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FOREWORD

It is my great pleasure to present this laboratory manual for final year engineering students for
the subject of Very Large Scale Integration (VLSI) Design keeping in view the vast coverage
required for visualization of concepts of basic VLSI Design. Basics of hardware Description
Language named (VHDL) are also taken into consideration for improvement in the programming
skill of students in the field of Electronic Design Automation (EDA).
As a student, many of you may be wondering with some of the questions in your mind regarding
the subject and exactly that has been tried to answer through this manual.
Faculty members are also advised that covering these aspects in initial stage itself, will greatly
relieve them in future, as much of the load will be taken care by the enthusiastic energies of the
students, once they are conceptually clear.

Prof S.A.WANKHADE
(ECT Department)

LABORATORY MANUAL CONTENTS

This manual is intended for the final year students of Electronics & telecommunication Branch in
the subject of Very Large Scale Integration (VLSI) Design. This manual typically contains
Practical/Lab Sessions related to programming skill development in hardware description
language (VHDL) and CMOS design. VLSI Design covers various aspects related the subject to
enhance understanding of the subject.
Students are advised to thoroughly go through this manual rather than only topics mentioned in
the syllabus, as practical aspects are the key to understanding conceptual visualization of
theoretical aspects covered in the books.

Good Luck for your Enjoyable Laboratory Sessions

Prof S.A.WANKHADE
(ECT Department)

SUBJECT INDEX

1.Do’s and Don’ts
2. Lab exercise:
1. Introduction to VLSI lab (Xilinx, ISE Microwind tool, VHDL Verilog code)
2. Design of logic Gates: AND, OR, NOT, NAND, NOR,XOR,XNOR.
3. Design of Half-Adder, Full Adder, Half Subtractor, Full Subtractor.
4. Design of 8:1 MUX.
5. Design of 3 : 8 Decoder.
6. Design of 1:8Dmux.
7. Design of binary to gray code converter.
8. Design of all type of Flip-Flops using ( if-then-else) Sequential Constructs
9. Design and implementation of MOD-8Counter.
10. Layout Design of PMOS, NMOS using Microwind
3. Quiz on the subject
4. Conduction of Viva-Voce Examination
5. Evaluation and Marking Systems

Do’s and Don’ts in Laboratory:

1. Do not turn ON system before reading the instructions/Instruction manuals.
2. Handel the FPGA kits carefully.
3. Strictly observe the instructions given by the teacher/Lab Instructor.

Instruction for Laboratory Teachers::

1. Submission related to whatever lab work has been completed should be done during the next
lab session.
2. The promptness of submission should be encouraged by way of marking and evaluation
patterns that will benefit the sincere students.

Introduction to VHDL

It is a hardware description language that can be used to model a digital system at many levels of
abstraction ranging from the algorithmic level to the gate level. The system may be a single gate
to a complete digital electronic system.
VHDL is a hardware description language used in electronic design automation to describe
digital and mixed-signal system such as field-programmable gate arrays and integrated circuits.
VHDL can also be used as a general purpose parallel programming language.
It can be considered a combination of following languages as:
•

Sequential language

•

Concurrent language

•

Net list language

•

Timing language

•

Waveform Generation language

Need of VHDL
The requirement for it was generated in 1981 under VHSIC program. In this program a number
of US companies were involved in designing VHSIC chips for DoD (defense department).
Most of the companies were using different hardware description to describe and develop their
IC, as a result different vendors could not efficiently exchange designing with one another. Also
they were provided DoD, descriptions of their chips in different hardware description language.
Reuse was also an issue, thus a need for a standard language for design and documentation of the
digital system was generated.

Capabilities of VHDL
•

It is used as an exchange medium between different chip vendors and CAD tool users.

•

It can be used for communication medium between different CAD and CAE tools.

•

Digital system can be modeled a set of interconnected components. Each component in
turn van be modeled a s set of interconnected components further.

•

It supports flexible design methodologies: Top-down Bottom-up mixed

•

It is not technology specific but it is capable of supported technology specific features.

•

It supports both synchronous and asynchronous timing modules.

•

It is an IEEE and ANSI standard.

•

It supports three basic different description styles.

•

It supports a wide range of abstraction levels ranging from abstract behavioral descriptors
to vary precise gate level descriptions.

•

It has element that make large scale design modeling easier such as components,
functions and procedure and package.

•

It is publically available, human readable and above all, it is not proprietary.

Package:
It provides convenient mechanism to store and share declarations that are common across many
design units standard package used-IEEE std_logic_1164. It is decided by IEEE and ANSI.

Hardware abstraction:
VHDL is used to describe a model for digital hardware device. This model specifies the external
view of device and one or more internal views. The internal views of the device specify the
functionality or the structure while the external vies specifies the interface of device through
which it communicate with other modes in environment.Figure 1.1 shows hardware device and
corresponding software of the device.

In VHDL each device model is treated as a distinct representation of unique device, called an
entity.Figure 1.2, shows VHDL view of hardware device that has multiple device models, with
each device model representing an entity. Each entity is described using one model, which
contains one external view and one or more internal view.

VHDL provides 5 different primary constructs called the design units. They are-

•

•

Entity Declaration

•

Architecture Body

•

Configuration Declaration

•

Package Declaration

•

Package Body

Entity Declaration:
It describes the external view of entity.
Ex.-Input-output signal names

2.Architecture Body:
It contains internal description of entity.
Ex.- A set of inter connected components that represents the structure of entity or set of
concurrent or sequential statements that represent the behavior of entity.
3. Configuration Declaration:
It is used to create an entity; it specifies the binding of one architecture body from many
architecture bodies that may be associated with the entity. It may also specify the binding of
components used in selected architecture body to other entities. An entity may have number of
different configuration.

4. Package Declaration:
A package declaration is used to store a set of common declarations like components, types,
procedures, and functions. These declarations can then be imported into other design units using
a context clause.
5. Package Body:
A package body is primarily used to store the definitions of functions and procedures that were
declared in the corresponding package declaration, and also the complete constant declarations
for any deferred constants that appear in the package declaration. Therefore, a package body is
always associated with a package declaration.

Steps to implement the design
Step 1: Start the Xilinx project navigator by Stat->programs->Xilinx ISE->Project Navigator
Step 2: In the project navigator window click on new project->give file name->next.

Step 3: In the projector window right click on project name-> new source->VHDL module->give
file name->define ports->finish.

Step 4: Write the VHDL code for any gate or
circuit. Step 5: Check Syntax and remove error if
present. Step 6: Simulate design using Modelsim.
Step 7: In the project navigator window click on simulation->click on simulate behavioral model.
Step 8: Give inputs by right click on any input->force constant
Step 9: Run simulation
Step 10: Analyze the waveform.

Experiment No.1
Aim: Introduction to VLSI lab (Xilinx, ISE Microwind tool, VHDL Verilog code)
Theory:
VLSI: Very-large-scale integration(VLSI)is the process of creating an integrated circuit by
combining thousands of transistors into a single chip. VLSI began in the 1970s when
complex

semiconductor and

communication technologies were being developed. The

microprocessor is a VLSI device. Before the introduction of VLSI technology most ICs had a
limited set of functions they could perform. An electronic circuit might consist of a CPU,
ROM, RAM and other glue logic. VLSI lets IC makers add all of these into one chip.VLSI
Design chiefly comprises of Front End Design and Back Enddesign these days. While front
end design includes digital design using HDL,design verification through simulation and
other verification techniques, the design from gates and design for testability, backend design
comprises of CMOS library design and its characterization. It also covers the physical design
and fault simulation.

XILINX ISE: Xilinx ISE (Integrated Software Environment) is a softwaretool produced
by Xilinx for synthesis and analysis of HDL designs, enabling the developer to synthesize
("compile") their designs, perform timing analysis, examine RTL diagrams, simulate a
design's reaction to different stimuli, and configure the target device with the programmer.

HDL: Hardware description languages have been developed for modellingand simulating
hardware functions. Only a part of the language elements can be used for design
implementation. Difference between standard programming languages And hardware
description languages:
Standard programming languages: sequential HDLs:
describe parallel and concurrent behaviour Two important
HDLs: – 1) Verilog 2) VHDL
Verilog: Verilog language uses a hierarchical, functional unit based
design approach. The whole design consists of several smaller modules .The complexity of
the modules is decided by the designer.

VHDL:VHDL is a hardware description language which uses the syntax of ADA. Like any
hardware description language, it is 
used for many purposes.
For describing hardware
As a modelling language. 
For simulation of hardware. 
For early performance estimation of system architecture. 
For synthesis of hardware. 
For fault simulation, test and verification of designs. 

Microwind: Microwind is a tool for designing and simulating circuitsat layout level. The tool
features full editing facilities (copy, cut, past, duplicate, move), various views (MOS
characteristics, 2D cross section, 3D process viewer), and an analog simulator.
The MICROWIND program allows the student to design and simulate an integrated circuit.
The package itself contains a library of common logic and analog ICs to view and simulate.
MICROWIND includes all the commands for a mask editor as well as new original tools
never gathered before in a single module. You can gain access to Circuit Simulation by
pressing one single key. The electric extraction of your circuit is automatically performed
and the analog simulator produces voltage and current curves immediately. A specific
command displays the characteristics of pMOS and nMOS, where the size of the device and
the process parameters can be very easily changed. Altering the MOS model parameters and,
then, seeing the effects on the Vds and Ids curves constitutes a good interactive tutorial on
devices. The Process Simulator shows the layout in a vertical perspective, as when
fabrication has been completed. The Logic Cell Compiler is a particularly sophisticated tool
enabling the automatic design of a CMOS circuit corresponding to your logic description in
VERILOG. The DSCH software, which is a user-friendly schematic editor and a logic
simulator presented in a companion manual, is used to generate this Verilog description.

Conclusion:Thus we have studied the introduction of vlsi, softwares Xilinx and microwind
and language like VHDL and Verilog.

Experiment No.2
Aim: To Design Logic Gates using HDLand simulate the same using Xilinx ISE Simulator
Apparatus Required:
1.PC
2.Xilinx ISE 8.1 software
Theory: Explain all types of logic gates using symbols and Truth tables.
VHDL Code:
library IEEE;
_ _ library
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity logic_gates is

_ _ Entity declaration

Port ( A : in STD_LOGIC;
B : in STD_LOGIC;
AND1 : out STD_LOGIC;
OR1 : out STD_LOGIC;
NOT1 : out STD_LOGIC;
XOR1 : out STD_LOGIC;
NAND1 : out STD_LOGIC;
NOR1 : out STD_LOGIC;
XNOR1 : out STD_LOGIC);
end logic_gates;
architecture Behavioral of logic_gates is

_ _ Architecture body

begin
AND1<=A AND B;
OR1<=A OR B;
NOT1<=NOT A;
XOR1<=A XOR B;
NAND1<= A NAND B;
NOR1<=A NOR B;
XNOR1<=A XNOR B;
end Behavioral;
Conclusion:Thus we performed implementation of logic gates, simulate the design and output is
also verified.

Experiment No.3
Aim:Design of Half-Adder, Full Adder, Half Substractor, Full Substractor.
Apparatus Required:
1.PC
2.Xilinx ISE 8.2i software
Theory: 1)Design of Half adder using K map
2) Design of Half subtractor using K map
3) Design of full adder using K map
4) Design of full subtractor using K map
Half-adder:
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use
EEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
Entity half_adder is
port (a : in STD_LOGIC; b : in STD_LOGIC; s : out STD_LOGIC; c : out STD_LOGIC);
endhalf_adder;
architecture behavioral of half_adder
is
begin
s<= a xor b;
c<= a and b;
end Behavioral;
Half-subtractor:
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use
EEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
Entity half_substractor is
port (a : in STD_LOGIC; b : in STD_LOGIC; s : out STD_LOGIC; c : out STD_LOGIC);
end half_substractor;

architecture behavioral of
half_substractor is begin
s<= a xor b;
c<= (not a) and b;
end Behavioral;
Conclusion:Thus we performed implementation of half adder and subtractor, simulate the design
and also verified the output.

Experiment No.4
Aim: Write VHDL code for 8:1 mux.
Apparatus: Xilinx ISE 8.2i software
Theory: 1) What is multiplexer
2) Design 8:1 mux using K map

8:1 mux:
A digital multiplexer is a combinational circuit that selects binary information from one of many
input lines and directs it to a single output line.
Code:
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity mux_8 to 1 is
port (a : in STD_LOGIC _VECTOR(7 down to 0);
sel : in STD_LOGIC_VECTOR(2 down to 0); z : out STD) ;
end mux_8 to 1 ;
architecture behavioral of mux_8 to 1 is
begin
process (sel)
begin
case sel is
when “000” => z<=a(0);
when “001” => z<=a(1);
when “010” => z<=a(2);
when “011” => z<=a(3);
when “100” => z<=a(4);
when “101” => z<=a(5);
when “110” => z<=a(6);
when others => z<=a(7);
end case;
end process;
end behavioral;

Conclusion:Thus we

implement 8:1 multiplexer, simulate the design

and also verified the output.

Experiment No.5
Aim: Write VHDL code for 3:8 Decoder.
Apparatus: Xilinx ISE 8.2i software.
Theory:1) What is decoder.
2) Design 3:8 decoder.
Code:
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity decode is
port (a : in STD_LOGIC_LOGIC;
b : in STD_LOGIC_LOGIC;
c : in STD_LOGIC_LOGIC;
Y : out STD_LOGIC_VECTOR(7 down to 0)) ;
end decode ;
architecture behavioral of decode is
begin
Y(0)<=(not a) and (not b) and (not c);
Y(1)<=(not a) and (not b) and c;
Y(2)<=(not a) and b and (not c);
Y(3)<=(not a) and band c;
Y(4)<= a and (not b) and (not c);
Y(5)<= a and (not b) and c;
Y(6)<= a and b and (not c);
Y(7)<= a and b and c;
end behavioral;

Conclusion:Thus we performed implementation of 3:8 decoder, simulate the design and also
verified the output.

Experiment No.6
Aim: Write VHDL code for 1:8 Dmux.
Apparatus: Xilinx ISE 8.2i software
Theory:1) What is Demultiplexer
2) Design 1:8 demultiplexer using K map

1:8 Dmux:
Code:
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity Dmux_1 to8 is
port (a : in STD_LOGIC;
sel : in STD_LOGIC_VECTOR(2 down to 0);
z : out STD_LOGIC_VECTOR(7 down to 0)) ;
end Dmux_1 to8;
architecture behavioral of Dmux_1 to8 is
begin
process (sel)
begin
case sel is
when “000” => z(0)<=a;
when “001” => z(1)<=a;
when “010” => z(2)<=a;
when “011” => z(3)<=a;
when “100” => z(4)<=a;
when “101” => z(5)<=a;
when “110” => z(6)<=a;
when others => z(7)<=a;
end case;
end process;
end behavioral;

Conclusion:Thus we performed implementation of 1 : 8 demultiplexer simulate the design
and also verified the output.

Experiment No.7
Aim: Write VHDL code for binary to gray code converter.
Apparatus: Xilinx ISE 8.2i software
Theory: Design binary to gray code converter using K map.
Code:
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity bgc is
port (b : in STD_LOGIC _VECTOR(3 down to 0);
g : out STD_LOGIC_VECTOR(3 down to 0)) ;
end bgc ;
architecture behavioral of bgc is
begin
g(3) <= b(3);
g(2) <= b(3) xor b(2);
g(1) <= b(2) xor b(1);
g(0) <= b(1) xor b(0);
end behavioral ;

Conclusion:Thus we performed implementation of binary to gray code converter,simulate
the design and also verified the output.

Experiment No.8
Aim: Design of all types of flip flop.
Apparatus: Xilinx ISE 8.2i software
Theory:1)Explain JK and D flip flop in detail.
2) Explain SR and T flip flop in detail.
Code: JK FLIP FLOP
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity jk_flip_flop is
port(
j : in STD_LOGIC;
k : in STD_LOGIC;
clk : in STD_LOGIC;
reset : in STD_LOGIC;
q : out STD_LOGIC;
qb : out STD_LOGIC
);
end jk_flip_flop;
architecture jk_flip_flop_arc of jk_flip_flop is
begin
jkff : process (j,k,clk,reset) is
variable m : std_logic := '0';
begin
if (reset='1') then
m := '0';
elsif (rising_edge (clk)) then
if (j/=k) then
m := j;
elsif (j='1' and k='1') then
m := not m;
end if;
end if;
q <= m;
qb<= not m;
end process jkff;

end jk_flip_flop_arc;

Code: D FLIP FLOP
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity d_flip_flop is
port(
din : in STD_LOGIC;
clk : in STD_LOGIC;
reset : in STD_LOGIC;
dout : out STD_LOGIC
);
end d_flip_flop;
architecture d_flip_flop_arc of d_flip_flop is
begin
dff : process (din,clk,reset) is
begin
if (reset='1') then
dout<= '0';
elsif (rising_edge (clk)) then
dout<= din;
end if;
end process dff;
end d_flip_flop_arc;

Code: SR FLIP FLOP
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity sr_flip_flop is
port(
s : in STD_LOGIC;
r : in STD_LOGIC;
clk : in STD_LOGIC;
reset : in STD_LOGIC;
q : out STD_LOGIC;

qb : out STD_LOGIC
);
end sr_flip_flop;
architecture sr_flip_flop_arc of sr_flip_flop is
begin
srff : process (s,r,clk,reset) is
begin
if (reset='1') then
q <= '0';
qb<= '1';
elsif (rising_edge (clk)) then
if (s/=r) then
q <= s;
qb<= r;
elsif (s='1' and r='1') then
q <= 'Z';
qb<= 'Z';
end if;
end if;
end process srff;

end sr_flip_flop_arc;

Code: T FLIP FLOP
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity Toggle_flip_flop is
port(
t : in STD_LOGIC;
clk : in STD_LOGIC;
reset : in STD_LOGIC;
dout : out STD_LOGIC
);
end Toggle_flip_flop;
architecture toggle_flip_flop_arc of Toggle_flip_flop is
begin

tff : process (t,clk,reset) is
variable m : std_logic := '0';
begin
if (reset='1') then
m := '0';
elsif (rising_edge (clk)) then
if (t='1') then
m := not m;
end if;
end if;
dout<= m;
end process tff;

end toggle_flip_flop_arc;
Conclusion:Thus we performed implementation of all types of flip flop ,simulate the design and
also verified the output.

Experiment No.9
Aim: Design and implementation of MOD-8Counter.
Apparatus: Xilinx ISE 8.2i software
Theory: Design Mod -7 counter using JK flip flop.
Code:
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity count is
port( clk: in STD_LOGIC;
Cout: out STD_LOGIC_VECTOR(2 downto 0));
end count;
architecture behavioral of count is
signal count : STD_LOGIC_VECTOR(2 downto 0);
begin
process(clk)
begin
if(clk’event and clk=’1’) then
if(count< “111” or count=”111”) then
count<= count+1;
else
count<= “000”
end if;
end if;
end process;
Cout<=count
end behavioral;

Conclusion:Thus we performed implementation of MOD -8 Counter, simulate the design
and also verified the output.

Experiment No.10
Aim: Layout Design of PMOS, NMOS using microwind.
Appratus:Microwind tool

Theory:MOSDesign:

PMOS design:

This completes PMOS

Conclusion:Thus we performed layout design of PMOS and NMOS using microwind.

4. Quiz on Subject
• Any VHDL description must contain at least one entity
• yes
• no
• How many architectures can be associated with an entity ?
• one or more
• more than one
• only one
• none
• The ... cannot be declared inside process unit
• variables
• signals
• constants
• functions
• The long form of VHDL is
• Very High Description language
• VHSIC Hardware Description Language
• VLSI Hardware Description Language
• VLSI High Description Language
• Which of the following is not modeling style of architecture body
• Structural
• Behavioral
• Dataflow
• None of the above
• Which of the following is not EDA tool for VLSI
• Cadence
• Xilinx
• Synopsis
• None of the above
• Which of the following is hardware description language
• VHDL

• Verilog
• Both above
• C
• What are the data types of VHDL
• Integer
• Physical
• Enumerated
• All of the above
• What are the data objects
• Signal
• Variables
• Constants
• All of above
• Where signal is declared
• In the entity
• In the architecture body
• Between architecture statement and keyword begin
• In component declaration
• Component declaration is the part of which modeling style of architecture
• Structural
• Behavioral
• Dataflow
• None of the above
• Where the Component declaration is done
• In the entity
• In architecture body
• In Both
• None of these
• For NMOS substrate used is of
• P type

• N type
• Both
• None of These
• For PMOS substrate used is of
• P type
• N type
• Both
• None of These
•

CMOS is made of
• PMOS
• NMOS
• Both
• None of These

5. Conduction of Viva-Voce Examinations:
Teacher should conduct oral exams of the students with full preparation. Normally, the
objective questions with guess are to be avoided. To make it meaningful, the questions should
be such that depth of the students in the subject is tested. Oral examinations are to be
conducted in cordial environment amongst the teachers taking the examination. Teachers
taking such examinations should not have ill thoughts about each other and courtesies should
be offered to each other in case of difference of opinion, which should be critically suppressed
in front of the students.
6. Evaluation and marking system:
Basic honesty in the evaluation and marking system is absolutely essential and in the process
impartial nature of the evaluator is required in the examination system to become. It is a wrong
approach or concept to award the students by way of easy marking to get cheap popularity
among the students, which they do not deserve. It is a primary responsibility of the teacher to
see that right students who are really putting up lot of hard work with right kind of intelligence
are correctly awarded.
The marking patterns should be justifiable to the students without any ambiguity and teacher
should see that students are faced with just circumstances.

