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INSTITUTION VISION

To create centers of excellence in education and to serve the society bytenhancing the quality of life through

value based professional leadership.

INSTITUTION MISSION

To provide high quality technical afid gorofessionally relevant education in a diverse learning
environment.

To provide the values that pfepafe students to lead their lives with personal integrity, professional
ethics and civic responsibility in a'global society.

To prepare the next@genefation of skilled professionals to successfully compete in the diverse global
market.

To promote,a campUs environment that welcomes and honors women and men of all races, creeds
and cultures, Values and intellectual curiosity, pursuit of knowledge and academic integrity and
freedom?

To offer a wide variety of off-campus education and training programmes to individuals and groups.
Torstimulate collaborative efforts with industry, universities, government and professional societies.
To facilitate public understanding of technical issues and achieve excellence in the operations of the

institute.
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VISION OF THE DEPARTMENT

“To Nurture and Develop Competent Electronics and Communication Engineering

Skilled Professionals with values for the betterment of Society”

MISSION OF THE DEPARTMENT

1. To nurture the technical/professional/engineering and entrepreneurial skills for overall self and societal

upliftment through co-curricular and extra-curricular events.

2. To orient the Faculty/Student community towards the higher education, research and development activities.
3. To create the Centres of Excellence in the field of electronics and communication in collaboration with

industries/Universities by training the faculty through latest technologies.

4. Toimpart quality technical education in the field of electronics and communication engineering to meet over

the current/future global industry requirements.

PROGRAM SPECIFIC OUTCOMES

PSO1: Build Analog and Digital Electronic systems for Multimedia Applications, VLSI and
Embedded Systems in Interdisciplinary Research / Development.

PSO2: Design and Develop Communication Systems as per Real Time Applications and Current
Trends.

PROGRAM EDUCATIONAL OBJECTIVES

PEO1 : Provide technical solutions to real world problems in the areas of electronics
and communication by developing suitable systems.
PEO2 : Pursue engineering career in Industry and/or pursue higher education and
Research.
PEO3: Acquire and follow best professional, ethical practices in Industry relevant to
the Society.

PEO4 : Communicate effectively and Develop an ability to work in team/Individually
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PROGRAMME OUTCOMES

1. Engineering knowledge: Apply the knowledge of mathematics, sciénce, engineering fundamentals, and an
engineering specialization to the solution of complex engineeringgorablems.

2. Problem analysis: Identify, formulate, review research literature, and analyze complex engineering
problems reaching substantiated conclusions using firStaprinciples of mathematics, natural sciences, and
engineering sciences.

3. Design/development of solutions: Design sélutions,for complex engineering problems and design system
components or processes that meet the specified needs with appropriate consideration for the public health
and safety, and the cultural, societal, afid efvironmental considerations.

4. Conduct investigations of complex problems: Use research-based knowledge and research methods
including design of experiméntss“amalysis and interpretation of data, and synthesis of the information to
provide valid conclusionst

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern engineering
and IT tools including,prédiction and modeling to complex engineering activities with an understanding of the
limitations

6. Theengineer and society: Apply reasoning informed by the contextual knowledge to assess societal, health,
safety, legal and cultural issues and the consequent responsibilities relevant to the professional engineering
practice.

7. Environment and sustainability: Understand the impact of the professional engineering solutions in societal
and environmental contexts, and demonstrate the knowledge of, and need for sustainable development.

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and norms of the
engineering practice.

9. Individual and team work: Function effectively as an individual, and as a member or leader in diverse
teams, and in multidisciplinary settings.

10. Communication: Communicate effectively on complex engineering activities with the engineering
community and with society at large, such as, being able to comprehend and write effective reports and design
documentation, make effective presentations, and give and receive clear instructions.

11. Project management and finance: Demonstrate knowledge and understanding of the engineering and
management principles and apply these to one’s own work, as a member and leader in a team, to manage
projects and in multidisciplinary environments.

12. Life-long learning: Recognize the need for, and have the preparation and ability to engage in independent

and life-long learning in the broadest context of technological change.




LIST OF LAB EXPERIMENTS

Name of the Experiment

ASIC Digital Design

Introduction

4Bit Adder
e Write Verilog Code
e Verify the Functionality using Test-bench

e Synthesize the design by setting proper constraints and obtain the netlist.
From the report generated identify Critical path, Maximum’delay, Totalnumber of cells, Power
requirement and Total area required

4 — Bit Booth Multiplier

e Write Verilog Code

e Verify the Functionality using Test —bench

e Synthesize the design by setting proper constraints and obtain the netlist.
From the report generated identify Criti€al path, Maximum delay, Total number of cells, Power
requirement and Total area required.

32Bit ALU Supporting 4-Logical”and 4-Arithmetic operations, using case and ifstatement for ALU
Behavioral Modeling
e Write Verilog'€ode
e Verify functionality using Test-bench
e Synthesizéthe design targeting suitable library and by setting area and timingconstraints
e Tabulatethe Area, Power and Delay for the Synthesized netlist
Identify Critical path

Lateh and Flip-Flop
Synthesize the design and compare the synthesis report (D, SR. JK)

ASIC Analog Design

Introduction &
a) Capture the schematic of CMOS inverter with load capacitance of 0.1pF and set the widths of
Inverter with Wn = Wp, Wn = 2Wp, Wn = Wp/2 and length at selected technology.
Carry out the following:
i. Settheinput signal to a pulse with rise time, fall time of 1ns and pulse width of 10ns and
the time period of 20ns and plot the input voltage and output voltage of designed inverter?
From the simulation result compute tpHL, tpLH and td for all three geometrical settings of
width?
iii. Tabulate the results of delay and find the best geometry for minimum delay for CMOS
inverter?
b) Draw layout of inverter with Wp/Wn = 40/20, use optimum layout methods. Verify for DRC
and LVS, extract parasitic and perform post layout simulations, compare the results with
prelayout simulations. Record the observations.

a) Capture the schematic of 2-input CMOS NAND gate having similar delay as that of CMOS
inverter computed in experiment above. Verify the functionality of NAND gate and also find
out the delay td for all four possible combinations of input vectors. Table the results. Increase
the drive strength to 2X and 4X and tabulate the results.

Draw the layout of NAND with Wp/Wn = 40/20, use optimum layout methods. Verify for DRC
and LVS, extract parasitic and perform post layout simulations, compare the results with
prelayout simulations. Record the observations.

Capture schematic of Common Source Amplifier with PMOS Current Mirror Load and find its
transient response and AC response? Measure the Unit Gain Bandwidth (UGB), amplification
factor by varying transistor geometries, study the impact of variation in width to UGB.

Draw Layout of common source amplifier, use optimum layout methods. Verify for DRC & LVS,
extract parasitic and perform post layout simulations, compare the results with pre-layout
simulations. Record the observations.




8 a) Capture schematics of two-stage operational amplifier and measure the following: 40 -46
a. UGB
b. dB Bandwidth
c. Gain Margin and phase margin with and without coupling capacitance
d. Use the op-amp in the inverting and non-inverting configuration and verify its
functionality.
e. Study the UGB, 3dB bandwidth, gain and power requirement in op-amp by varying the
stage wise transistor geometries and record the obsefvations.
b) Draw layout of two-stage operational amplifier with mifiimum transistor width set to 300 (in
180/90/45 nm technology), choose appropriate trafisistor geometries as per the results
obtained in part a. Use optimum layout methods. Vetify for DRC and LVS, extract parasitic
and perform post layout simulations, comparethe results with pre-layout simulations.
Record the observations.
Demonstration Expefiments ( For CIE)
9 UART 47 - 54
e Write Verilog Code
e Verify the Functionality usifig Test-bench
e Synthesize the design targetihg/Suitable library and by setting area and timingconstraints
e Tabulate the Area, Po6Wertand Delay for the Synthesized netlist
Identify Critical path
10 [For synthesized netlist@apryout the following: 55-84

Floor planning

Placement andRouting

Record the parameters such as no. of metal layers used for routing, flip method for
placement of standard cells

Physical Verification and record the DRC and LVS reports

Generate GDSII




SYLLABUS

VLSI Laboratory

Course Code 21ECL66 CIE Marks

Teaching Hours/Week (L: T: P: S) 0:0:2:0 SEE Marks

Credits

1 Exam Hours

SI.No.

Experiments

ASIC Digital DeSign

4-Bit Adder

¢ Write Verilog Code

« Verify the Functionality using Test-bench

« Synthesize the design by setting propefconstrdints and obtain the netlist.
From the report generated identify Critical path, Maximum delay, Total number of cells, Powerrequirement and Total
area required

4-Bit Booth Multiplier

¢ Write Verilog Code

« Verify the Functionality using Test-bench

« Synthesize the desigMmby'setting proper constraints and obtain the netlist.
From the report generated jidentify Critical path, Maximum delay, Total number of cells, Power requirement and
Total area requirgd

32-Bit ALU Supporting4-Logical and 4-Arithmetic operations, using case and if statement for ALUBehavioral
Modeling

* Write Verileg Code

« Yetify functionality using Test-bench

*\Synthesize the design targeting suitable library and by setting area and timing constraints

¢ Tabulate the Area, Power and Delay for the Synthesized netlist

¢ J/dentify Critical path

Latch and Flip-Flop
e Synthesize the design and compare the synthesis report (D, SR, JK)

ASIC Analog Design

a) Capture the schematic of CMOS inverter with load capacitance of 0.1pF and set the widths oflnverter with Wn
=Wp, Wn = 2Wp, Wn = Wp/2 and length at selected technology.
Carry out the following:

i. Set the input signal to a pulse with rise time, fall time of 1ns and pulse width of 10ns and the time period
of 20ns and plot the input voltage and output voltage of designed inverter?
ii. From the simulation result compute tpHL, tpLH and td for all three geometrical settings of width?
iii. Tabulate the results of delay and find the best geometry for minimum delay for CMOS inverter?
b) Draw layout of inverter with Wp/Wn = 40/20, use optimum layout methods. Verify for DRC and LVS, extract
parasitic and perform post layout simulations, compare the results with pre-
layout simulations. Record the observations.

a) Capture the schematic of 2-input CMOS NAND gate having similar delay as that of CMOS inverter computed in
experiment above. Verify the functionality of NAND gate and also find out the delay td for all four possible
combinations of input vectors. Table the results. Increase the drive strength to 2X and 4X and tabulate the
results.

b) Draw the layout of NAND with Wp/Wn = 40/20, use optimum layout methods. Verify for DRC

and LVS, extract parasitic and perform post layout simulations, compare the results with pre- layout simulations.

Record the observations.

a) Capture schematic of Common Source Amplifier with PMOS Current Mirror Load and find its transient response
and AC response? Measure the Unit Gain Bandwidth (UGB), amplification factor by varying transistor
geometries, study the impact of variation in width to UGB.

b) Draw Layout of common source amplifier, use optimum layout methods. Verify for DRC & LVS, extract parasitic
and perform post layout simulations, compare the results with pre-layout simulations. Record the observations.




a) Capture schematics of two-stage operational amplifier and measure the following:

i. UGB

ii. dB Bandwidth

iii. Gain Margin and phase margin with and without coupling capacitance

iv. Use the op-amp in the inverting and non-inverting configuration and verify its functionality.

v. Study the UGB, 3dB bandwidth, gain and power requirement in op-amp by varying the stage wise

transistor geometries and record the observations.
b) Draw layout of two-stage operational amplifier with minimum~transistor width set to 300 (in 180/90/45 nm
technology), choose appropriate transistor geometries as ger the results obtained in part a. Use optimum layout
methods. Verify for DRC and LVS, extract parasitic and perform post layout simulations, compare the results with
pre-layout simulations. Record the observations.

Demonstration Experiments ( For CIE )

UART
¢ Write Verilog Code
« Verify the Functionality using Test-bgf€h
« Synthesize the design targeting suitable library and by setting area and timing constraints
 Tabulate the Area, Power and Pelay forthe Synthesized netlist, Identify Critical path

For synthesized netlist carry out theffollowing:
¢ Floor planning
¢ Placement and Routing
* Record the parameters suchas no. of metal layers used for routing, flip method for placement of standard cells
« Physical Verificationfand record the DRC and LVS reports
e Generate GDSII

Design and charaeterize 6T binary SRAM cell and measure the following:

e Read Time, Write Time, SNM, Power

e DrawyLayout.ef 6T SRAM, use optimum layout methods. Verify for DRC & LVS, extract parasitic and perform post
layoltisimulations, compare the results with pre-layout simulations. Record the observations.

IAssessment Details (both CIE and SEE)
The weightagefof Continuous Internal Evaluation (CIE) is 50% and for Semester End Exam (SEE) is 50%. The minimum
passing mark for the CIE is 40% of the maximum marks (20 marks). A student shallbe deemed to have satisfied the academic
requirements and earned the credits allotted to each course. The student has to secure not less than 35% (18 Marks out of
50) in the semester-end examination (SEE).

Continuous Internal Evaluation (CIE):
CIE marks for the practical course is 50 Marks.
The split-up of CIE marks for record/ journal and test are in the ratio 60:40.

Each experiment to be evaluated for conduction with observation sheet and record write-up. Rubricsfor the evaluation of
the journal/write-up for hardware/software experiments designed by the faculty who is handling the laboratory session
and is made known to students at the beginning of thepractical session.

Record should contain all the specified experiments in the syllabus and each experiment write-up willbe evaluated for 10
marks.

Total marks scored by the students are scaled downed to 30 marks (60% of maximum marks).

Weightage to be given for neatness and submission of record/write-up on time.

Department shall conduct 02 tests for 100 marks, the first test shall be conducted after the 8th weekof the semester

and the second test shall be conducted after the 14th week of the semester.

In each test, test write-up, conduction of experiment, acceptable result, and procedural knowledge will carry a
weightage of 60% and the rest 40% for viva-voce.

The suitable rubrics can be designed to evaluate each student’s performance and learning ability.Rubrics suggested in
Annexure-ll of Regulation book

The average of 02 tests is scaled down to 20 marks (40% of the maximum marks).

Fhe Sum of scaled-down marks scored in the report write-up/journal and average marks of two tests is the total CIE marks
scored by the student.




Semester End Evaluation (SEE):

SEE marks for the practical course is 50 Marks.

SEE shall be conducted jointly by the two examiners of the same institute, examiners are appointed by the University

All laboratory experiments are to be included for practical examination.

(Rubrics) Breakup of marks and the instructions printed on the cover page of the answer script to be strictly adhered to by
the examiners. OR based on the course requirement evaluation rubrics shall be decided jointly by examiners.

Students can pick one question (experiment) from the questions lot prepareddy the internal /external examiners jointly.
Evaluation of test write-up/ conduction procedure and result/viva will be condugted jointly by examiners.

General rubrics suggested for SEE are mentioned here, writeup-20%, Cofdugtion procedure and result in -60%, Viva-voce 20% of
maximum marks. SEE for practical shall be evaluated for 100 marks and scoked marks shall be scaled down to 50 marks (however,
based on course type, rubrics shall be decided by the examiners).

Change of experiment is allowed only once and 15% Marks allotted to the procedure part to be made zero.

The duration of SEE is 03 hours.

Rubrics suggested in Annexure-II of Regulation book
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Course Objectives.and Qutcomes

Course objectives: This course will enablesstudentsito:

»  Design, model, simulate and verify digitalCircuits.

»  Design layouts and perform physiealtverification of CMOS digital circuits.

»  Perform ASIC design flow and Understand the process of synthesis, synthesis constraints andevaluating the

synthesis reports to obtain/eptintum gate level netlist.

»  Perform RTL-GDSI\flow and understand the stages in ASIC.

Coursedoutcomes: After studying this course, students will be able to:

» 7 Design and simulate combinational and sequential digital circuits using Verilog HDL.

>\ Understand the synthesis process of digital circuits using EDA tool.

» Perform ASIC design flow and understand the process of synthesis, synthesis constraints andevaluating the
synthesis reports to obtain optimum gate level netlist.

» Design and simulate basic CMOS circuits like inverter, common source amplifier, differentialamplifier,
SRAM.

» Perform RTL_GDSII flow and understand the stages in ASIC design.




INSTRUCTIONS TO THE STUDENT

. Come prepared to the lab with relevant theory about the experiment you are conducting.

. Each experiment will be evaluated fér 20 fnarks. More weightage will be given for

preparation and understanding,

. Handle the desktop system afnd’interfacing boards with care

. Do not delete orchange the system settings and files.

. Foranymissing items, penalty will be imposed on the respective batch.

»Maintain professional attitude and discipline during lab sessions.



VLSILAB 21ECL66 2023-2024

INTRODUCTION

VLS| stands for Very Large Scale Integration, which is a technology used to
create integrated circuits (ICs) by combining thousands or millions of transistors into a
single chip. VLSI technology has revolutionized the electronics industry by enabling
the production of compact, powerful and low-cost microprocessors, memory chips,
digital signal processors, and other advanced electtopic devices.

As of 2020, the scale of integration in VLSItechnology has reached nanometer
level processes, with feature sizes on the orderjof 7-5 nm, allowing for the integration
of billions of transistors on a single chip#/The latest processors and integrated circuits
are being manufactured using Znmf and 5nm process nodes, enabling greater

performance and power efficiengy.

Dept. of ECE, CIT, Gubbi Page 1
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What Is an ASIC ?
An ASIC (Application-Specific Integrated Circuit) is a type of integrated circuit (IC) that

is designed to perform a specific task or function. It is customized for a particular
application, unlike general-purpose ICs such as microprocessors and memory chips.

ASICs are typically used in high-performance applications where specific processing
requirements need to be met, such as in networking, telecommunications, and consumer
electronics. ASICs are designed and manufactured for a specific customer or application and
can include digital, analog, and mixed-signal compone&n a single chip.

The complete ASIC design process can be divided into twospart
1. Front End Design

2. Back End Design

Functional
Verification

Logic
Equivalence
Check

Place and Physical Design

Route

No

Physical
Verification

Yes

Tool Required:
» Functional Simulation: Incisive Simulator (ncvlog, ncelab, ncsim)

» Synthesis: Genus

Dept. of ECE, CIT, Gubbi Page 3



VLSI LAB 21ECL66 2023-2024
Lab 1: 4-Bit Adder

Aim: To write a verilog code for 4bit adder and verify the functionality using Test bench.
» Synthesize, Analyse Reports and Netlist, Critical Path and Max Operating Frequency.

* From the report generated find the total number of cells, power requirement and total area
requirement.

Tool Required:
e Functional Simulation: Incisive Simulator (ncvlog, dicelab, ncsim)
e Synthesis: Genus

Design Information and Bock Diagram:

A full adder is a combinational circuit that performs the arithmetic sum of three input bits Ai,
addend Bi and carry in C in from the previou$ adder! Its results contain the sum Si and the carryout, C
out to the next stage. So to design a 4-bit.adder gircuit we start by designing the 1 —bit full adder then
connecting the four 1-bit full adders tolget the 4-bit adder as shown in the diagram below. For the 1-
bit full adder, the design begins bydrawingthe Truth Table for the three input and the corresponding
output SUM and CARRY.

FigrRiagram and truth table of full adder

A B C | SUM OUT |CARRY OUT
A 0 0 0 0 0
7 SUM 0 0 | | 0
i f
a 01110 l 0
N e 0 1|1 0 |
[ 0 0 | 0
1 0 l 0 |
| | 0 0 |
l | 1 | |
B3 Af B2 A2 BJ]. AJl E]O Af
B A B A B A B A
fa3 <" fa2 M fal < fap ov <"
CcouTt SUM |cout SUM COoUT SUM COUT SUM
J J c3 c2 J J
ca S3 S2 S1 S0

Fig: Diagram of 4 Bit Adder

Creating a Work space :
e Create a new sub-Directory for the Design and open a terminal from the Sub-Directory.
a) Verify the Functionality
e Three Codes shall be written for implementation of 4-bit Adder as follows,
o fa.v > Single Bit 3-Input Full Adder [Sub-Module / Function]
o fa_4bit.v - Top Module for Adding 4-bit Inputs.
o fa_test.v - Test bench

Dept. of ECE, CIT, Gubbi Page 4



VLSILAB 21ECL66 2023-2024

Source Code —fa.v :-

module full_adder( A,B,CIN,S,COUT);
input A,B,CIN;

output S,COUT,;

assign S = AABACIN;

assign COUT = (A&B) | (CIN&(A”B));
endmodule

Source Code —fa_4bit.v :-

module four_bit_adder(A,B,C0,S,C4);

input [3:0] A,[3:0] B,CO;

output [3:0] S,C4;

wire C1,C2,C3;
full_adder fa0 (A[0],B[0],C0,S[0],C1);
full_adder fal (A[1],B[1],C1,5[1],C2);
full_adder fa2 (A[2],B[2],C2,5[2],C3);
full_adder fa3 (A[3],B[3],C3,5[3],€4);
endmodule

Test Bench —fa test.v:-

module test_4 bit;
reg [3:0] A;
reg [3:0] B;
reg CO;
wire [3¢0] S;
wire C4;
faur_bit *adder dut(A,B,C0,S,C4);
initialbegin
A =4'b0011;B=4'00011;C0 = 1'b0; #10;
A=4'b1011;B=4'b0111;C0 = 1'b1; #10;
A=4'b1111;B=4'b1111;C0 = 1'b1; #10;
endinitial
#50 Sfinish;
endmodule

Waveform:

Waveform 1 - SimVision - | X
Ells Etit Wiew Explore Format Smuiation ¥indows  Help cidence
G BaBe| v | i R @ - b B |- g+ " RELBHEEE
| searchNames [ Signal~ [ - % i | search Times [valuev | - 38
“';?,Tlme'q' =,[ZlJ :}‘nk,‘#:"i 2 | 4 & | 5+ Time: 3% [0 Soms Bl ¢ : 2 : e

ET! Curvor-Baseline > = e

5

L:]
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b) Synthesis and Report/Output Analysis
Note 1:-

1. The Cells given in the netlist can be checked in the .lib files for their properties.
2. The Max Operating Frequency does not apply for Purely Combinational Circuit.
Synthesis RTL Schematic :

schematic  *

<k | = PE T

HAQ 980

Some Common Constraints are'given below for reference

Common SDC Constraints

Operating conditions Timing

e set operating conditions e create clock
Wire-load models e create generated_ clock
= set wire_load_mode * set_clock_latency

e set_wire_load_model = set clock transition

= set_wire_load_selection_group e seot _disable timing
Environmental = set propagated_ clock

* set_drive = set_clock_uncertainty
e set_driving_cell = set input delay

e set_load s set output delay

e set_fanoul_load Exceptions

e set_input_transition = set false_path

e set_port_fanout_number : 22:”21‘::;:/?"2)'“““.
Design rules Power

¢ set_max_capacitance e set_max_dynamic_power
& set max_fanout P

set_max_leakage power
& sel_max_transition

Note 2:-
1. You can tabulate Area, Power and Timing Constraints using any of the SDC
Constraints asinstructed.
2. Make sure, during synthesis the Report File Names are changed so that the latest
reports donot overwrite the earlier ones.

Dept. of ECE, CIT, Gubbi Page 6
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Lab 2: 4 — Bit Booth Multiplier

2023-2024

Aim: To write a verilog code for 4bit Booth Multiplier and verify the functionality using Test bench.
» Synthesize, Analyse Reports and Netlist, Critical Path and Max Operating Frequency.
* From the report generated find the total number of cells, power requirement and total area

requirement.

Tool Required:

e Functional Simulation: Incisive Simulator (ncvlog, mCelab, ncsim)

e Synthesis: Genus

Design Information and Bock Diagram:
In Booth’s multiplier works on Booth’s Algorithm that does the multiplication of 2’s complement
notation of two signed binary numbers.

Advantages:
1. Less complexity
2. Faster Multiplication

3. Consecutive additions are replaced

4. Ease in scaling
Disadvantage:

1. High power consumption
2. Large chip area
Algorithm:

Registers used: A, M, Q, Qres (Qres is the residual bit after a right shift of Q), n (counter)
Step 1: Load the initial values for the registers.
A =0 (Accumulator), Qres = 0, M = Multiplicand, Q = Multiplier and n is the count value which
equals the number of bits of multiplier.
Step 2: Check the value of {QO, Qres}. If 00 or 11, goto step 5. If 01, goto step 3. If 10, goto step 4.
Step 3: Perform A = A + M. Goto step 5.

Step 4: Perform A=A - M.

Step 5: Perform Arithmetic Shift Right of {A, Q, Qres} and decrement count.
Step 6: Check if counter value n is zero. If yes, goto next step. Else, goto step 2.

Step 7: Stop

START
\

1
A=0, 'irés =0
M = Multiplicand
Q = Multiplier
n Cyox,n:

01

A=A-M : AzA+M

. Arithmetic Shift Right A,Q,Qres

n=n-1
!

NO

n
n=~u

YES

Dept. of ECE, CIT, Gubbi
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Creating a Work space :
e Create a new sub-Directory for the Design and open a terminal from the Sub-Directory.

a) To Verify the Functionality using Test Bench

Source Code — boothmul.v :-

module BoothMulti (X, Y, Z);

input signed [3:0] X, Y;

output signed [7:0] Z;

reg signed [7:0] Z;

reg [1:0] temp;

integer i;

reg E1;

reg [3:0] Y1;

always @ (X, Y)

begin
Z=28'd0;
E1=1'dO;
for(i=0;i<4;i=i+1)
begin
temp = {X[i], E4};
Yil=-Y;
case (temp)
2'd2 42 [7%4] =2 [7 : 4] + Y1;
2'd1 . Z[774)=2[7:4]+Y;
default: begin end
endcase
2=71>>%
Z[7]= Z[6];
E1 = Xfil¢
end
if (Y ==4'd8)
begin
Z=-7;
end
end
endmodule

Test Bench —boothmul test.v :-
module BoothTB;
// Inputs
reg [3:0] X;
reg [3:0] Y;
// Outputs
wire [7:0] Z;
// Instantiate the Unit Under Test (UUT)
BoothMulti uut (
X(X),
Y(Y),
Z(2)
);
initial begin
// Initialize Inputs
X=0;
Y=0;
// Wait 100 ns for global reset to finish
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#10;
X=-5;

// Add stimulus here
end

Waveform:

Timed ~] = [300 Snse{pe-| @@ | [ B0 @ %o @5 BEom-o Time: §F [0: 300ns Ha&

! O] Baselinev=0
EF| Cursor-Baseline v=300ns

v Cursor v

b) Synthesis and Report/Output Analysis
Note 1:-

1. The Cells given in the netlist can be checked in the .lib files for their properties.

2. The Max Operating Frequency does not apply for Purely Combinational Circuit.
Synthesis RTL Schematic :

Some Common Constraints are given below for reference
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Lab 3 : 32-bitALU

Aim: Write a verilog code for 32 bit ALU supporting four logical and four arithmetic operations,use

case statement and if statement for ALU behavioral modeling.

* To Verify the Functionality using Test Bench
» Synthesize and compare the results using if and case statements
* Identify Critical Path and constraints

Tool Required:

e Functional Simulation: Incisive Simulator (ficvlogy,ncelab, ncsim)

e Synthesis: Genus
Design Information and Bock Diagram:
The ALU will take in two 32-bit values, and control line. An Arithmetic unit does the
following task like addition subtraction, paulticfiction and logical operations. As the input is
given in32 bit we get 32 bit output. The aritAmetic will show only one output at a time so a
selector is necessary to select one gf the 6perator.

32] a

32]b

Control (I)

Creating a"Work space :

32-Bit ALU

Result
[32] y

e Create a new sub-Directory for the Design and open a terminal from the Sub-Directory.

To Verify the Functionality using Test Bench
Source Code — Using Case Statement :

module 32bit_alu_case(a, b, f, y);

input [31:0]a;
input [31:0]b;
input [2:0]f;

output reg [31:0]y;

always @ (*)
begin
case (f)
3'b000: y=a&b;
3'b001: y=a|b;

3'b010: y="(a&b);
3'b011: y="(a|b);

3'b100: y=a+b;
3'b101: y=a-b;
3'b110: y=a*b;

default: y=32'bx;

endcase
end
endmodule

//AND Operation
//OR Operation

//NAND Operation

//NOR Operation

//Addition

//Subtraction

//Multiply

Dept. of ECE, CIT, Gubbi

Page 10



VLSILAB 21ECL66 2023-2024

Test Bench :
module 32bit_alu_case_tb;
reg [31:0]a;

reg [31:0]b;

reg [2:0]f;

wire [31:0]y;
32bit_alu_case test2(.a(a),.b(b),.f(f),.y(y));
initial

begin
a=32'h00000000;
b=32'hFFFFFFFF;
#10 f=3'b000;
#10 f=3'b001;
#10 f=3'b010;
#10 f=3'b011;
#10 f=3'b100;
#10 f=3'b101;
#10 f=3'b110;
end

initial

#50 Sfinish;
endmodule

Source Code - Usingdf Statement :
module 32bit_alu_if(y,a,b,f);
input [31%0]a;
input [31:0]b;
input “{2:0]f;
output reg [31:0]y;
always@(*)
begin
if(f==3'b000)
y=a&b; //AND Operation
else
if (f==3'b001)
y=alb; //OR Operation
else
if (f==3'b010)
y=a+b; //Addition
else
if (f==3'b011)
y=a-b; //Subtraction
else
if (f==3'b100)
y=a*b; //Multiply
else
y=32'bx;
end
endmodule

Test bench :
module 32bit_alu_tb _if;
reg [31:0]a;
reg [31:0]b;
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reg [2:0]f;

wire [31:0]y;
32bit_alu_if test(.y(y),.a(a),.b(b),.f(f));
initial

begin
a=32'h00000000;
b=32'hFFFFFFFF;
#10 f=3'b000;
#10 f=3'b001;
#10 f=3'b010;
#10 f=3'b100;
end

initial

#50 Sfinish;
endmodule

Wave Forms:

Filz  Edit Miew Esplore Formab Simplafion  Windows  Help cadence
- B2 _‘1“ PP I N R W . L [k | =

% Wl en XDBX DR ¢+ "REREHEE
Search Names: | Signal v x| # fif | SearchTimes: | valuew - %2 1]

[2oe & @ Tine: 3% [0 5008 d@ocH

W Times~ -0 Hrepa- @m0
m ol Baselew=0

o | Ef Cursor-Basglne=S0ms

23

— |Iame o Cusor &
] pun G
b

'R o

'h 00000000 ey ' 1 10000000

a) Synthesize Design
e  Run the synthesis Process one time for each code and make sure the output File
names are changed accordingly.
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Synthesis RTL Schematic :
File DFT Floorplan Power Timing Tools Windows A cadence
Design Browser % | K3 Layout schematic x K3
A - _
_ | macaolonsad T
| listdCells n {

B
-- Terms (99)
B} Mets (1546)
H- Stdcells (1254)

Fig: Schematic Capture of 32 Bit ALU

Note :-
You can tabulate Area, Power and Timing Constraints using any of the SDC
Constraints asinstructed.

Make sure, during synthesis the Report File Names are changed so that the latest
reports donot overwrite the earlier ones.
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Lab 4: Latches and Flip Flops

Aim : Write a verilog code for Latch and Flip-flops (D, SR, JK), Synthesize the design and
compare the synthesis report.

Tool Required:

e Functional Simulation: Incisive Simulator (ncvlog, ncelab, ncsim)

e Synthesis: Genus
Design Information and Bock Diagram:

Latches and flip-flops are the basic elements/foristoring information. One latch or
flip-flopcan store one bit of information. The main différence between latches and flip-flops
is that for latches, their outputs are constantly affected*by their inputs as long as the enable
signal is asserted.

In other words, when they are en@bléd, their content changes immediately when
their inputschange. Flip-flops, on the gther_hahd, have their content change only either at
the rising or falling edge of the endblexsignal. This enable signal is usually the controlling
clock signal. After the rising or fallingredge of the clock, the flip-flop content remains
constant even if the input changes.

There are basically féup'maih types of latches and flip-flops: SR, D, and JK. The major
differences in these flipzflop.types are the number of inputs they have and how they change
state.For each type, therewar€ also different variations that enhance their operations.

Example: D-Flip#flop

Input Output
D Q D reset clock Q Q
0 0 0 0 1
O O 1 0 1
reset Q p— 0 1 0 0 1
0 1 1 0 1
/\\ 1 0 0 0 1
1 (6] 1 1 (8]
1 1 0 0 1
ClOCk 1 1 1 0 1

Fig: Block Diagram and truth table of D-Flip Flop
Creating a Work space :

e Create a new sub-Directory for the Design and open a terminal from the Sub-Directory.

a) Verilog Codes for D-Flip Flop, JK-Flip Flop and SR-Flip Flop.
Source code for D-Flip Flop :
“timescale 1ns/1ps

module DFF( Q, Qbar, D, Clk, Reset);
output reg Q;

output Qbar;

input D, Clk, Reset;

always @(posedge Clk)

begin

if (Reset == 1'b1) //If at reset
Q<=1'b0;

Else

Q<=D;

end

assign Qbar =~Q;

endmodule
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Test bench :

“timescale 1ns/1ps

module DFF_test;

reg clk, reset, D;

wire q, gbar;

initial

begin

clk=0;

reset=1; #20;

reset=0;

end

initial

begin

D=0; #100;

D=1; #100;

D=0;

end

dff uut(Q, Qbar, D,clk, reset);
always #5 clk="clk; /¥ Inverting clk every 5ns
Initial

#1400 Sfinish; // Finishing Simulation at t=1400ns
endmodule

Wave Forms:

! 2 Baselinev=0
EF| Cursor-Baseline v= 1,400,000ps

B

Source code for D-Latch :
“timescale 1ns/1ps
module Dlatch ( Q, Qbar, D, en, Reset);
output reg Q;
output Qbar;
input D, en, Reset;
always @(en or Reset or D)
begin
if (Reset == 1) //If at reset
Q<=1'b0;
else
if (en)
Q<=D;
end
assign Qbar =~Q;
endmodule

Test bench :
“timescale 1ns/1ps
module Dlatch_test;
reg en, reset, D;
wire Q, Qbar;

initial

begin

en=0;

Dept. of ECE, CIT, Gubbi Page 15



VLSILAB 21ECL66

2023-2024

reset=1; #20;
en=1; #50;
reset=0;

end

initial

begin

D=0; #10;
D=1; #100;
D=0;

end

Dlatch uut (Q, Qbar, D, en, reset);
endmodule

Wave Forms :

I @ Baselinev=0
’ EF| Cursor-Baseline v=76,667ps

Name Cursor %~ |U

B

Source code for SR Flip Flop«

‘timescale 1ns/1ps
module srff (clk, gst» Nhs,p, q, g_bar);
input clk, rst_nj
input s,r;
output reg d
outpdt q_bar;

// always@(posedge clk or negedge rst_n)
always@(posedge clk)
begin

if(rst_n)

q<=0;
else
begin
case({s,r})
2'b00: q <=q;
2'b01: q <=1'b0;
2'b10: g <= 1'b1;
2'b11: g <= 1'bx;
endcase

end
end
assign g_bar =~q;
endmodule

// No change
// reset

// set
// Invalid inputs

Test bench :
‘timescale 1ns/1ps
module srff_test;
reg clk, rst_n;
regs,r;
wire g, g_bar;
initial begin
clk = 0;
rst n=1; #10; rst_n=0;
end

// for asynchronous reset

// for synchronous reset

Dept. of ECE, CIT, Gubbi
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initial begin

s=0; r=0; #20;

s=0; r=1; #20;

s=1; r=0; #20;

s=1; r=1;

end

srff uut (clk, rst_n, s, r, g, g_bar);

always #5 clk = ~clk;
initial
#1400 Sfinish;
endmodule

Wave Forms :

! & Baselinev=0 T
FF| Cursor-Baseline v = 200,000ps

[Baseline = 0

Name By Cursor &v [

Source Code for SR Lateh%
module srlatch (q, gbar, s, r, en, rst);
output regq;
output q;
input s, r#en, rst;
always«@¥en or rst or sorr)
begin
if (rst)
q<=0;
else
if (en)
begin
case ({s,r})
2’b00: g<=q;
2’b01: g<=1'b0;
2’b10: g<=1'b1;
2’b11: g<=1'bx;
endcase
end
end
assign gbar="q;
endmodule

Test bench :
“timescale 1ns/1ps
module srlatch_test;
reg en, rst;
regs,r;
wire g, gbar;
initial
begin
en=0; rst=1; #10;
en=1; rst=0; #10;
rst =0;
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end
initial begin
s=0; r=0; #20;
s=0; r=1; #20;
s=1; r=0; #20;
s=1; r=1; #20;
end

srlatch uut (q, gbar, s, r, en, rst);

initial

#1400 Sfinish;
endmodule
Wave Forms:

! @ Easelinew=0
EF| Cursar-Baseline ¥ = 200,000ps

Source Code for JK Elip Flop”:

module jkff (clk,sst, INKGAQ, gbar);

input J, K, clk, rst;
output regQQ;
output gbar;
always @(posedge clk)
begin
if (rst)
q<=0;
else
begin
case ({j,k})
2’b00: g<=q;
2’b01: g<=1'b0;
2’b10: g<=1'b1;
2’b11: g<="q;
endcase
end
end
assign gbar=~q;
endmodule

Test bench :
Module jkff test;
reg clk, rst, j, k;
wire g, gbar;
initial begin

clk =0; rst =1; #10;
rst =0;

end

initial begin

j=0; k=0; #20;
j=0; k=1; #20;
j=1; k=0; #20;
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j=1; k=1; #20;
end

jkff uut (clk, rst, j, k, g, gbar);

always #5 clk =~clk;
endmodule

Wave Forms :

I @ Baseline v=0
| FF| Cursor-Baseline v=200ns

Name fv Cursor @~

Source of JK Latch :

module jkff(en, rst, j, k, q, gbar);

input en, rst, j, k;
output reg q;
output gbar;

always @(en or rst or j or k)

begin
if (rst)
q<=0;
else
if (en)
begin
case ({j, k})
2’'bQ0: g<=q;
2 b0Ing<=1'b0;
2’b10: q<=1'b1;
2’b11: g<="q;
endcase
end
end
assign gbar="q;
endmodule

Test bench :
Module jklatch_test;
regen, rst, j, k;
wire g, gbar;
initial begin
en=1; rst=0; #10;
en=0; #5;

en=1;

rst=1; #10;
rst=0;

end

initial begin

j=0; k=0; #20;
j=0; k=1; #20;
j=1; k=0; #20;
j=1; k=1; #20;
end

jklatch uu (en, rst, j, k, q, qbar);

endmodule

Wave Forms
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l [} Baselinev=0 —
EF| Cursor-Baseline v = 200ns Baseline =0

30ns 90ns 100ns

a) Synthesize the Design & Comparing Reports
Example for SDC:

Open ~ @ constraints_top_ff.sdc
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 0.1 [get clocks "Clk"]

set clock uncertainty 0.01 [get ports "Clk"]

set input delay -max 1.0 [get ports "Reset"] -clock [get clocks "Clk"]
set input delay -max 1.0 [get ports "D"] -clock [get clocks "Clk"]
set output delay -max 1.0 [get ports “Q"] -clock [get clocks "Clk"]
set output delay -max 1.0 [get ports "Qbar"] -clock [get clocks "Clk"]

TheAbove is the example SDC for a D Flip Flop

Open v || @& cpnstraints_tlop_latch.sdc
set input delay -max 1.0 [get ports "Reset"]

set input delay -max 1.0 [get ports "en"]

set input delay -max 1.8 [get ports "D"]

set_output delay -max 1.0 [get ports "Q"]

set output delay -max 1.0 [get ports "Qbar"]

The above is an Example for SDC File for D Latch.
Synthesis RTL Schematic :

File DFT Floorplan Power Timing Tools Windows H ) or Vcéden(e
Design Browser % Layout Schematic % (+]

» [P - A~ ~ — i
| Ll dQQaooneas T
[{StdCells n 4

Cell - DFF,
Terms (5)
Nets (6)
StdCells (3)

DFFQX1

S £ | - P

H_e;mn:DFF — DFF 1 g auto update: 2000
Fig: Schematic of D-Flip Flop
Note :-
1. You can tabulate Area, Power and Timing Constraints using any of the SDC Constraints as
instructed.

2. Make sure, during synthesis the Report File Names are changed sothat the latest
reports do not overwrite the earlier ones.
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Objective:

LAB —01: CMOS INVERTER

(@) Capture the Schematic of a CMOS Inverter with Load Capacitance of 0.1 pF and set

the Widths of Inverter with
(l) WN = Wp
(ll) WN =2 Wp

and Length at selected Technology. Carry out the following:
1. Set the Input Signal to a pulse with Rise Time, EalyTime of 1 ps and Pulse Width of
10 ns, Time Period of 20 ns and plot the inputwoltage and output voltage of the

designed Inverter

2. From the Simulation Results, compute &0, tpi¥f and tpp for all the three geometrical

settings of Width

3. Tabulate the results of delay and find the best geometry for minimum delay for

CMOS Inverter

Solution:

() SCHEMATIC CAPTURE FORTHE €MOS INVERTER

For the CMOS Inverter circuit, PMOS and NMOS transistors are required. The parameters for
the devices as given in thefféguisement are considered as in Table — 1, Table —2 and Table — 3.
Table — 1: Length and Width of NMOS and PMOS Transistors for the condition WN = WP

Library Name Cell Name Comments / Properties
gpdk180Q Nmos Width, Wy =850 n
Length, L=180n
8pdk180 Pmos Width, Wp =850 n

Length, L=180n

Tablé - 2: Length and Width of NMOS and PMOS Transistors for the conditionWN =2 * WP

Library Name Cell Name Comments / Properties
gpdk180 Nmos Width, WN =850 n
Length, L=180n
gpdk180 Pmos Width, Wp=1.7u

Length, L=180n

Table — 3: Length and Width of NMOS and PMOS

Transistors for the conditionWN = WP / 2

Library Name Cell Name Comments / Properties
gpdk180 Nmos Width, Wy =850 n
Length, L=180n
gpdk180 Pmos Width, Wp =425 n

Length, L=180n
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Figure —1.25(a): WN = WP Figure — 1.25(b): WN =2 * WP

Figure — 1.25(c): WN = WP / 2
SYMBOL CREATION:

Virtuoso® Symbol Editor L Editing: VTU.LAB.MANUAL . 180nm Invxl_wn=wp symbol * - 0 Xx

heck  Opt Wincow Help cadence

o O F W g1 ¢ BT = -F~-IKR K RE

Figure — 1.35: Customized Symbol of an Inverter
(1) TEST CIRCUIT FOR SIMULATION:
The complete circuit after instantiating all the devices and interconnections is shown in Figure — 1.42.
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Figure +1.42: Complete Test Schematic
FUNCTIONAL SIMULATION WITH SPECTRE:

Virtuoso (R) Visualization & Analysis XL - 3 X

0.1

Figure —
1.70: Simulated waveforms
The Input and Output Signals can be split up by selecting “Graph —>Split All Strips” as in Figure — 1.71.

(1) CALCULATION OF tpHL, tpLH AND tPD:
To calculate the Propagation Delay (tpp), the formula used is
(tpLH +tpHL)

tPD = 2

where, tp.n —> Low — High Propagation Delay and tpu. —> High — Low Propagation Delay.
To calculate tpLy and tpuL use the Calculator option from the “Virtuoso (R) Visualization and Analysis”
window. So, select “Tools —> Calculator” or click on the icon as shown in Figure — 1.78.
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(2) TABULATED VALUES OF DELAY:
The results of tpuL, tpir and tpep for all the required geometrical settings are tabulated belowin
Table - 5.

Table — 5: Values of tpui, tpLa and tpp for different geometries

Width Settings| MOSFET | Width | tpLH tpHL tpd
Wp=Wa_| PMOS o 3233610 | 7.040E-10 | 5141E-10
Wn =2Wp Eigz 31':?;1 3.337E-10 | 4.700E-10 | 4.019E-10

Wn = Wp/2 Eigz ‘;;z 1.141E-09 | 3.154E-10 | 7.282E-10

(a) Layout of CMOS Inverter With Wy, 40

W, 20
Objective: W. 40
To draw thetayout.of CMOS Inverter with L= %using optimum Layout Methods. Verify

for DRC and LVS)lextract the Parasitics and perform the Post-Layout Simulations, comparethe results
with Pre-Layout Simtlations and record the observations.
SCHEMATIC CAPTURE:
Creates@ New,Library, Create a Cellview and instantiate the required devices through “Create
Instance’” option. The parameter for PMOS and NMOS Transistors are listed in Table — 6

shown below.
Table — 6: Parameters for NMOS and PMOS Transistors

Library Name Cell Name Comments / Properties
Width, Wy =20u
Length, L=180n
Width, Wp =40 u
Length, L=180n
Follow the techniques demonstrated in Lab — 01 to complete the Schematic. The completed CMQS
Inverter circuit is shown in Figure — 1.85.

gpdk180 Nmos

gpdk180 Pmos

Figure — 1.85: Schematic for CMOS Inverter with % 40

w, 20
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The symbol for the CMOS Inverter is shown in Figure — 1.86.

W, 40

Figure — 1.867Symbal for CMOS Inverter with w. = 20
n

SIMULATION:

Figure — 1.88: Updated ADE L window

Virtuoso (R) Visualization & Analysis XL -; B X%
ph Avs Trace Marker Measursmenis Tods Window Srowser  Helg cadence
W B i ] 2 » 0B X QQ QT Q = any RS 30 4R g 1S
i B svownoowst 1+ [l 7 b | B o B= G

) VTU_LAB MANUAL 180nm Il 4. El winoow1s  x

Figure — 1.89: Transient Analysis for CMOS Inverter with —L
Similarly, the signals plotted after DC Analysis are shown in Figure — 1.90.
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Virtuoso (R) Visualization & Analysis XL i - & x
ve EOR VEW Graon Ads [rae Maker Measrements To0s Window Browser  Help cadence
G s St =N B PO & I (U0 = o [ I T - el
o B N swmmdows 1+ [l TR 0 : =)l lessic Bs G

VTULLAS MANUIAL 180 Inwe] 4

L Mndowtd 2} window 18 %

w, 40
Figure — 1.90: DC Analysis for CMOS Inverter with w. = 20
n
VALUES OF tpni, tpLn AND tpp:
Obtain the values of tpuiL, tpfu and tpp by referring to “CALCULATION OF tpHL, tpLHAND tPD” in the
previous section. The values areitabulated as shown in Table — 7

W, 40
_P___
Table — 7: Values #pug, tpin AND for CMOS Inverter with W, 20
MOSFET Length Width tpLH tpHL tpd
PMOS 180n 40u
228E- 550E- 920E-
NMOS 180a 20u 1.228E-10 | 3.550E-11 | 7.920E-11
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LAB -02: 2 - INPUT CMOS NAND GATE

Objective:

(a) Capture the Schematic of a 2 — input CMOS NAND Gate having similar delay as that of CMOS
Inverter computed in Lab — 01. Verify the functionality of the NAND Gate and also find out the

delay for all the four possible combinations of input vectors. Tabulate the results. Increase the
drive strength to 2X and 4X and tabulate the results.

(b) Draw the layout of NAND with W» _ 40 use optipaam layout methods. Verify DRC
W, 20

and LVS, extract the parasitics and perform th€ pést fayout simulation, compare theresults
with pre layout simulations. Record the observations:

Solution - (a):
SCHEMATIC CAPTURE:
Following the techniques demonstrated‘in Lab — 01, Create a New Library using the option “File —>

New —> Library”, create a New Cell View upon selecting the newly created library using the option

“File —> New —> Cell View” ahd instantiate the required devices using the “Create —> Instance”
option.

The device parameters arefdisted.in Table — 9.
Table — 9: Width and kength 'of NMOS and PMOS Transistors for CMOS NAND Gate

Library Name Cell Name Comments / Properties
gpdk180Q Nmos Width, Wy =17 u
Length, L=180n
gpdk180 Pmos Width, Wp =1.275u
Length, L=180n

Similarly, the device parameters for the 2 — input CMOS NAND Gate with drive strength 2 and
drive strength 4 are listed in Table — 10 and Table — 11.

Table — 10: Width and Length of NMOS and PMOS Transistors for CMOS NAND Gate with Drive
Strength “2”

Library Name Cell Name Comments / Properties
gpdk180 Nmos Width, Wy =3.4u
Length, L=180n
gpdk180 Pmos Width, Wp =2.55u
Length, L=180n

Table — 11: Width and Length of NMOS and PMOS T

ransistors for CMOS NAND Gate with Drive
Strength “4”

Library Name Cell Name Comments / Properties
gpdk180 Nmos Width, Wy =6.8 u
Length, L=180n
gpdk180 Pmos

Width, Wp=5.1u
Length, L=180n
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The completed Schematic for all the three dimensions are shown in Figure — 2.1, Figure — 2.2 and
Figure — 2.3.

Figure% 2.13Schematic Capture of 2 — input CMOS NAND Gate (NAND2X1)

Figure — 2.2: Schematic Capture of 2 — input CMOS NAND Gate with drive strength 2(NAND2X2)
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Figure — 2.3: Schematic €apture of 2 —input CMOS NAND Gate with drive strength 2(NAND2X4)
The symbol for the CMOS\NAND Gate is shown in Figure — 2.4.

Figure — 2.4: Symbol of 2 — input NAND Gate
FUNCTIONAL SIMULATION:

Figure — 2.5: Test Schematic for 2 —input CMOS NAND Gate
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The Simulated waveforms can be seen as shown in Figure — 2.9.

i Virtuoso (R) Visualization & Analysis XL - O X
File Edit View Graph Axis Trace Marker Measurements Tools Window Browser Help cadence

t @i ~ 7 S : Do % q Qi eaany PREE -
|V ¥ LT =R > o L | A M W B s SRR Y M eSS S S

U~ 2 | 88 subwindow 1 B m Data Pol b EE ) crassic B G
IZ] VTU_LAB_MANUAL_180nm NAND2x..

Transient Response
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0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100
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Figure~2.9:3Transient Analysis of 2 —input CMOS NAND Gate
The delay values are obtainéd using the “Calculator” option as demonstrated in Lab — 01. Theresults are
tabulated as shown if\Table — 12.
Table — 12: Values of,Délay for 2 — input CMOS NAND2X1, NAND2X2 and NAND 2X4

NAND Type | MOSFET Lensth Width tpLH tpHL tpd
NAND2X1 PMOS 15 *850n= 12750
180 3.720E-10 | 3.340E-10 | 3.530E-10
NMOS g 2% 850n=1.7u
NAND2X2 PMOS 15*850n* 2=255u
180 2.610E-10 | 2.200E-10 | 2.400E-10
NMOS g 2% 8300 * 2 = 3 4u
NAND2X4 PMOS 15*850n*4=51u
_ & _ _
o 180n S So0r 3 —cou | 1900E-10 | 1650E-10 | 1780E-10
Solution — (b):
SCHEMATIC CAPTURE:

Following the techniques demonstrated in Lab — 01, Create a New Library, a New Cell View and
instantiate the devices as per the Schematic of 2 — input CMOS NAND Gate. The device parameters for
the NMOS and PMOS Transistors are listed in Table — 13.

Table — 13: Device parameters for 2 — input CMOS NAND Gate with Wo _ 40

W, 20
Library Name Cell Name Comments / Properties
Width, Wy =20u
* mos Length, L=180n
gpdk180 Pmos Width, Wp = 40 u

Length, L=180n
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The Schematic as per the dimensions of NMOS and PMOS transistors listed above is shown in
Figure — 2.10.

Figure — 2.105Schematic for 2 —input CMOS NAND with _20
Symbol for the Schematic.in Figure —2.10 is shown in Figure — 2.11.

W, 40
Figure — 2.11: Symbol for 2 — input CMOS NAND with Wp =30
FUNCTIONAL SIMULATION: "
The Test Schematic for the functionality check of the 2 — input CMOS NAND Gate is shownin Figure —
2.12.

Figure — 2.12: Test Schematic for 2 — input CMOS NAND with % = :_8
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Figure — 2,14Simulated Waveforms for 2 — input CMOS NAND with W, _ 40

W, 20
The values of delayelements are tabulated in Table — 14. W
Table — 14..Delay Elementsfor 2 — input CMOS NAND Gate with _P _— 40
(Pre Layout Simulation) W, 20
MOSFET Length Width tpLH tpHL tpd
PMOS 180n 40u
3 64E-11 1.55E-10 957E-11
NMOS 180n 20

LAYOUT:
Follow the techniques demonstrated in Lab — 01 to open the Layout Editor, import the devicesfrom the
Schematic, place the devices as per the requirement and complete the routing. The completed layout
can be seen as shown in Figure — 2.15.

Figure — 2.15: Layout for 2 — input CMOS NAND Gate with % =35

DRC:

To check for the DRC violations, browse the “assura_tech.lib” file, select “Assura —> Run DRC”, verify
the Layout Design Source, mention a “Run Name”, select “Technology —> gpdk180” and click on
“OK” as demonstrated in Lab — 01.
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LVS:

To check for the LVS violations, select “Assura —> Run LVS”, verify the Schematic Design Source and
the Layout Design Source, mention a “Run Name”, select “Technology —> gpdk180” and click on

“OK” as demonstrated in Lab — 01.

QRC:

To extract the Parasitics, select “Assura —> Quantus”, select “Technology —> gpdk180”,“Output
—> Extracted View” from the “Setup” option, select “Extraction Type —> RC” and“Ref Node —> VSS”
from the “Extraction” and click on “OK” as demonstrated in Lab — 01. The result can be checked from

the Library Manager.
BACKANNOTATION:

Import the parasitics into the Test Schematic and_re#unsthe simulation to check their impact by
calculating the delay elements as demonstrated infLab®- 01.
The values of delay are shown in Table — 15.

W 40
Table — 15: Delay Elements for 2 — input CMOS NAND Gate with Wp =20 (Post Layout Simulation)
n
MOSFET Length Width tpLH tpHL tpd
PMOS 180n 40u
3 64E-11 1.55E-10 9 57E-11
NMOS 180n 20u
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LAB — 03: COMMON SOURCE AMPLIFIER WITH PMOS CURRENT MIRROR LOAD
Objective:

(a) Capture the Schematic of a Common Source Amplifier with PMOS Current Mirror Load and find
its Transient Response and AC Response. Measure the UGB and Amplification Factor by varying
transistor geometries, study the impact of variation in width to UGB.

(b) Draw the layout of Common Source Amplifier, use optimum layout methods. Verify DRC and
LVS, extract the parasitics and perform the post layout simulation, compare the results with pre
layout simulations. Record the observations.

Solution - (a):

SCHEMATICCAPTURE:

Following the techniques demonstrated in Lab — 01,.Créate4a New Library using the option” File ->New
- Library”, create a New Cell View upon selecting the)newly created library using the option “File >
New - Cell View” and instantiate the required’device$ using the “Create - Instance” option.

The device parameters are listed in Table—16:

Table —16: Width and Length of NMOS and PMOS Transistors

LibraryName CellName Comments/Properties
gpdk180 Nmos Width,Wy =6 u
Length, L=180n
gpdk180 Pmos Width, Wp= 8.85u
Length, L=180n

The completed Schematic is shown in Figure—3.1.

Figure — 3.1: Schematic of Common Source Amplifier with PMOS Current Mirror Load
The symbol for the Common Source Amplifier with PMOS Current Mirror Load is shown in Figure —3.2.

Figure — 3.2: Symbol of Common Source Amplifier with PMOS Current Mirror Load
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FUNCTIONAL SIMULATION:
Using the symbol created, build the Test Schematic. Create a New Cell View, instantiate the symbol of
Common Source Amplifier with PMOS Current Mirror Load, DC Voltage Source, Current Source, AC
Voltage Source, Capacitance, Resistance and Ground, connect the using wires

Figure — 3.3: Test Schematic for 2 — input CMOS NAND Gate
The parameters for remaining devices are shown in Table — 17.

Library Name Cell Name Comments / Properties
analogkib vdc DC voltage =3.3V (VDD)
analoglib vdc DC voltage = VBIAS_N V (Vin)
analeglib isin DC current = 100u A (Vbias_P)

AC Magnitude =1V, Amplitude = 10u V,

analoglib vsin Frequency = 10K Hz (Vin)
analoglLib cap Capacitance = 500f F
analoglLib res Resistance = 10u Ohms
analoglib gnd

Table — 17: Parameters for the devices used in Test Schematic
The Simulated waveforms can be seen as shown in Figure — 3.5 and Figure — 3.6.

Iransient Mon Sep 13 11:34:43 2021

| d ML
100.0 150.0 200.0 150 500.0

Figure — 3.5: Transient Analysis
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AC Response Mon Sep 13 11:34
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Figure — 3.6: AC Analysis
To measure the Gain and Unityz\Gain*Bandwidth, go back to the ADE L window, select “Results >
Direct Plot -> AC Magnitude & /Phase” as shown in Figure —3.7.
The Test Schematic windéw.pops up, select the output net as shown in Figure — 3.8 and click on “Esc”
key on the keyboard.
The waveform can be seen as shown in Figure — 3.9. The marker placed on the low frequency part of
the response gives the DC Gain, use the bind key “M” to place the marker.
Place a horizontakeursor at “0 dB” and the crossing frequency gives the Unity Gain Bandwidth (UGB)
as shown ih Rigure 3.9.

B
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Figure — 3.7: Results - Direct Plot -> AC Magnitude & Phase
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Figure,~3.8; Selecting Output Net from the Test Schematic
AC Response Mon Sep 13 11:34:43 2021

Y
B8 phase(VF("/Vour'

Y
B dB20(VF("/Vout"

® 705, 135MHz

Figure — 3.9: Gain and Phase plot
Solution — (b): LAYOUT:
Follow the techniques demonstrated in Lab — 01 to open the Layout Editor, import the devices from the
Schematic, place the devices as per the requirement and complete the routing. The completed layout can be
seen as shown in Figure — 3.10.
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Figure — 3.10: Layout forLommon Source Amplifier with PMOS Current Mirror Load
DRC:

To check for the DRC violations, arowse the “assura_tech.lib” file, select “Assura - Run DRC”, verify the
Layout Design Source, mention a¢Run Name”, select “Technology - gpdk180” and click on “OK” as
demonstrated in Lab — 01,

LVS:

To check for the LVS*violations, select “Assura - Run LVS”, verify the Schematic Design Source and the
Layout Design Soutce, mention a “Run Name”, select “Technology - gpdk180” and click on “OK” as
demonstrateddn Lab — 01.

QRC:

To extract the, Parasitics, select “Assura - Quantus”, select “Technology - gpdk180”, “Output -
Extracted, View” from the “Setup” option, select “Extraction Type - RC” and “Ref Node - VSS” from

the “Extraction” and click on “OK” as demonstrated in Lab — 01. The result can be checked from the
Library Manager.

BACKANNOTATION:

Import the parasitics into the Test Schematic and re-run the simulation to check their impact by calculating the
delay elements as demonstrated in Lab — 01.
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LAB — 04: 2 — STAGE OPERATIONAL AMPLIFIER

Objective:
a) Capture the Schematic of a 2 — Stage Operational Amplifier and measure the following:
1. UGB
2. dB Bandwidth
3. Gain Margin and Phase Margin with and without coupling capacitance
4. Use the Op-Amp in the Inverting and Non-Inverting configuration and verify its functionality
5. Study the UGB, 3 dB Bandwidth, Gain and Power Requirement in Op-Amp by varying the stage

wise transistor geometries and record the observations

b) Draw the layout of 2 — stage Operational Amplifier withh\the maximum transistor width set to 300
(in 180 / 90/ 45n m Technology), choose appropsiate transistor geometries as per the results
obtained in 4(a). Use optimum layout methods. Veerify DRC and LVS, extract the parasitics and
perform the post layout simulation, compare the pesults with pre layout simulations. Record the
observations.

Solution - (a):

SCHEMATIC CAPTURE:

Table — 18: Device Parameters for 2,— Stage Operational Amplifier

Library Name Transistor Cell Name Comments / Properties
gpdk045 MO, M1 pmos2v Width, W = 465 n Length, L=150n
gpdk045 M3, M4 nMos2v Width, W =490 n Length, L=150n
gpdk045 MS5;*M7 nMos2v Width, W = 1.09 u Length, L=150n
gpdk045 M2 pmos2v Width, W = 10 u Length, L=150n
gpdk045 M6 nMos2v Width, W = 6.88 u Length, L=150n
Calculated Parameter = Capacitance
gpdka> M8 pmoscap2v Capacitance = 250.043 f

The completed Schematic as per the dimensions mentioned in Table — 18 is shown in Figure — 4.2.

Figure — 4.2: Schematic of 2 — Stage Operational Amplifier
The Symbol created according to the Techniques demonstrated in Lab — 01 is shown in Figure —4.3.
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Figure — 4.3: Symbol for 2= Stage Operational Amplifier
FUNCTIONAL SIMULATION USING ADE EXPLORER AND ASSEMBLER:
Table — 19: Device Parameters for 2 — Stage=Operational Amplifier Test Schematic

Library Name | Cell Name | Commeptsy/ Properties

analoglLib vdc DC voltage vdd V

analoglib vdc DCwoltag

analoglib vpulse V'o|tage 1=vdc+0.3 V,' Voltage 2 =vdc- 0.3V, Period =10u s,
Rise'time = 10p s, Fall time =10p s

analoglLib idc DC current = ibias A

analoglLib cap Capacitance=CLF

analoglLib ghd

The Test Schematic after completion of all the interconnections can be seen as shown in Figure —4.4.

Figure — 4.4: Test Schematic for 2 — Stage Operational Amplifier

The specification that has to be achieved on simulating the design are as follows:

e Slew Rate >=50 MV/s

e DC Open Loop Gain >= 60 dB (1000 V/V)

e Unity Gain Bandwidth >= 50 MH

e Output Offset <=+ 10 mV

e Settling Time <=50ns
The steps to be carried out are listed below:
Step - 1:
Select “Launch - ADE Explorer” as shown in Figure —4.5.
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Figure — 4.40: Plotted Waveforms
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Figure — 4.44¢Isolated Waveforms
Use left mouse click and drag and drop ta,combine the waveforms as shown in Figure —4.45.
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Figure — 4.45: Combined Waveforms
Use the bind key “M” to setup a Marker at the required time instance as shown in Figure — 4.46.

Mon Sep 13 01:36:16 2021

D

M1: 5.000209us 697 5977mV
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time (us)
Figure — 4.46: Waveform with Marker
Use the bind key “H” to setup horizontal cursors at 1.294 V and 1.306 V as shown in Figure — 4.47.
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Figure —4.47: Horizontal cursors at 1.294 V and 1.306 V
Use the zooming options to zoom-in and Zoom:-00t as and when required. Setup a marker on the lower
horizontal cursor as shown in Figure — 4748.
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Name |Vis  Design
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Figure — 4.48: Marker on the 2nd horizontal cursor
The difference between the timing instances gives the Settling Time as 12.5n s. Without closing the
waveform window, open the “maestro” in the ADE Assembler. For this simulation, the output dc value is
1.298 V and the input dc value is 1.3 V. The difference gives the DC Offset (1.298 V-1.3V =2m V).
From the AC Analysis curve, set the marker on the low frequency portion of the signal as shown in Figure
—-4.49.
The marker reading gives the DC Open Loop Gain which is 50.98 dB.
Setup a horizontal cursor at 0 dB as shown in Figure — 4.50. The point of intersection of the cursor with
the AC Analysis curve gives the Unity Gain Bandwidth.
The Unity Gain Bandwidth is measured as 84.51M Hz.
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Figure —4.49: DC Open Loop Gain —50.98 dB
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Figure — 4.50: UnityGain Bandwidth — 84.51M Hz

GAIN MARGIN AND PHASE MARGIN:
The Schematic for measuring the Gain Maggin and Phase Margin is shown in Figure — 4.68.

Figure — 4.68: Schematic for Gain Margin and Phase Margin measurement
The “iprobe” (available in “analoglLib”) acts as a signal source for the stability analysis. Create a Test
Copy for the Stability Analysis as shown in Figure — 4.69.

LAYOUT:
Follow the techniques demonstrated in Lab — 01 to open the Layout Editor, import the devices from the

Schematic, place the devices as per the requirement and complete the routing. The completed layout
can be seen as shown in Figure —4.76.
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Figure — 4.76: Layout for 2 — Stage Operational Amplifier
DRC:
To check for the DRC violatiofis, browse the “assura_tech.lib” file, select “Assura - Run DRC”, verify the
Layout Design Source, mention/a “Run Name”, select “Technology - gpdk045” and click on “OK” as
demonstrated in Lab —01.
LVS:
To check for the LVSwidlations, select “Assura = Run LVS”, verify the Schematic Design Source and the
Layout Desigh“Source, mention a “Run Name”, select “Technology - gpdk045” and click on “OK” as
demonstrated in ab — 01.
QRC:
To extract=the Parasitics, select “Assura - Quantus”, select “Technology - gpdk180”, “Output -
Extracted View” from the “Setup” option, select “Extraction Type - RC” and “Ref Node - VSS” from
the “Extraction” and click on “OK” as demonstrated in Lab — 01. The result can be checked from the
Library Manager.
BACKANNOTATION:
Import the parasitics into the Test Schematic and re-run the simulation to check their impact by
calculating the delay elements as demonstrated in Lab — 01.
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Demonstration Experiments

Lab 9: UART
Aim: Write a verilog code for UART and carry out the following:

» To Verify the Functionality using test Bench

» Synthesize Design using constraints

» Tabulate Reports using various Constraints

* |dentify Critical Path and calculate Max Operating Frequency

Tool Required:
e Functional Simulation: Incisive Simulator (ncvlogs’ncéelab, ncsim)
e Synthesis: Genus

Design Information and Bock Diagram:

The UART is “Universal AsynchrongussReceiver/Transmitter”, and it is an inbuilt IC withina
micro-controller but not like a commupitationsprotocol (I12C & SPI). The main function of UARTIs to
serial data communication. In UARTy the communication between two devices can be done in two
ways namely serial data communicatién and parallel data communication.

The transmitter section9ncludes three blocks namely transmit hold register, shift register and
also control logic. Likewisegthesreceiver section includes a receive hold register, shift register, and
control logic. These twos@ctions are commonly provided by a baud-rate-generator. This generator is
used for generating the'speed when the transmitter section & receiver section has to transmit or
receive the data.

Fig: UART

IX ——*RX

Peripheral RX |- Tx Micro-controller

UART Communication
Creating a Workspace :
o Create a new sub-Directory for the Design and open a terminal from the Sub-Directory.
a) Functional Verification using Test Bench
Source Code — Transmitter :

// This code contains the UART Transmitter. This transmitter is able
// to transmit 8 bits of serial data, one start bit, one stop bit,

// and no parity bit. When transmit is complete o_Tx_done will be
// driven high for one clock cycle.

// Set Parameter CLKS_PER_BIT as follows:

// CLKS_PER_BIT = (Frequency of i_Clock)/(Frequency of UART)

// Example: 25 MHz Clock, 115200 baud UART

// (25000000)/(115200) = 217

module UART_TX
#(parameter CLKS_PER_BIT=217)
(
input i_Clock,
input i TX DV,
input [7:0] i_TX_Byte,
output o_TX Active,
output reg o_TX_ Serial,
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output o _TX Done
);

parameter IDLE = 3'b000;
parameter TX_START_BIT = 3'b001;
parameter TX_DATA_BITS = 3'b010;
parameter TX_STOP_BIT = 3'b011;
parameter CLEANUP  =3'b100;
reg [2:0] r_SM_Main =0;

reg [7:0] r_Clock_Count = 0;

reg [2:0] r_Bit_Index =0;

reg [7:0] r_TX_Data =0;

reg r_TX Done =0;

reg r_TX Active =0;

always @(posedge i_Clock)
begin
case (r_SM_Main)
IDLE :
begin
o_TX_Serial <=1"nd; // Drive Line High for Idle
r TX_Done 4<=121b0;
r_Clock_Count<="0;
r_Bit_Index <= 0;
if (i/TX_DV ==1'b1)
besin
r_TX_Active <= 1'b1;
r_TX_Data <=i_TX_Byte;
r_SM_Main <=TX_START BIT;
end
else
r SM_Main <= IDLE;
end//
case: IDLE
// Send out Start Bit. Start bit=0
TX_START_BIT:
begin
o_TX_Serial <= 1'b0;

// Wait CLKS_PER_BIT-1 clock cycles for start bit to finish
if (r_Clock_Count < CLKS_PER_BIT-1)
begin
r_Clock _Count <=r_Clock Count + 1;
r SM_Main <=TX_START_BIT;
end
else
begin
r_Clock_Count <=0;
r SM_Main  <=TX_DATA BITS;
end
end // case: TX_START_BIT
// Wait CLKS_PER_BIT-1 clock cycles for data bits to finish
TX_DATA_BITS :
begin
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o_TX_Serial <=r_TX_Data[r_Bit_Index];

if (r_Clock_Count < CLKS_PER_BIT-1)
begin
r_Clock_Count <=r_Clock_Count + 1;
r SM_Main <=TX_DATA_BITS;
end
else
begin
r_Clock_Count <= 0; // Check if we havegeptiout all bits
if (r_Bit_Index < 7)
begin
r_Bit_Index <=r_Bit_Index + 1;
r_SM_Main <= TX_DATA_BITS;
end
else
begin
r_Bit_Index <=0;
r_ SM_Main <=
TX_STOP_BIT;
end

end
end // case: TX_DATA_BITS

//.Send out Stop bit. Stop bit=1
TX_STOP BIT:
begin
o_TX Serial <=1'b1;

// Wait CLKS_PER_BIT-1 clock cycles for Stop bit to finish
if (r_Clock_Count < CLKS_PER_BIT-1)
begin
r_Clock_Count <=r_Clock_Count + 1;
r SM_Main <=TX_STOP_BIT;
end
else
begin
r_TX_Done <=1'b1; r_Clock_Count <=0;
r SM_Main <= CLEANUP;
r_TX_Active <=1'b0;
end
end // case: TX_STOP_BIT

// Stay here 1 clock
CLEANUP :
begin
r TX Done <=1'bl;
r_ SM_Main <= IDLE;
end
default :
r_SM_Main <= IDLE;
endcase
end
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assign o_TX_Active =r_TX_Active;

assign o_TX Done =r_TX_Done;
endmodule

Source Code — Receiver :

// This file contains the UART Receiver. This receiver is able to

// receive 8 bits of serial data, one start bit, one stop bit,

// and no parity bit. When receive is complete o_rx_dv will be
// driven high for one clock cycle.

// Set Parameter CLKS_PER_BIT as follows:

// CLKS_PER_BIT = (Frequency of i_Clock)/(Frequeney 6f UART)
// Example: 25 MHz Clock, 115200 baud UART

// (25000000)/(115200) = 217

module UART_RX
#(parameter CLKS_PER_BIT =

217)(
input i_Clock,
input i_RX_Serial,

output o_RX_DV,
output [7:0] o_RX_Byte
);

parameter’ |DLE = 3'b000;
parameter RX_START_BIT =3'b001;
pardmetenRX_DATA_BITS =3'b010;
parameter RX_STOP_BIT = 3'b011;
parameter CLEANUP = 3'b100;

reg [7:0] r_Clock_Count =0;

reg [2:0] r_Bit_Index = 0; //8 bits total
reg [7:0] r_RX_Byte =0;

reg r_RX_ DV =0;

reg [2:0] r_ SM_Main =0;

// Purpose: Control RX state machine
always @(posedge i_Clock)
begin

case (r_SM_Main)

IDLE :

Begin

r-RX_DV <=1'b0;

r_Clock_Count <= 0;

r_Bit_Index <=0;

if (i_RX_Serial == 1'b0) // Start bit detected

r_SM_Main <= RX_START_BIT;

else
r SM_Main <= IDLE;
end
// Check middle of start bit to make sure it's still low
RX_START BIT:
begin

Dept. of ECE, CIT, Gubbi

Page 50



VLSILAB 21ECL66 2023-2024

if (r_Clock_Count == (CLKS_PER_BIT-1)/2)
begin
if (i_RX_Serial == 1'b0)
begin
r_Clock_Count <= 0; // reset counter, found the middle
r SM_Main <= RX_DATA_BITS;
end
else
r_SM_Main <= IDLE;
end
else
begin
r_Clock_Count <=r_Clock_Count + 1;
r SM_Main <= RX_START_BIT;
end
end // case: RX_START, BIJ

// Wait CLKS_PER_BIT-1 clock cyclesto sample serial data
RX_DATA_BITS:
begin
if (r_Clock_Count €CLKS PER_BIT-1)
begin
r_Clock_ Lount<= r_Clock_Count + 1;
r_SM_Main /<= RX_DATA_BITS;
end
else
begin
r’Clock_Count <=0;
r_RX_Byte[r_Bit_Index] <= i_RX_Serial;
// Check if we have received all bits
if (r_Bit_Index < 7)
begin
r_Bit_Index <=r_Bit_Index + 1;
r SM_Main <=RX_DATA BITS;
end
else
begin
r_Bit_Index <=0;
r SM_Main <=RX_STOP_BIT;
end
end
end // case: RX_DATA_BITS

// Receive Stop bit. Stop bit=1
RX_STOP_BIT :
begin
// Wait CLKS_PER_BIT-1 clock cycles for Stop bit to finish
if (r_Clock_Count < CLKS_PER_BIT-1)
begin
r_Clock _Count <=r_Clock_Count + 1;
r SM_Main <=RX_STOP_BIT;
end
else
begin
r_RX_DV <=1'bl;
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r_Clock_Count <=0;
r SM_Main <= CLEANUP;

end
end // case: RX_STOP_BIT
// Stay here 1 clock
CLEANUP :
begin

r_SM_Main <= IDLE;
r_RX_DV <=1'b0;
end
default :
r_SM_Main <= IDLE;
endcase
end
assigh o_RX_DV =r_RX_DV;
assignh o_RX_Byte =r_RX_Byte;
endmodule // UART_RX

Test bench :

// This testbench will exercise th'e UART RX.
// It sends out byte 0x3%, and ensures the RX receives it correctly.
‘timescale 1ns/10ps
‘include "uart_tx.v#
‘include "uart_rxwv
module UART_TB ();
// Testbench uses a 25 MHz clock
// Want to interface to 115200 baud UART
// 25000000 / 115200 = 217 Clocks Per Bit.
parameter ¢ CLOCK_PERIOD_NS = 40;

parameter c_CLKS_PER_BIT =217;
parameter ¢_BIT_PERIOD = 8600;
reg r_Clock = 0;

regr TX DV=0;

wire w_TX_Active, w_UART_Line;
wire w_TX_Serial;

reg [7:0] r_TX_Byte =0;

wire [7:0] w_RX_Byte;

UART_RX #(.CLKS_PER_BIT(c_CLKS_PER_BIT)) UART_RX_lInst
(.i_Clock(r_Clock),
.i_RX_Serial(w_UART_Line),
.0_RX_DV(w_RX_DV),

.0_RX_Byte(w_RX_Byte)

);

UART_TX #(.CLKS_PER_BIT(c_CLKS_PER_BIT)) UART_TX_lInst
(.i_Clock(r_Clock),
i_TX_DV(r_TX_DV),
.i_TX_Byte(r_TX_Byte),
.0_TX_Active(w_TX_Active),
.0_TX_Serial(w_TX_Serial),
.0_TX_Done()
);
// Keeps the UART Receive input high (default) when
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// UART transmitter is not active
assign w_UART _Line =w_TX_Active ? w_TX_Serial : 1'b1;
always
#(c_CLOCK_PERIOD_NS/2) r_Clock <= !r_Clock;
// Main Testing:
initial
begin
// Tell UART to send a command (exercise TX)
@(posedge r_Clock);
@(posedge r_Clock);
r TX_DV <=1'b1;
r_TX_Byte <= 8'h3F;
@(posedge r_Clock);
r_TX_DV <= 1'b0;

end
endmodule
Waveform :
Waveform 1 - SimVision - o X
Eile Edit Yiew Explorz Fommal Simulafion  Windows  Help cadence
) | s | n e g | T =L P LN T B R =
% Bl o n XDEX| B g 8| B ¢+ RERRHEEE
Search Names: Signal= s i ff Search Times: alue=
|E2TimeAv fenoon lfper|pr| @ /100 ne: SB[0 0000 A @ TTH
m@a Baselizv=D

% 1 1 Cwrsar-Bazelinew= 20 000ps

i3

F] Name &~| Cursor @i i 2 Ops 5 50, 000ps
it A

el o -F FIOD d BEOD

| R

Fig: Simulation Waveform for UART

b) Synthesize the Design
1. read_libs /home/install/FOUNDRY/digital/90nm/dig/lib/slow.lib

2. read_hdl {uart_tx.v/uart_rx.v} //Choose any one

3. elaborate

4. read_sdc constraints_top.sdc //Reading Top Level SDC

5. set_db syn_generic_effort medium //Setting effort medium

6. set_dbsyn_map_effort medium

7. set_dbsyn_opt_effort medium

8. syn_generic

9. syn_map

10.syn_opt  //Performing Synthesis Mapping and Optimisation

11. report_timing > uart_timing.rep //Generates Timing report for worst datapath and dumps into file
12. report_area > uart_area.rep //Generates Synthesis Area report and dumps into a file
13. report_power > uart_power.rep //Generates Power Report [Pre-Layout]

14. report_qor > uart_qor.rep

15. write_hdl > uart_netlist.v //Creates readable Netlist File

16. write_sdc > uart_sdc.sdc //Creates Block Level SDC
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Synthesis RTL Schematic :

Schematic

x
y:
o

4]

(Tl

]

12 .
UAART AX 1 K]  auo update: 2000

Note :-

1. You tan tabulate Area, Power and Timing Constraints using any of theSDC Constraints

as instructed.

Make sure, during synthesis the Report File Names are changed so that the latest
reports donot overwrite the earlier ones.
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Lab 6: Physical Design

Aim: For the synthesized netlist carry out the following any two above experiments:
e Floor planning, identify the placement of pads, placement and Routing

Tool Required:
e Functional Simulation: Incisive Simulator (ncvlog, ncelab, ncsim)
e Synthesis: Genus
e Physical Design: Innovus
Mandatory Inputs for PD:
1. Gate Level Netlist [Output of Synthesis]
2. Block Level SDC [Output of Synthesis]
3. Liberty Files (.lib)
4. LEF Files (Layer Exchange Format)
Expected Outputs from PD:

1. GDS Il File (Graphical Data Stream for Information Interchange — Feed In for
FabricationUnit).
2. SPEF, SDF
e Make sure the Syfthesis for the target design is done and open a terminal from the
corresponding=wotkspace.
e |[nitiate theyCadence tools and cmd :innovus (Press Enter)
e For Innovus teol, a GUI opens and also the terminal enters into innovus command prompt
where inthetool commands can be entered.
Physical Design involves 5 stages as following :
After Impgrting Design,
-> Floor Rlanning
- P@werPlanning
- Placement
- CTS (Clock Tree Synthesis)
-> RoutingModule

Importing Design

To Import Design, all the Mandatory Inputs are to be loaded and this can be done either using script
files named with .globals and .view/.tcl or through GUI as shown below.

The target design considered here is counter design

The procedure shall remain the same for any other design from the above discussed experiments.

Note :
1. For Synthesis, slow.lib was read as input. Each liberty file contains a pre-defined
Process,Voltage and Temperature (PVT) values which impact the ease of charge
movement.
2. Process, Voltage and Temperature individually affect the ease of currents as depicted below.
)

\_\,,\W / P

\ / IN'Jfo / .NO-’Sf

Nominal .

1 Delay \ Delay /" Nominal Delay Nominal
\.\895! /

P&
\. S y

/

Voltage : Temperature Pracess
3. Hence, slow.lib contains PVT combination (corner) with slow charge movement =>
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Maximum Delay => Worst Performance

4. Similarly, fast.lib contains PVT Combination applicable across its designs to give Fast charge
movement => Minimum Delay => Best Performance.

5. When these corners are collaborated with the sdc, they can be used to analyse timing forsetup
in the worst case and hold in the best case.

6. All these analysis views are to be manually created either in the form of script or using theGUI.

# Generated by: Cadence Encounter 13,23-s047 1
# 0S: Linux x86_64(Host ID cadence)
# Generated on: Tue May 24 02:16:38 2014

# Design:

# Command: save_global Default.globals

4

# Version

£

set ::Timelib::tsgMarkCellLatchConstructFlag 1
set conf_gxconf_file {NULL}

set conf _gxlib file {NULL}

set defHierChar {/}

set init_design_settop

set init_gnd net {VSS}

set init_lef_file {lef/gsclib@90@_translated.lef lef/gsclib@90_ translated_ref.lef}
set init_mmmc_file {Default.view}

set init_pwr_net {VDD}

set init_verilog {counter_| netlist.v)

set IngCPGalnMult )

set pegDefaultResScaleFactor 1.00000(

set pegDetailResScaleFactor ! .000«

(o\/ Script under Default.globals file

# Version:1.0 MMMC View Definition File

# Do Not Remove Above Line
create_library_set -name MAX timing -timing {/root/Desktop/counter/1ib/9@/slow.lib}
create_library_set -name MIn_timing -timing {/root/Desktop/counter/lib/%@/fast.lib}
create _constraint_mode -name Constraints -sdc_files {counter sdc.sdc}

create delay corner -name Max _delay -library set {MAX timing}

create_delay corner -name Min_delay -library_set {MIn_timing}

create_analysis_view -name Worst -constraint_mode {Constraints} -delay corner {Max_delay}

create_analysis view -name best -constraint mode {Constraints} -delay corner {Min_delay}

set_analysis view -setup {Worst} -hold {best}

Script under Default.view (or) Default.tcl file
Note : Check the paths to properly read in the input files.
e Else, if you would like to import your design using GUI, open the Innovus tool and from the
o GUI, go to File - Import Design.
e Anew pop-up window appears.
e First load the netlist. You can browse for the file and select “Top cell : Auto Assign”.

Netlist Files x
Netlist File: . .
Netlist Selection:
counter_netlist.v Add
Netlist Files: [ /root/Desktop/Digital_Manuals/designs/counter/4_bit . =
B
counter_netlist.y & v G hdlvar

INCA_libs
Ed waves.shm
cds.lib

constraints_top.sac
D counter.v

Filters: |Netlist Files (*.v*) '
Delpte =
~———
. Close

Similarly select your I-e1c files from /home/install/FOUNDRY/digital/90nm/dig/lef/ as shown below.
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LEF Files X
LEF File: 2
LEF Selection:
nm/dig/lef/gsclib090_translated_ref.lef <<
LEF Files: £ /home/install/FOUNDRY/digital/90nm/dig/lef ' =
/home/install/FOUNDRY/digital/90nm/dig/lef/gsclil doc
/home/install/FOUNDRY/digital/90nm/dig/lef/gsclil [ gsclib090_macro.lef
; [f gsclib0g0_tech.lef
! E gsclib090_translated.lef
1 E psclib6sg translated reflef

Once both the Netlist and LEF Files are loaded, your im,leﬁivgn window is as follows.

Design Import - o x

Netlist:

& Verilog

Files: counter_netlist.v I
Top Cell: & Auto Assign . By User:

@

& LEF Files me/install/FOUNDRY/digital/90nm/dig/lef/gsclib090_translated_ref.lef

e In ordertooad the Liberty File and SDC, create delay corners and analysis view, select the “Create
Anatyvis nfiguration” option at the bottom.
|

Power

Power Nets:

Ground Nets:
CPF File: B

Analysis Configuration

MMMC View Definition File: =

. Create Analysis Configuration ... |

m Save... Load... ~ Cancel Help

e An MMMC browser Pops‘Up.
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MMMC Browser = =l =X
Analysis View List MMMC Objects Wizard Help
B} Analysis Views Library Sets S

button v
Load.. J\uDBelete ) | Reset Preferences... Wizard Off Close Help
v

The order of ad \b)IMMC Objects is as follows.

1. Library @

2. R rners

3. lay‘€orners

C raints (SDC)

Once them are added, Analysis Views are created and assigned to Setup and Hold.

In order to add any of the objects, make a right click on the corresponding label - Select New.
. A.dqling_lfirbedrty Files under “Library Sets'."_

P

- Setup Analysis Views
- Hold Analysis Views

system for RC extraction, delay

E- RC Corners S :
calculation, and timing analysis.

& OP Conds
& Delay Corners

g1 Constraint Modes Ityou have all the necessary data

available, it is recommended that
you configure the system as
completely as possible for all
steps of the implementation flow
- through signoff.

If not, you can always update the
configuration, if necessary, as
you proceed through the flow,

1111l

If you are comfortable using the
MMMC Browser, you can use the
Wizard Off button to remove the
help dialog, and proceed at your
OWn pace.

For additional assistance with
design import, press the Next u

S aa =

Timing Library Files X

| Timing Library File:

* IFOUNDRY/digitali90nmydig/lib/slow.ib {ELR | <<
| Timing Library Files:

Timing Library Selection:

B /homefinstall/FOUNDRY/digital/90nm/dig/lib/ ' !

il

/home/install/FOUNDRY/digital/30nm/dig/lib/slow

stow.lib_ecsm
[ ss_ov67.lib

ss_0v67.llo_ecsm ‘

[ ss_0v75.lib
ss_0v75.lib_ecsm |
[ typicallib

typical.llb_ecsm |

Filters: Timing Library Files (*.lib) '
Delete
Close
N’
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—— - S -
Add Library Set ) B
Name:| Slow|
Timing Library Files Sl Library Files
/home/install/FOUNDRY/
Add... | _Add... |
Delete Delete
sau» b
@D oy o ke

vV
e Similarly, add fast.lib wi \el Fast or any identifier of your own.
e Adding RC Corners e done in a similar process. The temperature value can be found
under the corresp %iberty file. Also, cap table and RC Tech files can be addedfrom Foundry
where availabléy,

N

< Add RC Corner - o X
Name: Max
Cap Table{ ]P_"I
Temperature: 125
PreRoute Resistance Scale Factor: 1.0
PreRoute Cap Scale Factor: 1.0
PreRoute Clock Resistance Scale Factor: 0.0
PreRoute Clock Cap Scale Factor: 0.0
PostRoute Resistance Scale Factor: 1.0
PostRoute Cap Scale Factor: 1.0
PostRoute Xcap Scale Factor: 1.0
PostRoute Clock Resistance Scale Factor: 0.0
PostRoute Clock Cap Scale Factor: 0.0
QRC Technology File b_'
@ e Close e

MMMC Browser

e Delay Corners are formed by combining Library Sets with RC Corners.

Analysis View List

MMMC Objects

B Analysis Views
[ Setup Analysis Views
- Hold Analysis Views

e An example is shown below.

& Library Sets
. [ Slow

. [ Fast

& RC Corners
- B Max

- E-Min

G- OP Conds

Delay Corners

B} Constraint Modes

2023-2024
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Add Delay Corner - o

X

Name: Maximum
Power Domain List - Type

« On Chip Variation & Single/BcWc
Attributes

RC COTHEFZNBX

Library Set:Slow
OpCond Lib:
OpCond;
irDrop File:
Early

" oxww

IS i

irDrop File: =

v

Late

Librarv Set
Library 5eti

OpCond Lib}

OpCond;|

G‘L‘L"L'

irDrop Flle;

| o cow e e

N——a’

\Si larly, SDC can be read in under the MMMC Object of “Constraints”.
1

SDC Constraint Files x

& SDC Constraint File:

SDC Constraint Selection:
l counter_sdc.sdc m <<
| —

SDC Constraint Files: |E froot/Desktop/Digital_Manuals/designs/counter/4_bit

counter_sdc.sdc fv hdl.var _
INCA_libs innovus.cmd
waves.shm innovus.log
cds.lib Innovus.logv
I constraints_top.sdc ncelab.log
counter.v nclaunch.key
t ncsim.key
nesim.log
counter_power.rep ncvlog.log
pvsUL_ipys.log

re_script.tcl

genus.log

Filters: SDC Constraint Files (*.sdc*) '

_Delete

Close

e Analysis Views are formed from combinations of SDC and Delay Corner.
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[ = == = — e

Add Analysis View - O X

Name:- Best
Constraint Mode: Lconstraints
Delay Corner: Minimum '

&« ey

A4
e Once “Best” and “Worst” Analysis views aéged, assign them to Setup and Hold.

.

Close | Help

V&

S e Tt

Add Setup Analysis View - O X

'

Help

Analysis View: Worst

@ ooy cose
AN*

Q Add Hold Analysis View - O X

Analysis View: Best '

:é T oy Cose b
e Once all the process is done, Click on “Save&Close” and save the script generated with any
name of your choice.

e Make sure the file extension remains .view or .tcl
e After saving the script, go back to Import Design window and Click “OK” to load your

design.
MMMC Browser L - B
Analysis View List MMMC Objects Wizard Help
o I m =TT TmorTEuoT o tormgore ue
& éBy:s'i e o l?r;rngets system for RC extraction, delay
B} Worst B Fast calculation, and timing analysis.
E‘ _IUVSOP;Q: ke Vs o .i:ar)r(\ers It you have all the necessary data
: Hold Analysis. Views & Min available, itis recommended that
B1- Best & OP Conds you configure the system as
- Delay Corners completely as possible for all
- N)I’axlmum steps of the implementation flow
& Minimum - through signoff.
If not, you can always update the

EH Constraint Modes
B constraints

Save&Close... |

button il
Prev Next
Load.. /| Delete )| Reset || Preferences.. Wizard Off Close || Help

configuration, if necessary, as
you proceed through the flow.

I

If you are comfortable using the
MMMC Browser, you can use the
Wizard Off button to remove the
help dialog, and proceed at your
own pace.

For additicnal assistance with
design import, press the Next u
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e Add Power and Ground Net names (ldentifiers) under Import design window.

Floorplan

10 Assignment File: E I

Power

Power Nets: VDD
Ground Nets: VSS

CPF File: _l

Analysis Configuration

MMMC View Definition File: Default.view i I

Create Analysis Configuration ...

m §ave... 7 . goad... i

e Arectangular or square box appedrs_in your GUI if and only if all the inputs are
readproperly.

e If the box does not app€ar;eheck for errors in your log (Either on terminal or log file
from pwd)

Help

e The internal area of the box is called “Core Area”.

e The horizontal lines running along the width of Core are “Standard Cell Rows”. Every alternate of
them are marked indicating alternate VDD and VSS rows.

e This setup is called “Flipped Standard Cell Rows”.

-> Floorplan
Steps under Floorplan :
1. Aspect Ratio [Ratio of Vertical Height to Horizontal Width of Core]
2. Core Utilisation [The total Core Area % to be used for Floor Planning]
3. Channel Spacing between Core Boundary to 10 Boundary
e Select Floorplan - Specify Floorplan to modify/add concerned values to the above
Factors. On adding/modifying the concerned values, the core area is also modified
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Specify Floorplan — =] x |

Basic Advanced

Design Dimensions
Specify By: & Size Die/10/Core Coordinates

& Core Size by: ® Aspect Rato: Ratio (H/W): 'I 8573688=
& Core Utilization 0.699933
Cell Utllization:

-~ Dimension:
_ Die Size by:

Core Margins by: @ Core to 10 Boundary

— Core to Die Boundary

Core to Left: 8 Core to Top: 8
Core to Right 8 Core to Bottom: 8
Die Size Calculation Use: — Max IO Height & Min 10 Height
Floorplan Origin at: = Lower Left Corner Center
Unit Micron

= o ooy telp

File View Edit Partition Floorplan Power Place ECO Clock Route Timing Verify PVS » A cadence

Layout K@
= |Re-"#- 24 0PI Q Q & Q-0 24 |E & H »|F »
' »

All Colors

I

= Instance
= & Type
Biock
StdCell
Cover
Physica
10
Area |0
Back Box |l
2 Function
- Status
#-Module
- Cell
[# Blockage
[# Row
[# Floorplan
# Partition
#-Power
#-Overlay
& Track
[# Net
[# Route
[ Layer
Poly(0)
Conti0)

CPhPrREKPRKPERKKKKKKKKKKK®S
( |

KEKKKI [ BRI EpRERRS RS KS K KKS

l

KEKKIK

3

Demil U Speed

mj Click to select single object. Shift+Click to de/select multiple objects 0 5277800, 34.14600
e The Yellow patch on the Left Bottom are the group of “Unassigned pins” which are to be
placed along the 10 Boundary along with the Standard Cells [Gates].

- Power Planning
Steps under Power Planning :
1. Connect Global Net Connects
2. Adding Power Rings
3. Adding Power Strings
4. Special Route
Under Connect Global Net Connects, we create two pins, one for VDD and one for VSS connecting
them to corresponding Global Nets as mentioned in Globals file / Power and Ground Nets.
1. Select Power - Connect Global Nets.. to create “Pin” and “Connect to Global
Net” asshown and use “Add to list”.
2. Click on “Apply” to direct the tool in enforcing the Pins and Net connects to Design and then
Close the window.

Dept. of ECE, CIT, Gubbi Page 63



VLSILAB 21ECL66

2023-2024

Global Net Connections - o *x

Connection List Power Ground Connection

IVDD PIN:* VDD:Modulel{} Connect

= Pin
— Tie High
w Tie Low

Instance Basename: *
Pin Name{s): ¥SS

— Net Basename

Scope

u — Single Instance

Under Module

e o Under Power Domain
« Under Region:
 Apuly All
To Global Netw: VSS
.. Dvernide pnor connection
. Yerbose Dutput

N 3 k Add to List | Updat= Delete

alheck _ Beser _Lancei _Heip

Cy. -

e Select the Nets from Browse option OR Directly type in the Global Net Names separated by

In order to Tap in Pan a distant Power supply, Wlder Nets and Parallel
connectionsimp iency. Moreover, the cells that would be placed inside

the core are cted to have shorter Nets for lower resistance.

Hence P s [Around Core Boundary] and Power Stripes [Across Core

Bounda arejadded which satisfies the above conditions.

SeIe er - Power Planning - Add Rings to add Power rings ‘around Core Boundary’.
Add Rings == o x

Basic Advenced | Via Generation Mode  Preview

Net(s): VDD V5SS L
Ring Type
& Core rlng[s) contouring

Around core boundary * — Exclude selected objects
— Block ring{s) around

w User defined coordinates

Ring Configuration

Layer: Width: Spacing:
Tap Mty 18 a5
Bottorm: Metal9(9) M » 1.8 05
Left Mgljl?(ﬂ)ll e 1.8 05S
Righs _Metal(a) v » 18 0.5
« [Offsec: Center in channei] Update
[=ox-~] _Apply Defouits _Cancel _Help

a space being Case and Spelling Sensitive.
e Select the Highest Metals marked ‘H’ [Horizontal] for Top and Bottom and Metals marked

‘V' [Vertical] for Right and Bottom. This is because Highest metals have Highest Widths

and thus Lowest Resistance.
e Click on Update after the selection and “Set Offset : Centre in Channel” in order to get the Minimum
Width and Minimum Spacing of the corresponding Metals and then Click “OK”.
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e Similarly, Power Stripes are added using similar content to that of Power Rings

Add Stripes = o x
Basic  Advanced = Via Generation Mode | Preview
Set Configuration
Netws): VDD vSS .
Layer  Metato(3) » Directions Vertical @ Horizontal
wWidihy! 1.8 Spacing: 0.% Update
Set Pattern
Setwo-set distance & Number of sets 3 Bumps
Ovar PIG pins
Cwer Physical Pins
Stripe Boundary
- Pad ring | All dormains
~ undary = _ Each selected biock/domainffence
Specify rectangutar ar
Specify rectilinear area
First/Last Stripe
Start from: _ Left Right Top = Bowom
e Relative ore or selected area art rop: 1
Aliaciuite
[ o) Apply Defauits Cancel Help

- Nets

- Metal and It’s Direction

- Width and Spacing [Upddted]

- Set to Set Distafhce'=/{Minimum Width of Metal + Min. Spacing ) x 2

cagence
X E3 a8 o |
B = [92)
Al Colors
V.S
£) Instance ~
2 = Type v -
o
»
v
o o
v -
2 o
x Ml =
F ¥
B3 o Status P
= Module v
i Cell - -
= Blockage - o
(5 Row &
5 Floorplan -
5 Partition v
# Power ==
- Overlay v
1+ Track
# Net o~
# Routa v v
5} Layer o
Poly(0) o
Conto) Lﬁ' v
Desal L8 speed
) 50.15100, 45 69650

e On adding Power Stripes, The Power mesh setup is complete as shown. However, There areno
Vias that could connect Metal 9 or Metal 8 directly with Metal 1 [VDD or VSS of Standard Cells are
generally made up of Metal 1].

e The connection between the Highest and Lowest Metals is done through Stacking of Vias done
using “Special Route”.

e To perform Special Route, Select Route - Special Route - Add Nets - OK.

e After the Special Route is complete, all the Standard Cell Rows turn to the Color coded forMetal 1
as shown below.

The complete Power Planning process makes sure Every Standard Cell receives enough
power tooperate smoothly.
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e After Power Planning, a few Physical Cells are added namely, End Caps and Well Taps.

e End<€apsk They are Physical Cells which are added to the Left and Right Core Boundariesacting as
blockages to avoid Standard Cells from moving out of boundary.

e \WellTaps : They act like Shunt Resistance to avoid Latch Up effects.

To add End Caps, Select Place = Physical Cell > Add End Caps and “Select” the FILL’s from the

available list.

e Higher Fills have Higher Widths. As shown Below, The End Caps are added below yourPower

Mesh.

e To add Well Taps, Select Place = Physical Cell > Add Well Tap - Select - FillX [X - Strength of Fill =

1,2,4 etc] - Distance Interval [Could be given in range of 30-45u] - OK

lew Edit Partitlon Foorplan Power Place ECO Clock Route Timing Verify PVS

cadence
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EE
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a . Al Colors

£ Row

¥ Floorplan
¥ Partition
[+ Power
(¥ Overlay
[+ Track

¥ Net

[¥) Route
[z Layer
Poly(0)
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- Placement

Flle View Edi Partition Floorplan Power Place ECO Clock Route Timing Verify PVS

Layout O

T e~ - 24 0% I Q QU & @~ | <2
B -0 -8 & % B @ 1 & by o -=-& 4 57

H

S S B

-

1. The Placement stage deals with Placing of Standard Cells as well as Pins.
2. Select Place’ Place Standard Cell - Run Full Placement > Mode - Enable ‘Place 1/0 Pins’ >

OK > OK.

r
Placeo

I & Run Full Placement Run Incremental Placement
Optimization Options
¥ Include Pre-Piace Opumizaton

Number of Local CPU(s). 1 Set Multiple CPU..

m Apply Mode... Defauits Cancel
Mode Setup
List of Modes Placemont Mode
TS Placement RefinePlace
EarlyGlobalRout
- on Effart

EroCap = Congestion Effors
Filler _ Low _ Medium _ High = Auto
NaroRoutes
Oa

~ 2t

L -

« Enable Gating Awareness

__ Enable Power Driver

» ignore Scan Connectons

= Reorder Scan Connection

ignore Spare Cell Connections
s Sprar e Cell Placemernt
SPECly Maxin Desrsity
Layeors Chockod For Pin Accos=
Specify Maximum Routing Layver 1
Set Detauns

- o >

Run Placement In Floorplan Mode

Help

Salect

Apply

Cancel

Help l

e All the Standard Cells and Pins are placed as per the communication between them, i.e.,
Two communicating Cells are placed as close as possible so that shorter Net lengths can be
used for connections as Shorter Net Lengths enable Better Timing Results.
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g All Colors

)

- Instance
El- & Type
- Block
- StdCell
Cover
i j i Physical
10
- Areal0
‘- Black Box [l
_ Function
- Status
Module
Cell
Blockage
Row
- Floorplan
(- Partition
- Power
- Overlay
Track
- Net
Route
El-Layer
Poly(0)
Cont(0)

C

KKERKRIBREEFFRRK KKK KKK KK <
ChrRKRFRFRERKKKKKEKEKIKIKIK®S

KKK KK

Y/

Detail U Speed

e You can toggle the Layer Visibility from the list on the Right. The List of Layers available are shown on
the right under “Layer” tab with colour coding.

- Report Generation and Optimization :

1. Timing Report:
1. To generate Timing Report, Timing - Report Timing - Design Stage — PreCTS
2. Analysis Type — Setup - OK
3. The Timing report Summary can be seen on the Terminal.

2. Area Report:
1. cmd:report_area

3. Power Report :
1. cmd: report_power

-

innovus 9= innovus 9> report area
Depth Name #Inst Area (um™2)

0] counter 15 134.7282
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wWorst

B e e +ommm oo +

| Ssetup mode | all | regzreg | default |

B e +-- - - - +-- - - - - e +

| WNS (ns):| ©.605 | ©.845 | ©.605 |

I THNS (ns):| ©.800 | ©.000 | 0.000 |

| Violating Paths:| @ | @ | @ |

I ALl Paths: | 16 I a I 11 I

e - ——————— - - - +

e e e e B e i +
| | Real | Total |
| DRVs B e i R i e |
| | Nr nets{terms) | Worst Vio | Nr nets{terms) |
Hmm s s s s s m e o - - - Hm s e m s s m s s — - - +- - s m s m - - - B e T +
| max_cap | a (o) | 0.000 | a (o) |
| max_Ttran | a (@) | 0.000 | a (o) |
| max Tanout | a (@) | ] | a (@) |
| max length | e (@) | 2] | e (@) |

5 Power view : Worst
“*
* User-Defined Activity : N.A.
-
3 Activity File: N._A.
.
2% Hierarchical Global Activity: N.A.
+
.y Global Activity: N.A.
+
9 Sequential Element Activity: N.A.
#
* Primary Input Activity: 0.200000
*
Default l1cg ratio: N.A.
"
* Global Comb ClockGate Ratlio: N_A.
-
e Power Units = 1mw
¥
* Time Units = 1e-09 secs
* report power
*

Total Power

Total Internal Power: ©.04747067 90.0866%
Total Switching Power: 0.00449045 8.5217%
Total Leakage Power: 0.008733236 1.32917%
Total _Power: ©0.05269448

e Ihcase of any Violating paths,Athe design could be optimized in the following way.
e ToOptimize the Design, Select ECO - Optimize Design - Design Stage [PreCTS] - Optimization
Type —Setup - OK

Optimization - o x ]

Design Stage ]
o PreCTS  Post-CTS . Post-Route
Optimization Type
~ Setup
- Incremental
& Design Rules Violations

¥ Max Cap

»~ Max Tran

. Max Fanout

Include S SlOptiors

m Apply | | Mode.. Default | | Close = Help

e  After you run the optimization, the terminal displays the latest Timing report and updated area
and power reports can be checked.

e  This step Optimizes your design in terms of Timing, Area and Power. You can GenerateTiming, Area,
Power in similar way as above report Post — Optimization to compare theReports.

Clock Tree Synthesis

e The CTS Stage is meant to build a Clock Distribution Network such that every Register (Flip Flop)
acquires Clock at the same time (Atleast Approximately) to keep them in propercommunication.

e AScript can be used to Build the Clock Tree as follows :
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extractRC

add ndr -width {Metall 0.12 Metal2 0.14 Metal3 0.14 Metald 6,14 Metal5 .14 Metal6 6.14 Metal7 0.14 Metals 0.14 Metald 0.14 } -spacing {Metall 6.12
Netal2 8.14 Metal3 0.14 Metald 0.14 Metals 0.14 Metal6 6.14 Metal? 0.14 Metal8 0.14 Metald 6.14 } -name 2w2s

create route type -nane clkroute -non default rule 2u2s -bottom preferred layer Metals -top preferred layer Metalé

set ccopt property route type clkroute -net type trunk

set ccopt property route type clkroute -net type leaf

set ccopt property buffer cells {CLKBUFX8 CLKBUFX12}

set ccopt property inverter cells {CLKINVX CLKINVX12}

set ccopt property clock gating cells TLATNTSCA*

create ccopt clock tree spec -file ccopt,spec

e Source the Script as shown in the above snapshet thretugh the Terminal and then Select Clock -
CCOpt Clock Tree Debugger - OK to build and view clock tree.

CTD Configuration - O X

~ Window ID Name 7ctd_window
__ Window Title 7
Unit Delay Mode

" f_\pgl)( ; \gloser »77}_1elp

Clock Tree Debugger : Max_delay - o X

| View Visibility Colorby Help cadence

Browser & x|
Analysis View | Skew Group | Skew | MinDelay | MaxDelay | MinPin | MinPathlevel| MaxPin | MaxPath Level|

& Max_delay:setup.early =

. clk/Constraints  0.000 0.000 0.000 ..nt_reg[0}/CK 2 ..nt_regl3)/CK 254

- Max_delay:setup.late

Pk clk/Constraints 0.000 0.000 0.000 ...nt_reg[0]J/CK 2 .nt_reg[3]/CK 2=

E1. Min dalawhald aarh

e The Red Boxes are the Clock Pins of various Flip Flops in the Design while YeIIowPentago;on the
top represents Clock Source.
e The Clock Tree is built with Clock Buffers and Clock Inverters added to boost up the ClockSignal.

Report Generation and Design Optimization :

e (TS Stage adds real clock into the Design and hence “Hold” Analysis also becomes prominent.
Hence, Optimizations can be done for both Setup & Hold, Timing Reports are tobe Generated for
Setup and Hold Individually.
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Setup Timing Analysis :

e~ ~m PR

Timing Analysis - o x

Basic  Advanced
— Use Existing Extraction and Timing Data
| Design Stage

gresmmee e

 Pre-Place  Pre-CTS & iPost-CTS!_ Post-Route . Sign-Off

| Analysis Type
& Setup « Hold

Include 51

Reporting Options

Number of Paths: 50

Report file(s) Prefix: counter_postCTS
Output Directory:  timingReports

Timing Analysis - o

Hold Timing Anaﬁ's\)

Basic  Advonced

\ — Uze Exsding Extraction and Timing Data
Design Stage

w Pre-Place o Pre-CTS & é&;&‘.}jv Postc-Route o Sagn-OF

Analysis Type
w Setup & Hold

rrefuds

Keparting Options

Number of Paths 50

Report file(s) Prafiv:.  counter_postCTS
Output Directory: umingRepons

L= oxr ) LAY, Senxet LMetp

For Area and Power Report Generation,

report_area & report_power commands can be used.

Design Optimizations : Optimization - o x

Design Stage
« Pre-CTS & Post-CTS « Post-Route

Optimization Type

¥ Setup « Hold!
_ Incremental
& Design Rules Violations

~ Max Cap

¥ MaxTran

. Max Fanout

clude S| WSLGptoaS -

N/

_Apply  _Mode,. Default _ Close | Help
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Routing :

1. Allthe net connections shown in the GUI till CTS are only based onthe Logical connectivity.

2. These connections are to be replaced with real Metals avoiding Opens, Shorts, Signal Integrity
[Cross Talks], Antenna Violations etc.

3. To run Routing, Select Route > Nano Route - Route and enable Timing Driven and SI Driven for
Design Physical Efficiency and Reliability.

NanoRoute — =] x

Routing Phase

¥ Global Route
¥ Detail Route  Start iteration default End iteration defauls
Post Route Optimzation __ Optimize Via __ Optimize Wire

Concurrent Routing Features

& Fx Antenna . Insart Dindes Linde Lell Nama
Congestion  Timing
& Timing Driven Effor 5 ; SMART.
51 Divven}
—. 'Post Route S| S Victim File [ |
. Litho Drivan
. Post Route Litho Repalr
Routing Control
( — Selected Nets Only Bottorn Layer default Top Layer default
.. ECO Route
. Area Route | I Selies Eens a0l Routs o
Job Control
~ Auto Stop
Nurmber of Local CPU(s) 1

Number of CPU(s) per Remaote Machine: |

Number of Remote Machine(s) O

Set Multiple CPU..
m _ Apply Awribute | Mode.. | Sawe _ Load || Cancel , Help
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Report Generation and Design Optimization :

Timing Analysis - =] x
Setup Report:
Basic Advanced
— Use Existing Extraction and Timing Data

Design Stage

Analysis Type
& Setup . Hold
. Include SI

Reporting Options

Number of Paths: S0

Report file(s) Prefix. counter_postRoute

Output Directory: tmingReports

AP PR Fancat ale
Timing Analysis = o £

Hold Report : ==
Basic Advanced

. Use Existing Extraction and Timing Data
| Design Stage

| = Pre-Place . Pre-CTS . Post-CTS & Post-Route . Sign-Off

| Analysis Typo
| — setwp = iHold}
- Include s1

| Reporting Options

Number of Paths: S0
Report file{s) Prefix:. counter_postRoute

| Output Directory: ImingReports

S=pic= <apely. <Gancel telp

Area and}%r Reports :
Use the&n nds report_area and report_power for Area and PowerReports respectively.

1
Design Optimization :

innovus 5>
innovus 5> setAnalysisMode -analysisType onChipVariation -cppr both
innovus 6> []

Enter the above shown command in the Terminal in order to run the Design
Optimization first Post-Route.

I R
Optimization - O RN
Design Stage
< Pre<TS © Post.CTS e Post-Route)
/. Optimization Type
~ Setup ~ Hold

« Incremental

® Design Rules Violations
¥ Max Cap
~ Max Tran
. Max Fanout

lude S

S1 L STiOntinne.

m _Apply Mode... Default | Close | Help

~

e As an alternate to the setAnalysisMode command, you can use the GUI at Tools - SetMode -
Set Analysis Mode - Select On-Chip-Variation and CPPR.
e The Report generation is same as shown prior to Design Optimization.
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Saving Database :

1. Saving Design => File = Save Design — Data Type : Innovus =
<DesignName>.enc = OK

Save Design - o X

Data Type: & Innovus . DA

File Names counter_route.enc| &= I

&  wvpy Gl Hep

2. Saving Netlist => File = Save — Netlist = <NetlistName>.v = OK

-

Save Netlist — o x

« Include Intermediate Cell Definition
« Include Leaf Cell Definition
Netlist File; counter_route.y| | B3 I

€& e e

It is kgp’nmended to save Netlist and Design at every stage. To restore a Design Data Base, type
source <DesignName>.enc in the terminal.

3. Saving GDS => File = Save — GDS/OASIS — <FileName>.gds — OK

-

GDS/OASIS Export - o x

Output Format & GDSI/Stream - OASIS

Qutput Flle  couontar_route.enc '

Map File streamOut.mep i

Library Name VDesignij

- Structure Name counter

__ Attach Instance Name to Attribute Number

. Artach Net Name to Atiribute Number

. Merge Files l — Uniquify Ceil Names
— Stripes =M N

. Write Die Area as Boundary

. Write abstract information for LEF Maaos
uUnits 2000 »

Mode | ALL »

(o _Apply _Gancel _ wbielp

Physical Verification — Capturing DRC and LVS :

e After saving the routed Database, you can proceed for Physical Verification and capture theDRC
and LVS reports.

e Inputs Required — DRC:
o Technology Library and Rule Set

o GDS format giles of all Standard Cells (Given by Cadence at
/home/install/FOUNDRY/90nm/dig/gds for 90nm Tech node)

® Qutputs—DRC:
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©  DRCViolation Report
°  Physical Netlist (Optional)
From the Innovus GUI, select PVS = Run DRC to open the “DRC Submission Form”.
PVS 16.12-64b DRC Run Submission Form — -t ]
Fle Preferences Tools Toolbers Help cadence

= J 2 o % 8 60 13 6

|
Run Data

]
ET Run Direccory PUS_RUNJDRE j
Processing
:xt Run VS Single CPU '
Rules Run PvS'on [Locd host .

Q License TIMEOUL, Sec

Input PVSUl kog Ale PVS RUN/DRCTpvsuidrclog

0

outpar

i)

DRC Options.

AppY.__ |

|

Termmogy anes not Contan AﬂyG:‘IWeSE Al; /L
The DRC Run Subm@Fgrm begins with mentioning the Run Directory. The Run Directory
isthe location \Aﬁw he logs, reports and other files concerned with PVS are saved.

PVS 16.12-64b DRC Run Submission Form o

- x
Hle Preferences Tools Toolbars Help cadence
S HE R ST EIE
! <
(=R N7 N R A
Rules
ET Tech&Rues [ Configurator.
Run Data Technology
Exu Technology mapping file . /Physicd Verificetion/putechlin 5 Redoed
5 ‘il \ e/
Technology Epok0a0 n
RulaSex oefault '
o
Rules
Input
Rules Fle(s] ] ’
outpLr \
i ‘
DRC Optiors ‘ R
¥ Start DE
| ———
& DRCDE [ —
o PVSRY ‘
Cancel 1 View.
Apply | EET

Technclogy dnes not Contain Any GuiPreset Fies

The technology Library is to be loaded under “Rules tab”.
e The Technology Library is specific for PVS Tool and technology node on which the designis created.

e On reading the tech lib, the rule set is loaded and the corresponding fabrication rules areread in to
be checked against the design.
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PVS 16.12-64b DRC Run Submission Form

- 8 X
Hle Preferences Tools Toolbars Help cadence
([=R=R7P N1 YR P
Rules
E Tech&Rues ‘ Cmf’qu'awr ‘
Run Data Technology
H 2 /Physicd Verficaticn/patechlin Refoad
i Technology | 2pokoan B
Auls Sex | cefault B
o
Rules
Input.
" Rules Fla(s] Ao
(&) in Bezioye
outpur
(7
DRC Optiors | SC. TR
¥ Start DE
S Sl
® DRCDE —_—
o PVSRY
Cancel View,
\_LogFile

Technclogy dnes not Contain Any GulPreset Fliss

e The GDS format files of all sta cells available with the corresponding technology nodeare
also provided by the venderIe all of them to add.

PVS 16.12-64b DRC Run Submission Form

- a x

Hle Preferences Tools Toolbars Help

(=R W8 =N RN
. eyout
E‘

Top Cell Nome counter
Run Daa

\Create GO . PVS_RUN/DRUCOUNTEr £05.82 s

cadence

Mecge Fiiels] Aokt
Aules
L%
RS Layout Options
E MapFie ./Physica Verification/STREAM_MAP/90nmNew streamOut.map L View
DRC Options
o Uniquify Cell Names . WK Prefix
DAUAI 200
toncl Outhode
o Start OE Adaltonal seam Out Parameters
& DRCDE
L PUSRY
_ Areato Chede on Layout Selem o cye
SE T sy
e foncd

_ Raten input Hierarciy

' Abort on Layow Eror

Tecmoiogy docs nat Contan Any GusPreset Fles

e The output report can be named and saved as shown.

PVS 16.12-64b DRC Run Submission Form

=y O K
Ale Prefererces Tods Toolbars Help cadence
= B & R
I L
Report —
Pty D Name counter.sum
§ 5
}g Umit 1000
Rues & ReplaraFile _ AppendTofte _ STausiics by Cell
Q Outpux Format ASCI PVS_RUN/DRC/C ounTer. drc_er) ors.ascil
Input Sutpus Ervors Hiererchicaly [Rules Defintion [
6 __ Use Waners for DRC Chacks
Pty JRCOE @ 8atch
o erup . ) Edi Loatl,
Watver Hiels) el
DRC Options Ll iy
flemovic,,
Nt/
Yew.
¥ Start DE
5 Applied Waivers VS AUN/DRGcounter.dre armors asciiwavers applies -
‘® DRCDE Rejett=d Waivers | VS RUN/DRTCounter,dre_etoraascil wa ver srefected -
o PVSRY = 3
Cancel
 Inciude Psaudo Cells
Aply

Vertices Per Polygon 4096

Technology does nat Contaim Any GuiPreset fles
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e Hit “Submit” to run the DRC and the following windows appear.

PVS$16,12-64b Reports: Done [DRC] dr.., - 8 X
pRgac X
b(s) REAL = 0(s)
wlative CPU = D{s) REAL = 0(s)
Cumulative = Odis) REAL = O(s)
D{s) REAL = 0(s)
D(s) REAL = C(s)
D(s) REAL = 0(s)
D(s) REAL = 0(s)
B(s) R - o(s)
x 0(s)
= Ote)
- O(s)
- C(s)
o 0(s)
= D(s)
- 0t(s)
- Ots)
= D (=)

Total TPU Time
Total Real Time
Peak Memory Used
Total Original Geometzy

al DRC RuleChecks

Total DRC Results

Sunmary can be found in file coun
ASCII report database iz /home/saraswati/Desktop/ASP_design/d_bit/PVS_RUN/droc/counter.drc_errors.ascii
Checking in all S

are licenses.

Deaign Rule Check Finished Nommally. Wed Mar 3 16:45:58

B 1"
#ino
. Brocliv
R@un . Refubain
PVS 16.12-64b DRC Run Submission Form - o X
File Preferences Tools Toolars Help cadence
B _ DRC (presers|
Ep Rule Sdlector | Textand Connect | Additional Layout | LEF Antenna
NEEAA ® Groups - Piain £1i Groups | Expand (ollFpse |, All Captions | Expand £l apse
g [5h & Ungrouped Rules K
Rules [} & BONDPAD errors
7« CONT errors
[} » ESD errors
&} & LATCHUP errors
[ « METALT errors =
[FH & METAL2 errors
(£} & METALS errors
[E & METALA errors
[l v METALS errors
[ ¥ METALG errors
(£ & METAL7 errors
& METALS errors
[ v METALS errors
[ & NBL_errors
- & NHVT errors
W Start DE  NIMP_errors
(' « NWR errors
« DRCDE FH & NW_errors
& PNSRY [} o NZUT errors =5
Cancd Select| /il | None | Rules: 807, Selected: 807, Unselacted:0
— ———
2pply searchin All Rues B vy viscarsruenames [

e

Open Presets settings

4

e All the list of DRC Errors can be seen in the above window of which the location of the DRC
Violation occuring can be highlighted dealing one to one.
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@ Applications  Places PV 16.12-640 DRC Debug Envirooment @0 @ wosas v 9B
-

InnovusfT M) Impiementation System 17.14 - /home/saraswat|/Desktop/ASP _design/A.bit - counter

fle View Edit Parvmon Floorp@an Power Place ECO Clock Rose TIming Venfy PVS Took windows Fows Welp QA onieenen  cadence
| Layoue (@)

PVS 16.12-64b DRC Debug Environment - B %

Ble Ve

28R | antemzeon o4l Pen  Noa

Tods ey cadence

B counter (2%
£ NI 1 (e

011 21,290 53510 | 310, 85R)

02( 25060 WD) | S0 w220)
O3 21290, 2820 | 21.340: 2.200)
04 2508G. 12030] ( 25.110: 13080}
05[ 25:060. 143601 [ 25.110. 148401
10730] { 25.110: 117%0]
53510] [ 25110: 6530

B PP 58100

0@ W@ & QB W et B ssam i,

NIMPSP T
Riile fle Pacmame : Momess3ommati DektondAS?_dedgn/d_biuPVs RUNdrc/ tecinoiagy
NIME 55 1. NI 10 M S s muss tar e 6,34 wm

£
KEKSKKKKK

i

0 2525500, 411750  Routed

| I (3] 3k to select single abject. ShiftsClick to desstect mutiple cbjects
@ rogaoFT Tt Flla - sara | [l (s s \ B (et @aranit 4 | Inoowis{TM) mplsment .. ‘ [ feesitel pritmbropiASe l [€]Pvs 1612648 0RC Ru. | {Doow [DRT] 4] lmws 1612644 DRCDe. 1174

e For example, in the above showR spapshot, the errors associated with N-Implant can be seen.
(Select a error occurrence ick on the right arrow below to highlight/zoom in thelocation.)

e You can save the DRC Ru reset” file to rerun the DRC if required at a later point of time.

s shown below.

PVS DRC Run Submission Form: Save Presets File

Lockin  |[f/bomers arasan DeskcopiASP dedgrva it B 2 B85

= Compoter Nave
& wavesshm
&l svammti timingieports
[ STREAM MAP Folder 2Dex2.52538
Splce Negist Folder  9Jun 20210911
pvs soreen Folder 3Ma2.651.19
PYS_RUN Folder IMarl 63552
PYS RULES Folder Sfun 20..01:03 11
INCA kb Falder  2BFen2 15:0:44
Epdka%0 Folger Blun 20..1551:36
g o Foider  29May 05857
w Foiger 2 M 2.3:56:05
counter 451 routed =nc det Folder  3Mar 211738
&) capanie Folder 3 ML, 43443

Fregome: | TTTIEE ¥ s ]

Flles oftype: |DAC Preset (Sinnows dre_prsets] |- I

e Loading a Preset file is shown below.

PVS DRC Run Submission Form: Load Presets File

Lockin: &5 des gva_bit

Computer
= comp [ wavessom 28Fe02..16.1317
P | R S
STREAM 129 20ec2.92938
Spice Netist

52
2120019311
28Feb1. 15 184
220455136

counter. 4t rowced.2nc.cat

[ caderce

fiepame: |

Files oftype: DR Prese for inovias (Ainowis dre_preeset Hipdic_ja eset)
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Note : A Physical Netlist can be saved after the DRC Run as shown below.

saraswati@saraswati:4_bit

File- Edit View Search Terminal Help
innovus 41>

innovus 41>

innovus 41>

innovus 41> saveNetlist -phys phy netlist/counter phy netlist.v -includePowerGround -excludeLeafCell -excludeCelllnst {FILL1 FILL2} -includeP
hysicalCell {FILL1 FILL2}

Wiriting Netlist "phy netlist/counter phy netlist.v" ...
Pwr name (VDD).

Gnd name (VSS).

1 Pwr names and 1 Gnd names,

Creating all pg connections for top cell (counter).
innovus 42> |}

s\

@ Applications  Places  Text Editor

')/-

Open »~ | & 'i.:oupter.phy_‘r‘wﬂis“t,v

r it

#
#
4
7
#

Generated by: Cadence Innovus 17.14-5077 1
0S: Linux x86_64(Host ID saraswati)
Generated on: Wed Mar 3 17:06:55 2021
Design: counter

@0 @ wivs w8

Sye || = - & X

Command : saveNetlist -phys phy netlist/counter phy netlist.v -includePowerGround -excludeLeafCell -excludeCellInst {FILL1 FILL2) -includePhysicalCell (FILL1 FILL2}

Y
1
1
"

Generated by Cadence Genus(TM) Synthesis Selution 17.22-5017 1
Generated on: Mar 2 2021 13:56:16 IST (Mar 2 20821 88:26:16 UTC)
Verification Directory fv/counter

module counter (

count,

control,

reset,

clk,

Voo,

Vss);
output [3:9] count;
input control;
input reset;
input clk;
inout VOD;
inout VSS;

// Internal wires
wire n 6;

wire n
wire n
wire n
wire n
wire n
wire n
wire n_
wire n 9;
wire n_10;
wire n_ 11;
wire n 12;

// Wodule instantiations
SDFFRHQXL \count reg[3] (

Venlog ~  Tab Width: 8 tn1, Lol 1 v NS

vall bip@er B py_netist | s waswatid_bit | TM) Imiplernetatic [Ej‘ V516.1

Inputs Required — LVS :
o Technology Library
o Standard Cell GDS Files

o Spice Netlist of all Standard Cells (Provided by Library Vendor)

Outputs—LVS:
o LVS Match/Mismatch Report

'1 :j counter_phy._netsty (+/De.  1/4

From the Innovus GUI, Select PVS = Run LVS to open the LVS run submission form.
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PVS 16.12-64b LVS Run Submission Form O - R ¢ ‘
i§ fle Preferences Tods Toolbars Help cadence |
(= ) T i [ |
5 HR &R SN ‘
RunData
[}j‘g
- Run Drectory  PVS_RUN/LYS s
|~ Pracessing
58 Run VS [Single CPU B
Rules Run P¥Secn |Local host ‘
o License Timeout, sec
Input PYSUI Log Rile PVS_RUN/LVS/pysuiluslog ki
Output
LVS Options

Start LS DE &

cancel
Apply.

Technology does not Contain Any GuiPreset Fies 4

e Provide the Run dir Mnd log file name (Along with path — Optional)
Load the Tec S Files and Spice Netlist of all Standard Cells under the corresponding
technology dﬁ

PVS 16.12-64b LVS Run Submission Form - o x
Fle Preferences Tools Toolbars Help cadence
282 8E %886
Rules
E Tech&Rues | Configurator | Include PYL
Run Data Technology
gxg Technology mapping file  /Physical_Verification/pwtechlib v Reload
) Technology |2 pakna0 n
= Rule 5et | default n
%)
( Rules
Input
Rules Hle(s)
Shtpid .LPhiysical_Verification/PV5 RULES/s prl - Technalogy
LV5 Optons

Start LVSDE o

Cancal
Apoly

e
N/

\ Edif
Log File
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PVS 16.12-64b LVS Run Submission Form

- ‘0O x
Fle Preferences Tools Toolbars Help cadence
e e
== RN R - A RN
Input
g Layout
Eg ¥ =
Run Data
Top Cell Name counter
0,0
e Create GDSII ' PVS RUN/LYS/counter,gds.gz o
—
Rues
arge File(z) Add,
O JPnysical Venficetion/sd/ACHCONX2 gds Bemove =
=
Inpu Physic 3l Verfication/zds/ADDFEX] sty 1B
@ APNYSICEL Verificetl on/gos/ADDFHXZ .
2 hysical Varfication/gds/ADDEHYA g e
SHpi /Physical Verficetion/gds/ADDEHX! Edit
~ _Verific &3 L Ed
@ Layout Options
LV5 Options i P » -
MapFile . /Physical Verification/STREAM_MAP/90nmNew_streamOut map View
M Uniquify Cell Names __ With Prefix
DBUAUJU 2000
Addtiona setStream OutMode Parameters
Start LVSDE @ Addtiond stream Out Paramieters
Cancel
Appl ) Create SPICE ' PVS_RUNANS/counter spi

¥ ADDIT on Layous Errar

Technology does nct Coritain Any GuiPreset Files

PVS 16.12-64b LVS Run Submission Form

- o x

Ale Prererences Toois Toalbars Help

cadence

li= &

Y =N RN

RunData
[}
&

Rules

LYS Options

StertLVS DE @

Lancel |

. Aeely

e~ —— ————— —— — —

Create SPICE . 'PVS_RUN/LVS/Counter sp|

¥ Abort on Layout Error
Schematic

_ Imowis @ Netiist

<y

__ Cneck Schematic

Top CellName  counter

Netlist Fila(s) Type SPICE

IStV

View.

By

cPERle |

i/

Technology does ot Contain Any Gu Preset Files
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PVS 16.12-64b LVS Run Submission Form - E X
Hle Breferences Tods Toolbars Help cadence
28248 %SB 36
wOutput,
E H-Cell Settings
Run Data ¥ Automatch
HCell .
Hael = =
i _ GenHierCelis -
Rues N
@ Bun ERCChecks
¥) ERC Report
Name counter.sum

Input

o

LVS Opticns

Start LVS DE v

Cancel

Apply

submit

Limit 1000

& ReplaceFile . ApperdToFie __ Statisucs by Cell

Limit 50 Mismarched Mets limiz 100

Additional Output
. Create Quantus QRC Inpit Data

Output Format ASCH PVS_RUN/LYS/counter.crc_cmors.asci \ze)
Output Errors Hierarcnicaly Rules Defimtion ' __ Output Compece Pathchk Results
. Use Waivers for ERC Checks
LVS Report
Name  counterrep
Options -none &

JRCDaEtalIr syan

KeepLayers None '

Technology does not Contain Any GuiPreset Files 4

e On schompletion of LVS Run, the following windows appear.

& Applications  Places  PVS 16.12-64b LVS Run Status

PVS16.12-64b Reports: Dooe [LVS]LV..
mRClae, | WSS X

QM Wed17:10 ¢ W B
- s x

S Summary

Total CPU Time t le)

Total Real Time : Bi(s)

Peak Memory Used : 220,900
L L LR L )
* ’
# Run Result : MATCH ' FYSAG12-60 LV RSt ¢ |
L ’
# Run Sumeary + [INFOl ERC Results: Empey ¢
* : [INFO] Extraction Clean
L] '
# ERC Summary File L ERC Resurs Empty
# Extraction Repe * Ewacton Results:  Cleon
¥ Comparisan Report ' e P
' '
PRRRARRARANERIRPORS AR LT

ooymwewosarewvsos (S (M |

Checking in all SoftShare licenses.

PVS Comparinon Finished, Wed Mar 3 17:09:50 2021

. ext | | Predows | L Highegte _ Maxhcase | Wholeword

Regn Regueen Dosefepan 2

(ome/ssasmaty/DetopASP_desgn'd_bUPYS RUNLYS

€ (o

paworp | B pry-nettst

ovun{TM) Implemantatic

4
VS 161269 LV Rinsu. | | PVS 1612645 Reports:D. ” PVS 1612-64bLVS RunSt. L[4

PVS 16.12-64b | LVS Debug Environment | LVSRun:LVS | Comparison - o X

Fle Yew Zoom Emors layout Schematic Options Toois Toolbars Help

cadence

52 & 1@ & 1 |ome T L e = 1 @ 1% B % &)

|G Ates | 8 erc 8 exvaction | @ Comparison

Groupby'e Cel

NS COMPARIS
CELL MATCH STATISTICS
CELL MATCH SUMMARY
LVS RULES
SOFFRHQXT

) DFFRHQKI
DAR1IX)
DAIZ2X1
NANDXL
NANDIEX T
NANDZEX1
NOR2KL

O L R

~ PVSLVS cOMI  SUl

PVS LVS COMPARISON

Version H 16.12-8208

NVN Run Start :  Wed Mar 3 17:09:45 2021
ERC Summary File H countar . sum

Extraction Report File :  counter.rep

Comparison Report Fila :  counter.rap.cls

Top Cell :  counter <vs> counter
Run Result H MATCH

Run Summary i [INFO] ERC Rasults: Empty

IINFO! Extraction Clean
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PVS 16.12-64b | LVS DebugEnvironment | LVSRun:LVS | Comparison - o x

Fle View Zoom Emors Layout Schematic Options Tools Toolbars Help

cadence

Pan _ None.

Group by\® Cell _ Category v Hilestatisiics
L INITIAL CORRESPONDENCES
Original Filtered Reduced
Cell lay : sch lay : sch lay : sch
CLKINVX1 2 2 2 2 2 2
DFFRHEQX1 A 1 1 3 & 1 3
DFFRX1 1 1 1 1 1 1
INVXL . 1 1 T 1 1 1
NAND2BX1 2 2 2 2 2 2
NAND2XL 2 2 2 2 2 2
NAND3BX1 1 1 1 1 1 1
NOR2XL . 1 1 1 i 8 < 1
OAI211X1 1 L 1 8 1 1
OAI22X1 a5 3 1 1 2 1
SDFFRHOX1 2 2 2 2 2 2 o
| 4
& Applications  Places  PVS 16.12-64b | LVS Debug Envionment | LVSRun: LVS | Files @0 @ warn v e
PVS 16.12:64b Reports: Dioos [LVS]LV. e %
_“,‘c,‘-‘nvmvsx o o - o o —
PV516:12-64b | LVS Debug Environment | LVSRun:LVS | Files - 8 ox
VI Bon, omesicey i e Yew Zoom Eors {ayou Sematic Cptions Toai Tookurs ke cadence
tal CPU 1)
Total Real Time : 5(s)
Peak Memsry Used + 328.90(M)
5 InputFites |
VS Summary ool Fs Gvavscl evessasssRaseverRtseRNNeRS SRR SRR AR aNRe O R AenA Y
Total CPU Time ¢ itm) d *2 —————
Totsl feal Time s Bs) = it = g T ;
PeakNohorx GRaL, v Takomeu et
2 Log Fles
T P
L] * 0 Flles
# Run Result . MATCH ’ | |Report Pite Name 1 counter.zep
' ’ tRC smmary(counezrs | |ERC Semmary ¥ile : cownter,sum
¥ fun Sy ¢ [ISFOl ERC Resultsi Empey #| | Deoesspeeieton | |LVS Compsrison Report comnter, rep.cls
' : [INFO) Extzaction Clean & Comparean Reprticou- | |LyS Scftchk Report : counter,softchk
¥ + Layout Mame 1 /heme/saraswat!/Desktop/ASE_design/3 bit/EVS_RUN/LV:
# ERC Summary File wsum ' Usexr Name i sazaswat
# ErecanEion Rapa g ¢ i Wed Mar 3 17:08:38 2021
# Compasdacn Regare e pé 1 /heme/saraswati/Deaktop/ASE_design/d bit/BVS_RUN/LY.
M K EVS Varslon : 16.12-5208 Thu Max 22 23:09:45 EDT 2018
Checking in all SoftShare licerses. — EARASS:
o DEVEXT REPORT -
PVS Comparison Flnished, Wed Mar 3 17:09:90 2021 =
Fn .\ﬁ, Provous | _ Hghg _ Makhcase L Whote word
9

fioe

' et | Predows | . Mehigt . Maxhcoe . Wiolewerd

B B, -

it

Thomels s aswaty DestopASY._desgn/d Vs RUNLYS

4

sarasvat dp@entupt ‘ =]

A{TM) Implemantatio

[P 1z ms o |

PV 1612-64 Reports:0. |

PVS 16.12-64b | LVS Debug Environment | LVSRun:LVS | ERC =7 B X

PV51612-64b | LVSDe.

Fle View Zoom Emors Layout

Schematic Options Tools Toolbars Help

cadence

(i) PVSERC SUMMARY
(i) ORIGINAL LAYERSTATISTICS
FLAG STATEMENT WARNINGS
(i) RULECHECK RESULTS STATISTICS
£8 RUN

=)

RN sUMMARY

—— SUMMARY

Total CPU Time

Total Real Time

Peak Memory Used

Total Original Geometry
Total ERC RuleChecks
Total ERC Results

0(s)

3(s)

18 (M)

1934 (4598)

0
0 (0)

114
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PVS 16.12-64b | LVS Debug Environment | LVSRun:LVS | ERC =7 b
Fle View Zoom Emors Llayout Schematic Options Tools Toolbars Help cadence

"' bj'im A R = ng ﬁ -PJ"Laypu{E L*E “lSchematiC ._;;‘: = @J“% o % &JNL, Fitand Zoom (.60 - @ Pan ._ None

Fles @ ERC | @ Exvaction | € Comparison |

| PVS ERC SUMMARY

| ORIGINAL LAYER STATISTICS

| FLAG STATEMENT WARNINGS

| RULECHECK RESULTS STATISTICS

' RUN SUMMARY

RUN SUMMARY

—— SUMMARY

Total CPU Time i 0(s)

Total Real Time : 3(s)

Peak Memory Used : 18 (M)

Total Original Geometry : 1934 (4598)
Total ERC RuleChecks : 0

Total ERC Results 1 0 (0)

A
-
° You can create/a GDS file along with Stream out file either using the GUI as File - Save -

GDS/@asis or use the following command.
. Cmﬁ amOut <GDSFileName>.gds -streamQOut <streamOut>.map
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