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10.

11.
12.
13.

LIST OF EXPERIMENTS

Digital System Design using HDL & FPGA
Design an Adder (Min 8 Bit) using HDL. Simulate it using Xilinx/Altera Software and implement by

Xilinx/Altera FPGA.

Design a Multiplier (4 Bit Min) using HDL. Simulate it using Xilinx/Altera Software and implement by
Xilinx/Altera FPGA.

Design an ALU using HDL. Simulate it using Xilinx/Altera Software and implement by Xilinx/Altera
FPGA

Design an ALU using HDL. Simulate it using Xilinx/Altera Software and implement by Xilinx/Altera
FPGA.

Design a Universal Shift Register using HDL. Simulate it using Xilinx/Altera Software and implement by
Xilinx/Altera FPGA.

Design Finite State Machine (Moore/Mealy) using HDL. Simulate it using Xilinx/Altera Software
and implement by Xilinx/Altera FPGA.

Design Memories using HDL. Simulate it using Xilinx/Altera Software and implement by Xilinx/Altera

FPGA.

Digital Circuit Design
Design and simulate a CMOS inverter using digital flow.
Design and simulate a CMOS Basic Gates & Flip-Flops.

Design and simulate a 4-bit synchronous counter using a Flip-Flops.

Analog Circuit Design
Design and Simulate a CMOS Inverting Amplifier.

Design and Simulate basic Common Source, Common Gate and Common Drain Amplifiers.

Design and simulate simple 5 transistor differential amplifier. Analyze Gain, Bandwidth and CMRR by

performing Schematic Simulations.
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Expt No.1
Design and Implementation of 8 Bit Adder Using HDL
Aim:
To design, simulate and implement8 bit adder using Xilinx simulator and implement using
Xilinx FPGA

Apparatus Required:
Windows 11PC

Xilinx Vivado Simulator

Xilinx Zedboard

Procedure:
o Start the Xilinx project Navigator.

e Create a new project and new source.

e Write a Verilog code and synthesize and simulate the coding using ISE
Simulator.
e Assign the package pins for input and output using XILINX plan ahead.

e Implement and verify the output in Spartan-3 FPGA Kkit.

Program:

8 BIT ADDER

module adder(s,cout,a,b,cin);
output[7:0]s;

output cout;

input[7:0]a,b;

input cin;

wire c1,¢2,¢3,¢4,c5,¢6,c7;
fulladd fa0(s[0],c1,a[0],b[0],cin);
fulladd fal(s[1],c2,a[1],b[1],c1);
fulladd fa2(s[2],c3,a[2],b[2],c2);
fulladd fa3(s[3],c4,a[3],b[3],c3);
fulladd fa4(s[4],c5,a[4],b[4],c4);
fulladd fa5(s[5],c6,a[5],b[5],c5);
fulladd fa6(s[6],c7,a[6],b[6],c6);
fulladd fa7(s[7],cout,a[ 7],b[7],c7);
endmodule

module fulladd(s,cout,a,b,cin);

output s,cout;
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input a,b,cin; xor

(s,a,b,cin);

assign cout = ((a & b )|(b& cin)|( a & cin)) ;

endmodule
Simulation
output:
p g alnal 00110011 00110011
» Bg binad 11000011 1100001
d (E—
p B suml7ol 11110111 1111010
1 o 0
p B tmpla:0] 011110111 011110710
Floor Plan:
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Result:

Thus the program for 8-bit adder is simulated and implemented using Xilinx tools is

executed and verified successfully.
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Expt No.2
Design and Implementation of 4 Bit Multiplier Using HDL

Aim:
To design, simulate and implement 4 bit Multiplier using Xilinx simulator and

implement using Spartan 3e FPGA

Apparatus Required:
Windows 11PC.
Xilinx Vivado Simulator.

Xilinx Zedboard.

a3 a2 al a0
b3 b2 bl bo
a3b0 a2b0 albo a0b0
a3bl a2bl albl aObl
a3b2 a2b2 alb2 aOb2
a3b3 a2b3 alb3 aoOb3

o7 o6 oS5 o o3 o2 ol
a0bo = p0 alb2 =pS§ albl =p4 alb3 =pl2
alb0 =pl a0b3 = p9 a0b2 = p5 a3b2 =pl3
a0bl = p2 a3bl =plo a3bo = p6 a2b3 =pl4
a2b0 = p3 a2b2 =pll a2bl =p7 a3b3 =pl5
P14 PI3
PISs 1 PI11L.PIO P7 P6 P4 P3 P2 PI PO
FA B FA [ HA HA HA
P12 l v P8 l v i v
FA j‘— FA FA
PO
v vy v v l v
FA FA < FA [* HA
l l l l v v
v
07 06 Os O4 03 02 Ol 0o
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Procedure:
[ ]
[ ]

Program:

Start the Xilinx project Navigator.
Create a new project and new source.

Write a Verilog code and synthesize and simulate the coding using ISE
Simulator.

Assign the package pins for input and output using XILINX plan ahead.
Implement and verify the output in Spartan-3 FPGA kit.

module fourbitmulti(m,a,b);

input[3:0]a;
input[3:0]b;

output[7:0]m;

wire[15:0]p;
wire[12:1]s;
wire[12:1]c;

and(p[0],a[0].b[0]);
and(p[1],a[1],b[0]);
and(p([2],a[0],b[1]);
and(p[3],a[2].b[0]);

and(p([5],a[0],b[2]);
and(p[6],a[3],b[0]);
and(p[7],a[2],b[1]);
and(p[8],a[1],b[2]);
and(p[9],a[0],b[3]);
and(p[10],a[3],b[1]);
and(p[11],a[2],b[2]);
and(p[12],a[1],b[3]);

[
[
[
[
and(p[4],a[1],b%1]);
[
[
[

3],b[2]);

and(p[14],a[2],b[3]);
and(p[15],a[3],b[3]);

[
[
and(p[13],a]
[
[
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half hal(s[1],c[1],p[1],p[2]);

half ha2(s[2],c[2].p[4].p[3]);

half ha3(s[3],c[3],p[7].p[6]);

full fad(s[4],c[4],p[11],p[10],c[3]);
full fa5(s[5],¢[5],p[14].p[13],c[4]);
full fa6(s[6],c[6],p[5],s[2],c[1]);

full fa7(s[7],¢[7],p[8],s[3].c[2]);

full fa8(s[8],c[8],p[12],s[4],c[7]);
full fa9(s[9],¢[9],p[9],s[7].c[6]);
half hal0(s[10],c[10],s[8],c[9]);

full fall(s[11],c[11],s[5],c[8],c[10]);
full fal12(s[12],c[12],p[15],s[5],c[11]);

buf (m[0],p[0]);
buf (m[1],s[1]);
buf (m[2],s[6]);
buf (m[3],s[9]);

buf (m[4],s
buf (m[5],s
buf (m[6],s
buf (m[7],c
endmodule

10]);
11]);
12]);
12]);

—

module half (s,c0,x,y);
input x,y;

output s,c0;

XO01(8,X,y);
and(c0,x,y);
endmodule

module full(s,c0,x,y,cin);
input x,y,cin;

output s,c0;

wire sl,d1,d2;

halfha 1(s1,d1,x,y);
halfha 2(s,d2,s1,cin);

or or_gate(c0,d2,d1);
endmodule
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Simulation Output:

1,200ns L0 s 1600 ns 1800 s
T Lo b P b P

p B muttiplicandl3:0 1100 1100
b B mutiplier3:] 0101 0101

prod[7:0] 00111101
p B shitiial 00001100 0000110
p B shiftanal 00011000 0001100
p B i3l 00110000 0011000
p B shiftaral 01100000 0110000
p B addiln 00001100 0000110
p B addalr) 00000000 0000000}
p B adaalral 00110000 0011000
p & adadlr) 00000000 0000000
» B prod sl 00111100 001110

Floor Plan:

£ Project Summary G Dewvice

i

Result:

Thus the program to simulate 4 bit multiplier using Xilinx tools is executed and output is

verified successfully.
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Expt No.3

Aim:

Design and Implementation of ALU Using HDL

To design, simulate and implement ALU using Xilinx.

Apparatus Required:

Windows 11PC.

Xilinx Vivado Simulator.

Xilinx Zedboard.

Procedure:

Start the Xilinx project Navigator.

Create a new project and new source.

Write a Verilog code and synthesize and simulate the coding using ISE
Simulator.

Assign the package pins for input and output using XILINX plan ahead.
Implement and verify the output in Spartan-3 FPGA Kkit.

Program:

module alu(s,a,b,);

input[2:0]s;

input[3:0]a,b;

output[3:0]f;

reg[3:0]f;

always@(s or aor b)

begin

case(s)

3'b000:£<=4'b0000;
3'b001:f<=a-b;
3'b010:f<=atb;
3'b011:f<=b-a;
3'b100:f<=a&b;
3'b101:f<=ab;
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3'b110:f<=~a;
default:f<=4'b1111;
endcase

end

endmodule

Simulation Output:

e e

1,500ns
L

2

000 ns
L

2,500 ns
L

3,500 n
L

b B B 1100
P 01t
p B 010
b B yout3a] 10
TR
b B templad] 0110
Floor Plan:

Implemented Design - ALU ucf (target) | xc3s100etg144-4

Result

Thus the program to simulate 4 bit ALU using Xilinx tools is executed and output is

verified successfully.
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ExptNo.4 Design and Implementation of Code converter
Using HDL
Aim:
To design, simulate and implement binary to gray and gray to binary code converters
using Xilinx.
Apparatus Required:
Windows 11PC.
Xilinx Vivado Simulator.
Xilinx Zedboard.
Procedure:
Start the Xilinx project Navigator.

Create a new project and new source.

Write a Verilog code and synthesize and simulate the coding using ISE Simulator.
Assign the package pins for input and output using XILINX plan ahead.
Implement and verify the output in Spartan-3 FPGA kit.

Logic circuit for 4 bit Binary to Gray code converter

BiN{3) GRAY(1)

1
HINI2) GRAY(2)

BIN|T)
GRAY(0)

maN{0)

Logic circuit for 4 bit Gray code to Binary converter:

LILTEY]
GRAYY

N7

LAy
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Program:

Verilog Code for Binary to Gray code conversion:

module bin2gray

//xor gates.

assign G[3] = bin[3];

assign G[2] = bin[3] * bin[2];
assign G[1] =bin[2] » bin[1];
assign G[0] =bin[1] ” bin[0];

endmodule

module gray2bin

2

assign bin[3] = G[3];

assign bin[2] = G[3] " G[2];

(input [3:0] G, //gray code output
output [3:0] bin //binary input

assign bin[1] = G[3] * G[2] * G[1];
assign bin[0] = G[3] * G[2] * G[1] " G[0];

endmodule

simulation output

| l
M Value
b N binB) 0
» M GBo) 0
b B binout30] |0

(input [3:0] bin, //binary input
output [3:0] G //gray code output

Verilog Code for Gray code to Binary conversion:

il T ST T TN i VT O Y PO iR PO i T o T
O 1§ 2 W 3§ 45 (6 7 89 a) b fcd e} ¢
SR ERER YRS ! S (4 b ocjpd g f fefpa b p9 ) 8
S ERERERERE !j 6 7 48 L9 bajb oo fd ey f

|
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Floor Plan:

Implemented Design - ALU.ucf (target) | xc3s100etqi44-4 ‘ﬁmf /".V”

ary % | G Device X

Tile: CLB_X2V20

11T ininnnini A,
T ITENTITENTTININT 111

Result
Thus the program to simulate 4 bit code converter using Xilinx tools is executed and output is verified
successfully.
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Expt No. 5

Design and Implementation of Universal Shift Register Using HDL
Aim:
To design, simulate and implement universal shift register using Xilinx.

Apparatus Required:
Windows 11PC.

Xilinx Vivado Simulator.

Xilinx Zedboard.

Procedure:
Start the Xilinx project Navigator.
Create a new project and new source.

Write a Verilog code and synthesize and simulate the coding using ISE Simulator.
Assign the package pins for input and output using XILINX plan ahead.
Implement and verify the output in Spartan-3 FPGA Kkit.

Program:
module universal_shift(a,s,clk,p);

input [3:0]a;
input [1:0]s;
input clk;

output reg [3:0]p;
initial

p<=4'b0110;
always@(posedge clk)
begin

case (s)

2'b00:

begin

p[3]<=pl3];
p[2]<=pl2];
pl1]<=p[1];
p[0]<=p[0];
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end

2'b01:

begin
p[3]<=p[0];
p[2]<=p[3];
pl1]<=pl2];
p[O]<=p[1];
end

2'b10:

begin
p[0]<=p[3];
p[1]<=p[0];
p[2]<=p[1];
p[3]<=p(2];
end

2'bll:

begin
p[0]<=a[0];
p[1]<=a[l];
p[2]<=a[2];
p[3]<=a[3];
end

endcase

end

endmodule

Select (S0, S1) Operation

00 Previous State

01 Shift Right

10 Shift Left

11 Parallel load
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Simulation Qutput:

Value 4us 6 us Bus 10us 12us 14us 16 Us
» B a0 1100 1110 0110 1100
» B sluol 01 [ 01 10 1 10 1t 01
1§ 1
|| a210 | 0110
" 0
1& ] 1
1 m 1
1 1 0
Floor Plan:
.
& Project Summary i Device L o
] -
- -
- -
- -
- -
= =
= =
- -
- -
- -
- -
= =
= =
- -
- -
- -
- -
- -
= =
= =
- -
- -
- -
] -
= =
= -
- [ ]
- -
13 -
] -
= -
= -
= =
[ ] []
- -
] -
- =
= -
= =
- -
13 -
] -
- A
= -
= =
= =
- -
- -
- -
- -
= =
= =
- -
- -
- -
- -
= =
= =
- -
- -
- -
- -
- -
= =
= =
- -
ANRNEE_NRREN N N AN N AN AR RN _ NN Activate Windows
Lil fEmEiLlimEel iy R Go to PC settings to activate Windows.

Result:

Thus the program to simulate Universal Shift Register using Xilinx tools is executed and

output is verified successfully.
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Expt No:6
Design Finite State Machine (Moore/Mealy) using HDL
Aim:
To design, simulate and implement Finite State Machine using Xilinx tool.
Apparatus Required:
Windows 11PC.

Xilinx Vivado Simulator.
Xilinx Zedboard.
Procedure:
o Start the Xilinx project Navigator.

e Create a new project and new source.

e Write a Verilog code and synthesize and simulate the coding using ISE
Simulator.
e Assign the package pins for input and output using XILINX plan ahead.

Implement and verify the output in Spartan-3 FPGA kit.

Program:

module moore (clk, rst, inp, outp);

input clk, rst, inp;

output outp;

reg [0:1] state;

reg outp;

always @ (posedge clk, posedege rst)
begin

if (rst) state<=2"b00;

else

begin

case (state)

2’b00
begin
if(inp ) state <=2'b01;
else state <= 2'b10;
end

2'b01:
begin
if( inp ) state <=2'b11,;
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else state <=
2'b10; end

2'b10:

begin

if( inp ) state <=
2'b01; else state <=
2'bl1;

end

2'bl1:

begin

if(inp ) state <=2'b01;
else state <= 2'b10;
end

endcase

end

end

always @(posedge clk, posedge rst)
begin

if( rst)

outp <=0;

else if( state ==2'b11 ) outp <=1;
else outp =0;

end

endmodule

Moore Machine:

i/
—_— 1 1 .
Reset @ —.® 2 Output = 1
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Simulation OQutput:

Now:
1000 ns ETO “i“ ﬁ‘i”
ol ulp 0 i|
ol inp 0 ‘

g& [ (T[T I T TITITIT

ol rst 1

Result:

Thus the program to simulate Finite State Machine (Moore machine) using Xilinx tools is

executed and output is verified successfully.
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Expt No.7 Design of Memories using HDL.

Aim:
To design, simulate and implement single port RAM using Xilinx simulator and implement
using Xilinx FPGA.
Apparatus Required:
Windows 11PC.

Xilinx Vivado Simulator.

Xilinx Zedboard.
Procedure:

o Start the Xilinx project Navigator.
e Create a new project and new source.

e Write a Verilog code and synthesize and simulate the coding using ISE
Simulator.

e Assign the package pins for input and output using XILINX plan ahead.

e Implement and verify the output in Spartan-3 FPGA Kkit.

Program:
module single port ram (input [7:0] data,input [5:0] addr, input we, clk, output [7:0]q);
reg [7:0] ram[63:0];
reg [5:0] addr_reg;
always @ (posedge clk)
begin
if (we)
ram[addr] <=
data; addr reg
<=addr;
end

assign q = ram[addr_reg];
endmodule
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Simulation Qutput:

» B datalr:0]
» B addrs:0]
1& we

» B aina

¥ B ram[63:0,7:00
» W [63,7:00
» B [62,7:0]
» B [61,7:00
» Mgl [60,7:0]
» B [59,7:0]
» B [587:0]
» W [57.7:00
» Mgl [56,7:0]
» W [55,7:00
» B [54.7:00
» By [53,7:0

10101100

111110

1
E—
10101100
(30000000, 10101104
e s eeed

10101100

5,999,992 ps 5,999,933 ps

EJQQQ‘Q‘J?DS
MR R

5,999,995 ps

2R Ree L PRRATTRE

5,999,9¢
R

101011f

0

11111

1=

[

B0, 10 10 1100, XEXXIKKK, XKXKKO,

_i
_%
i
%

EREREREREREREREREREES

L. Procec: Summary

Floor Plan:

| mmmnmn__momnmn nwimi oo A _mamn_|

O TTENTTITEETTITTIT TN

G 7o PC settings to

Result: Thus the program to design memory (single port RAM) using Xilinx tools is
executed and output is verified successfully.
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8: CMOS INVERTER

Aim:
Design and simulate a CMOS Inverter using Digital Flow.

To write verilog code for an CMOS inverter circuit and its test bench for verification using incisive
simulator, observe the waveform and synthesize the code with technological library with given
constraints.

Theory:

The NOT gate or an CMOS inverter is an electronic circuit that produces an inverted version
of the input at its output. It is also known as an inverter. If the input variable is “a”, the inverted
output is known as “NOT a”. This is also shown as a', or a with a bar over the top, as shown at the
outputs.

vdd

a b
Input Qutput

L |

Input | Output —— b=a

]
T _H

Module 1: Work Space Creation & Writing RTL Code for Inverter

& Applications  Places @ Wed 16150 & @ {8
desitoy, g
rlumz ol _chared_foldz,
>
& ENTUPLE
e ‘New Folder SHIF itk N

Select All
] Keep aligned
Organize Deskiop by Name
VB0 GAS-5.0.24 Change Background

Open Terminal

T _Manual_130n
ez

1. Make a Right click on the Desktop and select the option “New Folder” as shown in Figure below.
2. Name the folder (for example: VLSI Lab_Anna University) and click on “Create” as shown



below.

- Applh:;ims Places 6 7Wed71673é0 ‘;;7;1 7¥

{ desitop.png
Aumne sl _sharad_fulder
L’j Folder name
ULSLLEb_ﬁHHE_UHiVEFSih}i ‘ Rename
— 4 - S

V2u7.GA3_5.0.24

VTU_Men
Tz

_140n

3. Open the folder by a double click and the window can be seen as shown in below.

< > « Desktop VLSI_Lab_Anna_University > Q == = — o >

Recent

Home

DB o

Documents

Downloads

Music

Pictures

Videos

B i@ & ¢

Trash Folder is Empty

pd_S0nm

lib

DATA

-+ Other Locations

4. Create sub directory or folder with name inverter as shown below.



<l > 4 VLSI_Lab_Anna_University inverter | » Q H= = — o x

Recent ‘ ~
.

Home

DB O

Documents

inverter
Downloads
Music

Pictures

i D& ¢

Videos

1y Trash

[ pd_90nm

Note: Give folder name without any space

4. In order to create an RTL code for inverter, you can open a text editor and type verilog code or
VHDL code.

5. Open the inverter directory and Right click and select “Open terminal” type the command given
below
# gedit inverter.v inverter_test.v

inverter.v
= = u] x
e & «/DesktopMNLSI_Lab_Anna_University... Sl

// A Simple CMOS Inverter or NOT gate verilog code
“timescale 1 ns / 1 ps
module inverter({a,b); // Module Declaration
input a; // Port Delcation (input, output ports)
output reg b;
always@(a) // Sensitivity list, Repeats until simulation is done
begin

b=~a;
end
endmodule




=, inverter_tb.v e

Open e Desktop/VLSI_Lab_Anna_University/

//A Simple CMOS Inverter or NOT gate Testbench code
“timescale 1 ns / 1 ps

module inverter test(); // Module Declaration

reg a;

wire b;

inverter gl(.a(a), .b(b)); // Instantiation

initial // drive test vectors
begin

a=0o
10 a
#20 a
end

DRI

-
(0]

initial
begin

$monitor (" time==d, a=%d, b=%d", $time,a,b); // Log based data
monitor

#50 $finish; // Control simulation time
end
endmodule

6. Once after writing the verilog and test-bench code for inverter you can save the files and close it.

< | > 4 VLSI_Lab_Anna_University inverter | » Q=

Recent

Home

O B O

Documents

inverter.v inverter_tb.v
Downloads

'z

Music

Pictures

i@ &

Videos

1 Trash

Steps to Invoke Tools:
Invoke the cadence environment by type the below commands

7. Before invoking any tool, invoke C shell be typing ‘csh’ in terminal.
#esh

8. Source the cshrc file by typing ‘source <cshrc file>’ e.g.: - source cshrc
#Source /home/install/cshrc (mention the path of the tools)

9. A welcome string “Welcome to Cadence Tool Suite” appears indicating terminal ready to invoke
Cadence Tools available for you.



saraswati@saraswati:sim - o0 X

File Edit View Search Terminal Help

[saraswati@saraswatil sim]$ csh
[saraswati@saraswatl sim]$ source /home/saraswati/install/cshrc

Welcome to Cadence Tools Suite

Module 2: Design Simulation Using the INCISIVE Simulator

Objective: To simulate a simple counter design with a testbench using the Incisive Enterprise
Simulator or IES tool.

10. To perform functional simulation, “INCISIVE” simulator tool is to be used.

11. In your terminal, type the command “nclaunch -new&” to open the tool as shown below.

saraswati@saraswati:sim - 0 X H NCLaunch
File Edit View Search Terminal Help

[saraswati@saraswati sim]$ csh | cadence

[saraswati@saraswatl sim]$ source /home/saraswati/install/cshrc
NCLaunch(64) 15.20-s051

Welcome to Cadence Tools Suite

Profected byUs Pafents:
5095454, 5,418,931, § 606,698, 6,467,704, 7,030,867, 7424703
; _ 7,085,116, 5,336,043 6,263,301, 6,163,763, 6,301,576,
[ saraswa t l@s ara Swat 1 51 ] $ nc la un Ch - neW& Copyight (C) 19952013 Cadence Design Systems, Inc. Allvights esetved worldwide.
[ 1 ] 236 80 Cadsnce and the Cadence logo an tegistered rademarks of Cadence Dasian Spstems,Inc.
Al ohers are the property of fhir espechive holders.
[saraswati@saraswati sim]$ nclaunch(64): 15.20-s651: (c) Copyright T
: Ease SEIECT RUN YIOGE:
1995-2018 Cadence Design Systems, Inc.
Multiple Step
Single Step (IRUN Only)
Help
Exit

Note: The ‘-new’ switch is used only for the first time the design is being run. For the
next time on wards, the command to be used could be ‘nclaunch’ only.



NCLaunch

MCLaunch{G41) 13.10-s018&

Frotected b S Patents:
5,095,454; 5,4 15,951; S606,695; 6,457,704 7,030,557 7,424,705

TOSS, 116 5,555,949 6265501, 5,15 5765; 5,501,575,

Coprright (S) 1995 2014 Cadence Desian Swestems, Inc. All vights reserced wordwide.

Cadence and the Cadence loga are registered rademarks of Cadence Desian Swestems, Inc.
LAl others are the properto of their respective holders.

Please Select Run hiode:

I kMultiple Step I

Single Step (IRLUIN Only)

Help

Exit

12. Select “Multiple Step” option.
It will invoke the nclaunch window for functional simulation we can compile, elaborate and

simulate it using Multistep

we can simulate a design using the Incisive simulator. For that we have to Create the cds.lib and
hdl.var files for to Compile, elaborate and simulate the design and test bench

' _cds.lib: It maps lo%ical library names to physical directory paths. It also defines the path to the
work library and to any reference libraries that the design required.

: hdl.var: Defines the work library. It may also define variables that configure your design
environment, control the operation of incisive simulation tool and specify the location of supported

files and invocation scripts.

13. Click the Create cds.lib file and save it.

Create a cds.lib file - 0 x

Directory:  Jhomessaraswati’DesktopYLEI_Lab_Anna_Universityfinverer/sim _-| |

P .=
File name: |cds.litf | |
Files of type:  Library Files {*.lib) = | Cancel |

14. Choose any of the option listed below. Based on the libraries available and the



type of RTL code written in verilog so, you need to choose “Don’t include any
libraries (verilog design)” as shown below.

MNew cds.lib File x

Howe would you like to configure the cods.lib file?

~ Ihclude default libraries (vhdl or mi<ed design)
~ Include |[EEE pure libraries {vhdl or mized design)

# Don'tinclude any libraries {verilog design)

nclaunch: Open Design Di... —_ (=]

X

— De=sign Directory

Ifhnmefsaraswati.-’Deshtclp.-""x-"l_SI_Lab_.ﬂ- I

— Library kaapping File

|[rhaomessaraswatir-DesktopswLSI_Lakb_=

Zreate cdslib Fileo . I

— WWork LiBbrary

J = |

I (] =50 i Cancel | Help |

You can see the below window after giving “OK”



15. A new window pop-up as shown below that is a NCLaunch window.

NCLaunch : /fhome/saraswati/Desktop/VLSI_Lab_Anna_University/inverter... — = x
File Edit Tools Utilities Plug-Ins Help cadence
Browsers: I : | "i{;{z&l

Directory:I!LSI_Lab_Anna_Universityfinverten’Sim ~i ‘homessaraswati’Deskiop/VLSI_Lab_Anna_Unisw
. ----- &7 worklib

Lﬁ_' INCA_libs S Snapshols

B inverterw
2 &xp  inverter_th.v

Filters:l".v *vhd *.vhdl >~ = 7 =

nclaunch=

| 0 items selected

Left side you can see the HDL files and right side of the window has worklib and snapshots
directories listed.

Worklib is the directory where all the compiled codes are stored while Snapshot will have
output of elaboration which in turn goes for simulation

Functional simulation using cadence runs in 3 stages:
i. Compilation
ii. Elaboration
iii. Simulation

Compilation: (Checks syntax and semantics errors)



NCLaunch : fhome/saraswati/Desktop/VLS|-Lab-Anna_University/inverter.. - O X

File Edit Tools Utiliies Plug-Ins  Help cadence

Browsers: @' e

i
[ INCE_libs

fmy inverter.y

o inverter_th.y

Filters:| “.v *vhd *vh hdfl = | =

hclaunchz=

16. Left side select the file (inverter.v) and in Tools : launch verilog compiler with current
selection will get enable.

Click it to compile the code

17. After compilation it will come under worklib you can see in right side window.

NCLaunch : /home/saraswati/Desktop/VLSI_Lab_Anna_University/inverter.. — (=] x

File Edit Tools Utilities Plug-Ins Help

Browsers: g‘ gl Tools:

Directory:l.-fLSI_Lab_.é.nna_Universitw’inver‘ter{sim :]

cadence

e

shomessaraswati’Desktop/VLSI_Lab_aAnna_Univ
ol El warklib
E-f@l  INCa_libs

@ inverter.v | ‘@] Snapshots
dmry inverter_th.v

Filters:|*.v *.vhd *.vhdl Rl =

A

nclaunch= ncvlog -work waorklib -cdslib /homessaraswati/Desktop/VLS1_Lab_Anna_University/inverterssinm
ncvlog(64): 15.20-s051: {c) Copyright 1995-2018 Cadence Design Systems, Inc.

ncvlog: Memory Usage - 21.3M program + 25.2M data = 439.58 total

ncvlog: CPU Usage - 0.0s system + 0.0s user = 0.0s total (1.5s, 2.4% cpu)




18. Select the test bench and compile it. It will come under worklib. Under Worklib you can
see the module and testbench. Next is to elaborate the design.

FEile Edit Tools Utilities Plug-Ins Help

cadence

Browsers: @l el Tools: i%f“s;l 32' | | ;”Z“:?? %l ‘gﬁl

Directory:I!LSl_Lab_.é.nna_Universityfinverten’sim :]

= =57 worklib

@[l INCA_libs ek inverter

o= inverter.w @ inverter_test |
odm inverter_th.v ‘@l Snapshots

fhomessaraswati/Desktop/VLSI_Lab_Anna_Univ

Filters:|*.v *.whd *.vhdl >l = i

nclaunch= ncvlog -work worklib -cdslib fhomessaraswati’‘Deskiop/VLSI_Lab_aAnna_University/inverter/sir
ncylogi64): 15.20-s051: (c) Copyright 1995-2013 Cadence Design Systems, Inc.

ncvlog: Memory Usage - 21.3M program + 25.10M data = 49 40 total

ncvlog: CPU Usage - 0.0s system + 0.0s user = 0.0s total (0.2s, 7.5% cpu)

| 5% 1

Elaboration:

19. select the file under worklib and in Tools : launch elaborator with current selection will get
enable. select the elaborator to elaborate the design.

Choose the module and test bench and elaborate the design.



NCLaunch : /home/saraswati/Desktop/VLSI_Lab_Anna_University/inverter/sim - 0 X

Eile Edit Tools Utilities Plug-lns Help cadence

e | Tools: ;;%7‘4

Directory:lfhome/saraswatifDesktopNLSI__Lab_Anna__Uniw:] @ fhomedsaraswati/Desktop/VLSI_Lab_Anna_Universitysin

Browsers:

. | p—

H //S
MR

= i = worklib

E-f INCA_libs 48 inverter|
L i invertery @8k inverter_test
£y g inverter_to.v =6 Snapshots

& workiibinvertermodule |

Filters:|*.v *vhd *.vhel Rl = i A

nclaunch= ncvlog -work worklib -cdslib /homessaraswati/Desktop/VLSI_Lab_Anna_University/inverter/sim/cds.lib -logfile nc |,
ncvlogiB4): 15.20-s051: (c) Copyright 1995-2018 Cadence Design Systems, Inc.

ncylog: Memory Usage - 21.3M program + 28.10M data = 49.40 total

ncylog: CPU Usage - 0.0s system + 0.0s user = 0.0s total {0.2s, 7.6% cpu)

nclaunch= ncelab -wark worklib -cdslib fhome/saraswati/Desktop/VLSI_Lab_Anna_University/inverter/sim/cds.lib -logfile nc
ncelab(64): 15.20-s051: (c) Copyright 1995-2015 Cadence Design Systems, Inc.

ncelah: Memory Usage - 49.9M program + 31.9M data = §1.8M total (Peak G6.6M)

ncelah: CPU Usage - 0.1s system + 0.0s user = 0.1s total {4.3s, 2.8% cpu)

nclaunch=

P I -




NCLaunch : /home/saraswati/Desktop/VLSI_Lab_Anna_University/inverter/sim - 0O X
File Edit Tools Utiliies Plug-lns Help cadence
Browsers: o/ gl Toals: ;;E’% @l i

Directory:lfhome/saraswati/Desktop/VLSI_Lab_Anna_Univ- j
@[ INCA_libs
gy invertery

Filters:l*.v *vhd *.vhdl

=

@ ‘home/saraswati/Desktop/VLE|_Lab_Anna_Universityfiny
-y worklin
- E-4EE inverter

w48 inverter test

EJLE] Snapshots

~&&  worklib.invertermodule

i

=

A

nclaunchz

nclaunch= ncelab -work worklib -cdslib fhome/saraswati/Desktop/VLSI_Lab_Anna_University/inverter/sim/cds.lib -logfile nc
ncelab(64): 15.20-s051: (c) Copyright 1995-2018 Cadence Design Systems, Inc.

ncelah: Memory Usage - 49.98 program + 31.90 data = 81.8M total (Peak 36.8M)

ncelab: CPU Usage - 0.1s system + 0.0s user = 0.1s total {4.3s, 2.6% cpu)

nclaunchz ncelab -work worklib -cdslib /homefsaraswati/Desktop/YLSI_Lab_anna_University/inverter/sim/cds.lib -logfile nc
ncelab(64): 15.20-s051: (c) Copyright 1995-2018 Cadence Design Systems, Inc.

ncelah: Memory Usage - 49.98 program + 31.90 data = 81.9M total (Peak 36.8M)

ncelab: CPU Usage - 0.0s system + 0.0s user = 0.1s total {0.8s, 12.3% cpu)

o

]

1 items selected

After elaboration the file will come under snapshot. Select the test bench and elaborate it.

Simulation:

20. Select the test-bench file under snapshot and in Tools: Launch simulator with current

selection will get enable.




NCLaunch : /home/saraswati/Desktop/VLSI.Lab_Anna_University/inverter/sim - 0 X

File Edit Tools Utilities Plug-ins Help cadence’

14 gl Tools: i}j‘% ,| |

Directory: /homefsaraswatifDesktopNLSI_Lab_Anna_Uniw_vJ

Browsers:

Y

[ /homessaraswati/Desktop/VLS|_Lab_Anna_University/iny

el El@ worklib

-l INCA_ibs B inverter
i & invertery w48 inverter_test
ofmy Inverter_th.y B[ Snapshots

W workiib.invertermadule

------ K& worklib.inverter_testmadule |

Filters:|".v * yhd * vhl K=

-

A

nclaunch= ncelab -work worklib -cdslib fhomefsaraswati/Desktop/VLSI_Lab_Anna_University/inverter/sim/cds.lib -logfile nc X
ncelab(64): 15.20-s051: {c) Copyright 1995-2018 Cadence Design Systems, Inc.

ncelah: Memory Usage - 4398 program + 31.9M data = 61.8M total (Peak §6.6M)

ncelab: CPU Usage - 0.1 system + 0.0s user = 0.1s total (4.3, 2.6% cpu)

nclaunch= ncelab -work worklib -cdslib fhome/saraswati/Desktop/VL5I_Lab_Anna_University/inverter/sim/cds.lib -logfile nc
ncelab(64): 15.20-s051: (c) Copyright 1995-2018 Cadence Design Systems, Inc.

ncelab: Memory Usage - 49.98 program + 31.9M data = §1.9M total (Peak 86.6M)

ncelab: CPU Usage - 0.0s system + 0.0s user = 0.15 total {0.8s, 12.3% cpu)

nclaunchz

™ ' i
1 items selected

Select simulator to simulate the design. After simulation you will get the two windows like
below image.

e

21. You will get the two windows Design Browser 1 - SimVision and Console - SimVision.In design
browser you can see the test bench in left side window.



Nacimnn Rrauarcecar 1 - Cim/fician (o]

i Console - SimVision

~

= =] >

-File Edit ¥iew Simulation Windows Help cadence
% B I ol B gy X IText Search: | =| #y &
_- @[ [5ons+u £ &5 £id
ncsims

ncsimn: database -open wawes -into wawves. shm -default
Created defzult SHM datshase wawes

ncsimr probe -create —shm inwerter_test. a inwerter_test. b
Created probe 1

NCS1Mm> Cun

time= O, a=0, hb=1
times= 10, =a=1. b=0
time= 30, =a=0, b=1

Simulation complete wia $finish(l) at time 50 MS + 0

Cfdinwerter_th.ow: 21 #50 Sfinish; // Control simulation time
nosims |

simulator ]

|
Find:[String~] | >ty & J
== ==

= ]
—b Show contents: | In the signal list area~| rﬁrﬁg[ﬁrﬁrﬁz’ﬁ“en[ B




22. Select the test bench for the inverter and Right click it. Select the send to waveform window or
select the waveform icon

Design Browser 1 - SimVision = Ee oK

File Edit View Select Explore Simulation Windows Help cadence

Bl @a XD xXe $-od " RERZAEEE

|6 Timea~] - [50 nsv| @2 -] ¢ . | | Search Times: [ Value+]| a8,
|- ot counies |

Select Deep

cony cts | Methos |

Scope: IO All Available Date Browse From Here
Search From Here

Scroll to Parent

Send to Waveform Window II
Send to Watch Window

Send to Source Browser

Send to Schematic Tracer

Send to Design File Search
Send to New -

Set Debug Scope
Create Probe,
! Describe

Find: Stringv | it |
N P E

-b Show contents: [ In the signal list areav ﬁ@ﬁ[ﬁﬂ,ﬁlten[ |

'@’%|| |1 object selected

1




23. You can see the waveform window after that click the Run tool to see the functional simulation

for the inverter.

Waveform 1 - SimVision

File Edit View Explore Format Simulation Windows Help

- u] x

cadence

e R o by e S U SO o ‘.,v | SR B R ey O = =
6 BT Rl o s XDk X BE 6|8 @ rRERBEEEER
Search Names: | Signal v [ >l fy @ || Search Times: | Value~ | >l .
W [Timea ~/ = [50 Snsipa-| @ . @ "va o= %1,3 Eﬂ @ 0| EOsms+0 || Time: &% [0 50ns

X2

& Baseline v=0
EF| Cursor-Baseline v=50ns

Name By Cursor v (U

[Time& = &ins|
40ns

The equivalent command terminal output can be observed in the Simvision console window and also

in the nclaunch console terminal.

Console - SimVision

FEile Edit Miew Simulation Mindows Help

= =] x

cadence

s & 2 || Q3% % D 32| Text Search:

i = = B ==
Tl T 5EIn3+D

-+

rucs1nm

ncsim: database -open wawes -into wawes. shm -defanlt
Created default SHM database wawves

ncsime probe -create -shm inwerter test. a inwverter test. b
Created probe 1

ncsimy cun

time= 0, =a=0, b=1
time= 10, ==1, h=0
time= 30, a=0, h=1

Simulation complete wia $finish(l) at time 50 NS + 0
firmwerter_thow: 21 #50 #finish; // Control simulation time
nosim: |

3: Synthesis Using GENUS Tool

x| iy 4

Synthesis is the process of converting the RTL Coding into optimized Gate Level Netlist.
The Tool used for doing the synthesis is GENUS. The tcl file (Tool Command Language) is used for

scripting.

Inputs for Synthesis:
1. RTL Code (.v or .vhdl)
2. Chip Level SDC (System Design Constraints)



3. Liberty Files (.1ib)

Expected Outputs of Synthesis:
1. Gate Level Netlist
2. Block Level Netlist
3. Timing, Area and Power Reports

Synthesis runs in following 3 stage process:
1. Translation — Converts RTL code to boolean expression
ii. Mapping — Boolean expression is mapped to logic /standard cells available from libraries
iii. Optimization - Tool tries to reduce cell count without affecting the functionality

To run the synthesis, the following script can be used. Inside the genus_script file we have to mention
the commands as shown below.



Script for synthesis (genus_script.tcl):

=, genus_script.tcl

«/Desktop/VLSI_Lab_Anna_University/inverter/synthesis

Open -

Save = - u x

# Setting library and RTL paths
set db /s .init 1lib search path {/home/saraswati/install/FOUNDRY/digital/9@nm/dig/lib}
set_db s .init_hdl_search_path {.}

# Read Lib, RTL and 5DC files
set db / .library "slow.Llib"
set DESIGN inverter

read _hdl "inverter.wv"®
elaborate $DESIGN

check design -unresolved

read sdc constraints top.sdc

# Setting effort medium

set_db syn_generic_effort medium
set_db syn_map_effort medium

set db syn opt effort medium

syn _generic

syn_map

syn_opt

write hdl = output/inverter netlist.v

write sdc = output/inverter sdc.sdc

# PPA Reports

report_power > output/inverter_ power.rpt

report_area = output/inverter_area.rpt

report timing -unconstrained = output/inverter timing.rpt
report gates = uutput;inverter_gatecuunt.rpﬂ

gui show
Tcl » Tab Width: 8 + Ln27,Col45 ~ INS
Chip Level SDC (constraints_top.sdc):
Open ~ =, constraints _top.sdc Save = _ O -

/D esktop/VLSI_Lab_Anna_.

set input delay -max 1.8 [get ports "a"]
set output delay -max 1.0 [get ports "b"]



# Script File Explanation:

1. Give the path of the library w.r.t to the directory you are using the command:
set_db/.init_lib_search_path {{fhome/installFOUNDRY/digital/90nm/dig/lib}

2. Give the path of the RTL files w.r.t to the directory you are using the command:
set_db /.init_hdl search path {.}

3. Read the library file from the directory specified in giving the path for the library files in First line
using the command:
set_db / .library "slow.lib"

4. Set the top module name for the design you are running using the command:
set DESIGN inverter

5. Read the RTL files from the directory specified in the second line. The RTL files are in the
directory name : read_hdl “inverter.v”

6. Now Elaborate the design using the command:
elaborate SDESGIN

7. To check the any unresolved references with the RTL code you can check by using the command:
check_design -unresolved

8. Constraint File : Not Mandatory, If you are having constraint file then you can read the constraint
file using command:
read_sdc constraints_top.sdc

9. Set the effort level to (low, medium & high) the all the 3-stages of synthesis based on the user
specification by using the commands:

set_db syn_generic_effort medium

set_db syn_map_effort medium

set_db syn_opt_effort medium
10. Synthesize the circuit using the commands:

syn_generic

syn_map

syn_opt



# OUTPUT Files Generated from Synthesis Process
11. Write the Gate level netlist (GLN) or hdl code in terms of library components for the synthesized
circuit using the command:
write_hdl > inverter netlist.v
12. Similarly write the constraint file using:
write _sdc > inverter_const.sdc

# REPORTS Files Generated from Synthesis Process

13. Check Power dissipation using:
report_power > inverter_ pwr.rpt

14. Check area using:
report_area > inverter_area.rpt

15. Timing could be check using command:
report_timing -unconstrained (only for combinational circuit)

16. Similarly for Gates:
report_gates > inverter_gates.rpt

17. To see the schematic capture of invert use the command:
gui_show



Power Report:

Invoke the Genus tool by typing the below command on your terminal:

genus -f genus_script.tcl

The tcl [Tool Command Language] script runs executing each command one after the other.

Total runtime 0

saraswati@saraswati:synthesis - 0 x
Genus(TM) Synthesis Solution 17.2 - /home/kedhar/Desktop/manual_explinverter - inv - o x
Fie DFT Fooran Poner Timng Tods Windows cadence
Dsgraner x [0 bos x |0
EW i 4R QAR E QO E h b
\ ERe--ive 8

@file(rc_script.tcl) 11: synthesize -to_ - -
Warning : This command will be obsolete —

1 . command: 'synthesize'
ead.
Info  : Synthesizing. [SYNTH-1]

: Synthesizing 'inv' to generic
Info  : Pre-processed datapath logic.

: No pre-processing optimization
Info  : Skipping datapath optimization

: There is no datapath logic in
Info  : Done synthesizing. [SYNTH-2]

: Done synthesizing 'inv' to gen
Info  : Mapping. [SYNTH-4]

: Mapping 'inv' using 'medium' e
Mapper: Libraries have:

domain default : 324 combo usab
Multi-threaded constant propagation [1|0
Multi-threaded Virtual Mapping (4 thr

1 AahAal mannina +arant infa

: The synthesize command is obsQ| ssen

8 | Al Colors

A window of Genus GUI pops — up with the top hier cell on the left top.

Make a Right Click and select Schematic Viewer — In Main.

& Miscellaneous




Power Report:

Genus(TM) Synthesis Solution 17.2 - /home/saraswati/Desktop/VLSI_Lab_Anna_University/invert.. — o x
File DFT Floorplan Power Timing Tools Windows H 4 of 7 cadence
Design Browser x &2 Layout Schematic x |&3

= A = — | —
‘ (F1)24 QU @ onE da LI L
|StdCells n"

i
= Hier Cell - inverter, 1 LeafCells
- Terms (2)
B} Nets (2)
& StdCells (1)

= 1=

inverter 1 auto update: 2000

It will generate the Gate Level Netlist (inverter neltist.v), SDC constraints (inverter sdc.sdc) and
Report (Timing, Area, Power and Gates) for the design as shown below.

< 4 | inverter = synthesis = output ) Q. || &=

® Recent
2* Home
[ Documents
inverter_area.rpt inverter_gatecount. inverter_netlist.v inverter_power.rpt
~» Downloads rpt
dd Music

2 Pictures

@ Videos
inverter_sdc.sdc inverter_timing.rpt



Generated by: Genus(TM) Synthesis Solution 17.22-s017 1
Generated on: Jan 11 2022 02:22:09 pm
Module: inverter
Technology library: slow
Operating conditions: slow (balanced tree)
Wireload mode: enclosed
Area mode: timing library
Leakage Dynamic Total

Instance Cells Power(nW) Power(nW) Power{nW)

inverter 1 8.757 44 417 53.174
Area Report:
P===========================================================
Generated by: Genus (TM) Synthesis Solution 17.22-s5017 1
Generated on: Jan 11 2022 ©02:22:09 pm
Module: inverter
Technology library: slow
Operating conditions: slow (balanced tree)
Wireload mode: enclosed
Area mode: timing library

Instance Module Cell Count Cell Area MNet Area Total Area Wireload

inverter 1 2.271 0.000 2.271 <none= (D)

(D) = wireload is default in technology library



Timing Report:

'::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
Generated by: Genus (TM) Synthesis Solution 17.22-s5017_1
Generated on: Jan 11 2022 02:22:09 pm
Module: inverter
Operating conditions: slow (balanced tree)

Wireload mode: enclosed
Area mode: timing library

Path 1: UNCONSTRAINED Late External Delay Assertion at pin b
Startpoint: (F) a
Endpoint: (R} b

Output Delay:- 16086
Input Delay: - 1000
Data Path: - 12

Exceptions/Constraints:

input_delay 1000 constraints_top.sdc_line 1
output delay 1000 constraints top.sdc line 2
# _______________________________________________________________________________________
# Timing Point Flags Arc Edge Cell Fanout Load Trans Delay Arrival Instance
# (fF) (ps) (ps) (ps) Location
# _______________________________________________________________________________________
a - - F (arrival) 1 1.6 0] 0] 1000 (-.-)
g2/ - A-=¥Y R TINVXL 1 ©.0 6 12 1812 (-.-)
b - - R (port) - - - 2] 1012 (-,-)
# _______________________________________________________________________________________
Gates Report:
P
Generated by: Genus(TM) Synthesis Solution 17.22-s017_1
Generated on: Jan 11 2022 @2:22:09 pm
Module : inverter
Operating conditions: sLow (balanced_ tree)
wireload mode: enclosed
Area mode: timing Llibrary
Gate Instances Area Library
THNWXL 1 2.271 sLow
total 1 2.271
Type Instances Area Area =
inverter 1 2.271 106 .0
physical cells 2 .00 @.60



9: CMOS BASIC GATES & FLIP FLOPS

1 CMOS BASIC GATES

Aim:
Design and Simulate a CMOS Basic Gates and Flip Flops

To write verilog code for a CMOS Basic Gates and its test bench for verification using incisive
simulator, observe the waveform and synthesize the code with technological library with given
constraints.

Theory:

Digital systems are said to be constructed by using logic gates. These gates are the AND, OR, NAND,
NOR and XOR gates. The basic operations are described below with the aid of truth tables.

a: AND Gate:
2 Input AND gate
a E— ﬂ [a] E }r=D ab
b |/
o
1 1 1

The AND gate is an electronic circuit that gives a high output (1) only if all its inputs are high. “a” dot
(.) is used to show the AND operation i.e. “a.b”. Bear in mind that this dot is sometimes omitted i.e.
ab

Verilog and Test bench Code for AND Gate:

/I Verilog source code:
module andgate (a, b, y);
input a, b;
output y;
assigny=a & b;
endmodule

/I Test-bench source code :
module tb_and gate;
reg a,b;



wire y;

andgate test (.a(a), .b(b), .y(y));
//Above style is connecting by names
initial begin

a=1'b0;

b= 1'b0;

#45 $finish;

end

always #6 a =~a;

always #3 b =~b;

always @(y)

$display( "time =%0t \t INPUT VALUES: \t a=%b b =%b \t output value y =%b",$time,a,b,y);
endmodule

Simulation Result For AND Gate:
i b O o1 (A ‘Wns
4§ |

Schematic Capture of AND Gate:

= BAND2X



b: OR Gate:

2 Input OR gate

u L a+b a | b |y=ath
, V4 0| 0 0
b =7 o[ 1] 1
OR 1|0 1
1 1 1

The OR gate is an electronic circuit that gives a high output (1) if one or more of its inputs are high.
“a” plus (+) is used to show the OR operation.

Verilog and Test bench Code for OR Gate:

/l Verilog source code:
module orgate (a, b, y);
input a, b;
output y;
assigny=a|b;
endmodule

/I Test bench source code:
module tb_or gate;
reg a,b;
wire y;
orgate test (.a(a), .b(b), .y(y));
//Above style is connecting by names
initial begin
a=1"d0;
b =1d0;
#45 $finish;
end
always #6 a =~a;
always #3 b =~b;
always @(y)
$display( "time =%0t \t INPUT VALUES: \t a=%b b =%b \t output value y =%b"S$time,a,b,y);
endmodule



Simulation Result for OR Gate:

B8 =308
10 0 ng |40ns

Schematic Capture of OR Gate:

I BOR2XY ;

c: NAND Gate:

2 Input NAND Gate

. o] e
j /pﬂ 0 0 1
0 1 1
NAND L | o 1
1 1 V]

This is a NOT-AND gate which is equal to an AND gate followed by a NOT gate. The outputs of all
NAND gates are high if any of the inputs are low. The symbol is an AND gate with a small circle on
the output. The small circle represents inversion.

Verilog and Test bench Code for NAND Gate:



/I Verilog source code:
module nandgate (a, b, y);
input a, b;
output y;
assigny =~(a & b);
endmodule

// ' Test-bench source code:
moduletb nand gate;
reg a,b;
wire y;
nandgate test (.a(a), .b(b), .y(y));
//Above style is connecting by names
initial begin
a=1'b0;
b=1b0;
#45 $finish;
end
always #6 a =~a;
always #3 b =~b;
always @(y)
$display( "time =%0t \t INPUT VALUES: \t a=%b b =%b \t output value y =%b",$time,a,b,y);
endmodule



Simulation Result for NAND Gate:

Tined = s
10n 1 i ‘4Uns
Schematic Capture of NAND Gate:
o A
o~
L
\ \
W RIAND2; /
d: NOR Gate:
2 Input NOR Gate
a a b y=a+bh
W] 0 1
b a 1 0
NO R 1 0 0
1 1 0

This is a NOT-OR gate which is equal to an OR gate followed by a NOT gate. The outputs of all
NOR gates are low if any of the inputs are high. The symbol is an OR gate with a small circle on the

output. The small circle represents inversion.

Verilog and Test bench Code for NOR Gate:

/I Verilog Source Code:



module norgate (a, b, y);
input a, b;

output y;

assigny =~(a|b);
endmodule

/I Test-bench Source Code:
module tb nor gate;
reg a,b;
wire y;
norgate test (.a(a), .b(b), .y(y));
//Above style is connecting by names
initial begin
a=1'b0;
b =1'D0;
#45 $finish;
end
always #8 a =~a;
always #10 b =~b;
always @(y)
$display( "time =%0t \t INPUT VALUES: \t a=%b b =%b \t output value y =%b",$time,a,b,y);
endmodule

Simulation Result for NOR Gate:
[ = 4ol

or Cur ¢ (N |1Unsl - ‘Zﬂnsl - ‘3Unsl - |40ns‘
- !
P T —

Schematic Capture of NOR Gate:

b= :




e: XOR Gate:

2 Input XOR Gate

a b y=a®b
d ||| 'Il—-'-"\ Y=a @b

\ 0

XOR 0

ZD ’ 1
1

N

The 'Exclusive-OR' gate is a circuit which will give a high output if either, but not both, of its two
inputs are high. An encircled plus sign (@) is used to show the XOR operation.

el == I
O = =D

Verilog and Test bench Code for XOR Gate:

/I Verilog Source Code:
module xorgate (a, b, y);
input a, b;
output y;
assigny=a”"b;
endmodule

/I Test-bench Source Code:
module tb xor gate;
reg a,b;
wire y;
xorgate test (.a(a), .b(b), .y(y));
//Above style is connecting by names
initial begin
a=1D0;
b =1d0;
#45 $finish;
end
always #6 a =~a;
always #3 b =~b;
always @(y)
$display( "time =%0t \t INPUT VALUES: \t a=%b b =%b \t output value y =%b",$time,a,b,y);
endmodule



Simulation Result for XOR Gate:

= h
sl
,I.!‘,




2 FLIP FLOPS

Aim:
Design and Simulate a Flip Flops (SR, JK, MS, D and T)

To write verilog code for Flip-Flops and its test bench for verification using incisive simulator,
observe the waveform and synthesize the code with technological library with given constraints.

Theory:

In electronics, a flip-flop or latch is a circuit that has two stable states and can be used to store state
information. A flip-flop is a bistable multi-vibrator. The circuit can be made to change state by signals
applied to one or more control inputs and will have one or two outputs. It is the basic storage element
in sequential logic. Flip-flops and latches are fundamental building blocks of digital electronics
systems used in computers, communications, and many other types of systems.

Lab 2.2a: SR-Flip Flop:

SR flip-flop is one of the fundamental sequential circuits. SR flip flop is the
simplest type of flip flop basically a one-bit memory storage device that has two
inputs, one which will “Set” the device (i.e. the output is 1), and is labelled as S and
other which will Reset the device (i.e. the output is 0), labelled R. The name SR
stands for “Set-Reset”.

—p FF

Logic Symbol
INPUTS OUTPUTS REMARKS
Qn Qn+1
S R States and Conditions
(Present State) (Next State)
0 4] x Qn Hold State condition S =R =0
0 1 x 0 Reset state condition S =0, R=1
1 4] x 1 Set state condition S=1 , R=0
1 1 x Indeterminate Indeterminate state condition S=R =1

Truth Table



Verilog and Test bench Code for SR Flip Flop:

/I Verilog Source Code:
module SR_flipflop(q,q1,1,s,clk);
output q,q1;
input r,s,clk;
reg q,q1;
initial begin
q=1'b0; q1=1'bl;
end
always @(posedge clk)
begin
case({s,r})
{1'b0,1'b0}: begin q=q; q1=q1; end
{1'b0,1'b1}: begin g=1'b0; q1=1'b1; end
{1'b1,1'b0}: begin g=1'b1; q1=1'd0; end
{I'b1,1'b1}: begin g=1'bx; q=1'bx; end
endcase
end
endmodule

/! Test-bench Source Code:
module test;
reg clk=0; reg s=0; reg r=0;
wire q, qnot;
jkff dut(reset, clk, j, k, q, qnot);
initial begin
s=1'bl; =1'bl;
#25 $finish;
end
always #1 clk=~clk;
endmodule

Simulation Result for SR-Flip Flop:






2b: JK-Flip Flop:

JK flip flop is a refined & improved version of SR flip-flop that has been introduced to solve
the problem of indeterminate state that occurs in SR flip flop when both the inputs are 1. The JK flip-
flop is probably the most widely used and is considered the universal flip-flop because it can be used
in many ways.

Logic Symbol

Verilog and Test bench Code for JK Flip Flop:

INPUTS OUTPUTS REMARKS
Qn Qn+1
J K States and Conditions
(Present State) (Next State)

0 0 X Qn Hold State condition J=K =0

0 1 X 4] Reset state condition J =0, K =1
1 0 X 1 Set state condition J =1, K=0
1 1 X Qn Toggle state condition J=K =1

Truth Table

/I Verilog Source Code:
module jkff(input reset, input clk, input j, input k, output reg q, output gnot);
assign qnot=~q;
always @(posedge clk)
if (reset) q<=1'b0;
else
case ({j, k})
2'b00: q<=q;
2'b01: g<=1'b0;
2'b10: g<=1'b1;
2'b11: q<=~q;
endcase
endmodule



/] Test-bench Source Code:
module test;
reg clk=0;
reg j=0;
reg k=0;
reg reset=1;
wire g, qnot;
jkff dut(reset, clk, j, k, q, qnot);
initial
begin
$dumpfile("dump.ved");
$dumpvars(1);
j=1'bl1;// set your JK here
k=1'bl;
#5 reset=1'b0;
#25 $finish;
end
always #1 clk=~clk;
endmodule

Simulation Result for JK-Flip Flop:

i
|I| k

|I| i
'l' tiot

B3

Schematic Capture of JK Flip Flop:






c: T-Flip Flop:

T flip flop is known as a toggle flip flop because of its toggling operation. It is a
modified form of the JK flip flop. A T-flip flop is constructed by connecting J and K
inputs, creating a single input called T. Hence why a T flip flop is also known as a
single input JK flip flop.

The defining characteristic of T flip flop is that it can change its output state. You
can change the output signal from one state (on or off) to another state (off or on). The
clock signal must set high to toggle the output. When the clock is set low, the output
remains as it is whether the input signal is set high or low. So, to change the output
condition, the clock signal has to be high.

; T Q ®Output T |Qn (Qntl Action
= 010 0 | Unchanged/hold
Flip-Flop 0] 1 1 Unchanged/hold
10 1 Toggle
'K 1 6 ) :nv.:|
1 1 0 Toggle
Symbol of T-FF Truth Table of T-FF

Verilog and Test bench Code for T Flip Flop:

/I Verilog Source Code:
module tffmod(t, clk, q);
input t; input clk;
output q;
reg q;
initial
q<=0;
always @(posedge clk)
q<=q°t;
endmodule




// Test-bench Source Code:
module tflipflopt b;
regt;
reg clk;
wire q;
tffmod uut (.t(t), .clk(clk), .q(q));
initial begin
t=0; clk=0;

#100;

end

always #3 clk=~clk;
always #5 t=~t;
initial

#100 $stop;
endmodule

Simulation Result for T-Flip Flop:

d: D-Flip Flop:

D Flip-Flop is one of that Flip Flop that can store data. It can be used to store data statically or
dynamically depends on the design of the circuit. D Flip-Flop is used in many sequential circuits as
register, counter, etc.

D flip-flop or Data flip flop is a type of flip Flop that has only one data input that is ‘D’ and
one clock pulse input with two outputs Q and Q bar. This Flip Flop is also called a delay flip flop
because when the input data is provided into the d flip-flop, the output follows the input data delay by
one clock pulse.



Data o ° o Q
Clock Clk Q Ei
R
Clear/Reset

Symbol of D-FF

Module 1: Writing RTL Code for D-Flip Flop

Input

Output

D reset clock Q Q’
0 0 0 0 1
0 0 1 0 1
0 1 0 0 1
0 1 1 0 1
1 0 0 0 1
1 0 1 1 0
1 1 0 0 1
1 1 1 0 1

Characteristics table of D-FF

Verilog and Test bench Code for D Flip Flop:

/I Verilog Source Code:

module dff sync reset (data,clk,reset,q);

input data, clk, reset ;
output q;

reg q;

always @ ( posedge clk)
if (~reset) begin

q <= 1'b0;

end else begin

q <= data;

end

endmodule

// Test-bench Source Code:
module tb DFF();
reg data;
reg clk;
reg reset;
wire Q;

dff sync reset dut(data, clk, reset, Q);

initial begin

clk=0;

forever #10 clk = ~clk;
end

initial begin

reset=1;

data <= 0;

#100;

reset=0;

data<=1;




#100;

data <=0;
#100;

data <=1;
end
endmodule

Module 2: Design Simulation using INCISIVE Simulator

saraswati@saraswati:Flipflops - o x

NCLaunch : /home/saraswati/Desktop/VLSI_Lab_Anna_University_2022/Flipflops - O X

File Edit Tools Utilities Plug-lns Help cadence
. Browsers: l___?l el Tools: 5% I

I+

H-[@l INCA_libs
ff

pd
synthesis
waves.shm

§ o B o SO o BN e |
e R e L B3
BEEE

‘Directory:lpNLSI_Lab_Anna_University_ZOZZ/FIipﬂops :l

Al

i

Filters:l".v *whd *.vhdl

fhomessaraswati’‘Desktop/VLSI_Lab_Anna_University_

o[ worklib

Snapshots

hd =

ncelah: CPU Usage - 0.0s system + 0.0s user = 0.1s total {2.0s, 3.2% cpu)

nclaunch= ncelab -work worklib -cdslib fhome/saraswati/Desktop/VLS1_Lab_aAnna_University_2022/Flipflops/cds.lib -
ncelab(64): 15.20-s051: (c) Copyright 1995-2016 Cadence Design Systems, Inc.

ncelab: Memory Usage - 49.98 program + 31.90 data = §1.9M total (Peak 66.984)

ncelab: CPU Usage - 0.0s system + 0.0s user = 0.1s total (0.9s, 7.2% cpu) J
nclaunch= 2
| = i -

You can Compile, Elaborate and Simulate the D-flip flop with source codes available with verilog and
test-bench and observe the simulation output as shown below.




& Applications  Places  Design Browser 1 - SimVision m @ @ Mon 13:16 ) [4]

c[saraswati@saraswati Flipflops]$ csh
[saraswati@saraswati Flipflops]$ source /home/saraswati/install/cshrc

SI-Lab_Anna_ sity-2022/Flipflops -~ O

Welcome to Cadence Tools Suite File Edit Tools Utiities Plug-ns Help cadence

[saraswati@saraswati Flipflops]$ nclaunchs | Broers F|Ro| Tools 5| o) B VI B o i
[saraswati@saraswati Flipflops]$ nclaunch (64pirectory:[p/VLSI_Lab_anna_University_z ops »| ([T momessaraswat/Deskiop/vLSI_Lah_anna_University | 1NC -

] T || 25 workio
-l INCA_libs -8 dff_sync_reset
B &-48F th_DFF
@ pd El-{#]  Snapshots
@il synthesis §&  worklib.dff_sync_resetmodule
&-[ waves.shm & worklib th_DFF:module |
& D Design Browser 1 - SimVision - o x
& D_fithy
5 JK_fly File Edit View Select Explore Simulation Windows Help cadence
) MS_UK iy T — o= -
= srv EEIGE g+ rRERBEEHEEE
% Ty | Timea~| = [a1 B & 5, || search Times: [Value ||
d_fly I —. L o]
& oy O-EQes o= T/ B0 41,8125530,000ps + 0 |
Design Browser X |
N o Er— ojEs | ]
unche neo S ceame ot Scope: | @ All Available Data ok Name B Value B i
nelaunch= ncsim(e4): 15.20-5051:|| [5 & simulator Q &
Relinquished control ta Sim¥ision #-{} th_DFF ;a(a g
ncsim> ncsim> te(64): 15.20-5051
reset 0
- |
Find:[String] [ BN N
A =
Show contents: | In the signal list area~ Filter:
[@%d - [1 object selected |
‘ 8 Fupriops Bl seraswati@saras NCLaunch : /hom, ”R Design Browser . I - Sim 1/4
. . .
Simulation Result for D-Flip Flop:
Waveform 1 - SimVision - o x
Eile Edit Miew Explore Format Simulation Windows Help cadence
g N A g e o f PRI g SendTo: 3 H- =) »
| ¥ DX = n-|E- | § 4 QB
* |

! Search Names: | Signal v >l fy & Search Times: | Value v/ B ‘
| [Timea~| - [0 Spsrpx-l @ D05 E T @ EEO 1214420300000+ 0| | Time: 55 ”J}

[} Baselinev=0
EF| Cursor-Baseline v=0

MName %~ Cursor s~ U




Module 3: Synthesis Using GENUS Tool

To run the synthesis, the following script can be used. Inside the genus script file we have to mention
the commands along with sdc constraints file as shown below.

ol genus._script.tcl

+/Desktop/NLSI_Lab_Anna_University_ 202 2/Flipflops/ff

Open « Save = - o0 X

# Setting library and RTL paths
set db / .init lib search path {/home/saraswati/install/FOUNDRY/digital/9@nm/dig/lib}
set db / .init hdl search path {.}

# Read Lib, RTL and sDC files
set db / .library "slow.lib"
set DESIGN dff sync reset
read hdl "D Tf.v"

elaborate $DESIGHN

check design -unresolved

read sdc constraints top.sdc

# Setting effort medium

set db syn generic effort medium
set db syn map effort medium
set db syn opt effort medium

syn generic

syn_map

syn opt

write hdl > D ff netlist.v

write sdc = D ff sdc.sdc

# PPA Reports

report power > D ff power.rpt

report area > D ff area.rpt

report timing = D ff timing.rpt

report gates = D ff gatecount.rpt

report qor -levels of logic -power -exclude constant nets > D ff qor.rpt
gui show

Tcl »  Tab Width: & « Ln 31, Col 1 * INS




Chip Level SDC (constraints_top.sdc):

constraints_top.sdc
/-, e Tt ey
#HF----- = clk periocd = 2ns, f = 500MHz

create clock -name clk -period 2 -waveform {@ 1} [get ports "clk"]

Open - Save = = =] x

set clock_ transition -rise @.1 [get clocks "clk"]
set clock transition -Tall @.1 [get clocks "clk"]
set clock uncertainty @.81 [get ports "clk"]

set _input_ transition ©.1 [all_inputs]

set _input _delay -max ©.4 -clock clk [all _inputs]
set output delay -max @.4 -clock clk [all _outputs]

set load ©.2 [all outputs]

set max Tanout 20.00 [current design]
#set max_ capacitance 2@ [get ports]

Plain Text - Tab Width: 8 - Lm 18, Col 1 - INS

Invoke the Genus tool by typing the below command on your terminal: genus -f genus_script.tcl
The tcl [Tool Command Language] script runs executing each command one after the other.

& Applications  Places  Genus{TM) Synthesis Solistion 17.2 - Inomelsaraswati/DesktopVLS|_Lab_Anna_Universiy. m e ) Mn1345 ¥ @

[saraswati@saraswati ff]$ csh
[saraswati@saraswati ff]$ source /home/saraswati/install/cshre

lielcome to Cadence Tools Suite

) ) ) Genus(TM) Synthesis Solution 17.2 - /home/saraswati/Desktop/VLSI-Lab_Anna_University.2022/Flipflops/ff -d.. - 0 x
[saraswatigsaraswati ff]$ genus -f genus script.t

THPDIR is being set to /tmp/genus temp 31416 sara fe O Boomen Power Tmng Took Windows A cadence
Cadence Genus(TM) Synthesis Solution. DesnBowser % Q) Taox x 10

Copyright 2617 Cadence Design Systems, Inc. ALl r Al

Cadence and the Cadence logo are registered trade|= —ii—

of Cadence Design Systens, Inc. in the United StaEdes S

Version: 17.22-5617 1, built Sun Apr 61 2618
Options: -files genus script.tcl

Date:  Mon Mar 14 13:43:23 2022

Host:  saraswati (x86 64 w/Linux 3.10.6-1062.1.
98368K8)

0S: Red Hat Enterprise Linux Client release |

m

il - dff sync_reset, 2 LeafCells

|pHz 3672KB) (161

. . . Physical -
Checking out license: Genus Synthesis o

Black Box

Loading tool scripts... .
o Function

Finished loading tool scripts (32 seconds elapsed

#8 Processing -files option ) 3
@genus 1> source genus_script.tcl e
#@ Begin verbose source genus_script.tcl 7 -166666.66600 | apped
@file(genus_script.tcl) 2: set db / .init_lib_searCh_pat {/nome/sarasvati/Install/FUUNDRY/dIqItat/gonm/arg/ oy
Setting attribute of root '/': 'init lib search path' = /home/saraswati/install/FOUNDRY/digital/96nm/dig/1ib
@file(genus script.tcl) 3: set db / .init hdl search path {.}
Setting attribute of root '/': 'init hdl search path' = .
@file(genus_script.tcl) 6: set db / .library "slow.lib"

A window of Genus GUI pops — up with the top hier cell on the left top. Make a Right Click and
select Schematic Viewer — In Main.



Or

You can click on + option form the Genus GUI where you can choose the Schematic option see the
schematic capture of D-flip flop Gate level netlist.

{TM Swvntheacic ~- beitim .y oo s / 3 Y wati/Deaeclkt N/1 <i i 2 B A e 3 I Iniy ay ity "M/ 1 “,
s(1 M) Synthesis Solution 1/.2 /home/saraswati/ueskKtop/VLSI_Lab_Anna_university _Z2UZZ2/t !;!::\,,__ - = | X

File DFT Floorplan Power Timing Tools Windows 7{ online hel cadence
Design Browser x &3 Layout Schematic x &2

F1)2) maqeolonslae —

L | j Haqaeolonegad

listdcells B~

E}- Hier Cell - dff_sync_reset, 2 LeafCells
B~ Terms (4)
B Nets (5)
- StdCells (2)

< i ) [ | I8 |
—|  [dff_sync_reset 1 auto update: 2000

Output & Report Generation:

< > < VLSI_Lab_Anna_University 2022 Flipflops ff > Q ==

& Recent
r Home
O

Documents

constraints_top.sdc D_ff.v pt D_ff_gatecount.rpt]
Downloads

Music

&

0

Pictures

i

Videos D_ff_netlist.v

D_ff_qor.rpt D_ff_sdc.sdc

Trash

pd_S0nm

lib

fv genus.cmd genus.log

DATA

+

Other Locations

genus_script.tcl top.mtarpt top_m.tarpt 4 items selected (4.3 kB)




10: 4-BIT SYNCHRONOUS COUNTER

Aim: Design and Simulate a 4-bit Synchronous counter using a Flip-Flops
Manual/Automatic Layout Generation and Post Layout Extraction

- Analyzing the Power, Area and Timing for Exp 7 to 9 by Performing Pre Layout and Post
Layout Simulations.

Tool Required:

Functional Simulation: INCISIVE Simulator (ncvlog, ncelab, ncsim)
Synthesis: GENUS Synthesis Solution Tool

’IF | Physical Design Implementation/Automatic Layout Generation: INNOVUS Implementation
00

Module 1: Work Space Creation & Writing RTL Code for 4Bit Synchronous
Counter

Getting Started:
1. Create sub directory/Folder or folder with name counter

2. Open the “counter” directory and make a Right Click to “Open in Terminal”.

3. Create and Save the Verilog & Test-bench source code for counter using command shown below:
gedit counter.v counter_test.v

4. Invoke the the simulation tool for checking the functionality of the code with help of simulation
waveform window.

saraswati@saraswati:sim - o

File Edit View Search Terminal Help

[saraswati@saraswati sim]$ csh
[saraswati@saraswati sim]$ source /home/saraswati/install/cshrc

Welcome to Cadence Tools Suite

[saraswati@saraswati sim]$ nclaunch -new&]]



Verilog and Test bench Code for 4BIT Synchronous Counter using Flip Flop:

= counter.v
Open - || B |

Save = — o x
J | J ~/Desktop/VLS|_Lab_Anna_University_2022/counter | J | J

// 4-BIT Synchronous Counter Verilog Code
“timescale 1lns/1ps

module counter(clk,m,rst,count);
input clk,m,rst;|

output reg [3:@] count;
always@(posedge clk or negedge rst)
begin

if(!rst)

count=0;

else if(m)

count=count+1;

else

count=count-1;

end

endmodule

counter_test.v

Save @ = = o X
~/Desktop/VLSI_Lab_Anna_University_2022/counter

Open ~ | M
// 4-BIT Synchronous Counter Testbench Code
“timescale 1lns/1ps
module counter test;
reg clk, rst,m;
wire [3:0] count;
initial
begin
clk=0;
rst=0;#100;
rst=1;
end
initial
begin
m=0;
#0600 m=1;
#500 m=0;
end

counter counterl(clk,m,rst, count);
always #5 clk=~clk;
initial $monitor("Time=%t rst=%b clk=%b count=%b", $time,rst,clk,count);

initial
#1400 $finish;

endmodule




Module 2: Design Simulation using INCISIVE Simulator:

NCLaunch : /home/saraswati/Desktop/VLSI_Lab_Anna_University/counter — o x

Eile Edit Tools Utilities Plug-lns Help cadence

Browsers: glg’ Tools: ﬁ% : %1 'gﬁl

Directory:Iuati.f’Desktop.u’VLSI_Lab_Anna_Universit;ﬂ fhomessaraswati/Desktop/VLS|_Lab_aAnna_Unive
. &Y worklib
@ INCA_libs “[#l Snapshots
{m3  counter.y
‘e counter_testy

Sy

TR

Filters:l".v *.whd *.vhdl :]J]q 1 -

nclaunch= ncvlog -work waorklib -cdslib fhomefsaraswati/Desktop/VYLS1_Labh_anna_University/counter/cds.lib -
ncvlogiB4): 15.20-s051: {c) Copyright 1995-20153 Cadence Design Systems, Inc.

ncvlog: Memory Usage - 21.3M program + 25.20 data = 49.58 total

ncvlog: CPU Usage - 0.0s system + 0.0s user = 0.0s total (1.58s, 2.4% cpu)

nclaunch=

Compiled Data stored in worklib:

NCLaunch : /home/saraswati/Desktop/VLSI_Lab_Anna_University/counter — =] x

File Edit Tools Utilities Plug-Ins Help cadence

Browsers: zl gl Tools: ﬁ_gl E’ |

Directory:lnatifDesktop.r’VLSl_Lab_Anna_Universit;:j
....... B .

@ INCaA_libs

4B counter.v |

“odmm counter_testw

Filters:|*.v “.whd *.vhdl >l =

1 ot

ncvlog(64): 15.20-s051: (c) Copyright 1995-2018 Cadence Design Systems, Inc. 2
ncvlog: Memory Usage - 21.3M program + 25.2M data = 49.50 total
ncvlog: CPU Usage - 0.0s system + 0.0s user = 0.0s total {1.8s, 2.4% cpu)
nclaunch= ncvlog -work worklib -cdslib fhomessaraswati’Desktop/VLSI_Lab_Anna_University/counter/cds.|
ncvlog(64): 15.20-s051: (c) Copyright 1995-2018 Cadence Design Systems, Inc.
ncvlog: Memory Usage - 21.3M program + 25.10 data = 49.404 total
ncvlog: CPU Usage - 0.0s system + 0.0s user = 0.0s total (0.2s, 7.6% cpu)
nclaunch=
k4




Elaboration:

NCLaunch : /home/saraswati/Desktop/VLSI_Lab_Anna_University/counter — o x

Eile Edit Tools Utilities Plug-Ilns Help

cadence

Browsers:

5 o
gxin

Directory:lNati/DesktoprLSI_Lab_Anna_Universit;:[ L] ‘homessaraswati/Desktop/VLSI_Lab_aAnna_Unive
. =y waorklib
m INC&_libs @ counter
= & countery =48k counter_test
AAAAA @ counter_test.y S f]‘ﬂ Snapshots
Filters:l".v *whd *.vhdl :l_"q 1 P
ncvlog(B4): 15.20-s051: {c) Copyright 1995-2018 Cadence Design Systems, Inc. [N
ncvlog: Memory Usage - 21.38 program + 25.2h data = 49.50 total
ncvlog: CPU Usage - 0.0s system + 0.0s user = 0.0s total {1.8s, 2.4% cpu)
nclaunch= ncvlog -work worklib -cdslib fhomessaraswati’Desktop/VLSI_Lab_Anna_University/counter/cds.|
ncvlog(64): 15.20-s051: {c) Copyright 1995-2016 Cadence Design Systems, Inc.
ncvlog: Memory Usage - 21.38 program + 23.10 data = 49.4084 total
ncvlog: CPU Usage - 0.0s system + 0.0s user = 0.0s total {0.2s, 7.6% cpu)
nclaunch=
Elaborated Data Stored in Snapshots:
NCLaunch : /fhome/saraswati/Desktop/VLSI_Lab_Anna_University/counter — =] x
File Edit Tools Utilities Plug-Ins Help cadence

Browsers:

roos: 25| S| BB |

Directory:l#atifDesktoprLSI_Lab_Anna_Universit; _v_j
H-[#@l  INCa_libs
~dmp  counterw

~~~~~ =5 counter_test.v

| =-48E counter_test
=#  Snapshots
& worklib.counter:module

""" &5 worklib.counter_testmodule

Filters:"‘.v *wvhd *.vhdl ~| |

A‘L,\

ncelabiB4): 15.20-s051: {c) Copyright 1995-2015 Cadence Design Systems, Inc.

ncelab: Memory Usage - 49.98 program + 31.9M data = §1.5M total (Peak G6.5M)

ncelab: CPU Usage - 0.0s system + 0.0s user = 0.1s total (10.3s, 0.9% cpu)

nclaunch= ncelab -work waorklib -cdslib fhomefsaraswati/Desktop/VLS1_Lab_anna_University/counter/cds.|
ncelahif4): 15.20-s051: {c) Copyright 1995-2015 Cadence Design Systems, Inc.

ncelab: Memory Usage - 49.98 program + 32.0M data = §1.9M total (Peak G6.8M)

ncelab: CPU Usage - 0.0s system + 0.1s user = 0.1s total {1.7s, 5.7% cpu)

nclaunch=



Simulation:

NCLaunch : /home/saraswati/Desktop/VLSI_Lab_Anna_University/counter - O X

File Edit Tools Utilities Plug-Ins Help cadence

Browsers:

el Tools: ﬁ%l Z%:%I ; .__! l :»%”;:

g o
v:l “%%I Néstzeel

Directory:lNati/DesktopNLSI_Lab_Anna_Universit; _'J @ fhomessaraswati’Desktop/VLSI_Lab_anna_Unive

e =Y workiib

E@ INCA_libs - @48 counter
=B countery ~ E-48F counter_test
b {3 counter_testy Ellil Snapshots

- &&  worklib.counter:module

~~~~~~ &5  worklib.counter_testmodule |

L

=ilters:|".v *whd *.vhdl _vJ_"q i
ncelah(64): 15.20-s051: (c) Copyright 1995-2015 Cadence Design Systems, Inc.
ncelab: Memory Usage - 49.9M program + 31.908 data = §1.6M total (Peak 86.8M)
ncelab: CPU Usage - 0.0s system + 0.0s user = 0.1s total {(10.3s, 0.9% cpu)
nclaunch= ncelab -work worklib -cdslib fhome/saraswati/Desktop/VLS|_Lah_Anna_University/counter/cds.|
ncelab(64): 15.20-s051: (c) Copyright 1995-2018 Cadence Design Systems, Inc.
ncelab: Memory Usage - 45.9M program + 32.0M data = 51.9M total (Peak §6.5M)
ncelah: CPU Usage - 0.0s system + 0.1s user = 0.1s total {1.7s, 5.7% cpu)
nclaunch=
Chose the test scope and make a Right Click on the selected and Select “Send to Waveform
Window”.
Design Browser 1 - SimVision = o x
Eile Edit ¥iew Select Explore Simulation Windows Help cadence
[Ss @[ X DX e |@-ad rRERIEREEEE
| P [Timea~] = [104,675  ~ilps~| % -| &8 .|| Search Times: [value | -8, 8,
|- 5 % = @ i B 1,400,000ps + 0

Design Browser

Scope: l @ All Available Data

=3 simulator
<<<<< G 3

Find: [String~] | =l iy &F

—b Show contents: | In the signal list areav]

al

==

= [P o
[ &5 [ & [ &0 62 Fiter:| =




Simulation Result:

01 Bagelinev=0
FF| Cursar-Baseline w=1,022,000ps

Hlame gv Cussor g 8

BOBERE

TR 11110011110 (N Y3116

———
e 1

AT

Console - SimVision - o x
Eile Edit Miew Simulation ¥indows Help cadence
e '—ugwsx £ a
B | 3 : o4 || Text Search: =l iy &
B-i el T B 1,400,000 + 0 [ & &gl

ncsim: daktabase —open waves -inkto wawves. shim -default

Created defamlt SHM database wawves

ncsimy probe -creakte —-shm counter test. clk counter test. count counter test.m counter test. rst
Created probe 1

NCS1ny LU

Time= 0 rst=0 clk=0 count=0000
Time= 5000 rst=0 clk=1 count=0000
Times= 10000 cst=0 clk=0 count=0000
Time= 15000 r=st=0 clk=1 count=0000
Time= 20000 cst=0 clk=0 count=0000
Time= 25000 r=st=0 clk=1 count=0000
Time= 30000 cst=0 clk=0 count=0000
Time= 35000 rst=0 clk=1 count=0000
Time= 40000 rst=0 clk=0 count=0000
Time= 45000 rst=0 clk=1 count=0000
Time= E0000 rst=0 clk=0 count=0000
Time= EEO00 cst=0 clk=1 count=0000
Time= 0000 r=st=0 clk=0 count=0000
Time= 65000 cst=0 clk=1 count=0000
Time= TOOO0 r=st=0 cllk=0 count=0000
Time= TE000 cst=0 clk=1 count=0000
Time= 20000 rst=0 clk=0 couwnt=0000

Time= 25000 rst=0 clk=1 count=0000

Ixtatatats] LR} P YaTatal



Module 3: Synthesis Using Genus Tool
Synthesis runs in following stages :
— Translation
— Mapping
— Optimization
To run the synthesis, the following script can be used. Inside the genus script file we have to mention
the commands as shown below.

Open ~ & genus_script.tel Save || = 5 -

«/Desktop/VL5I_Lab_Anna_University/counter

# Setting library and RTL paths
set db / .init lib search path /home/saraswati/install/FOUNDRY/digital/9@nm/dig/lib}
set db / .init hdl search path {.}

# Read Lib, RTL and SDC files
set db / .library "slow.lib"
set DESIGN counter

read hdl "counter.v"
elaborate $DESIGN

check design -unresolved

read sdc constraints top.sdc

# Setting effort medium

set db syn generic effort medium
set db syn map effort medium
set db syn opt effort medium

syn generic

syn _map

syn opt

write hdl = counter netlist.v

write sdc = counter sdc.sdc

# PPA Reports

report power > counter power.rpt

report area > counter area.rpt

report timing = counter timing.rpt

report gates > counter gatecount.rpt

report qor -levels of logic -power -exclude constant nets > counter qor.rpt
gui show



Chip Level SDC is as follows:

Open ~ & constraints_top.sdc

«/DesktopNLS|_Lab_Anna_University/counter

Save = - o x

F----- = clk period = 2ns, T = 500MHz
create clock -name clk -period 2 -waveform {@ 1} [get ports "clk"]

set clock transition -rise 0.1 [get clocks "clk"]
set clock transition -fall ©.1 [get clocks "clk"]
set clock uncertainty 0.01 [get ports "clk"]

set input transition 0.1 [all inputs]

set input delay -max 0.4 -clock clk [all inputs]
set output delay -max 0.4 -clock clk [all outputs]

set load 0.2 [all outputs]

set max fanout 20.00 [current design]
#set max capacitance 20 [get ports]

Plain Text = Tab Width: 8 « Ln 17, Col 1 - INS

Invoke the Genus tool by typing the below command on your terminal: genus -f genus_script.tcl
The tcl [Tool Command Language] script runs executing each command one after the other.

saraswati(@saraswati:counter - o x

File Edit View Search Terminal Help

[saraswati@saraswatl counter]$ csh
[saraswati@saraswatl counter]$ source /home/saraswati/install/cshrc

Welcome to Cadence Tools Suite

[saraswati@saraswati counter]$ genus -f genus_script.tcl]]



[saraswati@saraswati counterl]$ csh

[saraswati@saraswati counterl]$ source /home/saraswati/ins|

Welcome to Cadence Tools Suite

Genus(TM) Synthesis Solution 17.2 - /home/saraswati/Desktop/VLSI_Lab_Anna_University/counter -.. — o x

File DFT Floorplan Power Timing Tools Windows 2 cadence

Design Browser % | &3 Layout x &3
VIV R PR NG Q & »|EE >
[saraswati@saraswati counter]$ genus -f genus_script.tcl ‘ |BE-"A -4 NHI8 Q Q R ,,D
TMPDIR is being set to /tmp/genus_temp 28042 saraswati_sa)listdcells - B 3 p ;E}
Cadence Genus(TM) Synthesis Solution. = 22 _AllColors
Copyright 2017 Cadence Design Systems, Inc. All rights re| | & Hiercell- counter, 15 LeafCells VS|
Cadence and the Cadence logo are registered trademarks anj & Terms (7) E-Instance v
ark e} NZ!S (:\9) = @ Type v v
of Cadence Design Systems, Inc. in the United States and | @ sedcells (1) D omoance bae o F
StdcCell CaC4
Version: 17.22-s017_1, built Sun Apr 01 2018 Generic 19
Options: -files genus script.tcl iﬁ";’(al e
Date: Wed Jan 12 14:35:51 2022 o i
Host: saraswati (x86_64 w/Linux 3.10.0-1062.1.1.el7.x8| Area 10 v v
*1physical cpu*Intel(R) Core(TM) i5-3360M CPU @ 2.80GHz 3| Lon Bja‘k5°x-§f
0S: Red Hat Enterprise Linux Client release 7.7 (Mai :S?;:;m" =
Checking out license: Genus_Synthesis | ) Detail (U Speed
EB Click to select single object. |0 -166666.66600, Mapped
A window of Genus GUI pops — up with the top hier cell on the left top. Make a Right Click and
select Schematic Viewer — In Main.
File DFT Floorplan Power Timing Tools Windows o) cadence
¥ 3% 3
Design Browser x |&3 Layout Schematic x|
WAl = c . e ololn kg
- Qe QOoNYEda L

|StdCells n 4

& Hier Cell - counter, 25 Leaf
Terms (7)
Nets (28)
(- StdCells (25)




Power Report

Generated by:
Generated on:
Module:

Technology library:

Operating conditions:

Wireload mode:
Area mode:

Genus (TM} Synthesis Solution 17.22-
Mar 14 2022 ©04:14:40 pm

counter

slow

slow (balanced tree)

enclosed

timing library

Leakage
Instance Cells Poweri{nw)

Dynamic Total
Power(nW) Power({nw)

counter 25 1060.618 211192.463 212253.081
Gate Count Report
Module : counter

Operating conditions: slow (balanced_ tree)

wWireload mode:
Area mode:

enclosed
timing Library

Gate Instances Area Library
AOTZ211X1 1 5.298 sLow
ADIZ11XL 1 5.298 s Low
CLEKIMNWX1 = 5.812 sLow
DFFQX3 4 78.718 sLow
MXTZ2XIL 3 18.166 sLow
NANDZ2BX1 1 4.541 sLow
MNAND2XL 3 9.083 sLow
NMORZXIL 3 9.083 sLow
NOR3X1 1 4.541 sLow
0OATZ211X1 2 18.597 s Low
0ATZ2Z1X1 2 9.8083 sLow
OATIZBB 1XL 1 5.298 sLow
Ttotal = 166 .518

Type Instances Area Area %
sequential 4 F8.7F7ls8 47 .3
inverter 3 6.812 4.1
logic 18 80.988 18 .6
physical_ cells 2] Q.00 2.a



Area Report:

Generated by: Genus (TM) Synthesis Solution 17.22-s5017 1
Generated on: Mar 14 2022 04:14:40 pm

Module: counter

Technology library: slow

Operating conditions: slow (balanced tree)

Wireleoad mode: enclosed

Area mode: timing Llibrary

Instance Module Cell Count Cell Area MNet Area Total Area Wireload

counter 25 166.518 0.000 166.518 <none= (D)
(D) = wireleoad is default in technology library
Timing Report:
Module: counter
Operating conditions: slow (balanced_ tree)
Wireload mode: enclosed
Area mode: timing library

Path 1: MET (595 ps) Setup Check with Pin g regl[3]/CK-=D
Group: clk
Startpoint: (R} g _reg[l]l/CK
Clock: (R) clk
Endpoint: (F) q_reg[3]1/D
Clock: (R) clk

Capture Launch
Clock Edge:+ 2000 ]
Src Latency:+ 2] o]
Net Latency:+ e (1) e (1)
Arrival:= 2000 o]
Setup: - 123
Uncertainty: - 10
Required Time:= 1867
Launch Clock: - ]
Data Path: - 1272
Slack:= 595
# ________________________________________________________________________________________
# Timing Point Flags Arc Edge Cell Fanout Leoad Trans Delay Arrival Instance
# (TF) (ps) (ps) (ps) Location
# ________________________________________________________________________________________
q reg[l]/CK - - R (arrival) 4 - 100 - 2] {(-,-)
q_reglll/0 - CK->0Q F DFFOX4 5 209.8 376 605 605 (-.-)
Q583 TBT5/SY - SO-=Y F MXI2XL 2 4.5 222 241 846 {(-.-)
g578_ 9682/Y - Co-=Y R AODTIZ211X1 1 2.7 157 158 lee3 {(-,-)
gs>77 /Y - A-=Y F CLKINWX1 2 4.4 T2 65 lo68 {(-.,-)
g572_ 3T772/Y - Al-=Y R OAIZ1X1 1 2.9 134 93 1161 {(-,-)
gs7e__ 8780/Y - cCe-=Y F 0OAIZ11X1 1 1.6 149 111 1272 (-,-)
q reg[3]1/D << - F DFFQX4 1 - - (2] 1272 (-,-)



11. CMOS Inverting Amplifier

Aim:
- Design and Simulate a CMOS Inverting Amplifier

-> Analyze the Input impedance, Output impedance, Gain and Bandwidth for experiments 10 by
performing Schematic Simulations.

Tool Required:
- IC6.1.8
- Spectre

Getting Started:
1. Make sure the Licensing Server is switched ON and the client is connected to server.

2. General Note: Before starting to work on a design, create a Workspace (Folder) for the project
individually.

3. Work Space Creation: Make a right click on the Desktop and select the option “New Folder” and
name the folder (for example: VLSI Lab Anna University) and click on “Create”. Open the folder by
a double click

4. Open the “VLSI Lab Anna University” folder or directory and make a right click to “Open in
Terminal”.

5. In a terminal window, type csh at the command prompt to invoke the C shell.
#csh
6. To verify that the path to the software is properly set in the cshre file

#source /home/install/cshre

A welcome string “Welcome to Cadence Tool Suite” appears indicating terminal ready to
invoke Cadence Tools available for you.

7. In the same terminal window, enter:
# virtuoso &

saraswati@saraswati:VLSI_Lab_Anna_University - o x

File Edit View Search Terminal Help

[saraswati@saraswati VLSI Lab Anna University]$ csh
[saraswati@saraswati VLSI Lab_Anna_University]$ source /home/saraswati/install/cshrc

Welcome to Cadence Tools Suite

[saraswati@saraswati VLSI Lab Anna Universityl$ virtuoso &
The virtuoso or Command Interpreter Window (CIW) appears at the bottom of the screen.
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File Tools Options Help cadence

COPYRIGHT @ 1992-2009 CADENCE DESIGN SYSTEMS INC. ALL RIGHTS RESERVED B
UNIX SYSTEMS Laboratories INC.,
Reproduced with permission =t

This Cadence Design Systems program and online documentation are
proprietary/confidential information and may be disclosed/used only

I mouse L: awvMouseSingleSelectPiCE( M: R: ddsOnLineHelp( main)

lE

8. If the “What’s New ...” window appears, close it with the, File— Close command.

What's New in 6.1, 3.500

Flle = dit L L )

I o 1 WHAT'S NEW

e Lot T 1= 1 ), Ao R \ t f L T [ 1
x 1 ol ot L (88 o

1 KIUOS0 DESION ENVIRONMENT ON OPFENACOCHENS

= Lo & 1 PLATIFOEM DOCUMENTATION

1
VIEWING

SLAICLING USKERN DOOUMENCALLON Broon “Crn dedinit PO

Schematic Capture of CMOS Inverter:

Adding Components to schematic
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Schematic Entry:
Objective: To create a library and build a schematic of an CMOS Inverting Amplifier or Inverter.

Below steps explain the creation of new library “myDesignLib” and we will use the same throughout
this course for building various cells that we are going to create in the next labs.

Execute Tools — Library Manager in the CIW or Virtuoso window to open Library Manager.

Creating a New Library:
1. In the Library Manager, execute File - New — Library. The new library form appears.
2. In the “New Library” form, type “myDesignLib” in the Name section.

3. In the next “Technology File for New library” form, select option Attach to an existing
techfile and click OK.

Al Technology File for New Library |

Technology File far library “myDesignLib”

1
)

|

| x|

You can; « Compile an ASCIl technology file
— Reference existing technology libraries
& Attach to an existing technology library

« Do not need process information

Cancel , _ Help _

4. In the “Attach Design Library to Technology File” form, select gpdk180 from the cyclic field
and click OK.

Attach Library to Technology Library

Mews Libirary nyDesignLihb
Technology Library analogLib
awTech
hasic
cdsDefTechLih

m Cancel Ay Help

e r
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7. After creating a new library you can verify it from the library manager.
8. If you right click on the “myDesignLib” and select properties, you will find that gpdk180 library is

attached as techlib to “myDesignLib”.

Hile Egx View Design Manager Help C 5 dence
__ Show Categories __ ShowFiles

Library Cell View

v [ B- v _B-|7v = -
B myDesigniib |~ | B R B >
Basic View | tock | Size ]

casDefTechLib
connectLib
functional
gpdko4s
gpdk090

gpdk 180
rfExamples
rfLib

sample

Messages
Warning: The gdirecory: JThome/nstallfFOUNDRY/iTLID new does not exist

but was defined in libFile Yhomelsaraswati/installV/FOUND
Delegng cell "cs_amplifier™ from library "myDesignlLib™. =
Deleted cell myDesignbLib/cs amplifier’. H
Delegon of 1 cell done.

=
i
(UL

Creating a Schematic Cellview:

In this section we will learn how to open new schematic window in the new “myDesignLib” library
and build the inverter schematic as shown in the figure at the start of this lab.

1. In the CIW or Library manager, execute File — New — Cellview.

2. Set up the New file form as follows:

Mew File b
File
Library mylDesignlib n
Cell inverter
Wiew schematic
Type schematic n
Applicatiomn
Open with Schematics L n

Always use this application for this type of file

Library path file

meS saraswati/sDesktop/sDesign_work /CIC  fcds.1ib

@D conm b

Do not edit the Library path file and the one above might be different from the path shown in your
1906606 VLSI Design Laboratory — Academic Year (2023-2024/Even Semester)



form.Click OK when done the above settings. A blank schematic window for the Inverter design
appears

=~ T I

1. In the Inverter schematic window, click the Instance fixed menu icon to display the Add Instance
form

Tip: You can also execute Create — Instance or press i.

2. Click on the Browse button. This opens up a Library browser from which you can select
components and the symbol view.

You will update the Library Name, Cell Name, and the property values given in the table on the next
page as you place each component.

3. After you complete the Add Instance form, move your cursor to the schematic window and click
left to place a component.

This is a table of components for building the Inverter schematic.

Library name Cell Name Properties/Comments

gpdk 180 nmos Model Name = nmosl; W=2u:
L= 180n

gpdk 180 pmos Model Name = pmosl:; W=2u;
L= 180n

If you place a component with the wrong parameter values, use the Edit— Properties— Objects
command to change the parameters along with selection of commponent. Use the Edit— Move
command if you place components in the wrong location.

o O M X © 3 $ ¢

You can rotate components at the time you place them or use the Edit— Rotate command after they
are placed.

4. After entering components, click Cancel in the Add Instance form or press Esc with your cursor in
the schematic window.

Adding pins to Schematic

-

1. Click the Pin fixed menu icon in the schematic window.
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You can also execute Create — Pin or press p. The Add pin form appears.

2. Type the following in the Add pin form in the exact order leaving space between the pin names.

Pin Name Direction
vin, vdd, vss input
vout output

Make sure that the direction field is set to input/output/inputoutput when placing the
input/output/inout pins respectively and the usage field is set to schematic.

3. Select Cancel from the Add — pin form after placing the pins. In the schematic window, to fit the
schematic design click on the window and press the f bind-key.

=8
Q Q@ &

Adding Wires to a Schematic:
Add wires to connect components and pins in the design.

1. Click the Wire (narrow) icon in the schematic window. You can also press the w key or execute
Create — Wire (narrow).

2. In the schematic window, click on a pin of one of your components as the first point for your
wiring. A diamond shape appears over the starting point of this wire.

3. Follow the prompts at the bottom of the design window and click left on the destination point for
your wire. A wire is routed between the source and destination points.

4. Complete the wiring as shown in figure and when done wiring press ESC key in the

Saving the Design:

1. Click the Check and Save icon in the schematic editor window.
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g = e E‘_

VirtuosoA® 6,1.7-64b - Log: /home/saraswati/CDS.log - o X

Hle Tods Options Help cadence

Loading layers.cxt

INFOD (SCH-1178): Extracting "inverter schematic"

INFO (SCH-1426): Schematic check completed with no errors.
INFD (SCH-1181): "myDesignLib inverter schematic" saved.

I

1]}
M: Rotate 90 R: schHiMouse PopLip()

nmouse L: mousesdd P{t)
1 | Use the options form to supply terminal names for the pins. J

2. Observe the CIW output area for any errors.

Symbol Creation:

Objective: To create a symbol for the Inverter
In this section, you will create a symbol for your inverter design, so you can place it in a test circuit

for simulation. A symbol view is extremely important step in the design process.

1. In the Inverter schematic window, execute, Create — Cellview— From Cellview. The Cellview
From Cellview form appears. With the Edit Options function active, you can control the appearance

of the symbol to generate.

2. Verify that the From View Name field is set to schematic, and the To View Name field is set to
symbol, with the Tool/Data Type set as SchematicSymbol
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Cellview From Cellview x

Library Mame [my[le sign Lj_h.| H Browse
L™ -4
Cell Name inverter B
From View Name schematic B
ToView Name symbol
Tool /DataType  (SchematicSymbal [~

Display Cellview

I

Edit Options

I

@Y o=l Defauits | Apply | Help

3. Click OK in the Cellview From Cellview form. The Symbol Generation Form appears.

4. Modify the Pin Specifications as follows:

Symbol Generation Options b
Library Mame Cell Name View Mame
myDesignl ib inverter symbol
Pin Specifications Attributes
Left Fins win List
M —
Right Fins vout List
| TR
T Fins j
op wdd List
Bottom Fins [vss | ] L

Exclude Inherited Connection Fins:

2 MNone _ All _ Onlythese:

Load/Save Edit Attributes - Edit Labels - Edit Properties

&P coa= Apply . Help

5. Click OK in the Symbol Generation Options form.

6. A new window displays an automatically created Inverter symbol as shown here.
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Editing a Symbol:

In this section we will modify the inverter symbol to look like a Inverter gate symbol.

% - @d

1. Move the cursor over the automatically generated symbol, until the green rectangle is highlighted,
click left to select it.

2. Click Delete icon in the symbol window, similarly select the red rectangle and delete that.

3. Execute Create — Shape — polygon and draw a shape similar to triangle.
4. After creating the triangle press ESC key.
5. Execute Create — Shape — Circle to make a circle at the end of triangle.

6. You can move the pin names according to the location.

7. Execute Create — Selection Box. In the Add Selection Box form, click Automatic. A new red
selection box is automatically added.

8. After creating symbol, click on the save icon in the symbol editor window to save the symbol.

In the symbol editor, execute File — Close to close the symbol view window.
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Building the Inverter Test Design
Objective: To build an Inverter Test circuit using your Inverter

You will create the Inverter Test cellview that will contain an instance of the inverter cellview. In the
next section, you will run simulation on this design

1. In the CIW or Library Manager, execute File— New— Cellview.

2. Set up the New File form as follows:

MNewr File >
File
Library myDesignLib n
Cell Inverter_Test
WViews schematic
Type schematic n
Application
Open with Schematics L

— Always use this application for this type of file

Library path file
meSsaraswatisDesktopsDesign_work/CIC  fcds . 1lib

@D conee b

3. Click OK when done. A blank schematic window for the Inverter_Test design appears.

Building the Inverter_Test Circuit:

1. Using the component list and Properties/Comments in this table, build the Inverter_Test
schematic.

Library Name | Cell-view Name Properties/Comments
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myDesignLib Inverter Symbol

analogLib vpulse For VO: v1=0, v2=1.8v, td=0, tr=tf=1ns, ton=10ns, T=20ns

analogLib vdd, gnd vdc=1.8v

2. Add the above components using Create — Instance or by pressing 1.

3. Click the Wire (narrow) icon and wire your schematic. 1 :"'5

Tip: You can also press the w key, or execute Create— Wire (narrow)

4. Click Create — Wire Name or press L to name the input (vin) and output (vout) wires as in the
below schematic.

5. Click on the Check and Save icon to save the design. The schematic should look like this.

et

6. The schematic should look like this.

Schematic Test Capture of CMOS Inverter:

7. Leave your Inverter Test schematic window open for the next section.
Analog Simulation with Spectre

Objective: To set up and run simulations on the Inverter Test design

In this section, we will run the simulation for Inverter and plot the transient, DC characteristics.
Starting the Simulation Environment:

Start the Simulation Environment to run a simulation.
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1. In the Inverter_Test schematic window, execute Launch — ADE L

The Virtuoso Analog Design Environment (ADE) simulation window appears.

Set the environment to use the Spectre® tool, a high speed, highly accurate analog simulator. Use this
simulator with the Inverter Test design, which is made-up of analog components.

1. In the simulation window (ADE), execute Setup— Simulator/Directory/Host.

2. In the Choosing Simulator form, set the Simulator field to spectre (Not spectreS) and click OK.

Setting the Model Libraries:
The Model Library file contains the model files that describe the nmos and pmos devices during

simulation.
1. In the simulation window (ADE), Execute Setup - Model Libraries.

The Model Library Setup form appears. Click the browse button to add gpdk.scs if not added by
default as shown in the Model Library Setup form. Remember to select the section type as NN in
front of the gpdk.scs file.

Your Model Library Setup window should now looks like the below figure.

spectre0: Model Library Setup X
\Model File Section
E}- Global Model Files
t _..swati/install FOUNDRY /analog/45nm/gpdk045 /. /models/spectre/gpdki45.scs me W/

> ' /home/saraswati/instal [FOUNDRY/analog/180nm/model s/spectre [gpdk.scs NN
t.. _ <Click here to add model file>

%
\ |

€D e sepy  rep

To view the model file, highlight the expression in the Model Library File field and Click Edit File.

Choosing Analyses:
This section demonstrates how to view and select the different types of analyses to complete the

circuit when running the simulation.

1. In the Simulation window (ADE), click the Choose - Analyses icon. You can also execute
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Analyses - Choose.

AC
DC
Trans

( (0

The Choosing Analysis form appears. This is a dynamic form, the bottom of the form changes based
on the selection above.

2. To setup for transient analysis:
a. In the Analysis section select tran
b. Set the stop time as 200n
¢. Click at the moderate or Enabled button at the bottom, and then click Apply

Choosing Analyses -- ADE L (1) >

Analysis - tran —  diC — aC — Noise

s niF — SENSsS v domatch s acmatch

s stk — PE s IF —s SpP

— envip — prss — pac — prstb

— pnoise . pxf - Psp — qQps=s

- qpac — gpnoise . gpxf§ — qpsp

— hb — hbac e hbsthk — hbnoise

w hbsp e  hibxf

Transient Analysis

Stop Teme 28 6m

Accouracy Defaults (errpreseat)

conservative w moderate liberal

| Transient Moise |

| Dymamic Parameter |

Enabled [ Options...
L enstontefil

m Cancel Drefaults Ay Hel

Choosing Analyses ——- ADE L (1) >

Arnalysis - tran — dc — ac — Nnoises

w— xfF — Sens w domatch . acomatch

— st — Pz — IF — S

— Envip _— pss — pac — psth

— pnoi=se . pxf — PSP — gpss

— Qpac — gpnoise . qpxf — gQpsp

—r hb w— hbac w hbsth — hbnoise

— hbsp ' Ik

Transient Analysis
Stop Tune 2 88

Accuracy Defaults (errpreset)

COonsE rvative o oder ate liberal

| Transient Moiss |

| Dy amic Parameter |

Enabled - Options...
_——

m Cancel Defaults N =T=ain Help
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To set up for DC Analyses:
d. In the Analyses section, select dc.
e. In the DC Analyses section, turn on Save DC Operating Point.
f. Turn on the Component Parameter.
g. Double click the Select Component, which takes you to the schematic window.
h. Select input signal vpulse source in the test schematic window.
1. Select —DC Voltage in the Select Component Parameter form and click OK.
j. In the analysis form type start and stop voltages as 0 to 1.8 respectively.
k. Check the enable button and then click Apply.

Choosing Analyses -- ADE L (1) x
Analysis — tran & dc s ac - hoise —

s Xf - Sens . damatch . acmatch

- Stb <’/ PZ s If - SP

- envip — Pss - Ppac - pstb

- pnoise . pxf - Psp - qpss

~— qpac — Qgpnoise . gpxf — qpPsp

- hb - hbac .. hbstb -~ hbnoise

— hbsp « hbxf

DCAnalysis

Save DC Operating Point ~
Hysteresis Sweep o)

Sweep Variable

Component Name [m l

— Temperature

__ Design Variable Select Component

&~ Component Parameter Parameter Name dc

Model Parameter

Sweep Range

& StartStop

Start e Stop 1.8
— Center-Span
Sweep Type
Automatic B
Add Specific Points =
Enabled Optlons... J 5=
@ . Cancel Defaults Apply Help

3. Click OK in the Choosing Analyses Form.
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Selecting Outputs for Plotting:

1. Execute Outputs — To be plotted — Select on Schematic in the simulation window.

2. Follow the prompt at the bottom of the schematic window, Click on output net vout, input net vin
of the Inverter. Press ESC with the cursor in the schematic after selecting it.

Does the simulation window look like this?

ADE L (5) - myDesignLib Inverter_Test schematic - O X

Launch Session Setup Analyses Variables Outputs Simulation Results Toos Help cédence
I=Xe=IR S =N = |
Design Variables Soalyses L) Q?_(,I J;CT—
_ Type | Enatle|  Arguments |

—— I Nelye I q dc v t 0 1.8 Automatic Start-Stop /O @

2 tran v 0 200n moderate 3

[es

®

Outputs Ear) lq 6

Name/Signal/Expr | Value | Plot | Save | SaveOptions | @

1 vin v allv R

I Yy

2 vout v allv —

Plotafter simulation: (Auto B Plotting mode: \Replace B

> Select on Schematic Outputs to Be Plotted - |
1]

14(19) | Select On Design Status: Selecting outputs to be plotted... | T=27C | Simulator: spectre m|

Running the Simulation:

«

1. Execute Simulation — Netlist and Run in the simulation window to start the Simulation or the
icon, this will create the netlist as well as run the simulation.

2. When simulation finishes, the Transient, DC plots automatically will be popped up along with log
file.
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7] MyDesignLibInverter Test schematic %

Transient Response Thu Feb 3 15:07:21 2022 1§ DC Response Thu Feb 3 15:0

(e ———

] )
00 200 0.0 60.0 80.0 100.0 1200 1400 0001020304050607 08091011 1213 14151617 18
time (ns) de (V)

Saving the Simulator State:

We can save the simulator state, which stores information such as model library file, outputs, analysis,
variable etc.

This information restores the simulation environment without having to type in all of setting again.
1. In the Simulation window, execute Session — Save State. The Saving State form appears.
2. Set the Save as field to statel_inv and make sure all options are selected under what to save field.

3. Click OK in the saving state form. The Simulator state is saved.

Loading the Simulator State:

1. From the ADE window execute Session — Load State.
2. In the Loading State window, set the State name to statel_inv as shown
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3. Click OK in the Loading State window.

Loading State -- ADE L (7) x
Load State Option o Directory &
— Directory Options
State Load Directory r-/ .artist_states i \% £8

Library {myDesignLib B
cell \Inverter_Test B
Simulator ispectre B

State Name

LEEEAE
~ Cellview Options
Library imyDes'gnLib .
Cell 3LInverte r_Test Simulator spectre
State |spectre_state1 ' | Browse.. | DeleteState |
~ Description

None

—~What to Load-
& Analyses & Variables & Outputs
& Subckt Inst ¥ Operating Points ~ Model Setup il
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12. Design and Simulate Basic Common Source, Common Gate &
Common Drain Amplifiers

Aim:
-> Design and Simulate basic Common Source, Common Gate and Common Drain Amplifiers.
-> Analyze given below by performing Schematic Simulations
1. Input impedance
l. Output impedance
1. Gain
iv. Bandwidth
1. Basic Common Source Amplifier
Objective:
- To set up and run simulations on the CS Amplifier Test design.
- In this section, we will run the simulation for CS Amplifier and plot the Transient, DC and AC
characteristics.
- Anayzing Gain, Bandwidth and Input and Output Impedance by simulating schematic test of cs
amplifier
Theory:

In electronics, a common-source amplifier is one of three basic single-stage field-effect
transistor (FET) amplifier topologies, typically used as a voltage or transconductance amplifier. The
easiest way to tell if a FET is common source, common drain, or common gate is to examine where the
signal enters and leaves. The remaining terminal is what is known as "common". In this example,the
signal enters the gate, and exits the drain. The only terminal remaining is the source. This is a common
source FET circuit. The analogous bipolar junction transistor circuit is the common-emitteramplifier.

The common-source (CS) amplifier may be viewed as a transconductance amplifier or as a
voltage amplifier. (See classification of amplifiers). As a transconductance amplifier, the input voltage
1s seen as modulating the current going to the load. As a voltage amplifier, input voltage modulates the
amount of current flowing through the FET, changing the voltage across the output resistance according
to Ohm's law. However, the FET device's output resistance typically is not high enough for a reasonable
transconductance amplifier (ideally infinite), nor low enough for a decent voltage amplifier (ideally
zero). Another major drawback is the amplifier's limited high-frequency response.
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Schematic Capture:

Schematic Entry
Creating a Schematic Cellview:

In this section we will learn how to open new schematic window in the new “myDesignLib” library
and build the CS Amplifier schematic as shown in the figure at the start of this lab.

1. In the CIW or Library manager, execute File — New — Cellview.
2. Set up the New file form as follows:
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Mew File x

File
Library myDesignLib n
Cell c'.s_arrplif:ierl ]
Wiew schematic
Type schematic n
Application
Cpen with Schematics L n

—_ Always use this application for this type of file

Library path file

me/fsaraswati/Desktop/Design_work/CIC fcds.1lib

€D o e

Do not edit the library path file and the one above might be different from the path shown in your
form.

3. Click OK when done the above settings. A blank schematic window for the CS Amplifier design
appears

Adding Components to schematic:

=~ N R

1. In the CS Amplifier schematic window, click the Instance fixed menu icon to display the Add
Instance form

Tip: You can also execute Create — Instance or press i.

2. Click on the Browse button. This opens up a Library browser from which you can select
components and the symbol view. You will update the Library Name, Cell Name, and the property
values given in the table on the next page as you place each component.
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Library Name Cell Name Properties/Comments
gpdk 180 pmos Model Name = pmos1; W=40u; L=180n
gpdk 180 nmos Model Name = pmos1; W=40u; L=180n

3. After you complete the Add Instance form, move your cursor to the schematic window and click
left to place a component.

If you place a component with the wrong parameter values, use the Edit— Properties— Objects
command to change the parameters.

Use the Edit— Move command if you place components in the wrong location.

o L Md X W LI 9 ¢

You can rotate components at the time you place them or use the Edit— Rotate command after they
are placed.

4. After entering components, click Cancel in the Add Instance form or press Esc with your cursor in
the schematic window.

Adding pins to Schematic:
-

1. Click the Pin fixed menu icon in the schematic window. You can also execute Create — Pin or
press p. The Add pin form appears.

2. Type the following in the Add pin form in the exact order leaving space between the pin names.

Pin Name Direction
vin, vbias, vdd, gnd input
vout output

Make sure that the direction field is set to input/output/inputOutput when placing the
input/output/inout pins respectively and the Usage field is set to schematic.

3. Select Cancel from the Add — pin form after placing the pins. In the schematic window, execute
Window— Fit or press the f bind key.
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Adding Wires to a Schematic:

Add wires to connect components and pins in the design.

1. Click the Wire (narrow) icon in the schematic window. You can also press the w key or execute
Create — Wire (narrow).

2. In the schematic window, click on a pin of one of your components as the first point for your
wiring. A diamond shape appears over the starting point of this wire.

3. Follow the prompts at the bottom of the design window and click left on the destination point for
your wire. A wire is routed between the source and destination points.

4. Complete the wiring as shown in figure and when done wiring press ESC key.
Saving the Design:

1. Click the Check and Save icon in the schematic editor window.
2. Observe the CIW output area for any errors.

- "

Symbol Creation:
Objective: To create a symbol for the Common Source Amplifier

In this section, you will create a symbol for your cs_amplfier design, so you can place it in a test
circuit for simulation. A symbol view is extremely important step in the design process.

1. In the CS Amplifier schematic window, execute, Create — Cellview— From Cellview. The
Cellview From Cellview form appears. With the Edit Options function active, you can control the
appearance of the symbol to generate.

2. Verify that the From View Name field is set to schematic, and the To View Name field is set to
symbol, with the Tool/Data Type set as SchematicSymbol

3. Click OK in the Cellview From Cellview form. The Symbol Generation Form appears.
4. Modify the Pin Specifications as follows:
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Symbol Generation Options x
Library Mame Cell Mame View Name
myDesignlLib cs_amplifier symbol
Pin 5 pecifications Attributes
Left Pins Vin Vbias i
Right Fins Vout List
Top Fins Vdd List
Bottom Pins  Vss List
Exclude Inherited Connection Pins:
& None o All . Onlythese:
Load/Save Edit Attributes Edit Labels Edit Properties
@D o= Appy Help

i

5. Click OK in the Symbol Generation Options form.

6. A new window displays an automatically created CS Amplifier symbol as shown here.

—
Cellview From Cellview x
Library Mame myDesignLib Browse
Cell Mame cs_amplifier
From View Name schematic 4
ToView Name symbol
Tool £ Data Type schematicsymbal
Display Cellview L
Edit Options L
@D oo e sepy_rep
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7. Click OK in the Cellview From Cellview form. The Symbol Generation Form appears.
8. Modify the Pin Specifications as follows:

Symbol Generation Options x

Library Mame Cell Mame View Name

myDesignlLib cs_amplifier symbol

Pin 5 pecifications Attributes
Left Fins Vin Vbias _ List
Right Pins Vout —lils
Top Fins Vdd _ List
Bottom Pins  Vss —

Exclude Inherited Connection Fins:

® MNone . All . Onlythese:

Load/fSawe Edit Attributes - Edit Labels Edit Properties

@ e epy  Help

9. Click OK in the Symbol Generation Options form.
10. A new window displays an automatically created CS Amplifier symbol as shown here.

ortMNamel.
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Editing a Symbol: In this section we will modify the CS Amplifier symbol.

\_{:6' i S I_D z_JJ_*\? >>4

1. Move the cursor over the automatically generated symbol, until the green rectangle is highlighted,
click left to select it.

2. Click Delete icon in the symbol window, similarly select the red rectangle and delete that.
3. Execute Create — Shape — polygon and draw a shape similar to triangle.

4. After creating the rectangle press ESC key.

5. 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.

7. After creating symbol, click on the save icon in the symbol editor window to save the symbol. In
the symbol editor, execute File — Close to close the symbol view window
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Design entry for Test Schematic:

Library name | Cellview name Properties
myDesignLib cs amplifier |Symbol
analogLib vsin Define pulse specification as AC Magnitude=1; DC Voltage=0;
Offset Voltage=0; Amplitude=10u; Frequency=10K
analogLib vdd, vbias & gnd |vdd=3.3v; vbias=2.675v: vbias NMOS=662mv

Building the cs_amplifer_test Design
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Analog Simulation with Spectre
Objective:
- To set up and run simulations on the CS Amplifier Test design.

= In this section, we will run the simulation for CS Amplifier and plot the Transient, DC and AC
characteristics.

- Anayzing Gain, Bandwidth and Input and Output Impedance by simulating schematic test of cs
amplifier

Starting the Simulation Environment:

1. In the cs amplifier_test schematic window, execute Launch — ADE L. The Analog Design
Environment (ADE) simulation window appears.

2. In the simulation window (ADE), execute Setup— Simulator/Directory/Host.

3. In the Choosing Simulator form, set the Simulator field to spectre (Not spectreS) and click OK.
Setting the Model Libraries:

The Model Library file contains the model files that describe the nmos and pmos devices during
simulation.

1. In the simulation window (ADE), Execute Setup - Model Libraries.

The Model Library Setup form appears. Click the browse button to add gpdk.scs if not added by
default as shown in the Model Library Setup form. Remember to select the section type as NN in
front of the gpdk.scs file.

spectre7: Model Library Setup b3

|Model file | Section |
E}- Global Model Files
..saraswati/install/FOUNDRY/analog/45nm/g pdk045/. /models/spectre/gpdk045.scs  mc

-- IhomelsaraswahﬁnstaIIIFOUNDRY/analogI‘ISOnmlmodelsl ectre /gpdk.scs NN

-+ ___|<Click here to add model file>

Cancel Apply Help
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Choosing Analyses:

This section demonstrates how to view and select the different types of analyses to complete the
circuit when running the simulation.

- AC

Trans

1. In the Simulation window (ADE), click the Analyses — Choose icon. The Choosing Analysis form
appears. This is a dynamic form, the bottom of the form changes based on the selection above.

2. To setup for transient analysis
a. In the Analysis section select tran
b. Set the stop time as Im
c. Click at the moderate or Enabled button at the bottom, and then click Apply.

3. To set up for DC Analyses:
a. In the Analyses section, select dc.
b. In the DC Analyses section, turn on Save DC Operating Point.
¢. Turn on the Component Parameter
d. Double click the Select Component, Which takes you to the schematic window.
e. Select input signal Vsin for dc analysis.
f. In the analysis form, select start and stop voltages as 0 to 3.3 respectively.
g. Check the enable button and then click Apply.

4. To set up for AC Analyses form is shown in the previous page.
a. In the Analyses section, select ac.
b. In the AC Analyses section, turn on Frequency.
c. In the Sweep Range section select start and stop frequencies as 1 to 100G
d. Sweep type Automatic.
e. Check the enable button and then click Apply.

5. Click OK in the Choosing Analyses Form.
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Selecting Outputs for Plotting:
1. Execute Outputs — To be plotted — Select on Schematic in the simulation window.

2. Follow the prompt at the bottom of the schematic window, Click on output net vout, input net vin
of the Inverter. Press ESC with the cursor in the schematic after selecting it.

Does the simulation window look like this?

ADEL (1) - myDesignLib cs_amp_tb schematic - o X
Launch Session Setup Analyses Variables Qutputs Simulation Results Tools Help (aden(e
Bl et dD
Analyse ZIELX] -
Design Variables : 3&: ‘
. Type | Enable| Arguments | s
T h‘l%g? 1662m Value ‘jdtran v 0 1m moderate @
1 vbias_ - _
' |
m 0 10G Automatic Start-5top L
1] dc v t 0 3.3 Automatic Start-Stop /V2 h*
b8
< i T @
I
Outieuts LA-'\-J  n
~ Plot after simulation: Aum—n Plotting mode: 'BEM
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Running the Simulation:

O

1. Execute Simulation — Netlist and Run in the simulation window to start the simulation, this will
create the netlist as well as run the simulation.

2. When simulation finishes, the Transient, DC and AC plots automatically will be popped up along
with netlist.

Transient Response :

= [

Virtuoso (R) Visualization & Analysis XL

cadence

Wed Mar

05
time (ms)
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AC Responses:

Virtuoso (R) Visualization & Analysis XL 5 e e
cadence

Virtuoso (R) Visualization & Analysis XL - n x

Vew Graph Ass Trace Marker Measurements Tools Window Browser Help cadence

T

1.8 2.0
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Operating Regions for Transistors:

For amplification all the transistor should be in saturation region (region-2)
You can map the 5 regions as follow:Here you can map 5 regions that are region-0: cut-off, region-1:
triode, region-2 saturation, region-3 subth and region-4 breakdown.

1. Do the DC analysis along with enabling save DC Operating Point

Choosing Analyses -- ADEL (4) X

Analysis — tran & dc Wt ac w Noise

o s/ SENs « domatch s aamatch

w/ sth ' pz s 1T — 5P

' BErvip &4 pss s pac s pstb

w pnoise o pxf — p3p — gpss

— gpac . gpnoise . gpxf ~ qp=sp

s/ hb « hbac « hbstb « hbnoise

— hbsp « hbxf

DCAnalysis

Sawe DC Operating Point L

Hysteresis Sweep

2. Select the symbol of CS Amplifier in schematic Test-bench and press “E” from key board and
click on OK

Descend
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3. Select the transistor and ‘Right Click’ and choose annotation— ‘Setup’

® Applications  Places  VirtuosoA® Analog Design Environment L Reading: Anna_manual cs-amp schematic -~ A.. z © Sun2055 4 3
VirtuosoA® Analog Design Environment L Reading: Anna_manual cs_amp schematic -~ ADE L (5) - ox

Lanch Fle Edt Vew Create Check Optins Window PVS Help cadence

0:0:00 o L) 2HLARE | B-

@ 0QWIE B E BB |5 Bsnme

W

Navigator 78X

Schematic
csamp
v OBJECTS
All
Instances 2
Nets 5
Pins 5

Nets and Pins
¥ GROUPS

Cells

Types

(Q) Properties Q
Descend Edit. Shift+E
Descend Read.

Editin Place

Net Names

il Pin Names
i

Property Editor 28 X[

DCValtages

DCCurrents
A mstauce' Al n Transient Voltages
M pmos! Transient Currents
1 Clear Term Labels
@]
180n M

Total Width ~ 40uM
Finger Width  40u M

1 DCOperating Points
8000 M

Component Parameters

Model Parameters

v Transient Operating Points
imouse L: schSingleSelectPt{) M: schHiDescendRead() = R: schHiMouse PopUp()
09| |

Cmd Sel:1  Status: Ready \ T=27C | Simuator, spectre | State:spectre state! j‘

Clear Param Labels
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4. It will take you to annotation setup window. Under Display mode select the DC Operating Point
and under Expression select region option and Cell select nmos/pmos. Click on OK to see the region
of operations in schematic near the transistor.

Annotation Setup: Anna_manual cs_amp schematic (.. - o x

Fle Edit Setup Global Help cadence
R == g =
@ x | annotationSetup n o g
Simulation Data Directory: }/home/avmash.-‘snmulanon.fcs_amp_tb/spectref‘schematic s

Annotation settings for: Enter simul

Library. gpdk180 B Cell: \nmos Instance: * n Selected List: | n

Label | Display Mode | Expression | Annotate| (AT
Terminal:cdsTerm(G) DCVoltage ~
Terminal:cdsTerm(S) DCVoltage ~
Parameter:cdsParam(1) DC Operating Point M id v
Parameter:cdsParam(2) DC Operating Point M vgs ~
Parameter:cdsParam(3) DC Operating Point M vds ~ =
Parameter:cdsParam(4) DC Operating Point M zm ~

Parameter:cdsParam(5) DC Operating Point

Name:cdsName() Instance Name

OK ) Apply Cancel

=laal=
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Gain Calculation

After running AC Analysis, Go back to ADE L
Select “Results —Direct Plot — AC Magnitude & Phase”

Plotting mode:

ADE L (1) - myDesignLib cs_amp_tb schematic - o X
Launch Session Setup Analyses Variables Outputs Simulation Todls Help cadence
By oedd Pogupus )
Design Variables —— ’ Print R Main Form ...
-— o Valee Annotate k] IPnssncsend
vbias_ NMOS 662m Transient Minus DC
Vector 4 =
Circuit Conditions ... Trasicnt 3
Viclations Display -. Transient Difference
Reliability Data » ACMegnitie
EM/IRData p| ACHRID
ACdB20
Sawe ... 7
AC Phase
Select .. =
fagnitude se
Dekete . AC Magnitude & Phase
= Printing/Potting Options ... AF Gein & Fhasc
vin — Equivalent Qutput Noise
Equivalent Input Noise
Sguared Qutput Noise
Squared Input Noise
< N Noise Figure
dEEES Sy oc
Plot after simulation: M -

> Results in /home/avinash/simulation/cs_amp_
Al
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- It will take you back to the Test Schematic
- Select the output net and click on ‘Esc’ on the keyboard
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Gain Plot:

Virtuoso (R) Visualization & Analysis XL - 5 X

cadence

WedMar211:12:04 1]

W dB20(VF(/v...VF('/vin")) @

MI: 768.724Hz 28.2287dB

10°

freq (Hz)

mauseL: M &

- Use the bind key ‘M’ to place ‘Marker’ as in the above graph
- The value that can be seen is the ‘Gain’ in dB
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Bandwidth Calculation

From the Graph window,
* Select “Tools —Calculator”
* Select “Bandwidth” from the “Function Panel”

Virtuoso (R) Visualization & Analysis XL calculator

Fle Tods Vew Options Canstants Help cadence
H In Contet Results DB /root/smulation/cs_amplier.test/spectre/schematic/pst ' \)
lapp plt erpit |

UV U e [ Uvs wos|Uop ot umpluw s s Uhp U
‘]Vit|,ﬂ Uide [Lis Jopt L var l,vnl’,xp,yp g0 L data /
Ik O Famiy & Wave | _ Clip| ':y\ .| Append chcmgulnr ' @| 3

KeyP.., d‘l ]
d W a8 d
Ay By (B Lt
L bl il e ™ Sl i f
X /%
0.\ d Lica s "J aa%‘ﬁy ﬁﬁwx NM E ,
| Suck 8
U
e
)
v 3
l‘x
Funcion ane 8x
Al ' fe Q
I N g 22 (30} ganMargn  imag [sb phaseDeg pstddey rhift spm vireq
10" Rn 810 eyeAperture getAsciWave il [shift phaseDegUnwrapped pvi st st vh
g oM vostasoon 0620 eyeDiagram getData Int mag phaseMargin pr s ssb viime
GA P calcyal dfm fallime  gpcfreq  integ ncfreq  phaseNoise pzbode s2l stddey waveVsWave
G abs dip delay first¥al  gpcgan  interset  ncgan  phaseRad piilter s2 swapSweep X2
GT  obsjiter  compare delayMeasure flip groupDelay ipn normalQQ  phaseRadUnwrapped real sample o xmax
Gmax acos compresson  deriv fourbva  harmonic  Ipn\RI numconv  pir rGetMinDampFactor settingTime  tangent ymin
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Bandwidth in Function Panel:

Virtuoso (R) Visualization & Analysis XL calculator

Fle Tods Vew Options Censtants Help cadence

‘A‘ In Context Results DB /root/simulation/cs_amplfier_test/spectre/schematic/psf ' =

|| app plot erplot Al

GVt UM vde s oS op ot W Mp W sp ) vear whp om

00K [Uke | Ot L opt ) var ]anz JIp U gd L data

. Off  Family & Wawe |_ Clp :‘/\ @ | Append 'Bcctangular ' @ 3|

KeyP.. BX

ol el LB L

A by By Wk

b ods oo opr (8

0t o 0 " L

Function Panel 81X

Al fe Q

bandwidth

s U
Db -3

Type low '

Bandwidth
- Place the cursor in ‘Signal’
- Go back to the waveform window
- Select the ‘dB20’ curve
- Mention ‘3’ as ‘Db’ value to calculate ‘3dB Bandwidth’
- Click on ‘Apply’ and then ‘OK’
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Bandwidth:

Virtuoso (R) Visualization & Analysis XL calculator

fle Tods Vew Optins Constants Help cadence

A{ In Context Results DB /root/simulation/cs_amplifier_test/spectre/schematic/psf ' =y
|

app plot erplot ||

SVt uv | Uvde | s Los|oop Lot oompluwn | Usp oovsee Uhp o om

ot |Oi | Uide | Os _Jopt . var | Uwm2 | zp Uyp  gd data

|\ Off  Family & Wave |_ Clip | :y\ {J Append mctmngular ' @ B

KeyP... 8 X

Zid aBad |90 Ll

4 5 6 4y

1 Qad kel e X, i |

0 e A B B g e ™ S

E1X

Function Panel

5|| fe Q

Signal dB20(VH'Vo")

LT

Type low

gdaulls Help  Close

Evaluated Bandwidth:

Virtuoso (R) Visualization & Analysis XL Table - o x

Fle Edit View Toos Help cadence

[ER=Y = |
@ bandwidth(dB20((VF("vout') / VE("/... %

. Expression | Value
1: bandwidth(dB 20((VE(" fvout™) £ VE("Mn ")) 3 "low" ) | 736.6E6

F | il |
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Input & Output Impedance Calculation

From the Test Circuit, double click on the symbol to peep down the hierarchy
Select ‘new tab’ under ‘Descend’ and click on ‘OK’

Run a DC Analysis

Go back to ‘ADE L’ window

Select ‘Results —Print —DC Operating Points’

To peep down the hierarchy

Ao Bl e ( ) b
TrE-BdAQAR B LLEBE

AT« B-

Descend X

View schematic n
Open for v edit o read & auto

~ newtab & currenttab o new window

€ oo s
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Go back to ‘ADE L’ window, Select ‘Results —Print —DC Operating Points’

ADEL (1) - myDesignLib cs_amp_tb schematic - o X
Launch Session Setup Analyses Variables Qutputs Simulation Tools Help (5 dence
m& @l I‘ 27—| @j }i E} Plot Qutputs 4 |
Design Variables Am!__ et :r:td = : - =l 8?
Anfota R
'rvbias_NMOS 662m . v b e "
3 dc 2 [t Circuit Conditions ... ;
Vidlations Display . PEENTENS
Reliability Data » O
EM/R Data N Model Parameters
< SR Transient Node Voltages ...
0 Select . Transient Operating Points
Transient Currents ...
| vout HRE Net Name;
o Printing/Potting Options ... =
Nk - - Component Parameters
Design Defaults
Show Parasitics
Hide Parasitics
< 1 » B
" Plotafter simulation; Auto Plotting mode: Append. .
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Transistor level Schematic:

CNmos
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Click on PMOS / NMOS transistor to print the Operating Points

Scroll down to get the value of ‘rout’

Similarly, repeat the process for the other transistor

Get the equivalent resistance by using the formula for example ‘rol || ro2’

Results Display Window

Window Expressions Info Help cadence
10e ]
igidl -0
igisl -0
igs (]
is 291.532u
isb 3.92319f
ise -291.533u
isub -404.863p o——
pwr 458.75u oS g
qb -33.8598f
qbd 66.5378f
qbi 33.8345fF
qbs 562.218z
qd 12.5107f
qdi 1.04821a
qg 33,7897f
qoi 38. 0325f
qinv 2.26769m
qsi 4.19692f
qsrco -4, 04675
region 2
reversed )
5.39761K
self_gain nmos
tk
type 1
ueff 8.44266m
vbs 0
vdb -1.57358
vds -1.57358
vdsat -136.968m
vdsat_marg NaN
vdss -136.968m
vearly 5.26304
vfbeff -1.08727
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2: Basic Common Gate Amplifier
Objective:

- To set up and run simulations on the CG Amplifier Test design.
- In this section, we will run the simulation for CG Amplifier and plot the Transient, DC and AC
characteristics.

- Anayzing Gain, Bandwidth and Input and Output Impedance by simulating schematic test of
cg amplifier

Theory:

A common-gate amplifier is one of three basic single-stage field-effect transistor (FET)
amplifier topologies, typically used as a current buffer or voltage amplifier. In the circuit the source
terminal of the transistor serves as the input, the drain is the output and the gate is connected to
ground, or common, hence its name.

The analogous bipolar junction transistor circuit is the common-base amplifier. Input signal is
applied to the source, output is taken from the drain. Current gain is about unity, input resistance is
low, output resistance is high a CG stage is a current buffer. It takes a current at the input that may
have a relatively small Norton equivalent resistance and replicates it at the output port, which is a
good current source due to the high output resistance
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Schematic Capture of Common Gate Amplifier:
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1: Schematic Entry

Objective: To create a new cell view and build Common Gate Amplifier

Creating a Schematic cellview:
Open a new schematic window in the myDesignLib library and build the cg_amplifier design.

1. In the CIW or Library manager, execute File — New — Cellview. Set up the Create New file form as
follows:

2. Do not edit the library path file and the one above might be different from the path shown in your
form.

3. Click OK when done the above settings. A blank schematic window for the CG Amplifier design
appears

MNew File b
File
Library myDesignLib E3
Cell [cg_arrplifier ]
Wieww schematic
Type Schematic =

Application

Open with S chematics L B

— Always use this application for this type of file

Library path file
hfDesktop fopam_188nm/VLSI_ _lab_primer fcds.lib

m Canoel Help
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Adding Components to schematic:

1. In the Differential Amplifier schematic window, execute Create— Instance to display the Add
Instance form.

2. Click on the Browse button. This opens up a Library browser from which you can select
components and the Symbol view. You will update the Library Name, Cell Name, and the property
values given in the table on the next page as you place each component.

3. After you complete the Add Instance form, move your cursor to the schematic window and click
left to place a component.

3. After entering components, click Cancel in the Add Instance form or press Esc with your cursor in
the schematic window

Library Name Cell Name Properties/Comments
gpdk 180 pmos Model Name = pmos1; W=40u; L=180n
gpdk 180 nmos Model Name = nmos1; W=10u; L=180n

Adding pins to Schematic:
Use Create — Pin or the menu icon to place the pins on the schematic window.

1. Click the Pin fixed menu icon in the schematic window. You can also execute Create — Pin or
press p. The Add pin form appears.

2. Type the following in the Add pin form in the exact order leaving space between the pin names.

Pin Name Direction
vdd , vss, vbias, vbias_n, vin input
vout output

Make sure that the direction field is set to input/ouput/inputoutput when placing the
input/output/inout pins respectively and the Usage field is set to schematic.

3. Select Cancel from the Add pin form after placing the pins. In the schematic window, execute View
— Fit or press the f bindkey.
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Adding Wires to a Schematic:
Add wires to connect components and pins in the design.

1. Click the Wire (narrow) icon in the schematic window.
You can also press the w key, or execute Create - Wire (narrow).

2. Complete the wiring as shown in figure and when done wiring press ESC key in the schematic
window to cancel wiring.

Saving the Design:

1. Click the Check and Save icon in the schematic editor window.

2. Observe the CIW output area for any errors.

Symbol Creation:
Objective: To create a symbol for the Common Gate Amplifier

In this section, you will create a symbol for your cg amplifier design, so you can place it in a test
circuit for simulation. A symbol view is extremely important step in the design process.

1. In the CS Amplifier schematic window, execute, Create — Cellview— From Cellview. The
Cellview From Cellview form appears. With the Edit Options function active, you can control the
appearance of the symbol to generate.

2. Verify that the From View Name field is set to schematic, and the To View Name field is set to
symbol, with the Tool/Data Type set as SchematicSymbol
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Cellview From Cellview '

Library Name myDesignLib Browse
_—
Cell Mame cg_amplifier
From View Name schematic
|
ToView Name symbol
Tool /Data Type  (SChematiSymbal
Display Cellview ]
Edit Options L

@ el Defauts | Apply | Help
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3. Click OK in the Cellview From Cellview form. The Symbol Generation Form appears.
4. Modify the Pin Specifications as follows:

Symbol Generation Options x

Library Mame Cell Mame View Mame

myDesignlLib cg_amplifier symbol

Pin 5 pecifications Attributes
Left Fins vbias wbias_n vin ) IJS.t_
Right Pins vout mbile
Top Fins vdd ) IJst_
Bottom Pins VES | wiid

Exclude Inherited Connection Fins:

2 None . All . Onlythese:

Load/Save Edit Attributes J Edit Labels Edit Properties

@D o= sopy  Hep

5. Click OK in the Symbol Generation Options form.

6. A new window displays an automatically created CG Amplifier symbol as shown here.

o]

ns Jr anc

*

yartMNamel
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Editing a Symbol: In this section we will modify the CG Amplifier symbol.

- N - @ = >
1. Move the cursor over the automatically generated symbol, until the green rectangle is highlighted,
click left to select it.
2. Click Delete icon in the symbol window, similarly select the red rectangle and delete that.
3. Execute Create — Shape — polygon and draw a shape similar to triangle.
4. After creating the rectangle press ESC key.

5. 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.

7. After creating symbol, click on the save icon in the symbol editor window to save the symbol. In
the symbol editor, execute File — Close to close the symbol view window
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2: Building the cg_amplifier test Design
Objective: To build Common Gate Amplifier Test circuit using your CG Amplifier
Creating the Common Gate Amplifier Test Cellview

1. In the CIW or Library Manager, execute File— New— Cellview.
2. Set up the Create New File form as follows:

New File x
File
Library myDesignLib [~
Cell [cg_arrp_tb ]
View schematic
Type schematic B
Application

Open with schematicsL [i@)

— Always use this application for this type of file

Library pathfile

hiDesktop fopam_188nm/VLSI_lab_primer fcds.1lib

[ ox I

3. Click OK when done. A blank schematic window for the cg_ amplifier test design appears.

Building the cg_amplifier_test Circuit:

1. Using the component list and Properties/Comments in this table, build the cg_amplifier test
schematic.

Design entry for test circuit:

Library Name Cellview Name Properties
myDesignLib cg_amplifier symbol
analogLib vsin Define pulse specification as AC Magnitude =1;
Amplitude =10u; Frequency =10k
analogLib vdc, vbias, vbias NMOS | vdc=3.3v; vbias=2.675; vibas NMOS=662m

3. Click the Wire (narrow) icon and wire your schematic.
Tip: You can also press the w key, or execute Create— Wire (narrow).
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4. Click on the Check and save icon to save the design.

5. The schematic should look like this.

6. Leave your cg_amplifier test schematic window open for the next section.
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3: Analog Simulation with Spectre

Objective:
- To set up and run simulations on the CG Amplifier Test design.

In this section, we will run the simulation for CG Amplifier and plot the Transient, DC and AC
characteristics.

Anayzing Gain, Bandwidth and Input and Output Impedance by simulating schematic test of
cg amplifier

Starting the Simulation Environment:

1. In the cg amplifier test schematic window, execute Launch — ADE L. The Analog Design
Environment simulation window appears.

Choosing a Simulator:
1. In the simulation window (ADE), execute Setup— Simulator/Directory/Host.

2. In the Choosing Simulator form, set the Simulator field to spectre (Not spectreS) and click OK.
Setting the Model Libraries:

1. Click Setup - Model Libraries.
Note: Step 2 should be executed only if the model file not loaded by default.

2. In the Model Library Setup form, click Browse and find the gpdk180.scs file in the
/models/spectre directory. Select NN in Section field, click Add and click OK.

Choosing Analyses:

A

D
Tranmns

(( 19

This section demonstrates how to view and select the different types of analyses to complete the
circuit when running the simulation.

1. In the Simulation window (ADE), click the Analyses — Choose icon. The Choosing Analysis form
appears. This is a dynamic form, the bottom of the form changes based on the selection above.

2. To setup for transient analysis
a. In the Analysis section select tran
b. Set the stop time as 1m

1906606 VLSI Design Laboratory — Academic Year (2023-2024/Even Semester)



c. Click at the moderate or Enabled button at the bottom, and then click Apply.
3. To set up for DC Analyses:

a. In the Analyses section, select dc.
b. In the DC Analyses section, turn on Save DC Operating Point.
c. Turn on the Component Parameter
d. Double click the Select Component, Which takes you to the schematic window.
e. Select input signal Vsin for de analysis.
f. In the analysis form, select start and stop voltages as 0 to 3.3 respectively.
g. Check the enable button and then click Apply.

4. To set up for AC Analyses form is shown in the previous page.
a. In the Analyses section, select ac.
b. In the AC Analyses section, turn on Frequency.
c. In the Sweep Range section select start and stop frequencies as 10 to 10G

d. Sweep type Automatic.

e. Check the enable button and then click Apply.
5. Click OK in the Choosing Analyses Form.

Settings in ADE L Window:

ADE L (3) - myDesignLib cg_amp_tb schematic - o | x
Launch Session Setup Analyses Variables QOutputs Simulation Results Tools Help cad ence
gt g2l 7 &l 3= & & &
78X =
Design Variables Andlvess ) e
Type | Enable | Arguments. | s
i Name | Value 1 tran v 0 1m moderate @
1:vbias_NMOS 662m ey 2
= 2 ac v 10 10G Automatic Start-Stop s
= -
3 dc 0 t 0 3.3 Automatic Start-Stop /V2 E:-.
*®
« il > » Q
Outputs ;_?_/,Q;.\)_(‘l “
= Name/Signal/&pr | Value | Plot| Save |  Save Options L_
] vout ~ allv
2 vin v allv
" 7 T
= Plot after simulation: \Auw—n Plotting mode: &P'ace—n

> Results in /home/avinash/simulation/cg_amp _

17(36) | Load State ...

| Status: Ready | T=27C | Simulator: spectre | State: spectre_statel ﬁl
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Selecting Outputs for Plotting: Select the nodes to plot when simulation is finished.
1. Execute Outputs — To be plotted — Select on Schematic in the simulation window.

2. Follow the prompt at the bottom of the schematic window, Click on output net Vout, input net Vin
of the cg amplifier. Press ESC with the cursor in the schematic after selecting node.

Running the Simulation:

1. Execute Simulation — Netlist and Run in the simulation window to start the simulation, this will
create the netlist as well as run the simulation.

2. When simulation finishes, the Transient, DC and AC plots automatically will be popped up along
with netlist.

Transient Response :

0.5

time (ms)
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DC Response

4 tb schematic 1 window16 %

Wed Mar 2

4: Gain Calculation:

After running AC Analysis, Go back to ADE L
Select “Results-—Direct Plot — AC Magnitude & Phase”

1906606 VLSI Design Laboratory — Academic Year (2023-2024/Even Semester)



> Results in /home/avinash/simulation/cs_amp_

It will take you back to the Test Schematic
Select the output net and click on ‘Esc’ on the keyboard

M1: 3.67466kHz 30.6442dB
dB20(VF('/vo

TTTTIT] T T T 1717

freq (Hz)
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- Use the bind key ‘M’ to place ‘Marker’ as in the above graph
- The value that can be seen is the ‘Gain’ in dB

5: Bandwidth Calculation:

From the Graph window,
* Select “ Tools — Calculator ”
* Select “Bandwidth” from the “Function Panel”



Virtuoso (R) Visualization & Analysis XL calculator

Hle Tods Vew Optins Censtants Help cadence
H In Context Results DB /root/smulation/cs_ampifier_test/spectre/schematic/pst 'LJ
llapp plot erpt |
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| il
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g aX moorareen 0620 eyeDiagram getData  Int mag phaseMargin pr s12 ssb viime
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Bandwidth in Function Panel:

B Virtuoso (R) Visualization & Analysis XL calculator L

Fle Tods Vew Options Constants Help cadence

r‘ In Context Results DB /root/simulation/cs_amplfier_test/spectre/schematic/pst ' \&)

[ app plot erpot |

VLV ovde s 08 op ot omp v | sp e hp o om

lwil}vif“idc s Opt . var ‘anz VP U ugd L data

. Off  Family & Wave |_ Cip | ‘:‘/\ & Append chcmngular ' @' 8

KeyP., £X

Zi kB LB L

4. B iy Wk

L2\l .A‘Jh '.'P@ N d:"m"""%t [L :

04 o e i e O R g Y

Function Panel B1X]

Al fe Q

bandwidth

signal | +
Db -3

Type low '

Bandwidth
Place the cursor in ‘Signal’
Go back to the waveform window
Select the ‘dB20’ curve
Mention ‘3’ as ‘Db’ value to calculate ‘3dB Bandwidth’
Click on ‘Apply’ and then ‘OK’



Bandwidth:

Virtuoso (R) Visualization & Analysis XL calculator

fle Tods Vew Optins Constants Help cadence
A{ In Context Results DB /root/simulation/cs_amplifier_test/spectre/schematic/psf ' =y
"

app plot erplot ||

vt v | ovde | Uvs Dos|oop ot ompluw [Usp o Lvser Uhp oozm

is J Opt ) var ]_,vn)l_,zpvyp _gd . data

|\ Off  Family & Wave |_ Clip | ‘:y\ &) Append mcmﬂgular ' @ E!

|t [ | e

KeyP... 8 X
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44 W5y b (2

) &ledi s a oty /| Bl o | ¥ A |

6 e o O " TR o

Function Panel 51X
0 £ 3

Signal dB20(VH'Vo") '

LT

Type low '

gdaulls Help  Close

Evaluated Bandwidth:

Virtuoso (R) Visualization & Analysis XL Table - o x

Fle Edit View Tods Help cadence

18 &l c B

@ bandwidth(dB20[VF["/vout')) 3 "low" ) X

_ Expression Walue
1: bandwidth(dB 20(VF("/vout")) 3 "low" ) BO3.4E6

i |




6: Input & Output Impedance Calculation:

- From the Test Circuit, double click on the symbol to peep down the hierarchy
- Select ‘new tab’ under ‘Descend’ and click on ‘OK’

- Run a DC Analysis

- Go back to ‘ADE L’ window

- Select ‘Results — Print — DC Operating Points’

To peep down the hierarchy

Lanch Fle Edt Vew Creste Check Options Window PIS Help cadence
;r@ “J:':AXZT/ &;'T":’:"”‘&'“\:\E%ll—‘ié
Navigator 728X
Schematic
OBJECTS

Property Editor 28X

g ~«:m:e\:= « B

mouse L: mouseAddPylt) M. R: schHiMouse PopUp{)



Go back to ‘ADE L’ window, Select ‘Results —Print —DC Operating Points’

Launch Session Setup Analyses Variables Outputs Simulation B e Help cadence
Balir sl o d e Plot Quiputs '
Direct Plot =
Analyses = =
Design Variables Y oS
_ Type | Enable
Name | Value ot 1
= | tran v
1 vbias NMOS 662m EEE
= 2 ac v Vector 4
3 dc v Circuit Conditions ...
il DCCurrents
= ' AC Operating Points
EM/IR Data » Model Parameters
Transient Node Voltages ..
Save.. =
Transient Operating Points
Select 2 L2k
i Transient Currents ...
. Name/Signallf .. C
§ vou Net Names
. Printing/Plotting Options =
R == = Component Parameters
Design Defaults
Show Parasitics
IIf — 3 -
S Plotafter simulation; AUtO B Plotting mode: APPENd n

Transistor level Schematic:

= Click on PMOS / NMOS transistor to print the Operating Points
= Scroll down to get the value of ‘rout’
- Similarly, repeat the process for the other transistor



= Get the equivalent resistance by using the formula for example ‘rol || ro2’

Results Display Window - o X

Window Expressions Info  Help (a dEI'I e

igidl -8
igisl -0
igs B
is 291.532u
3.92319f
-291.533u
-404. 863p
458.75u
-33. 8598f
66.5376f
33, 8345f
562,218z
12.5107f
1.M821a
33.7897f
qgi 38, 0325f
qinv 2.26769m
qsi 4.19692f
qsreo -4, ME75f
region 2
reversed ]
ron 5. 39761K

self_gain 57.613
tk HNal
type 1

ueff B.44266m
vbs B

vdb -1.57358
vds -1.57358
vdsat -136.968m
visat_marg Hall
vidss -136.968m
vearly 5.26304
vThe ff -1. AA797




13: Differential Amplifier
Objective:

To set up and run simulations on the Differential Amplifier Test design.
In this section, we will run the simulation for Differential Amplifier and plot the Transient, DC
and AC characteristics.

Anayzing Gain, Bandwidth and CMRR by performing schematic simulations.

Theory:

The differential amplifier is probably the most widely used circuit building block in analog
integrated circuits, principally op amps. The differential amplifier can be implemented with BJTs or
MOSFET’s.

A differential amplifier multiplies the voltage difference between two inputs (Vin+ - Vin- ) by
some constant factor Ad, the differential gain. It may have either one output or a pair of outputs where
the signal of interest is the voltage difference between the two outputs. A differential amplifier also
tends to reject the part of the input signals that are common to both inputs (Vin+ + Vin-)/2 . This is
referred to as the common mode signal.



Schematic Capture of Differential Amplifier:

. [y ol
B = 1=~ by PR

w=13u -

"nmead" .
W= il




1: Schematic Entry

Objective: To create a new cell view and build Differential Amplifier

Creating a Schematic cellview:

Open a new schematic window in the myDesignLib library and build the Diff amplifier design.

1. In the CIW or Library manager, execute File — New — Cellview. Set up the Create New

file form as follows:

Library myDesignLih n

Cell Diff amplifier|
Wi schematic

Type schematic n
Application

Dpen with Schematics L n

_ Abways use this application for this type of file

Library path file
e fdarshan/cadence _analog labs 613/cds. 1ib

Cancel Help

a

ey

3. Click OK when done. A blank schematic window for the design appears.

Adding Components to schematic:

1. In the Differential Amplifier schematic window, execute Create— Instance to display the Add

Instance form.

2. Click on the Browse button. This opens up a Library browser from which you can select
components and the Symbol view. You will update the Library Name, Cell Name, and the property
values given in the table on the next page as you place each component.

3. After you complete the Add Instance form, move your cursor to the schematic window and click



left to place a component.

This is a table of components for building the Differential Amplifier schematic.

Library Name Cell Name Properties/Comments
gpdk180 nmos Model name = nmos1, (NM0, NM1); W= 3u; L=1u
gpdk180 nmos Model name = nmos1, (NM2, NM3); W=4.5u; L=1u
gpdk180 pmos Model name = pmos1, (PMO, PM1); W= 15u; L=1u

3. After entering components, click Cancel in the Add Instance form or press Esc with your cursor in
the schematic window

Adding pins to Schematic:
Use Create — Pin or the menu icon to place the pins on the schematic window.

1. Click the Pin fixed menu icon in the schematic window.
You can also execute Create — Pin or press p. The Add pin form appears.

2. Type the following in the Add pin form in the exact order leaving space between the pin names.

Pin Names Directions
vinl, vin2, Idc, vdd, vss input
vout output

Make sure that the direction field is set to input/ouput/inputoutput when placing the
input/output/inout pins respectively and the Usage field is set to schematic.

3. Select Cancel from the Add pin form after placing the pins. In the schematic window, execute View
— Fit or press the f bindkey.

Adding Wires to a Schematic:
Add wires to connect components and pins in the design.

1. Click the Wire (narrow) icon in the schematic window.
You can also press the w key, or execute Create - Wire (narrow).

2. Complete the wiring as shown in figure and when done wiring press ESC key in the schematic
window to cancel wiring.



Saving the Design:
1. Click the Check and Save icon in the schematic editor window.
2. Observe the CIW output area for any errors.

Symbol Creation:
Objective: To create a symbol for the Differential Amplifier

1. In the Differential Amplifier schematic window, execute Create — Cellview— From Cellview.
The Cellview from Cellview form appears. With the Edit Options function active, you can control the
appearance of the symbol to generate.

2. Verify that the From View Name field is set to schematic, and the To View Name field is set to
symbol, with the Tool/Data Type set as SchematicSymbol.

3. Click OK in the Cellview from Cellview form. The Symbol Generation Form appears.
4. Modify the Pin Specifications as in the below symbol.

5. Click OK in the Symbol Generation Options form.

6. A new window displays an automatically created Differential Amplifier symbol.

7. Modifying automatically generated symbol so that it looks like below Differential Amplifier
symbol.

8. Execute Create— Selection Box. In the Add Selection Box form, click Automatic. A new red
selection box is automatically added.

diff _amp.

9. After creating symbol, click on the save icon in the symbol editor window to save the symbol. In
the symbol editor, execute File— Close to close the symbol view window.



2: Building the Diff amplifier_ test Design

Objective: To build Differential Amplifier Test circuit using your Differential Amplifier

Creating the Differential Amplifier Test Cellview:

1. In the CIW or Library Manager, execute File— New— Cellview.

2. Set up the Create New File form as follows:

o,

File
Library

Zell
Wiy

Tupe
Application
Cipen with

. Abways use this application for this type of file

myDesignlib

Diff amplifier test

schematic

schematic

Schematics L B

Library path file

12 darshan//cadence_analog lsbhs 613 /cds. 1ib

m Cancel Help

A

3. Click OK when done. A blank schematic window for the Diff amplifier test design appears.

Building the Diff amplifier_test Circuit:

1. Using the component list and Properties/Comments in this table, build the Diff amplifier test

schematic.

Library name

Cellview name

Properties/Comments

myDesignLib | Diff amplifier |Symbol

analogLib vsin Define specification as AC Magnitude=1; DC Voltage=0;
Offset Voltage=0; Amplitude= 5m; Frequency= 1K

analogLib vdd, vss, gnd vde=2.5; vdc=-2.5;

analogLib Idc DC current=30u




3. Click the Wire (narrow) icon and wire your schematic.
Tip: You can also press the w key, or execute Create— Wire (narrow).
4. Click on the Check and save icon to save the design.

5. The schematic should look like shown below.

Schematic Capture of Diff amplifier test Circuit:

diff_amp

+



3: Analog Simulation with Spectre:

Objective:
- To set up and run simulations on the Differential Amplifier Test design.

In this section, we will run the simulation for Differential Amplifier and plot the transient, DC
and AC characteristics.

Analyzing Gain, Bandwidth and CMRR by performing Schematic Simulations
Starting the Simulation Environment:

1. In the Diff amplifier test schematic window, execute Launch — ADE L. The Analog Design
Environment simulation window appears.

Choosing a Simulator:

1. In the simulation window or ADE, execute Setup— Simulator/Directory/Host.

2. In the Choosing Simulator form, set the Simulator field to spectre (Not spectreS) and click OK.
Setting the Model Libraries:
1. Click Setup - Model Libraries.

Note: Step 2 should be executed only if the model file not loaded by default.

2. In the Model Library Setup form, click Browse and find the gpdk180.scs file in the
/models/spectre directory. Select NN in Section field, click Add and click OK.

Choosing Analyses:
1. In the Simulation window, click the Choose - Analyses icon.
You can also execute Analyses - Choose.
The Choosing Analysis form appears. This is a dynamic form, the bottom of the form changes based
on the selection above.
2. To setup for transient analysis
a. In the Analysis section select tran
b. Set the stop time as 10m

c. Click at the moderate or Enabled button at the bottom, and then click Apply.
3. To set up for DC Analyses:

a. In the Analyses section, select dc.

b. In the DC Analyses section, turn on Save DC Operating Point.

¢. Turn on the Component Parameter

d. Double click the Select Component, Which takes you to the schematic window.
e. Select input signal Vsin for dc analysis.

f. In the analysis form, select start and stop voltages as -5 to S respectively.

g. Check the enable button and then click Apply.
4. To set up for AC Analyses form is shown in the previous page.

a. In the Analyses section, select ac.
b. In the AC Analyses section, turn on Frequency.
¢. In the Sweep Range section select start and stop frequencies as 150 to 100M



d. Sweep type Automatic.

e. Check the enable button and then click Apply.
5. Click OK in the Choosing Analyses Form

Selecting Outputs for Plotting:

Select the nodes to plot when simulation is finished.
1. Execute Outputs — To be plotted — Select on Schematic in the simulation window.
2. Follow the prompt at the bottom of the schematic window, Click on output net Vo, input net Vin of

the Diff amplifier. Press ESC with the cursor in the schematic after selecting node.
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Running the Simulation:

1. Execute Simulation — Netlist and Run in the simulation window to start the simulation, this will
create the netlist as well as run the simulation.

2. When simulation finishes, the Transient, DC and AC plots automatically will be popped up along
with netlist.
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AC Response:

4: Gain Calculation
To Calculate the Gain of Differential Pair:- Configure the Differential pair schematic as shown below

1. Schematic for Differential Gain:

Differential mode Gain (Ad):
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5: Bandwidth Calculation

To Calculate the BW of the Differential pair: Open the calculator and select the bandwidth option,
select the waveform of the gain in dB and press Evaluate the buffer -
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To Calculate the Gain of Common Mode Pair:- Configure the Differential pair schematic as shown
below

2. Schematic for Common Mode Gain:
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6: Common Mode Rejection Ratio Calculation:
To measure CMRR, subtract Common Mode Gain from Differential mode Gain
CMRR= Ad—(-Ac)

Result:

Thus the set up and run simulations on the Differential Amplifier verified successfully.






