriv evm@psk freq groupDelay inteq noarmalze phasekd
average convolve dft eveaperiure freq_jitter harmonic intersect overshoot phasef
bandwidth cross dtbbh  eveliagram frequency harmonicFreqg ipn pawvg oy
clip dza dnl fallTime gainBwPFrod histogramzZD ipnwRI peak prms

Function Fanel E=pression Editor

status area

13 | Trace: fout; Context: sfhomesalll G 20710530010 fssimulationsdsinyerter’spectrerschematicy/pst; Dataset: tra

2. Select ‘vt’. Go to Schematic editor window and click on input node ‘in’. An expression (e.g.

VT(“/in”)) will appear. Copy the expression.

syt R o o N5 0% N[N
it it . ido s 4ot

ot . mp | o Ep

L

War . ¥hne _ Ip

o off _ Family _ wave | Clip | r:h &1 |Append

Bkﬂectangular =| @|

wTisintd
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3. In the Function Panel, select ‘Special functions’ and select ‘delay’.

Function Panel 5]
Special Functions n Q
e——
P Compare g Lt e flip gainkdargin iinteg [oadpull  peakTofl
azd COMpression delay pymcrakd  fourkEval getasciiave inl [shift period_j
abs_jitter compression’y Rt mGpsk freg groupDelay  integ narmalzE phasekd
average convolve oft eyesperure freq_jitter  harmonic intersect overshoot phaser
bandwidth cross dftbh  eyeliagram frequency  harmonicFreq ipn pavy P
Clip dZa dnl fallTime gainBwProd histogramZD ipnWRI peak [ren s

4. The following window will appear. Put the expression previously obtained in the field

‘Signall’. Do the same for output signal ‘out’ to fill in the field ‘Signal2’.

Function Panel (=14
|Special Functions n Q
delay
Signall | VT{"/in") I
1gn
Threshold Value 1 25 Threshold Value 2 2.5
Edge Humber1 1 Edge Humber 2 1
Edge Type 1 either n Edge Type 2 either
Periodicity 1 1 Periodicity 2 1
oK | Apply | Defaults || Close | | Help
Function Panel || Stack |
Fill up the rest of the form as follows:
Function Panel (5%
&Special Functions n Q
delay
Signall  vT("in")
Signaiz | vT("/out")
Threshold Value1 (& Threshold Value 2 06
Edge Mumber1 2 Edge Humber 2 ?
Edge Type 1 Tfalling n Edge Type 2 rizing
Perodicity 1 1 Periodicity 2 1 =
QK. Apply || Defautts | Close | Help

Function Pangl J1 atack

-~
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5.Click OK. The following expression should appear:

o vyt L T o wdc W5 . 0% w op oot ump‘uun o sp o vswr o hp

\J it . Mar P ./ gd

- . idc . ¥nE

L

|~ Off _ Family _ Wwave | v CIlpI Iﬁ \Append R Rectanguiar 3| & | B

LAY “-—v'b{ delayl’f‘wf‘l VTN, Pvaluel 0.6, Fedgel “falling”, Ynthl 2, 7td1 0.0, Pwiz YT out™,
el i s {0 | Tvalue? 0.6, ?edgez "fizing", TnthZ 2, MdZ nil , Tstop nil, Tmultiple nlll
4 ) 5 *
e 2 - o | 9P B
TR - ‘| @ Eﬂ imen G + - % | 9
E4’/\

6. Click on Evaluate the buffer icon. =
The propagation delay (in seconds) will be displayed in the window.
- vt Wt O L ot W mp o 5P wewr o hp

— Opt L war W Ep W YR - gd

||~ off _ Family _ Wave | v Clip | & | |Append B3 rectanguiar 3| % B

vt wde L M5 L 0s  ¥n

it T . idc P (4 M2

Key ... & X 10326-12 |

7 )L6]0La

4 (506l

) ez G e | e [

- R 4| g Hﬂ hLlEH E.!J MI!J a3 §| \‘3‘
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Measuring rise time and fall time using Waveform calculator

1. Open the ‘delay’ function window under Waveform calculator in the same way that you
followed for propagation delay measurement. This time both Signall and Signal2 will be
VT(“/out”).

2. Threshold value 1 and 2 should be 0.12 (10% of 1.2 V supply) and 1.08 (90% of 1.2 V supply)
respectively for 10% to 90% rise time calculation. These values should be swapped for fall time
calculation.

3. For rise time/fall time calculation, both the Edge numbers must be the same.

4. The Edge types should be rising for rise time calculation and falling for fall time calculation.

Example: Rise time calculation of rising edge 2 for an inverter:

delay
Signall | VT("/out”) - -
Signalz | VT("/out") [~ |
Threshold Value 1 012 Threshold Value 2 1.03
Edge Humber1 = Edye Humber 2 2
Edge Type 1 rising n Edge Type 2 rising n E
Periodicity 1 1 Perindicity 2 1
Humber of occurrences single n Flotprint ws. frigger &)
sStart1 0.0
Start 2 nil Start 2 relative to trigger =~

OF | Apply | | Defaults  Close | | Help

5. Click OK after filling in the form as shown above. The following expression should appear:

R 4 f L [ o ¥E . 0% . op ot . mp L M . 5p
it it . idc s _oopt o var . ¥ne . Ip
|| Off _ Family _ Wave | Clip | r;‘h & |Append Bkﬂectangular =| |
Key .. @X|| 7093612

7 i £

4 B G "

1 g 3 - ool

"y P G @R, = M=se | P 5 -
o el D B B g | Bm Y= T EH R 5
Student Task

1. Explain the nature of power consumption curve.
2. Perform SS, FF, SF and FS process corner simulations and compare the power
consumption and propagation delays.
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Lab-6: DC Sweep and Parametric Sweep in Cadence Virtuoso

Objectives:

e To learn how to perform DC sweep and parametric simulation.
e To learn the voltage transfer characteristics of inverter.

Obtain the voltage transfer characteristics of inverter

We will perform both DC and parametric simulation at the same time on inverter schematic.
We will obtain the transfer characteristic curve (TCC) of inverter from DC simulation and by

varying the width of the PMOS transistor; we will observe its effect on transfer characteristics.

1. Open Cadence Virtuoso and create a new schematic by executing, File=> New > Cellview.
Set up the ‘New File’ in the Command Interpreter Window (CIW)

Library: mylib, Cell: inverter2, View: schematic, Type: schematic, Application: Open with:
Schematics L

<X New File —_ 0O X
File

Library mylib n

Cell inverter? ’

View schematic

Type schematic B
Application

Open with Schematics L n

— Always use this application for this type of file

Library path file
/home/spring23/eee_20200105320/cds.1ib
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2. In the schematic window design the following schematic.

T rrrias

Here the VO and V1 is a vdc type source placed from the library analogLib. The VO source is
connected between ‘in” and ‘gnd!’ and the V1 source is connected between source of PMOS and
gnd. Now, select the VO source and click ‘q’ , the ‘Edit object properties’ window will open.

Place vin under ‘DC voltage’ field. Similarly, for the V1 source place 1 v as shown below.

For the source VO
Add Instance

Library  analoglib

Cell vdc
View symbaol
Names

¥ Add Wire Stubs at;

n Browse

 dllterminals & registered terminals only

Array Rows 1
A7 Rotate Ak Sideways

Noise file name |

er of pojze/freq pairs 0
DC voltage vin V I

Columns 1

‘= Upside Down

For the source V1

Add Instance X
Library analoglLib n Browse
Cell vdc n
View symbol n
Names

V¥ Add Wire Stubs at:

~ allterminals & registered terminals only

Array Rows 1 Columns 1
42 Rotate 1b Sideways = Upside Down
Noise file name |
Number of noise/freq pairs 0
I DC voltage 1V I
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3. To sweep the width of PMOS transistor select the PMOS transistor in the schematic editor
window, click ‘q" and ‘Edit object properties’ window will open. Place w under ‘Total Width’
and press tab on keyboard. The ‘Finger Width’ field will be automatically changed as follows:

CDF Parameter Walue Drisplay
Model Name BE4Spisv (L] n
Multiplier 1 off n
Length 450 M off B
Finger Width [iPar("{.\l"} S dPar{"Tingers™) M ].Uﬁ n
Total Width w M I \ZLi] [ ]
T e Lo et - Sp) 4 iPar{"threshold"}) [off n
Folding Threshold 10u M off B
Diff Cont ™3 \2Li [ - | o
m Cancel Apply Defaults Previous Mext Help

4. Execute Launch = ADE Explorer and setup Model Library to gpdk045_mos.scs and section to
TT similar to the way you did in Lab 1.

5. Execute Variables = Copy from Cellview.

[EI Virbuocso? Shudio ADE Explorer Editing: mylib inverter maestro

Lavumci SEszacn Setup Aamahyses utpurts Simulation Eesults  JTools EAD
2 &2 B Fs 27 &)@ ean . || Replace B [creone
5 _ L . - &

[ setup Delets = maestro o

Follp D _Erveerver_1 Copy To Celhbiew

L Simulator speectre 1

6. You will see ‘w’ and ‘vin’ appear in the ‘Design Variables’ window. Click on ‘w’ field, put a
default value of 120n.. Similarly click on ‘vin’ field, put a default value of 1.

Mame | Walue |
(= (=

Lodlp mylib_inverter_ 1
@ simulator spectre

% Analyses
[EI ek Dresign Wariables |
£H _vin | [ | |

W 120m

7. Execute Analyses = Choose and in the ‘Choosing Analyses’ form, select dc. Under ‘Sweep
Variable’, select ‘Design Variable’ and click on ‘Select design variable’. Select ‘vin’ and click OK.
X Select Design Variable = O >

I

w

QanCEI HEIF‘
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8. Under ‘sweep range’, select ‘start-stop’ and put a start value of 0.1 and a stop value of 1.
Select ‘Sweep type’ to be ‘linear’ and ‘Step size’ to be 0.01. Click OK.
Your Window Should look like this.

M Choosing Anabyses -- ADE Explorer — [} =
Anmnabysis w— tran = dc e aC — Noise —
e xF —— it e domatch — acrmatch
o' sStb - Pz rt IT — SpP
— envip - Ps=s “r pac — pstih
— pnoise s i - PSP — Opss
— OpPac — qpnoise — Ot — OQpPsp
wwr' hib e hbac s hbsth w hbnoise
w— hbsp e bt

O Analy=sis

Sawve DC Opaerating Point

Hysteresis Sweep

Swweep VWariable

Temperature

S Dresign Wariable Wariable Mame wan
. Component Parameter Select Design Wariakble
— Model Parameter
.
Sweep Range
- Start-5t -
=L Start 0.1 Stop 9

s Center-Spamn

Sweep Type

[ ey
- Step Size
Linear n
— w NMumber of Steps —
Camncel Drefaults Ay Help

——

9. Execute Outputs = To be plotted and select ‘out’ pin on the schematic.
Select Netlist and run to simulate a single TCC for the given default PMOS width of 120nm.
10. For Parametric Analysis, Click on, “w” under Design variable of the ADE Explorer window.

| Setup =) .:5_|

Mame | Value |
L4 mylib_inverter_1
> % Simulator spectre

E] % Analyses
L de 0.1 1 0.01 Linear 5tep Size Start-5to)

E] & Dresign Yariables
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11. Click on the 3 dot icon. The following window will appear.

M Parameterize — O P
Center/Span®se n
Walues:  120n & |Inclusion . Exclusion
— =
FromJ/Ta n
Step Type |Linear B rrom 1zon
Step Size: 120m To I60n

Delete Spec = _ Canceal _ Help

12. Click on “From/To” From the drop down menu. Choose Step type as liner. Put From: 120n
and To: 360n. and put Step Size: 120n. Click on Ok. Now run the simulation by executing
Simulation -» Netlist and Run.The output should look like following

V] mylin_inverter 1

DC Response Wed Jan 3 16:08:11 2024

Name Vis (w

1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6500 7000, 7500
ulin]

These transfer characteristics can be further explored to find Noise margin, and inversion
voltage for different widths of PMOS.

13. Save the state of the ADE Explorer window.
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Student Task

1. Show the effect of changing NMOS width on the TCC of an inverter.
2. Perform a parametric analysis in transient simulation to show the effect of changing the PMOS
width on the propagation delay. You are expected to obtain a similar graph as shown below:

1 mylib inverterd schematic [£)

Setup necessary settings for the delay function in the waveform calculator. Click OK and

click on ‘Evaluate the buffer and display the results in a table’ icon.
The results should be displayed in a table like below:

% Virtuoso (R) Visualization ... — O *

Eile Edit Miew Tools Help cadence

Id & I % I8 E

@ delay(Pwrl YT(in", Tvaluel . [E]

_ W | delay? e nily | o
1 240.0E-3 -2321E-12
g dE0.0E-3 -174.5E-12 =
3 480.0E-3 -G791E-12
4 B00.0E-9 -13.98E-12 s
5 720.0E-3 39.04E-12 L

3. Some of the propagation delays are negative. Explain why?
4. Explain the change in propagation delay with the change in PMOS transistor width.

5. Obtain the output characteristic curve (ID vs VDS) and transfer characteristic curve (ID vs VGS) of
NMOS and PMOS.
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Lab-7: Custom Layout of an Inverter

Objectives:
° To create a layout view of the basic inverter circuit from scratch in Virtuoso Layout
Editor
° To design the layout keeping basic design rules in mind
° To design cell layout of a constant height for use in hierarchical design

Introduction to Layout, DRC and LVS

Layout is representation of a circuit in terms of planar geometric shapes (e.g. rectangles,
polygons) showing the patterns of metal, polysilicon, oxide, or diffusion layers that make up the
components (resistors, inductors, capacitors, transistors) of the integrated circuit.

When using a standard process (e.g. 45nm, 90nm or 180nm process available in our lab), the
behaviour of the final integrated circuit depends significantly on the positions and
interconnections of the geometric shapes due to parasitic resistances and capacitances
contributed by them. While designing a layout, designer must keep in mind performance (e.g.
power-delay product) and size (area occupied by the chip) criterion.

While designing digital circuits, one usually follows an ASIC design flow, where, the height of
standard cells that are used is the same throughout the cell library, but their widths must vary
according to their logical functions and drive strengths. The following figure shows a
generalized standard cell height concept:

| VDD BUS A
\ P-TYPE TRANSISTORS

DIFFUSION SPACING Cell Height
\ N-TYPE TRANSISTORS

| GND BUS v

Although we will follow a full-custom IC design flow, we will maintain same cell height
throughout our cell library.

The generated layout must pass a series of checks in a process known as physical verification.
The most common checks in this verification process are:

e Design Rule Checking (DRC)
e Layout Versus Schematic (LVS) checking
e Parasitic extraction and post-layout simulation
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Design Rule Check (DRC):

Design Rule Checking (DRC) is the process that determines whether the designed layout of a
circuit satisfies a rules specified by the process being used.

Design Rules are a series of rules (e.g. area, width, overlap, enclosure, extension, spacing)
provided by semiconductor manufacturers which are specific to a particular semiconductor
manufacturing process. Design rules specify certain geometric and connectivity restrictions to
ensure that the process can fabricate the device properly.

Layout versus Schematic (LVS) Check:

The Layout Versus Schematic (LVS)is the verification step to determine whether a
particular integrated circuit layout corresponds to the original schematic or circuit diagram of
the design. A successful Design rule check (DRC) ensures that the layout conforms to the rules
designed/required for faultless fabrication. However, it does not guarantee if it really
represents the circuit we desire to fabricate. This is why an LVS check is used.

Layout design using Virtuoso Layout Suite XL Editor

1. Invoke Virtuoso Layout Suite XL Editor from the CIW by executing FileEINewZCellview. The
‘New File’ form appears. Fill it in as shown in the figure below:

Cell: inverter, View: layout. Click OK.

Mew File x
File
Library miylib n
Cell [inuerter ]
View layout
Type [Spul n
Application
Open with Layout XL n

— Always use this application for this type of file

Library path file

_ICADVM_20/Bappy_Project/Work_gpdk45/cds.lib

[ o« JRErRpgen
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2. Click ‘Always’ if the following window appears before Layout window appears.

X Next License — O >

ey (iclic-23) License Vituoso_Layout_Suite_L ("33300") is not availahle to run Layout L.
\:,) Would you like to try checking out the license Viruoso_Layout_Suite_xL ("35310") instead?

Yes JENUI _Mever | Help

The following window of Virtuoso Layout Suite XL Editor will appear.

Virtuoso® Layout Suite XL Editing: mylib inverter layout o x

Lsunch File Edit Wiew Create Verify Copnectivity Options Iools Window Quantus Floorplan Place Route Concurrent PVS  Help
(=N = ¢l O M X RO R T e Qs cassic = G o B
O, <) 8 - & G IGH 4nl 01 08 e - T B & -

Palette e
Layers 5%

cadence

(F)Select:0 SeliN)X0 Sel(l:0 SeKOX0 [X 21.0850

Y 7.2600 dx dY Dist  Cmd:

o Valid _| Used _| Routing
e Q B-
[ rowvet drawing n
AV v NV v AS v NS v
e gpdk04s _
Name | vis | sel |

==

Bl oxide_thk  drw

S

~

¥ o

Ca

[ Pory drw W W
B Fimp drw W o
W v drw o o
| drw o W
(M| mimp drw o o
LR ma s s
Objects =)

Objects I

K@
i)

K=

i Instances

Objects | Grids —
[EF ST TN (=
B R LR T TP T E

On the left side of the window, you will find a panel called ‘Layers’. This panel is divided in three

main categories which are: layer color, layer name and layer purpose. The details are described
in the table below:

Color Matches the color in the Editing window. Each layer has its own color and pattern.
Each layer has two colors associated with it: a fill color and an outline color. These
colors can be changed to fit your taste by editing the technology file.

Name The type of layer (Nwell, Oxide, Poly, Metall, etc)

Purpose In gpdk045 the only purpose classifications are: drw = drawing, slot = slot

Drawing is used in layout, slot is used to create a hole for metal stress relief

Verify that the layers display corresponds to the gpdk045layers shown in the GPDK 90 nm
Mixed Signal Process Specification manual.

3. Before starting to design layout, you need to set the layout display configuration. Execute the
following in the Virtuoso Layout Editor: Options2Display or press ‘e’ on keyboard. Configure
the form as shown in the figure below: You have to set the following parameters only:
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Minor spacing 0.001
Major spacing 0.01
X snap spacing 0.005
Y snap spacing 0.005
Display Levels: Stop | 10

Display Options x
Display Controls Grid Controls i
A Open to Stop Level — Nets Type . none & dots . lines
M Axes — Access Edges

— Dim Major Dots
Instance Origins Instance Pins

Minor Spacin 0.00
Instance Orientation ¥ Instance Pin Name P g

M EIP Surroun — Array lcons Major Spacing 0.01
i M Label Origins

bbb A X Snap Spacing 0.00
Dot Pins '

& Net Expressions — Cross Cursor Y.S0ep Spacng i 0.00
Stretch Handles

Use True BBox

Row Name
Resolution
— Via Shapes Row Site

= Medium
— Transparent Group & Dynamic Highlight U
— Group Name Only & Dragged Object Ghost Hichest Re=olation for PER
— Traversed instance BBox — Selection Hint
Traversed Instance Name — Current Level PR Boundary Snap Modes
— Transparent Cione Create orthogonal '
Scroll Percent 25 Edit orthogonal B

inance Drawing Made (B EaS Display Abstraction Controls

— Merge Shapes

Path Display Borders and Centerlines n
Snap Pattern Display Full B e \Beells By
S = — Trim Shapes
Set LPP Visibility Mode Do not check validity B
— Slot Shapes
Show Name Of . instance & master . both
Array Displa i Dimming
Y play Display Levels % 5 .
— Dim Virtual Hierarchy
< Full
Start O — Enable Dimming
« Border
- Source Stop 10 Scope: [pone i)

@I concel | Defauts _ Apply _ Help

4. Now we are going to build the layout of the inverter. An inverter has an NMOS and a PMOS
transistor. First we will build an NMOS transistor.

Layout of NMOS inverter consists of oxide, Nimp, Cont and Poly layers. Study the rules of these
layers and calculate the minimum size of the Poly, Cont, Oxide and Nimp layer to create an
NMOS transistor.
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The rules related to the NMOS transistor can be summarised as follows:

Contact size 0.06 um x 0.06 um (Fixed)

Poly width (Minimum) 0.045 um (Fixed MOS gate length)
Contact to poly spacing (Minimum) 0.05 um

Contact to oxide enclosure (Minimum) 0.03 pm

Poly/Nimp extending from oxide (Minimum) | 0.1 um (gate side enclosure)

Nimpenclosing oxide (Minimum) 0.1um (enclosure other than gate sides)
Minimum Metal 1 width 0.06 um

Maximum Metal 1 width 6 um

Minimum Metal 1 to Contact enclosure 0.03 um (on at least two opposite sides)

The following figure illustrates some of the design rules mentioned above:

i
<—> Cont

Now study the PMOS transistor structure in the GPDK 45 nm Mixed Signal Process Spec. The
PMOS transistor consists of Oxide, Poly, Pimp, Cont and Nwell layer. Study the rules of these
layers and calculate the minimum size of Poly, Cont, Oxide, Pimp and Nwell layer to create a
PMOS transistor. The rules related to PMOS are same as NMOS except the there is an
additional layer, the Nwell, whose rules are as follows:

Nimp/Pimp ] J o1u g
. : Y S | :

! i Oxide i

i : in.osu L 0.045u | u.osuI ! i
] | T I 0.1u ;
iO.lu _igo3u P = e t—>
3 i 0.05u . % :

Minimum Nwell width 0.3um
Minimum Nwell spacing to Nwell (same potential) 0.3 um
Minimum Nwell spacing to Nwell (different potential) 0.6 um
Minimum Nwell spacing to N+ active area 0.16 pm
Minimum Nwell spacing to P+ active area 0.16 um
Minimum Nwell enclosure to P+ active area 0.06 um
Minimum Nwell enclosure to N+ active area 0.06 pm
Minimum N+ Active Area to P+ Active Area Spacing 0.1um
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Now we start building the NMOS and PMOS transistor layout. Look at the LSW and find the
current drawing layer.

5. Click on the following icon in Virtuoso Layout Suite XL Editor window so that it notifies you
anytime you make a violation of any design rule. When clicked, it will show ‘DRD Notify ON’.
DRD stands for Design Rule Driven.

#|

i

6. Select ‘Cont (drw)’ (contact) layer from the ‘Layers’ panel and draw a rectangle of ‘Cont
(drw)’ layer using CreatePIShapefRectangle or simple pressing ‘r'. Press ‘Esc’ to stop ‘create
rectangle’ tool. In gpdk045 technology, Cont layers must be of dimension 0.06 ym x 0.06 im.
So, if your rectangle is not of that dimension, click on the rectangle, press ‘q’. In the following
window, check if the criterion has been met and change ‘Width/Height’ if required.

}:{6, Edit Rectangle Properties

Attribute

Connectivity

Layer [:l Cont drawing B

Left 01 95 p Bottom 70275
Right 0.255 Top 0.335
wWidth 7(’).06 p Height 70.06

MPT Coloring

/O E @ @ ' (Leewpedions, @I oo seey  dew

Contact to poly spacing must be 0.05 um in this technology and the channel length of
NMOS/PMOS in our design is 0.045 um. So, we need a minimum space of 0.145 um between

the contacts at source and drain.

7. Press ‘k’ to invoke the ‘ruler’ tool. Use it to measure lengths whenever needed. To copy,

press ‘c’. After placing two contacts, the layout looks like this:
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8. Now, contact to oxide spacing is minimum 0.03 um. So, draw a rectangle of ‘Oxide (drw)’

layer so that it covers both the contacts and extends from each side by 0.03 um.

While drawing this, you will see Design rule violations when they are committed.

9. After drawing oxide layer, the layout should look like this:

10. Now we will draw ‘Nimp (drw)’ layer, which must extend from the oxide layer by a
minimum of 0.1 um. First, draw a rectangle and then extend it to meet design rules. Use stretch

tool by pressing ‘s’. Layout will look like the following:

11. Now, copy it and create another copy of all these layers by selecting all and pressing ‘c’.
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12. Click on the ‘Nimp (drw)’ layer of the copy in the upper portion of the layout and press ‘q’
to edit properties. From ‘Edit Rectangle Properties’ window, select ‘Pimp (drw)’ layer under

‘Layer’ option. Click OK.

Edit Rectangle Properties
m Connectivity ; Parameter ; Property : ROD |
Rectangle: Nimp/drawing
Layer ‘. Pimp drawingl
left  0.065 Bottom  1.09
Right 0.59 Top 1.41
Width 0.525 Height 0.32
.~ MPT Coloring
Color |grayColor 5 State |unlock
\E{‘ Q @ U 0 Gay 1 _Apply Previous m  Cancel | Apply | Help

13. With more metal layers available in today’s silicon processes, using the routing approach,
such as first metal traverse vertically and second metal traverse horizontally, would be
advantageous in standar cell physical design. Using this method, the second layer (e.g. Metal2)
can be used for power and ground routing over internal standard cell transistors. In standard
cell layout, it is preferable to use firt conducting layer, such as Metall, as much as possible to
make internal connections of NMOS and PMOS transitors within the cell. If there is a nedd to
use other conducting layers, such as, Metal2, use of such layers must be kept to a minimum. It
is desired to use first routing (e.g. Metall) layer for standard cell ports.

Our cells will have a height of 0.32 um. Place the two parts (NMOS and PMOS) 1 um apart, and
create a ruler so that the cell height can be checked whenever needed and the separation
between the NMOS and PMOS can be maintained properly. Now, the layout will look like the
following:
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14. Next, draw a ‘Poly (drw)’ path by selecting ‘Poly’ layer from the ‘Layers’ panel and pressing
‘p’ to invoke ‘create path’ tool. This layer must be of 0.045 im in width and in between the two

contacts, extending from the oxide layer by 0.1 um (at least, on both sides). After placing the

‘poly’ gate, the layout will look like the following one:

15. Now that you know most of the shortcuts and layers, draw contact for body terminals for
NMOS and PMOS. These portions should consist of Cont, Oxide and Nimp (for body of PMOS) or
Pimp (for body of NMOS). Check DRD notifications for design rule violations. The following
figure shows a Psubstrate and an Nwell contact.

0 05 10.07

[ AN I |
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16. Connect the Drain regions of the NMOS and PMOS. Also connect the source of both MOS’s
to respective body terminals using ‘Metall (drw)’ layer. Connect the drains of the MOS’s using
‘Metall (drw)’ layer.

17. PMOS should be in ‘Nwell (drw)’. So draw an ‘Nwell (drw)’ rectangle surrounding both the
PMOS and the body contact for PMOS. The layout will look like the following:
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18. Now, we have to place pins. The gate is in ‘poly (drw)’ layer. Let’s bring it to ‘Metall(drw)’
layer by extending the ‘Poly (drw)’ layer, creating a contact between ‘Poly’ and ‘Metall’ layer
by pressing ‘0’ to ‘create via’ and selecting ‘M1_POv’ under ‘via definition’ and placing it on

4 Create Via = O X
Mode & Single o Stack o Auto . FastEdit Options
Compute From @ Row/Col _ Width/Height _ Shape(s) . Drawn Area
Constraint Group Same as Wire H — Use All Vias
Via Definition | M1_PO B 7 & stendard via / gpdkoas
Rows- 11 B el conimns: 1 B Reset Parameters to ... n
System | Userdefiried | Cutpattern | Array patters
Justification centerCenter , X 0 Y.
Cut
Size X 0.06 &3 Y [0.06 Cut C None |
pacing 0.06 &5 Y [0:06
Enclosures
¥ Compute Show Enclosures
> More Options
< il .
Sk Rotate Ak Sideways . =g Upside Down

@I  cencel | Help

19. Also draw a ‘Metall (drw)’ rectangle on the via, because the default Metall rectangle area

is less than the required minimum.
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20. Now, Execute CreatePIPin to create pins for vdd!, gnd!, in and out.

For in, vdd! and gnd! select ‘input’ as ‘I/0 type’ and for out select ‘output’ as ‘1/0 type’. Now,
draw rectangles on the Poly-Metall via for ‘in’ pin, PMOS source-to-body ‘Metall’ connection
for ‘vdd!” pin and NMOS source-to-body connection for ‘gnd! pin. For ‘out’ pin, draw the
rectangle on the Metall layer connecting the two drains of MOS'’s.

Create Pin

Mode & Manual o Auto
Connectivity & Strong o Weak Must Connect All Pins
Terminal Names in vdd! gnd! — Physical Only
__ Keep First Name X Pitch O_ v pitch [0
¥ Create Label \manual \e Options...
— Create as ROD Object
Name via0
Pin Figure & rectangle _ polygon  dot
 circle  existing object
__ Attach Pin to Overlapping Shape on Same Layer
— Remember Direction Change Choice
— Schematic Aware
From To
__ Create Stacked Pin ‘ Poly drawing &) ‘ Poly drawing g — create vias
1/0 Type « output o inputOutput  switch
« jumper o unused  tristate
Snap Mode \orthogonal B
Access Direction ¥ top M bottom M left M right
¥ any __ none
Signal Type \signal | %]

m . Cancel Help

You may add label to pins.
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Your Layout will look like this.
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21. Finally, add Metal2 paths of 0.5 i width for power rails and connect them to power nets in

Metall by using Metall to Metal2 via by invoking ‘create via’.

The final layout will look like the following:
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Creating Body ties

Now you know what body tie is. We will now make two instances for body ties one for Psub
and one for Nwell.

1. Execute FileBINew@Cellview and fill in the New File form as follows. Click OK.

New File x
File
Library miylio ﬂ
Cell M1_PsUB
Wiew layout l
Type layout n
Application
Open with Layout XL :

— Always use this application for this type of file

Library path file
_ICADVM_20/Bappy_Project/Work_gpdk45/cds.1lib

m. Cancel /| Help

2. Draw psubstrate contact in the same way as you have made it in Lab3.

] Nimp/Pimp

0 OLBE 0. 07

0. 0705 i}

AN o TR Pt
0.07 [“0:05 0 : e v v : #—) Cont m :
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3. Save it and make nwell contact similarly (name it M1_NWELL), just change the Pimp layer to

Nimp and everything else is the same.

Save these two for later use.

Appendix A (Shortcut keys for Cadence Virtuoso ® Layout Editor L)

Shortcut Key
f

r

Ctrl+a
Ctrl+d
C
m
S
k
Shift+k
i
u
Shift+u
e

o
I

Tasks performed
Fit display to window
Draw rectangle
Edit property of an object
Makes a min width path of the layer
selected in LSW
Select all
Deselect all
Copy
Move
Stretch side of a rectangle
Invoke ruler tool
Delete all rulers
Add an instance
Undo
Redo
Display options
Add via between layers

Create a label

Appendix B (gpdk090 Design Rules Guide (Abridged Version for VLSI-I Lab))

Terminology Definitions

Spacing - distance from the outside of the edge of a shape to the outside of theedge of another

shape.
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Enclosure - distance from the inside of the edge of a shape to the outside of theedge of another
shape.

Overlap - distance from the inside of the edge of a shape to the inside of the edgeof another
shape.

Butting - outside of the edge of a shape touching the outside of the edge of anothershape.
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Lab-8: Post Layout Verification

Objectives:

e To perform Design rules check (DRC), Layout vs. Schematic check (LVS) of inverter
layout

e To extract parasitic resistance and capacitance from layout of designed inverter

e To perform transient simulation of extracted view

e To create layout views for body ties of NMOS and PMOS for further use

Design Rule Check (DRC)

1. Now we would like to check the DRC rules by Pegasus. Execute Pegasus B DRC

The following DRC Run Submission Form will appear. In the Run Data section, put dot(. ) in the Run
Directory and Run Pegasus in Single CPU and on Local host as shown below.

[[d] Pegasus 22.24-64b DRC Run Submission Form — O >

File Options Toolbars Help cadence

I~ & & & & P

= Run Data
lRun Directory . I y
Run Data =
- Processing
=

a..0
a*g Run Pegasus Single CPU
Rules
Run Pegasus on Local host
". .,
Input .~ Config files
) | Add...
Output AGEW.,
Edit
- Remoyve
DRC Options | =
License Timeout, sec
Start RV & Core License Name
PegasusUl Log File J/pegasusuidrc.log i
Cancel A
= Pegasus Log Directory LOGS R
—
2PPly Temporary Directory List

__ Interactive engine

Technology does not Contain Any GuiPreset Files
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2.Now in the Rules section select the Technology mapping file, Technology and Rule Set as
shown below.

[[E] Pegasus 22.24-64b DRC Run Submission Form

File Options Toolbars Help cadence
L = === ! muLe
I &8 2 S S P 2
.~ Rules = - =
lfj Tech&Rules [ < [F ]
| onfigurator \ Include PVL | =

R Dat
SR e Technology

Technology mapping file shomescadencestech/gpdk045_wv_6_0/pvtech.lib s Reload
Rul
LS o Technology gpdk045_pvs

Rule Set \default
IOBL Rules
Osz ut .S lcadencestech/gpdk045 v 6 _O/pvs/pviDRC rul Technology \L .
DRC Options Edite..

Remove

Start RV &
~——

Cancel ~

A
e APRY Log Eile

e H
Submit =
Add —_

Rules File(s)

I Technology does not Contain Any GuiPreset Files _4

4. In the Input section select your Library, Cell, and View. Also, select Convert Pin to Geometry.
Then click Apply.

IE Pegasus 22.24-64b DRC Run Submission Form s (| x

File Options Toolbars Help cadence

= & B2 S & TP
La 19 .
F 5 |

Library mylib_sp23 O

Run Data DFlI
Cell inverter Lib
Mgr
View layout
Create GDslI E Jinverter.gds.gz oo
Layer Map List !
Refnove =
Output - il -_ =
Cell Name Table oy
——
DRC Options =
Object Name Table —_—
Label Map Table —
3 S
Start RV & [ Convert Pinto & Geometry Iv Text . Geometry+Text . Ignore
__ Replace <= With [] & Convert Half Width Path to Polygon
Cancel 4
Hierarchy Depth Limit 32 Maximum Vertices In Path/Polygon 2048
\ PPy y
— Use streamOutKeys Fill from streamOutKeys

-

' Fnahle Colorins ==

Technology does not Contain Any GuiPreset Files
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‘ \? Not empty Run Directory 'Yhome/Faculty/adnan/.” already exists.

Overwrite?

6.The following Results Viewer will appear. The DRC Summary will be empty if there is no

error.

@ Pegasus 22.24-64b Results Viewer

File Options Tools Help

= O X

cadence

ff® adnan x

lIP= 5> EAHighlights:® c*rwo.so lC « « o+ » 2 X |88 %“lul:@:

Input  Output Stats Il. inverter.drc_errors.ascii % El inverter.sum
Item

LN

S—

=§ Cell/Rule ' Hier ' Top ' & Cells
Cell Tree (cell_tree.txt) ]
Intermediate GDSII File (inverter.gds 8 Explain Return OnTop |

& DRC Summary (inverter.sum) ]

&

Rules

v wo'o'®'®AR

Cell/Ruls ~ | color | Count
[ ASCII DRC Report Database (inverte SelifRule

- i Total: 0 results in 0 of 562 checks. Total number of non-
IR - | empty checksis 0.

O No new messages
O ges g
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Layout Versus Schematic

1. Execute Pegasus - LVS
2. The following LVS Run Submission Form will appear. In the Run Data section put dot (. ) in
the Run Directory and Run Pegasus in Single CPU and on Local host as shown below.

IE} Pegasus 22.24-64b LVS Run Submission Form >

File Options Toolbars Help cadence
ST I — AULE
= . Run Data
E : BRun Directory . I oo
Run Data
Processing
avra Run Pegasus Single CPU
Rules
Run Pegasus on Local host n
Input Config files
O Add...
Output View..
Edits..
LVS Options Eeioxe
License Timeout, sec
Start RV &2 Core License Name
PegasusUIl Log File J/pegasusuilvs.log s

\ Cancel R
——— Pegasus Log Directory LOGS B——— )
R Pply Temporary Directory List
__ Interactive engine
Global Preferences -~

3. Now in the Rules section select the Technology mapping file, Technology and Rule Set as
shown below.

@ Pegasus 22.24-64b LVS Run Submission Form

cadence

File Options Toolbars Help
I [~ — | RuLE
I & 2 S8 & G J
Tech&Rules | Configurator | Include PVL —
Run Data
— = Technolo
echnology mapping file ome/cadencestec K _w_6_ vtech.lib — eload
g*g Tech Y pping fil /h d S h/gpdk045 6_0/p li Rel
I
ROl Technology gpdk045_pvs
u Rule Set default
Input
Rules
\ Add... J
Output ../ fcadenceftech/gpdkO45_v_6_0O/pvs/pvil Vs . rul Technology —————— L
LVS Options Edite.,
Naemrminte
Bemove
Start RV &
| O —
Cancel \
\ Appl
- 2PPY Log Eite H
S|
- Rules File(s) Add kel

Technology does not Contain Any GuiPreset Files Z
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4. In the Input section select your Library, Cell, and View. Also, select Convert Pin to
Geometry+Text.

@ Pegasus 22.24-64b LVS Run Submission Form = O x
File Options Toolbars Help cadence
" [ — N RULE
I~ & @2 & & &, 6P 2 |
. Input
l_'f'? Layout
Run Data
Library mylib_sp23
a,..8
e DFIl
Cell inverter Lib
Mgr )
View layout
Create GDSII JSinverter.gds.gz ——
Layer Map List
CLpaE Remove
C B
LVS Options
Cell Name Table ses.
Object Name Table e
SN——
Start RV o2 Label Map Table
Convert Pinto . Geometry . Text & Geometry+TextI ~ lgnore
ey fancel __ Replace <= With[] 2 Convert Half Width Path to Polygon
_;Aﬂ"y—/ Hierarchy Depth Limit 32 Maximum Vertices In Path/Polygon 2048
- —_ Use streamOutKevys Fill from streamOutKevs

Techneology does not Contain Any GuiPreset Files

Z
5. Now in the LVS Options section, go to the Extract Options tab write the Net Names as
shown below and select the global or ports option and Flat extraction run as shown below.
Then click Apply.
[El] Pegasus 22.24-64b LVS Run Submission Form = = >

File

i~ & = B, I

Options Toolbars Help cadence

RULE

LVS Options

=—3
ERC Rules and Groups | Text and Connect

— On softchk

Comparison Options

LVS Abort

— On supply error

4

» EBlobals or ports
w: Blobals or ports :

Net Names

Power wvdd

Ground gnd

. — Interposer

‘ Ccell name layout&schemati

(al

LVS Options
LVS find shorts

& Flat extracticn run] 5

Start RV o
— Sconnect select by upper shape count

Cancel

Submit

Technology does not Contain Any GuiPreset Files
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6. Click Yes if the following window appears.

Pegasus: Overwrite Run Directory?

3 ,  Not empty Run Directory 'Yhome/Faculty/adnan/.” already exists.
S\
~ Overwrite?

No

7. If the layout matches with schematic the following window will appear.

LVS
Clean
L IS Clean
SCD No conflicts
_ERC Empty
— Extraction Clean
__ Comparison Match

~——
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® To be familiar with schematic-driven layout with the example of a 2-input NAND gate.

e To perform Schematic Level Verification, Layout Design, DRC and LVS check and

perform post-layout simulation from extracted view.

Creating Layout using Virtuoso Layout Editor XL

1. Virtuoso Layout Editor XL is a schematic-driven layout generation tool. To learn schematic

driven layout, we will create the schematic view of a 2-input NAND gate cell which we named

NAND2X1.

2. Instantiate the following cells to your schematic.

Library Name Cell Name Properties/Comment

gpdk090 nmoslv For NMO and NM1, Width = 240n
gpdk090 pmoslv For PMO and PM1, Width = 480n
analoglib vdd

analoglib gnd

Use your experience from Lab1 to draw the schematic diagram of the nand gate.
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3. Launch ADE L and simulate the design to verify its functionality. Setup Model library,

Analysis type and Outputs to be plotted as you have done in previous lab.

While setting inputs for signals A and B, you have to use different periods and delays for the

two signals, so that you can observe all four cases (00, 01, 10, 11) of input signals. Also make

sure 0>1 and/or 10 transitions for both input signals do not occur at the same time. The

following figure shows a sample of two signals meeting these criteria:

A

Voltage (B)

Voltage (A)

0
I

-

Delhy
Tim(i(B)

0

Nz

Period (B)

)
e

< . >
Delay Period (A)
Time(A) Time
-

A sample waveform window would look like the following after simulation:

KL mylib NANDZHT schematic £
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4. Then create a symbol in the same way you have made symbol of inverter in l[ab2. Make it
look like a nand gate.

5. In schematic editor window, execute: Launch >Layout XL. The following window will appear:
X Startup Option — O >
Physical Implementation Startup Options

Layout

® Create Mew . Open Existing

Configuration
— Create Mew . Open Existing

® Asutomatic
ok IR
6. Click OK. ‘New File’ window for layout will appear. Click OK.
X Mew File - | ht
File
Library mylib B
Cell NAND 21|
L= layout
Type layout =
Application
Open with Layout XL

_ Alvays use this application far this type of file

Library path file
fhome £al1116/120105001 /cicfeds. Lik

Gancal J(_tislp..
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‘Virtuoso Layout Editor XL’ window will appear.

£ Virtuoso® Layout Suite XL Editing: mylib NAMD2X1 layout — (| >
Launch File Edit Xiew Create “erify Connectivity Options Tools Mindow A&ssura Optimize wCcadence

@ | dr D [ = O = | 3] » | =k = || &L = || [Classic B -

l"—[% <5 ﬁ —i- Onj% | QL"I El o) g8 (9 » || (FisSelectn SelMpo  Sel(jo  Sel(Opo | =
FPalette e 0
Layers & =
» Valid _ Used __ Routing
a B -
[ rvell drawing n
o0 (SR =] [ =1
Hame | Wis | Sel |
+|[ -+ -

Layer |FPu.| %] 5[
[ R il\fx
Cixide adny wf w
Wl Cxide_thk dryw ot o
B roly dres wf w
B Fimp dres ot v
Objects ) =
Objects [T e
Instances W oW | =
. -
Fins Ll
- wWias W
Ohjects GErids )
= = X
¢ off: =1 00 0" Wi R Lo ol H Il = ---- =7 % Mo &~
q SR - ! q e S
ZEa@r@-g-M@ﬂaFa@Eﬂﬁ- s (= | 228 5B

7. Execute Connectivity 2 Generate All From Source. The following pop-up window will appear:

X Generate Layout - O x
" Generate ¥ Fins FR Boundary Floorplan
Generate
# Instances
_ Chain _ Fold
~ Y0 Pins

_ Except Glabal Pins
_ Except Pad Pins
FR Boundary

— Snap Boundary

€

Position
Minimum Separation: 0. 12| & In Boundary

Device Correspondence

— Preserve User-Defined Bindings

Connectivity Extraction

W Extract Connectivity after Generation

@3 cencel | Defaults | Help
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8. Go to I/0 pins tab. The dialog box shows that all I/O pins are in Metall layer (Metall drw).

X Generate Layout - O it

Generate ¥ Pins FR Boundary Floorplan

Specify Default Values for All Pins
Layer: Width:  Height:  Mum: Create:

W =tall  |dow nn.12| 0,12 1 & Apply

Specify Pins to be Generated

Select: Mumber Of Matches: 0 Add MNew Pin..
Term Mame  Met Mame Layer Width Height Mum Create
"h "a" ("Metall" "drawing") 0.1z 0.1z 1 t
"B" "B" ("Metall" “"drawing") 0.1z 0.1z 1 t
"y "y ("Metall" “"drawing") 0.1z 0,12 1 t
“gnd ! " “grd ! " ("Metall" “drawing") 0.1z 012 1 t
“rrdd! “rrdd! ("Metall" “drawing") o1z 0.1z 1 t
Mame: Layer: Width:  Height:  Mum: Create:

] 0.1z | (012 | (1w | Update
e

Fin Label

» Create Label &3 ® Label Options...
e ——————
o Text Display

m Zancel Defaults Help

Also put a tick mark on Create label as Label and click on Options. The following Set Pin Label

window will appear. Set Height to 0.1. Then click OK on both the windows.

X SetPinlab.. — O ¥

Height 0. 1|

Font stick B
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9. The initial pin and transistor placement in layout will look like the following:
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10. Execute Options >Display or Press ‘@’ on keyboard to open ‘Display Options’. Fill it in as

shown:

M Display Options — O st
Display Controls Grid Controls
& Open to Stop Level — Mets Type — hone & dots . lines
M B-es — &access Edges Dim Major Dots =
__ Instance Origins — Instance Pins
» EIF Surround — &rray lcons AT et 0. 01
__ Pin Mames ~ Label Originsg PAajor Spacing 0.1
— Dot Pins __ U=ze True BEBO= ¥ Snap Spacing 0. ook
» MNet Expressions __ Cross Cursor Y Snap Spacing 0. o005
__ Stretch Handles — Row PMame
— “ia Shapes — Row Site Filter
& Dynamic Hilight & True Color Drag Size E— Style empty n
& Dragged Object Ghost — Transparent Group
— Traversed instance BEox __ Selection Hint Snap Modes
kdaximum Drag Level 32 Create orthogonal n

kAz=imum Mumber of Drag Figures 500 Edit orthogonal =

Scroll Percent 25
Diamiming

Instance Drawing tode  (BEO= n Enakle Dimming -
Fath Display EBorders and Centarlines n Scope =
- Dim Grid Lines
Set LPP Wisibility Do not check walidity =
Automatic Dimming w
Show Bame Of o instance & master . both
. . Ciim Intensity:
Array Display Display Levels 50
= Full Start ]
. Border Ciim Selected Ohject Content
Sto 10
— Source M | True Color Selection only -
& Cellview o Library . Tech Library o File ~f cdsenwv Browse. ..
| —
Sawve To J Load From Delete From

m Cancel Diefaults Apply Help

11. The transistors and pins are shown inside a bounding box, which is an estimate of the
optimum size of the final layout. Automatic router will use the bounding box to constrain all
routing to occur within the box. The bounding box may need to be re-sized to accommodate all
components. An important concept to keep in mind during resizing is that standard cells
typically have fixed height (so that power/ground rails line up correctly for routing purposes).

Delete the PR Boundary for now.

Virtuoso Layout Editor XL (VXL) and gpdk090 allow us to create stacked transistors with shared
source/drain areas. Zoom in to two transistors at the bottom (to zoom in, type “z” and draw a

box around the transistors). Click on the transistor on the right and type “m” to move the
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object. As you start dragging the object to the left, fly-lines indicating connectivity will appear

as shown below:

12. When the source/drain areas are overlapped, left-click to fix the position. You should see a
transistor stack with shared source/drain areas like this (depending on how far you move, you
may need to move left/right a bit):
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This is a nice NMOS stack for the NAND gate. As you can see, the source/drain contacts have
disappeared. Back to the big picture, zoom to fit (press “F”).

Let’s do the same exercise for the PMOS transistors. The PMOS transistors in nand gate do have
shared drain contacts because they work in parallel. Connectivity information is extracted from
schematic by VXL. The pull-up network looks like the following:

13. Now, connect different layers using path tool (press ‘p’ on keyboard), and fill areas by
drawing rectangles where necessary (press ‘r’ on keyboard). To connect one layer to another
(e.g. Poly to Metall or Metall to Metal2), create via by pressing ‘o’ on keyboard and selecting
proper ‘Via Defintion’.

K Create Via - O e
Maode 2 Single o Stack o Auto
COptions — Compute From Shape(s)
Meat Mame
— Creale as ROD Object Man wial
Wia Definition M1 _POw n Standard Via / gpdk030

14. Instantiate M1_PSUB and M1_NWELL cells (that you have created earlier) by pressing ‘i' on

keyboard and selecting the layout view from library browser.
X Library Browser - Create Instance — O e

_ Show Categories

Library Cell Yiew

rmrylit kA1 MWYELL laryout

analoglLib [T 1 Yiew -~ | Lock Size
avTech Y I E—
hasic rA1_P3LB

cdsDefTechLib MAMDZA

gpdk04s inverter

gpdk03a0 inverters

gpdk180 inverters3

sample

stdcell
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15. Wire up the layout. When you do so, you may encounter multiple options for certain pins.
For example, when you select the PMOS to connect its source to VDD, there are multiple
Metall wires in the PMOS. The desired path will be highlighted and you’ll see the fly-line.
Continue until you finish routing all the signals. Move vdd! and gnd! pins to the power rails. As

you are moving the pins around, notice the fly-lines that indicate the connections.

A practice that you can follow while wiring is to use Metall for all vertical wiring and Metal2 for
all horizontal wiring inside the cell. Also make the cell height 5 gem.
16. Your final layout will look something like the following:

E
Ez%
1=
I

SAA h%w&l‘

17. Perform DRC, LVS and QRC for NAND2X1 as you have done in previous labs. Generate

av_extracted view and simulate the circuit from that view to verify the functionality.
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Lab-10: Introduction to Hierarchical Layout Design

Objectives:

® To be familiar with concept of hierarchical design
® To perform Schematic Level Verification, Layout Design, DRC and LVS check

® To perform post-layout simulation of top level design

Introduction to Hierarchical Design

By this time, you should have completed layout of INVX1 and NAND2X1. Now, you will learn
how to perform hierarchical design. (cell INVX1 in this section is inverter in your case)

1. Create a new cellview of type schematic named AND.

2. Instantiate NAND and INVERTER symbol from your library mylib in that schematic.

Your final schematic should look something like the following:

3. Now make a symbol of AND.
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4. Now create a new cellview named AND_test, instantiate AND and vdd in that cell and the

final schematic should look like the following:

5. Now, launch ADE L, setup Stimuli, Model library, Analysis type and Outputs to be plotted in
the same way as you have done in Lab 5. Run the simulation.

1 mylib &MD2X1_test schematic £

SatAprls 14

00 20 40 60 80 100 1:0 140 150 180 0 o 2 20 340 8.0 400 420 44.0 460
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6. If functional verification is okay, then execute Launch-Layout XL from the schematic of
AND2X1.

7. Follow procedure of Lab 5 to generate instances and set display options. You will get
something like the following:

8. Connect them as required and the final layout should look like the following (probably
better!)

9. Perform DRC, LVS and QRC as you have done in previous labs.
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