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EC3566 VLSI LABORATORY L T P C

OBJECTIVES:
®  To learn Hardware Descriptive Language (Verilog/VHDL).
To enable the students to efficiently analyze and design VLSI circuits in digital domain
To apply the fundamental principles and design of VLSI circuit in analog domain
To design Digital System using HDL and implement on FPGA
To explore the integration of VLSI circuits with EDA platforms

To analyze the result of logic and timing simulations and to use these simulation results to debug
digital system

LIST OF EXPERIMENTS:
Simulation using HDL and implementation in FPGA

. Design an Adder and Multiplier (Minimum 8 Bit).
. Design of basic combinational circuits.

. Design of basic sequential circuits.

. Design an Universal Shift Register.

. Design of Memories.

. Design Finite State Machine (Moore and Mealy).
. Design 3-bit synchronous up/down counter.
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. Design 4-bit Asynchronous up/down counter.
Simulation using circuit simulators
9. Design CMOS Basic Gates & Flip-Flops. Generate Manual/Automatic Layout.
10. Design a 4-bit synchronous counter using Flip-Flops. Generate Manual/Automatic Layout

11. Design a CMOS Inverter
12. Design a simple 5 transistor differential amplifier.
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Expt No.1.A
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 kit.

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 cl,c2,¢3,c4,¢5,¢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],¢6,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);
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output s,cout;

input a,b,cin; xor

(s,a,b,cin);

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

endmodule
Simulation output:
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Viva-Voce Questions

Nk =

Result:

What is the difference between a Half Adder and a Full Adder?
Why is carry propagation delay important in multi-bit adders?
What is the difference between combinational and sequential multipliers?
What is the advantage of using Verilog/VHDL for arithmetic circuit design?
How is the design verified before implementation on an FPGA?

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

outputs are verified successfully.
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Expt No.1.B
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.
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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;
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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[81,s[3],c[2]);
[81.pl
[

1 ——

full fa8(s[8],c[8],p[12],s[4].c[7]);

full £a9(s[9],¢[91,p[9],s[7],c[6]);

half hal0(s[10],c[10],s[8],c[9]);

full fal1(s[11],c[11],s[5],c[8],c[10]);
full fa12(s[12],c[12],p[15],s[5],c[11]);

buf (m
buf (m
buf (m
buf (m

01,p[0]);
1].s[1]);
2].8[6]);
31.s[9D);

1

buf (m[4],s[10]);
buf (m[5],s[11]);
buf (m[6],s[12]);
buf (m[7],c[12]);
endmodule

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

output s,c0;

XO1(S,X,Y);
and(c0,x,y);
endmodule

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

output s,c0;

wire s1,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 Qutput:
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Viva-Voce Questions

What is the difference between a Ripple Carry Adder (RCA) and a Carry Look-Ahead Adder (CLA)?
What is overflow in binary addition, and how is it detected?

Why is a multiplier circuit more complex than an adder circuit?

How does FPGA implementation differ from HDL simulation?

What factors affect the speed and performance of an 8-bit adder or multiplier circuit?

Nk W=

Result:
Thus the program for 4 bit multiplier is simulated and implemented and outputs are verified

successfully.
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Expt.No.2

Design and Implementation of basic combinational circuits
Aim:

To design, simulate and implement basic combinational circuits like multiplexer, demultiplexer, encoder
and decoder using Xilinx.

Apparatus Required:
Windows 11PC.
Xilinx Vivado Simulator.
Xilinx Zedboard.

Procedure:
e 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 kit.

Program
4:1 Mux
Select |Output ¥
[ ¥ h— Sy | S
Output
—B Ly a A
Input 4.1 mux
Ho 0 1 B
1 0 £
—
Select 1 1 o

module mux4tol(input 10,input I1,input 12,input I3,input S1,input SO,output reg Y);

always @(*)
begin
case({S1,S0})
2'b00: Y = 10;
2'b01: Y =11;
2'b10: Y =12;
2bll: Y =13;
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default: Y = 1'b0;
endcase
end

endmodule

1:4 demux

1:4 Demultiplexer

_-"I"n_

| ———— 1:4 — Y,
Demus

]

51 5‘2

—-\"1

— ¥,

module demux1to4(input D,input S1,input SO,output reg YO0,output reg Y 1,output
reg Y2,output reg Y3);
always @(*)

begin

YO0=0;

Y1=0;

Y2=0;

Y3=0;

case({S1,S0})

2'b00: YO =D;

2'b01: Y1 =D;

2'b10: Y2 =D;

2'b11: Y3=D;
endcase

end

endmodule

8:3 Encoder
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— 8:3 Encoder

module encoder8to3( input [7:0] D,output reg [2:0] Y);
always @(*)

begin

case(D)

8'b00000001: Y = 3'b000;
8'b00000010: Y =3'b001;
8'b00000100: Y =3'b010;
8'b00001000: Y =3'b011;
8'b00010000: Y =3'b100;
8'b00100000: Y =3'b101;
8'b01000000: Y =3'b110;
8'10000000: Y =3'bl11;
default: Y = 3'b000;

endcase
end
endmodule
3:8 decoder
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module decoder3to8(input [2:0] A,output reg [7:0] Y);
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always @(*)

begin

case(A)

3'b000: Y = 8'b00000001;
3'b001: Y = 8'b00000010;
3'b010: Y = 8'b00000100;
3'b011: Y =8'b00001000;
3'b100: Y = 8'b00010000;
3'b101: Y = 8'b00100000;
3'b110: Y = 8'b01000000;
3'b111: Y =8'b10000000;
default: Y = 8'b00000000;
endcase

end

endmodule

Simulation Output:

e oH 10

LB oo b

b 2 i

L ETE un ] ]
e f | i

i Iy s i ::11_:: L]

EC3566 VLSI Laboratory — Academic Year (2026-2027)

13



Floor Plan:
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Viva-Voce Questions

1. What are combinational circuits?

2. Differentiate between an Encoder and a Decoder.

3. What is the purpose of a Multiplexer?

4. What is the difference between SOP and POS expressions?
5. Why are combinational circuits free from memory elements?
Result

Thus the basic combinational circuits are designed, simulated and implemented using

Xilinx tools and outputs are verified successfully.

EC3566 VLSI Laboratory — Academic Year (2026-2027)

14



ExptNo.3 Design and Implementation of Basic Sequential Circuits

Aim:
To design, simulate and implement basic sequential circuits like D flip flop, JK flip flop,
and SR flip flop 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.

Truth Table of DFlip Flop

D CLK Q Q‘*
D &— — Q
Lk} 1] a 1 D
: : : . >Flip Flop
| i 0 1
1 1 1 0 . Q

module d_flipflop(input clk,input D,output reg Q);

always @(posedge clk)
begin

Q<=D;

end

endmodule
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JK flip flop

Truth Table
Symbod
CLK ] K 0 e
i (- $ ] 0 Qn
" } : ] 1 o
: 1 0 1
: 1 1 Qn'
module jk_flipflop( input clk,input J,input K,output reg Q);
always @(posedge clk)
begin
case({J,K})
2'b00: Q <=Q;

2'b01: Q <=1'b0;
2'b10: Q <=1'b1;
2'b11: Q <=~Q;
endcase

end

endmodule

SR FLIP FLOP

SR Flip-Flop Truth Table

Symbol 5 R Q e
s L, ] 0 On
i 1 i
CLE =i
1 1] 1
— B B f—
1 1 Indeterminate

module sr_flipflop(input clk,input S,input R,output reg Q);

always @(posedge clk)
begin

case({S,R})

2'b00: Q <= Q;

2'b01: Q <=1'b0;
2'b10: Q <=1'b1;
2'b11: Q <=1'bx;
endcase

end
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simulation output

Floor Plan:
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Viva-Voce Questions

1. What is the difference between combinational and sequential circuits?
2. What is the function of a Flip-Flop?

3. Differentiate between synchronous and asynchronous reset.

4. What is setup time and hold time?

5. Why is a clock signal required in sequential circuits?

Result

Thus the program for basic sequential circuits like D flip flop, JK flip flop and SR flip flop using Xilinx
tools aresimulated, implemented and outputs are verified successfully.
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Expt No. 4

Design and Implementation of Universal Shift Register

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 kit.

D
-
data in —mM——— =
CADCE -
e —— 3 araga &
Cha
Program:

module universal_shift(a,s,clk,p);
input [3:0]a;
input [1:0]s;
input clk;
outputreg [3:0]p;
initial
p<=4'b0110;
always@(posedge clk)
begin

case (s)

Do Do
| |
= Cata ol
whas 1 alpcim O
L [ Q0
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2'b00:

begin

pl31<=p[3];
p[2]<=p[2];
pl1]<=p[1];
p[0]<=p[0];

end

2'b01:

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

2'b10:

begin
p[0]<=p[3];
p[11<=p[0];
p[2]<=p[1];
p[3]<=p(2];
end

2'bll:

begin
p[0]<=al0];
p[1]<=a[l];
p[2]<=a[2];
p[3]<=a[3];

end

[
[
[
[

endcase
end

endmodule
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Select (S0, S1) Operation
00 Previous State
01 Shift Right
10 Shift Left
11 Parallel load

Simulation Output:
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Viva-Voce Questions

What is a Universal Shift Register?

What are the different modes of operation of a Universal Shift Register?
What is the difference between serial and parallel data transfer?

Why are shift registers used in digital systems?

Name some practical applications of shift registers.

Nk -

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. 5 Design of Memories

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 kit.

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:
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Viva-Voce Questions

What is the difference between RAM and ROM?
Differentiate between SRAM and DRAM.

What is the function of address lines in a memory?
Why is SRAM faster than DRAM?

What are the applications of semiconductor memories?

Nk W=

Result: Thus the program to design memory (single port RAM) using Xilinx tools is
executed and output is verified successfully.
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Expt. No. 6 Design of Finite State Machine (Moore and 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:

Program:

puts
q—

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.

Outputs
Next State > State Output >
Logic Register | Logic
I ‘
Fig. 1: Moore State Machine
p| Oulput
. _ Logic g
Inputs | Mext State State | Outputs
»  Logic Register | |

Fig. 2: Mealy State Machine
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1. Moore FSM (Sequence Detector for '"101")

Moore Machine State Diagram for Detecting 101’

0 1 1
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\M_ _ﬂ/} <. ““xq____ A b
| ] |
o
0 1 '

module moore fsm(input clk,input reset,input x,output reg y);
reg [1:0] state, next_state;

// State Encoding
parameter SO = 2'b00,
S1=2b01,
S2=2'b10,
S3=2bll1;

// State Register
always @(posedge clk or posedge reset)
begin

if(reset)

state <= SO0;

else

state <= next_state;
end

// Next State Logic
always @(*)
begin

case(state)

SO:

if(x)

next state = S1;
else

next_state = SO;
SI:

if(x)

next state = S1;
else

next state = S2;
S2:

if(x)

next_state = S3;
else

next_state = SO;
S3:
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if(x)
next state = S1;
else
next state = S2;

default:
next_state = SO;
endcase

end

// Output Logic (Moore)
always @(*)
begin

case(state)
S3:y=1bl;
default: y = 1'b0;
endcase

end

endmodule

2. Mealy FSM (Sequence Detector for '""101")

0/0 0/0

Verilog Code (Mealy FSM)
module mealy fsm(input clk,input reset,input x,output reg y);
reg [1:0] state, next_state;

// State Encoding
parameter SO = 2'b00,
S1=2'v01,
S2=2'b10;

// State Register

always @(posedge clk or posedge reset)
begin

if(reset)

state <= SO0;
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else
state <= next_state;
end

// Next State Logic and Output

always @(*)
begin

y = 1'b0;
case(state)

SO:

begin

if(x)

next state = S1;
else

next state = S0;
end

Sl:

begin

if(x)

next state = S1;
else

next state = S2;
end

S2:

begin

if(x)

begin

next state = S1;
y=1bl;

end

else

next state = S0;
end

default:

begin

next state = S0;
y = 1'b0;

end

endcase

end

endmodule

Simulation Output:
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Viva-Voce Questions

What is a Finite State Machine (FSM)?

What is the difference between Moore and Mealy machines?
Which FSM generally requires fewer states?

What is state encoding?

Where are FSMs commonly used?

LR =

Result:
Thus the program to simulate Finite State Machine (Moore and mealy machine) using

Xilinx tools is executed and output is verified successfully.
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Expt. No. 7  Design of 3-bit Synchronous Up/Down Counter

Aim:

To design, simulate and implement 3-bit Synchronous Up/Down Counter using

Xilinx simulator and implement using Xilinx FPGA.

Apparatus Required:
Windows 11PC.

Xilinx Vivado Simulator.

Xilinx Zedboard.

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 up_down_counter (input clk,input reset,input mode, output reg [2:0] count);
always @(posedge clk)

begin
if (reset)

count <= 3'b000;

else
begin
if (mode)

count <= count + 1'b1; // Up Count

else

count <= count - 1'b1; // Down Count

end
end

endmodule

VLSI LAB MANUAL
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Viva-Voce Questions

What is a synchronous counter?

How does an Up counter differ from a Down counter?
Why do synchronous counters have less propagation delay?
What is the modulus of a 3-bit counter?

Name one practical application of counters.

Nk =

Result: Thus the program to design 3-bit Synchronous Up/Down Counter using Xilinx tools is
executed and output is verified successfully.



Expt.no .8 Design 4-bit Asynchronous up/down counter

Aim:
To design, simulate and implement 4-bit Asynchronous up/down counter 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

//

// Design: 4-bit Asynchronous (Ripple) Up/Down Counter
// Clocking scheme: Positive-edge triggered T flip-flops

// Up mode (up_down = 1): Next stage clock = ~Q[prev]
// Down mode (up_down = 0): Next stage clock = Q[prev]
//

// Toggle Flip-Flop with asynchronous active-high reset
module T_FF (

output reg Q,
input T,
input  clk,

input  reset

);
always @(posedge clk or posedge reset) begin



if (reset)
Q <=1'b0;
else if (T)
Q<=~Q;
end
endmodule
// Top-level: 4-bit Asynchronous Up/Down Counter
module async_up _down_counter_4bit (
output [3:0] count,
input clk, // Clock for the LSB stage
input  up down, //1=up,0=down
input reset  // Asynchronous reset, active high
);
wire [3:0] q; // Flip-flop outputs
wire [3:0] t=4'b1111; // All toggle inputs tied high (always toggle)
wire [2:0] stage clk; // Derived clocks for stages 1..3
/I LSB stage (bit 0) toggles directly on the external clock
T FF 10 (
-Q(q[0]),
T(t[0]),
clk(clk),
reset(reset)
)
/I Generate clock for stage 1 (bit 1)
assign stage clk[0]=up down ? ~q[0] : q[0];
T FF ff1 (
Q(q[1]),
T(1]),
.clk(stage clk[0]),
reset(reset)
)
/I Generate clock for stage 2 (bit 2)
assign stage clk[1]=up down ? ~q[1]: q[1];



T FF 12 (

Q(a[2]),

T(t[2]),

.clk(stage clk[1]),

reset(reset)
);
// Generate clock for stage 3 (bit 3)
assign stage clk[2]=up _down ? ~q[2] : q[2];
T FF 13 (

Q(q[3]),

T([3]),

.clk(stage clk[2]),

reset(reset)

// Output assignment
assign count = q;

endmodule

Simulation OQutput:
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Viva-Voce Questions

What is an asynchronous (Ripple) counter?

Why is propagation delay higher in ripple counters?

What is the counting sequence of a 4-bit Up counter?
Differentiate between synchronous and asynchronous counters.
Mention one advantage and one disadvantage of ripple counters.

Nk W=

Result: Thus the program to design 4-bit Asynchronous Up/Down Counter using Xilinx tools is
executed and output is verified successfully.



Layout Generation Experiments

Expt.No.9 Design of CMOS Basic Gates & Flip-Flops and Generate
Manual/Automatic Layout Using Cadence Virtuoso

Aim

To design CMOS basic logic gates (Inverter, NAND, NOR) and a CMOS D Flip-Flop using
Cadence Virtuoso, simulate their functionality using the Spectre simulator, generate manual and
connectivity-driven (automatic-assisted) layouts using Virtuoso Layout Suite XL, and verify the
layouts through DRC, LVS, parasitic extraction, and post-layout simulation.

Software Required

o Cadence Virtuoso IC Design Platform

e Virtuoso Schematic Editor

e Virtuoso Layout Suite XL

e ADE Explorer / ADE Assembler

e Spectre Circuit Simulator

e Assura DRC/LVS or Pegasus DRC/LVS (depending on installation)
e Quantus (QRC) Parasitic Extraction (if licensed)

e Process Design Kit (PDK)

o GPDK180/GPDK90 /45 nm PDK / Foundry PDK (as available)

Hardware Required
e Linux Workstation (Recommended)
e Intel Core 15/i7 Processor

e Minimum 8 GB RAM
e Cadence License Server

Theory
CMOS Logic Gates

CMOS (Complementary Metal Oxide Semiconductor) technology combines PMOS and NMOS
transistors to realize digital logic circuits with very low static power consumption and high noise
immunity.

CMOS Inverter

The CMOS inverter consists of:

e One PMOS transistor
e One NMOS transistor

Operation:



e Input LOW — PMOS ON, NMOS OFF — Output HIGH.
e Input HIGH — PMOS OFF, NMOS ON — Output LOW.

CMOS NAND Gate
The CMOS NAND gate consists of:

e PMOS transistors connected in parallel (Pull-Up Network)
o NMOS transistors connected in series (Pull-Down Network)

CMOS NOR Gate
The CMOS NOR gate consists of:

e PMOS transistors connected in series
o NMOS transistors connected in parallel

CMOS D Flip-Flop

The D Flip-Flop is a sequential circuit that stores one bit of information. On the active clock edge, the
output Q follows the input D. In Cadence, it may be built from transmission gates and inverters or
instantiated from the standard-cell library provided by the PDK.

Truth Tables
Inverter

A Y
0 1
0

NAND Gate
A B Y

— = O O
_— O = O
O = =

NOR Gate

—_— = O O
_ O = O
S O O =

D Flip-Flop
Clock D Q(next)



Clock D Q (next)

Design Flow
Specification

v
Library Creation

v
Schematic Design

v
Spectre Simulation

v
Manual Layout

v
Connectivity-Driven Layout (Layout XL)

|
v

DRC
|
v
LVS
|
v

Parasitic Extraction

v
Post-Layout Simulation

Procedure

Part A — Library Creation
Step 1

Launch Cadence Virtuoso.
Step 2

Open Library Manager.
Step 3

Create a new library:

File — New — Library
Step 4



Attach the required technology library (PDK).
Example:

e gpdkl80

e Foundry PDK (if provided)

Part B— CMOS Schematic Design
1. CMOS Inverter

Create Cell:
Library : VLSI LAB
Cell : CMOS INV
View : schematic
Place Components:

¢ PMOS

¢ NMOS

e« VDD

e« GND

e Input Pin

e Output Pin

Assign transistor dimensions (example for GPDK180):

e NMOS:W=1pm,L=180nm
e PMOS:W=2pm,L=180nm

Perform:
Design — Check and Save
2. CMOS NAND Gate
Create Cell:
CMOS NAND
Place:
e 2 PMOS (parallel)
e 2 NMOS (series)
e VDD
« GND

e Inputs A, B
e OutputY



Run:

Check and Save
3. CMOS NOR Gate
Create Cell:
CMOS_NOR

Place:

e 2 PMOS (series)
e 2 NMOS (parallel)

Run:

Check and Save
4. CMOS D Flip-Flop
Create Cell:
CMOS_DFF
Implement using either:

e Transmission Gates + CMOS Inverters (recommended for learning), or
o Standard-cell DFF from the PDK (if instructed by the laboratory).

Pins:
e D
¢« CLK
- Q
e Q
e« VDD
e« GND
Run:

Check and Save

Part C — Spectre Simulation
Launch:
Launch — ADE Explorer

Select:

Simulator : Spectre



Configure:

e DC Analysis (for logic verification if required)
e Transient Analysis

Typical settings:

e VDD =1.8 V(GPDK180)

e Pulse source =0-1.8 V

e Clock period (for DFF) =20 ns

o Simulation time = 200 ns
Verify:

e Inverter output is the complement of the input.

e NAND and NOR outputs match their truth tables.

o D Flip-Flop output follows D on the active clock edge.
Part D — Manual Layout Using Virtuoso Layout Suite

Create a layout view for each cell.

Draw:
e N-Well
e Active (Diffusion)
e Poly

e N+ Implant

e P+ Implant

o Contacts

e Metal-1

e Via

e Metal-2 (if required)

Layout guidelines:
Inverter

PMOS inside N-Well.
NMOS in P-Substrate.
Shared Poly gate.
Common drain as output.

NAND

e PMOS in parallel.
e NMOS in series.

NOR

e PMOS in series.
e NMOS in parallel.



D Flip-Flop
e Place transmission gates and inverters.
e Route CLK, D, Q, and Q carefully.
e Use wider power rails for VDD and GND.
Save the layout.

Part E — Connectivity-Driven Layout (Automatic-Assisted)

Cadence Virtuoso does not perform one-click automatic layout generation like FPGA place-and-route
tools. Instead, use Virtuoso Layout XL:

1. Open the layout in Virtuoso Layout XL.
2. Choose:

Connectivity — Generate — All From Source

This imports:

e Devices
e Pins
e Nets
1. Use:

Connectivity — Update Components and Nets

1. Arrange devices with placement assistance.
2. Complete routing manually or using available routing assistants.

Part F — Design Rule Check (DRC)
Run:
Verify — DRC
Check for:
e Minimum width
e Minimum spacing
o Poly extension
e Contact enclosure
o Well spacing
e Metal spacing

Expected result:

DRC Clean
No Errors

Part G — Layout Versus Schematic (LVS)



Run:
Verify — LVS
Compare:

e Schematic
o Layout

Expected result:

LVS Matched

Part H — Parasitic Extraction

If Quantus/QRC is licensed:

Launch — Quantus Extraction
Extract:

e Parasitic resistance
e Parasitic capacitance

Generate the extracted view.
Part I — Post-Layout Simulation
Open ADE Explorer.
Select the extracted view.
Run Spectre transient simulation.
Compare:

e Risetime

o Fall time

e Propagation delay

e Dynamic power
o Static power with the schematic simulation.



Viva-Voce Questions

1. Why is CMOS technology preferred over TTL?

2. Explain the operation of a CMOS inverter.

3. What is the purpose of Design Rule Check (DRC)?

4. What is Layout Versus Schematic (LVS)?

5. What is meant by parasitic capacitance in VLSI layouts?
Result

CMOS Inverter, NAND Gate, NOR Gate, and D Flip-Flop were successfully designed using Cadence
Virtuoso. Functional verification was completed using Spectre ADE Explorer. Manual layouts were
created using Virtuoso Layout Suite, and connectivity-driven layout generation was performed using
Virtuoso Layout XL. The layouts passed DRC and LVS verification. Parasitic extraction and post-
layout simulation confirmed the correct operation of all circuits.



Layout Generation Experiments

Expt.No. 10 4-BIT SYNCHRONOUS COUNTER

Aim: Design and Simulate a 4-bit Synchronous counter using a Flip-Flops , perform
' Manual/Automatic Layout Generation and Post Layout Extraction.
Tool Required:

Functional Simulation: INCISIVE Simulator (ncvlog, ncelab, ncsim)

Synthesis: GENUS Synthesis Solution Tool

' Physical Design Implementation/Automatic Layout Generation: INNOVUS
Implementation Tool

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.

L L H T E R D B —
File Edit Wiw Seandy Termnd Halg

§J4|¢_wallea'9;wulL gim % cah
| saraswatigsaraswatl sim]d source Jhome/saraswatisinstall/cshre

Welcome To Cadence Taols Sulte

LAk -wahl

[saraswari@saraswati sim]g nd



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

| counter.y
| EIFHEH = = TienkiapNLS L Lab Adhia Unweriby 2203 2counbe Tis

i/¢ 4-BIT Synchronous Counter verilog Code
| timescale Lns/lps

imodule countericlk,.m.rst,count);
iinput clk,m,rst;|

loutput reg [3:8] count;
{always@{posedge clk or negedge rst]
{begin

[Af(lrst)

lCountT=;

jelse ifim}

lcount=count+1;

lelse
;cnunt=cnun1-1:
{end
Eandmnduln
Open - |_E_I, coamter -testy He = _

S e RO WES | m b A i o A P i o 032 el e

A4 4-BIT Synchranous Counter Testhench Code
“timescale lns/lps
module counter test;
reg clk, rst.m;
wire [3:0] count;
initial

begin

Clk=0;

rET=0;#100;

rsi=1;

and

initial

bogin

m=:;

#6080 n=1;

#5380 o=4;

end

counter counterl(clk.m,rst, count):
always #5 clhk=-clk;
initial Smoniter("Time=%tt rst=%b clk=%bh count=%b", %Stime,rst,clk,count}:

Initial
#1400 £finish;

endmodule



Module 2: Design Simulation using INCISIVE Simulator:

MCLaunch ;: /home/saraswati/DesktopMLSl . Lab o Anna. University/counter — o k3
Eile - Edit Tools Liblibes Flug-ins® Help

e e e
B Chare: |}’I Ei Toole: I L ﬁ'@di -ﬁnl
Do | s livDies E10 oy LS Bh_anne_Linivers i, w) BGg  /homevaraswaivTies kbapdv LS1_L ab_snna, Unive
- - El...r wenniklib
(£ T N | -1 Y il  Snapahobs

chdence

i 'F!j couriery |
Lo counter teaty

Filters | “w  whol bl =] |

| -

riclaunch= novlap ~wark worklib -cdsho shomefsaraswalirDes flo o' VLS Leb_Snne Univers s ounte oz ik -
ncvlog (B4 15.20-20571 40 Copynight 1995-2018 Cadence De=ign Syetems, Inc.
nevlog: demory Usage - 2130 program + 20 2k data = 439 504 tot=l

novlog CPU Usage - D.0= syskem + D0= user = O 0s tofal {105, 24% cpu)
nclaunchs

Compiled Data stored in worklib:

HELHI.II:'ICI‘I flmlﬂEfﬁﬁwaﬂfDEEHtﬂPWLl‘“ Lab_Anna_University/fcounter — (=]

b
E.|Iu Eun Il:u:!lz: dbilities. Plug-lne Help cadence
b
EImysars: I;"'I El Tonls: ! _mﬁj %l |"'-" I-_j_-’:&hl m] TLHJF .IE I
Cirecion [Hmm::-aam:-w'-r'LEH Lab_anns, Uni [ = mume;gmmﬂmumnpmwl Tan R Be v
- - = s i Kl
EoE NG i dmk  counter
coobrel  COLTTRE W | £ 4ml  couniar teat
ﬂ courhar_ ety lml Snapshois
Firtats [ © v = wha * vhal - ) = s

-

NCEIO e 152806051 :’%ﬁ CORWHGNT 1B E01a Cadanos O Bl G0 S starma
novlon: Mamory Lleage - pragram + Z8 2 dada = 33705k inkal
reviag: CRU Usage - 0.04 systnm w O0e uzar = 009 Jobal (188, 4% cpu)
nplaunchs= nowlog -work worklih -cdelib homagsarangal/De slopw LS Lak - Anna_University/cou rseic de |
hn'.-'lugiEH-y 1E20-8051: (o) Copyright 19982098 Cadence DEalgn Systama, Ine.
oo bAamany Leage — 27,5k program +« &0 1hd 08t = 494k 10fal J
]

nevlag: CRU Usage - 0.05 system + 0.05 user = 0.05 1otal (025, T.6% cpu)
M Clau nckhs




Elaboration:

MCLaunch @ fhome/saraswatl/Desktop/VLSI_Lab_Anna_University/counter — =] »

Flle  Edit Tools Wblities FElug-lns  Help cadence

BiCAEars: LE’_I ...._.j Toals: _'_‘,,E_ej ___J! G2 'EP[ I"LHE'I -“ti j%l ‘*H‘-""-'?'l

DHirectony: +'""5'-""'|::"5‘5l';-t':'|:"'"'"'|-3|—'-'E'kI SREE, '-'“""'E‘r"‘"“}___j W shomedsameawstiDeskiopty LSl Lab_Anna Unee
= T =’ warkliD
B IHCA_dibs | B dEE counter|
; @ couniar.s | dEE Ccounter_tast |
i | L e e By T
Lo counter_testy i Snapshats
Fliters | = vhd " hd) -| H i

Py =

e =

. T—
I"lt'.-'ll:l-g[El-'-'l-'] 'I 5 EI] 'EI:IE'I L Copsright 1555 Z0ia C:Ei.l:IE'I'll:E Deglgn Syalams, [ nc.

ncviog: Mamony Ueage - 1.3k program + Z0 2k dala = 459,58 iotal

nicwlog: CPU Uesge - 00 syeten + D05 Waer = 0.0% totad (1 .85, 2.4% cpu)

nclauncha= novlon -vark swarklib -cdelib .:'hEIFﬂEIf'E-BJ"EI.E:WElﬂf'DBE-HDWLﬁl Lab_fAnra_Lnprarsibafcouniescds.)
ncilog (B4 1 5.E0-5081: (c) Copyright 1995-2018 Cadence Design Sysiems, 1N,

hic viog; Mamary: Drage - 215k pr'l:lganII'rI + 2B 1M date = 959454 fotal

novlog:. CPU Usage - D0= system + D05 user = 0.0s total (022, V8% cpu)

nz launch=

Lt &

Elaborated Data Stored in Snapshots:

MICLaunch © fhomedsaraswati/Deskiop"LSI_ Lab _Anna_ Undversity/ocouncer - =] w

Fila Edit Tools LWikes Elug-ins Help cddence

arovers: || @] oo S| S| BB B B8] E| W o]

EEEERLL s g-""""'""'n'ﬂ bt i L1 aih_Ann e Ln vers i, = ﬁ Thokes sraswsibTes A pU LEL Lab Anns Lkl
[ﬂ B IMCA ibs B E  counter |

|- dwy  courdary -l countar_test

dun COURTEE TERLM =il UG epEhots
SoRE wnrklib BOuUnTer o dle

W8 worklih counier_tesEmoodul e

Eilbare:| "y vhd " hdl 31 iz

noslab[Edy: 15.20-=051 (o) Copyright 139395-2 018 Cadence Design: Syeteme, Inc. |
Ao elaE s Memon. Ueage - 49 9k1 program + 57 0k daia = §1 8 otal (Peak BEE kLT

teelab: CPRU Usage - 008 suetam = Do0s user = 00 s todal Q1003 0.3 % cpl)

no laun che AoalaD -tk workib -cdall D Ahomefsarass il Toas ki o LS L Bh s B LIn yarE M A0 ounrerd Gos, )
ncelal (B 15 E0-2061; {2 Copyright 1935-201 6 Cadance Daslgn Swatems, Inc.

rioslal Maman) Uaage - 49964 progran « 32 OM dats = 81,084 total [Peak B6SLT

hoglal: CPU Utage -~ D0F dystam + 018 0ser = 014 todal {1 Ts, B.TE cpu) _J
nclaunchs



Simulation:

NCLaunch : /fhome/saraswati/Desktop/VLSl_Lab_Anna_University/counter = O X
Eile Edit Taools Utilities Plug-ns Help cadence
- = EEEE iﬁ‘g: ;m:&
Erowsers: Tools ;%‘él i | | »gg;;gl

:'irECTUWINHWDESHUPNLSLLab_P‘””a_U”i'*"EVSHB B ‘homessaraswatidDesktopYLSI_Lab_anna_Lnive

e EI @ warklib

E [l INCA_libs  =d8E counter

..... e courtery #-48F counter_test
----- ofm  counter_testy El"l.‘ﬂ'] Snapshots

------ ~oBE waorklib.countermodule
------ “Ha worklib, counter_testmodule |

:iltersf|".v *whd "whdl jJH i

ncelab(B4): 15 20-s5051: (c) Copyright 1995-2018 Cadence Design Systems, Inc. (5
ncelab: Memnry Usage - 4990 program + 31,90 data = 81,80 total (Peak 86886

ncelab: CPU Usage - 0.0s system + 0.0s user = 015 total (1035, 0.9% CRL)

nclaunch= ncelab —work worklib -cdslib fhu:nmefsaraswatlfDeskmpNLSI Lab_&nna Unwermtyfctuunterfcd‘sl
ncelab(Bdy 15.20-:051: (c) Cnpyrlght 1995-20158 Cadence Design Systems, _Inu:

ncelab: Memory Usage - 49 3k program + 32,00 data = 81,90 total (Feak 5656

ncelab: CPU Usage - 0.0s system + 0.5 user = L1 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”.

D::-Ign Browser 1 - Slm"-l'lsl-n-n - =] k]

File Edit MYiaw Geleci Esplors E.mgl:h'nn ﬂumm I:Iﬂ'lﬂ {id!.l'l'i!'
e g - R 35 S, B R O
|.__ o TIrnEﬁ'r-]II:H-I}.'-':.'l mjpari e g s | Emareh Tinas wale = | =i, 0,
e -5 L.” ﬂ"f “__—ﬁ i B “,'E.rl_.quu.-:-:!:!::-au
Chagir Braued PR Cipjent: '| WiEthne |

Scopa: | ﬂ Al Axaliable Data o B L ._E W.k - o 4 ﬁl_r

g i c i

. [35ie it % B ol Vil

m-‘ B et i

|

Fl'll.'-l‘EE_Irll'lﬁ'l'” :i e |
= ) =k = m

h’ Shows contents:|In the signal st oreas [ [ [ [ |10 [0 (B8 Fitar | =




Simulation Result:

o

..... (UL UL UL L

e e e e e

b

Console - SimVision i =] »
File Edit Wiew Simulation Windows Help cadence
=eow o om || 8] 34 0 8 3¢ | Te searcn: =l i i
B- ) 55 S S| B 1 200,000+ 0 [ & @ €

ncsimy daktabase -—open waves -into waves. shm -default :
Created defamlt SHM database waves [
ncsimr probe -creakte —shm counter test. clk counter test. count counter test.m counter test.rst
Created probe 1

ncsim: o

Time= 0 rst=0 clk=0 count=0000
Time= 5000 rst=0 clk=1 count=0000
Time= 10000 rst=0 clk=0 count=0000
Time= 15000 r=st=0 clk=1 count=0000
Time= 20000 rst=0 clk=0 count=0000
Time= 25000 c=st=0 clk=1 count=0000
Time= 30000 cst=0 clk=0 count=0000
Time= 25000 r=t=0 clk=1 count=0000
Time= 40000 rst=0 clk=0 count=0000
Time= 45000 rst=0 clk=1 count=0000
Time= L0000 r=zt=0 clk=0 count=0000
Times= EEOOD cst=0 clk=1 count=0000
Time= 0000 r=st=0 clk=0 couwnt=0000
Time= 65000 cst=0 clk=1 count=0000
Time= TO000 r=st=0 clk=0 count=0000
Times= T5000 rst=0 clk=l count=0000
Time= 20000 cst=0 clk=0 count=0000

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

P Yetatatal A Pt etata] | BT



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.

Goen + | N .gE“I'II.IE-E':I‘iFI:,.TEIl. e B2l

# Setting library and RTL paths
set db / .1nit lib search path /home/saraswati/install/FOUNDRY/digital/98nm/dig/1ib}
set db J .init hdl search path {.}

# Read Lib, RTL and sDC files
set db / .Library "slow. lib”
cet DESIGN counter

read hdl "counter vy’
elaborate SDESIGN

check design -unresolved

read sdc constrainis top.sdc

# Setting effort medium

set db syn generic effort medium
set db syn map effort nedlum
set db syn opt effort nedium
cyn generic

SyN_Mmap

syn opt

write hdl > counter netlist.v

write sdc = counter_sdc.sdc

# PPA Reports

repert_power = counter power.rpt

report area > counter area.rpt

report _timing = counter timing.rpt

report gates » counter gatecount.rpl

report_gor -levels of legic -power -exclude comstant nets = counter gor.rpt
gui show



Chip Level SDC is as follows:

Save = il a] x

' ' constraints_top.sdc
O[L}EF] = & ~/DesktopMLSI_Lab_ Anna_University/counter
#-----=» clk period = 2ns, T = 500MHz

create clock -name clk -period 2 -waveform {0 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 ©.1 [all inputs]

set input delay -max @.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 tn17, 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

Fiiz Edit Vew Search® Temminal Help

[saraswati@saraswati counter]$ csh
[saraswati@saraswati counter]$ source fhome/saraswati/install/cshre

Welcome to Cadence Tools Suite

[saraswati@saraswati counter]$ genus -f genus script.tcl]]
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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.
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Power Report

i o= EEE EEREE == =
Generated by: Genus{TH} Synthesis Solution 17.22-
Gensrated on: Mar 14 2922 B4:14:40 pn
Module: counter
Technolegy Library: sLlow
Operating conditiens: slow (balanced tree)

Wirelpad mode: enclosed
Area mode: timing library
Leakage Dyramic Total
Instance Cells Power(nW) Power{nW| Power{niW)
countar 25 1p6@8.618 2111592 463 212253.881
Gate Count Report
Mol e - COLRT e
Opeirating condlTlomng : Slow (balanced Traa)
Wi res Leveved  moescle : e Loy e
A SRR SRR
et Inatmncos e lLibrary
ADTLFLIX1 1 H_oF9Bs o Ows
I Lom I = S e o B 1 5N .ZOE L
L KT RWIN L a 0.812 =L e
0F F s “ TE ., FLE =1 awr
MR = 18 . 166G =L oes
PO P O 2 EESCD . “H .51 2 L s
Pl P O 32 W0 = o e m L e
PO RS ML E o .ae3 =L o
MIDFRETX1 i . Sdal 5L Des
BATFLIXL - i Say EL R
DAT X E=1 = = .@0BE3 Lo
AT R0 3 5. ZEB =l o
ToTml 25 16G6H . S 1
Twrgue Tyt m i e Srem AreEm N
e 4 7o.7im  ar.a
1mw o A B B L
Logde R e, SRR AE
phyvaienl ce=LlLla 2] (A TETE ] [ I E



Area Report:

I____ = et et e b e n - e TR e e e e e e e e e -
I
Genarated by: Genus (TM} Synthesis Soelution 17.22-s5817 1
Generated on: Mar 14 2822 @4:14:48 pm
Hodule: counter
Technology Library: SO
Dperating conditions: silow (balanced tree)
Wiraload mode: enc Losed
Area mode: tlminq lTibrary
Instance Module Cell Count Cell Area Het Ares Total Area WwWireload
counter 25 166 _.518 B.aaen 166 _518 et T-E

(0 = wireload Ls default In technology library

Timing Report:
Modul e O LET
Operating conditions: slow (alanced Tres)
Wirmlomd node: Emclomsd
Area node) timing library

Path 1: HET {595 pal Setug Check wWith Pin g reg|3]/CH-=D

i

Group: clhk
Startgnint| (R} g regilisTK
Clock: ikF Lk
Eridgsadnt: {F} 4 rega)so
Clack| (R} rlhk

Caplurg LaimikLh
Clarck. Edgeg + el (1]
Brc Latency:!+ H @
Ml LaTedity s+ m I} a ixi
Arrival = meile]r) 11
SETap: - 123
Urcertminty: - im
REquULred Time|= 1867
Launch Clock: m
DBats Fakth: - 1ET2
Slmck = L
Tiwming Polnt Flage LY Edigs CaEll Fanout Losd Trans BElay Arrlval Instances
[TFI ipsr  ipsi ips)  Location
g _regil]/CK - & ] [arrivall A . lag - [£] [=¢=]
q_regiijsa LH-wi} F IxF Fdia L 20%.8 ATh GRS sa5 Erard
[ =1 ] FETRY - Ad->¥ F MOET 2L 2 4.5 2ET et B Lit 1= L=u=1]
ASTE  QeHIsY = Lh-=y R ADIZLIN] I a7 157 Lo LAz E-wn1
aasdesey &=y F CLETHVHE] 2 q.& 2 65 (L] [rerd)
qEuIR. ATIIIN - Kl-=% M FATZLNL 1 2.3 134 21 1161 SR, |
AuRTE_ AvRasy - Th-=v F BATZLEN] 1 o 148 1nl 12Tz [-a=]
4 reg|3EsD - F -F FaEa 1 1] p2re E R

Viva-Voce Questions

1. Why are Flip-Flops used in counters?

2. Why is a common clock used in synchronous counters?

3. What is the difference between DRC and LVS?

4. What is Automatic Layout Generation?

5. Why is timing analysis important in VLSI design?
Result :

Design and Simulation of a 4-bit Synchronous counter using a Flip-Flops is done and ,

performed Manual/Automatic Layout Generation and Post Layout Extraction.



Analog Circuit Design Experiments
Expt.No.11. Design of CMOS Inverting Amplifier

Aim:
Design and Simulate a CMOS Inverting Amplifier and Analyze the Input impedance, Output
impedance, Gain and Bandwidth .

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.
#esh

6. To verify that the path to the software is properly set in the cshrc 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 &

soraswatldimraraat ‘.'tb-'-mb-f--ﬂa-Uﬁ'-n-ﬁltf - & =

Fiz Edt View 'Sesrch Terminal Help
[saraswati@saraswati VLSI Lab Annma University]4 csh
|saraswatl@saraswWwatl VLSI Lab anna Universlity]$s source shomessaraswatl/installSeshes

Welcoms o Cadence Tools Sulte

|saraswatligsaraswatl VLST Lab Anna Universiliy )]s virtuoeso &

The virtuoso or Command Interpreter Window (CIW) appears at the bottom of the screen.
EC3566 VLSI Design Laboratory — Academic Year (2026-2027)

55



Hi% RESEATEL

f 1§ 1 i L JIES TN |
] =IEN %1
------ I-Q"I-.'. ‘s B Y
This Ga Deslgn Systek3 Program & ill mantatl e
rEprieta Fidentis matl EL] only
I 52
mawkss L awMousesingleseecFiCE] " W B des0nd ingHels mal:;
4

¥ P HE W
{ri me T
L il il 1
1 EPAAGEE DN T os R TRrEEtenE el OO Ol W
- IEWINDO I0.é& 1 PFPLSTFOTRH DOCHS Y FraTTTomn
1 DA LHG Rl DOSURENTTATEON Sros TN B L W

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.

_ i . ———
[~ Technology File for New Library ol

Technology File for library "myDesignLib”

You can: « Compile an ASCIl technology file
- Reference existing technology libraries
& Aftach to an existing technology library

« Do not need process information

OK 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 e

Mews Library nyDesignlLihb
Technology Library analogLih
avTech
hasic
cdsDefTechLib

m Cancel | apply | Help

. =
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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”.

Eile Edm ‘YYesw Design hdonager Helps cadence

— Sy Cabmpo s S Fil ez

L iy [ ] S e

B B- v B -
Ha  rmyresignlic - = - = -
Er i Miewe, oo Lod | Siae I
[ A mEr e o T S
COrimeCIL i
Fodcraom i

A TS

i precd TR

5 pecd ke TEICE

FEEW arrapahes
FLEs

& T s

't e g
[y Tha dirwc e ;. sharmesiretallre- CH IR EF R e I BTy om n riaE ax b
o vyars defimeacddin il e AYhomad's arssessiilin stsil 0L BDE ﬁ

Cr meain g ol Sos m e oo Hoeacy "midesign Line
L mimoe 23 canll o ylr el n Ba's w_aurm g lifar
Dralmton of T cml sdores,

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:

Few File =
Fille |
Libirars e s Lt -
Call invartar
Tl sohemytio
Type EFEnematc =1
Al cat on
CYprEr with e _H

Al e this s pibcarion far s tpoe of Tile
Libirory patmfie
me/marspwati  Desktop/Dexign_work /810 /cde - 14k

“ Cmr el . Halg

Do not edit the Library path file and the one above might be different from the path shown in your
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form.Click OK when done the above settings. A blank schematic window for the Inverter design
appears

ok 1 1 = @ [
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.

_l:ibrarj.r name Cell Name Properties/Comments
gpdk180 Nmnos 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.

a0 O W %X () B3 & ¢

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.

I;—""'-L.
Q | 4 &

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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VirtuesoA® 6.1.7-64b - Log: /home/saraswati/CDS.log - o =

A= Toas Opsons Help cadence

Loadang Leyers.oxt

IMFD {SCE-11781: Extraceting "daverter achemeric®

[MFG § SCH-14DE]) : Sehemstic cheth coRpleted wiTh mB arforg.

[MFG § SCH-T161)1 % "myDesagnlik isverter schamatic® saead, b

wniss L moissdod i) Bt Soqane Sal R schHIM o Popll pl)
1 | Use ithe opdion s form bo supmly - termena names for the pins ﬂ

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[}e signL 1_b| ' Browse
L e
Cell Mame iinverter
From View MName (schematic '
ToView Mame symbol
Tool fDataType  (schematicSymbd [~

Display Cellview

<

Edit Options

<

@D cane  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 C!Ftl'-ﬂlﬂ!.' =

Library Mame Tl Mame Whew M ome

myDesignlilb inwercer aymbol

Fin Sp=ciication= atiribnies
Lefl FE win Lisn
Right Ains waut Lini
Top FiFi s wdd L
Bothom &ns | vam | Limd

Egclude inherted Conneciian Pins

= WMona ) Al Qnly Chier

L oo s = E chit Atirrbuass Eckt Lab=h Echt ropertma

@ coel Apply o 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.

% - @&

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:

Py Flile o

iim
Likaary Tk mig Lk H
Can N | Thverter_Tanok I
W & aFE s T L
T oy 5T N -
LT = S =Th
Evpen it 5 chiErmaiic L n

Bl oy s thiw apcrBoation For the typs oF Fil

Ll rar yw pact i is

malfanradwat i/ DasktopBamign _wo s /ACL0E feda ol

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. ]_ :JE

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 |
£}l Global Model Files
> __ | woswati/mstall FOUNDRY fanalog A5 nm/gpdk045/./model sfspectre/gpdk045.505| mo YRARY

> | [home/saraswati/instal (FOUNDRY/analog/18 Onm/model s/spectre [gpdk.scs NN
tei _|=Click here to add model file>

it

f
|
it

Al
ks

 —

€D o= sppy Hep

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

v
|

=

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
EC3566 VLSI Design Laboratory — Academic Year (2026-2027)
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Analyses - Choose.

AL
D
Trans

(( (o

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

c. Click at the moderate or Enabled button at the bottom, and then click Apply

Choosing Anslyces —— A0E L (L)

Arnal pme = T T i T — e T
- e BETIE  Semateh o @mormatci
TR - - — et i — -]
=il p== - Bac pail
e AT 2 k. - N A i EfFEE
o i L] i P Cijamr e T
e Thiln — e e ——al-igl-k ]
gl T [ =T

Tranmaient Aaly aba
= THE = FT T
ALCRiracly (=2 T R R

— camrvshvo O modferebe . (ibxral

T ahm i T hod nm

D ynamis Paro st

Erablad e L'l':.un.ﬁl.

D . Gl Dwtauitss o ApgRl

Choosing Analyses -— & DE L L)

Al sme =TT —  hE e i — Priul g
il - BT e Sermartch - @ orratcis
. EE o e - N — ®mp
=i (=E -3 - Eac [ =k L]
e fEry alma - T A i R
A v i BRSOl P ) Cijamr O pEED
e iz — e - Sl et
it =Ty

Tram zient Analyaks
= O T = b i
% o o . i o A T R R T
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To set up for DC Analyses:
d. In the Analyses section, select de.

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.

Choasing Analyses -- ADE L (1) =
A al ysis _+ tran A s AT _& Moise —
- — EEMS — domnatch . aonatoh
R ] N - _—r
Aol o P i prac we puth
— prame o pol e PR e JPEE
_. gqpac . gpnoise . qpxt s qp5p
— hix o bt — hisis e b
o ihap SO "
O Analys s
S aue DT Operating Point &
Hysteresic Smeap |
5 v Wariablie ]
Comr@ore=nt Mame |E"E_ =
. Temperatuere
_| Desgn Vertabie Sl et Coanporiesnt
& Componsnt Farameter Farametzr Mame dc
_ Madel Parameier
Swaep Range
& 5 imr-Sop swre Ston 8
s LenterSpan
Swaep Type
putormnatic Bl
| Add Specilic Foins =
b
Erigbied g W
& oo Defaults . Apply =

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?

ADEL (5) - myDesignLib Inverter_Test schematic - O X
Launch 5ession Setup  Analyses Varlables Outputs Simulation Results Toos  Help [Eden ce
Ik e o i : o,
et =N =N - ,
X ==
Dezign Variables Aoalyxes A= ;-| ac
- Type | Enable ArguIments ans.
a— | e ] _ Type | Enable| NE L |
A1y de v t 0 1.8 Automatic Start-Stop VO @
2 tran L 0 200n moderate :
] =+
=
#
Qutputs L2 @,E] @
" NameSgna/pr | Value| Plot| Save| SaveOpions | ()
1 vin W ally o
i = = At
@ vout w juid allv
Plot after simulation;  Aute n Plotting mode: (Replace n
= Select on Schematic Qutputs to Be Plotted : = [
1]
1419 | Select On Design Status: Selecting outputs to be plotted... | T=27 C | Simulator: spectre _1|

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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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.
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Viva-Voce Questions

1. Why is a CMOS inverter called a complementary circuit?
2. What is the voltage transfer characteristic (VTC) of a CMOS inverter?
3. Why is the static power consumption of CMOS very low?
4. What is propagation delay in an inverter?
5. Why is transistor sizing important in CMOS design?
Result :

Thus the CMOS Inverting Amplifier is Designed Simulated and Analyze the Input impedance, Output

impedance, Gain and Bandwidth.
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Expt.No.12.
Design of Differential Amplifier (5 Transistor )

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 (Vint - 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 (Vint+ +
Vin-)/2 . This is referred to as the common mode signal.



Schematic Capture of Differential Amplifier:
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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:

PASEta™

&3] New File *J
-~ File
Library myDesignLib n
Zell Diff smplifiex|
Wiy schematic
| Type schematic n
.~ Application

[ Always use this application for this type of file

Cipen with achematics L n

Library path file
e fdarshan/cadence analog lshs 613/cds. 1ib

. Zancel Help

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, (NMO, NM1); W= 3u; L=1u
gpdk180 nmos Model name = nmos1, (NM2, NM3); W=4.5u; L=1u
gpdk180 pmos Model name = pmosl, (PMO, PM1); W= 15u; L=Iu

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.

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:

e,

Library
Cell
e

Type
Application
Cipen with

| Abvays use this application for this type of file

Likbarary path file

New File

myDesignlib =
Diff amplifier test

schematic

schemalic B

Schematics L n

1e/darshan/scadence. analog labs 613 /cds. 1ib

&TW cancel e

-~

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 vdc=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:
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fregq=1k




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 de analysis.

f. In the analysis form, select start and stop voltages as -5 to 5 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 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.

Settings in ADE L window:
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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.



Transient Response:
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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):

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 -



To Calculate the Gain of Common Mode Pair:- Configure the Differential pair schematic as shown
below

2. Schematic for Common Mode Gain:




Common mode Gain (Ac):

6: Common Mode Rejection Ratio Calculation:
To measure CMRR, subtract Common Mode Gain from Differential mode Gain

CMRR = Ad/Ac

Viva-Voce Questions

1. What is a differential amplifier?

2. Why is differential gain important?

3. What is Common Mode Rejection Ratio (CMRR)?

4, Why is a current source used in a differential amplifier?

5. Mention one application of differential amplifiers.
Result:

Thus Differential Amplifier using five transistor is designed, simulated and functionality is

verified successfully.
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Content Beyond Syllabus Experiment

Experiment No. 13

Design and Layout of a 6-Transistor (6T) CMOS SRAM Memory Cell Using Cadence

Virtuoso
Aim
To design, simulate, and generate the manual/automatic layout of a 6-Transistor (6T) CMOS

Static Random Access Memory (SRAM) Cell using Cadence Virtuoso and verify its Read, Write,

and Hold operations.
Objectives
To understand the architecture of a CMOS SRAM cell.
To design a 6T SRAM memory cell using CMOS transistors.
To perform schematic capture using Cadence Virtuoso.
To verify Read, Write and Hold operations through simulation.
To generate manual/automatic layout.

To perform Design Rule Check (DRC), Layout Versus Schematic (LVS), and Parasitic
Extraction (PEX).

Theory

Static Random Access Memory (SRAM) is one of the most important memory circuits used in
modern VLSI systems. Unlike DRAM, SRAM does not require periodic refreshing because it

stores data using bistable latches.
A 6T SRAM cell consists of
Two CMOS Inverters connected back-to-back
Two NMOS access transistors

The access transistors connect the storage nodes to the Bit Lines (BL and BLB) when the Word
Line (WL) is enabled.

The SRAM cell operates in three modes:
Hold Mode

WL=0
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Access transistors OFF

Data retained indefinitely.

Write Mode

WL=1

BL and BLB driven with complementary data
New data written into the latch.

Read Mode

WL=1

BL and BLB precharged

Stored data sensed through bit lines.
Software Required

Cadence Virtuoso

Spectre Simulator

Assura/PVS

Technology Library (180 nm / 90 nm / 45 nm)

Circuit Components

Component Quantity
PMOS 2
NMOS 4
VDD 1
Ground 1
Bit Lines (BL, BLB) 2
Word Line (WL) 1
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Circuit Diagram

VDD
ok pb
VL VR

Ho 4

BL GND BR

Design Procedure
Part A — Schematic Design
Open Cadence Virtuoso.
Create a new library.
Attach the technology library.
Create a new Cell View (Schematic).
Place:
2 PMOS
4 NMOS
Connect two CMOS inverters back-to-back.
Add two access transistors.
Connect BL, BLB and WL.
Add VDD and Ground.
Check and Save the schematic.
Part B — Simulation
Hold Operation
WL=0

Verify stored data remains unchanged.
EC3566 VLSI LAB MANUAL

87



Write Operation

WL=1

BL=1

BLB =0

Verify logic 'l' stored.

Repeat for

BL=0

BLB=1

Verify logic '0' stored.

Read Operation

Precharge BL and BLB.

Enable WL.

Observe voltage difference.

Verify correct data retrieval.
Part C — Layout Design

Create Layout View.

Place PMOS in N-Well.

Place NMOS in P-Substrate.

Draw Active regions.

Draw Poly Gates.

Create Source/Drain Diffusions.

Add Contacts.

Route Metall.

Route Metal2 if required.

Connect VDD and GND rails.

Save Layout.
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Part D — Verification
Perform
Design Rule Check (DRC)
Layout Versus Schematic (LVS)
Parasitic Extraction (PEX)
Ensure
No DRC Errors
LVS Matched
Functional Simulation Successful
Observation
SRAM cell successfully stores one bit.
Hold operation retains data.
Read operation retrieves stored data.
Write operation updates stored data.

Layout passes DRC and LVS verification.

Viva-Voce Questions

1. Why does a standard SRAM cell use six transistors (6T) instead of four?

2. Explain the Read, Write, and Hold operations of a 6T SRAM cell.

3. What are the functions of the Word Line (WL) and Bit Lines (BL and BLB)?

4. Why are DRC, LVS, and Parasitic Extraction (PEX) performed after layout generation?

5. What are the advantages of SRAM over DRAM, and where is SRAM commonly used?
Result

A 6-Transistor CMOS SRAM Cell was successfully designed, simulated, and verified using
Cadence Virtuoso. The manual/automatic layout was generated, DRC and LVS checks were
completed successfully, and the Read, Write, and Hold operations were verified through

simulation.
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