www.vidyarthiplus.com

PERI INSTITUTE OF TECHNOLOGY

Mannivakkam, Chennai-600 048
(Affiliated to ANNA UNIVERSITY, Chennai)

¥, s L
< £ sy i
¥ ?"'Wrsnnm-ﬂ“*"ﬂs ¢

DEPARMENT OF ELECTRONICS AND
COMMUNICATION ENGINEERING
SIXTH SEMESTER

EC 2357 VLSI DESIGN LAB

LAB MANUAL

Page | 1




www.vidyarthiplus.com

SYLLABUS
EC2357 VLSI DESIGN LABORATORY

1. Design Entry and simulation of combinational logic circuits (8 bit adders, 4 bit
multipliers, address decoders, multiplexers), Test bench creation, functional
verification, and concepts of concurrent and sequential execution to be highlighted.

2. Design Entry and simulation of sequential logic circuits (counters, PRBS
generators, accumulators). Test bench creation, functional verification, and concepts
of concurrent and sequential execution to be highlighted.

3. Synthesis, P&R and Post P&R simulation for all the blocks/codes developed in
Expt. No. 1 and No. 2 given above. Concepts of FPGA floor plan, critical path,
design gate count, I/O configuration and pin assignment to be taught in this
experiment.

4. Generation of configuration/fuse files for all the blocks/codes developed as part of
Expt.1. and Expt. 2. FPGA devices must be configured and hardware tested for the
blocks/codes developed as part of Expt. 1. and Expt. 2. The correctness of the inputs
and outputs for each of the blocks must be demonstrated atleast on oscilloscopes
(logic analyzer preferred).

5. Schematic Entry and SPICE simulation of MOS differential amplifier.
Determination of gain, bandwidth, output impedance and CMRR.

6. Layout of a simple CMOS inverter, parasitic extraction and simulation.

7. Design of a 10 bit number controlled oscillator using standard cell approach,
simulation followed by study of synthesis reports.

8. Automatic layout generation followed by post layout extraction and simulation of
the circuit studied in Expt. No.7

Note 1:For Expt. 1 To 4 can be carried out using Altera (Quartus) / Xilinx (Alliance)
/ ACTEL (Libero) tools.

Note 2: For expt. 5-8 introduce the student to basics of IC design. These have to be
carried out using atleast 0.5u CMOS technology libraries. The S/W tools needed
Cadence / MAGMA / Tanner.
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LIST OF EXPERIMENTS

EX.NO NAME OF THE EXPERIMENT
1 Study of simulation and synthesis using tools
2 Simulation of basic Logic Gates
3 Simulation of Half Adder and Full Adder
4 Simulation of Half Subtractor and Full Subtractor
5 Simulation of Multiplexer and Demultiplexer
6 Simulation of Encoder and Decoder
7 Simulation of Arithmetic Logic Unit
8 Simulation of 8- bit adder
9 Simulation of 5-bit multiplier
10 Simulation of D Flip Flop and D Latch
Il | Simulation of Pseudo Random Binary Sequence
12 Simulation of Accumulator
13 Simulation of Up-Down Counter
14 Study of implementation in FPGA
15 Implementation of basic logic gates in FPGA
16 Implementation of Half Adder and Full Adder in FPGA
17 Implementation of Half Subtractor and Full Subtractor in
FPGA
18 Implementation of Multiplexer and Demultiplexer in FPGA
19 Implementation of Encoder and Decoder in FPGA
20 Implementation of D Flip Flop and D Latch in FPGA
21 Implementation of MOS differential amplifier schematic in

ORCAD PSPICE
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22 Study of simulating a layout in Microwind
23 Implementation of CMOS Inverter layout in Microwind
24 Implementation of CMOS NAND gate layout in Microwind
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EXP: NO: 1 WWWw . Vidyartnipius.com

STUDY OF SIMULATION AND SYNTHESIS USING
TOOLS

DATE:

AIM:

To study the various synthesis tools used in Xilinx ISE Design Suite 12.1software.
Eg: AND gate

SOFTWARE TOOL REQUIRED:

1. Xilinx ISE Design Suite 12.1
PROCEDURE:

1. Now start the Xilinx ISE Design Suite 12.1

=4 ISE Project Navigator (M.53d)

(= = [t

File Edit View Project Source Process Tools Window Layout Help
DPEF Lkebxwel frraag s>

|Start 08 x|

Welcome to the ISE® Design Suite

Use one of the options below to start working on a
project. Refer to the "Additional resources” section
for more information.

Recent projects.
Double dick on 2 project in the list below to apen

Project commands

Additional resources:

ISE Design Suite InfoCenter
ISE Quick Start

Tutorials on the Web
Application Motes

|Find in Files Results.

08 x
Rl 1 BEEQ

Mo Search Results

IE “ m] [’-Ej I] l C ez, [

U aprona )
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2. Go to file and click new project

=4 ISE Project Navigator (M.

Edit View Project Source

Open Project...
Open Bample...
Project Browser...
Copy Project...
Close Project

[ New Crl+N
¥ Open.. Ctri+0

Close

H save Ctrl+S
Save As..
(P save Al

Print Preview...

. Print... Ctri+P

Create Constraint Audit File

Recent Files »

Recent Projects »

Exit

ISE Design Suite InfoCenter
I5E Quick Start

Tutorials on the Web
Application Motes

|Find in Files Resuilts - - - - - - - 08 X
H@l 1 250

Me Search Results

A\ Wamings | [g& Find in Flles Results

3.  Enter the project name and click next

4 ISE Project Navigator (M.53d) o|B] &2

File Edit View Project Source Process Tools Window Layout Help

DAEFIL I pEX|vwa] it rpE 2RI

|start ~ 08 X

Welcome to the ISE@ Design Suite
= New Project Wizard
Use one of the options below to start working on a i -
project. Refer to the "Additional resources” section

KrECSn ko Create New Project
Specify project location and type.

e Enter & name, locations, and comment for the project

Double cick on a projectin the list below to open MName: | andgate] |
not - Location: |E:tarbu\andgate | E]
halfadd1 |
muthu Working Directory: |E:\anbulAndgate =)
or o De

Project

commands

Additional resources
. Select the type of top-level source for the project
ISE Quick Start.

Tutorials on the Web
Application Motes

Topevel source type:

|Find in Files Resuilts

@l 1EHe

No Search Results

A\ Wamings | [ Find in Files Results

=
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4. Select the family name is Spartan 3E, speed is -4 and simulator is verilog click next and

click Finish.

= ISE Project Navigator (M.53d)

File Edit View Project Source Process Tools Window Layout Help

oaad|!

DB X|w o] »

A,BE”2RBIH

|start w08 X

Welcome to the ISE@ Design Suite

Use one of the options below to start working on a
project. Refer to the "Additional resources” section
for more information.

Recent projects
Double click on a projectin the list below to open
not P
halfaddl |
muthu

or o
Project commands

Additional resources

I5E Design Suite InfoCenter
ISE Quick Start.
Tutorials on the Web

@ New Project Wizard

Project Settings

Spedify device and project properties.

Select the device and design flow for the project

Property Name
Product Category
Family

Device

Package

Speed

Top-Level Source Type

Synthesis Tool

Simulator

Preferred Lanquage

Property Specification in Project File
Manual Compile Order

VHDL Source Analysis Standard

Enable Message Filtering

Value

All

Spartan3E

KC35250E

Q208

-4

HDL

XST (VHDL/Verilog)

Modelsim-5E Verilog

Verilog

Store all values

|VHDL-93

<08 X

Application Notes
|Find in Files Resuilts More Info
E@l 12O
No Search Results

A\ Warnings | [ Find in Files Reslts ‘

Click new source.

=4 ISE Project Navigator (M.53d) - EAanbu}Andgate\Andgate.xise

(= [ s

File Edit View Project Source Process Tools Window Layout Help

DPE@ L ¥pEX|wa| AL, ERE,AREIZE IR iPE LI
|Design 08 x|

f | vew: @ {8} Implementation () W Simulation

] | Hierarchy -

&

E EmptyView | 2] Add Source...

g The view currently contains no| (] Add Copy of Source...

&l You can add files to the proj

using the toolbar at left, comm,
from the Praject menu, and by

Manual Compile Order

@ using the Design, Files, and | | mplement Top Module

= Libraries panels.

o e File/Path Display 3

M = Expand All

SR ey Collapse All
% No single design module is selected (4 Find... Crl+F
= & Design Utiites Design Properties...

E

m

= start | =3 pesin [0 Fies [B

Libraries.

|Find in Files Results

<08 X

H@l 1 250

Me Search Results

Ay Warmings | lg Find in Files Results |

= AE]

9:46 AM
4/2/2014 ||

i
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6. Select verilog module and type file name and click next.

=4 ISE Project Navigator (M.53d) - EAanbulAndgate\Andgate.xise

o |EB] R

File Edit View Project Source Process Tools Window Layout Help

NPEHP|L| D EX|wa| irrEE~2RIH
|Design 08 x|
f | vew: @ {8} Implementation () W Simulation
3] | Hierarchy @
B £ xc3s250e-4pg208
5 Empty View New Source Wizard
E-1-
= The view currently contains no files.
E You can add files to the project L Select Source Type
using the toolbar at left, commands |~
- from ﬁ: Project ms_lﬂu, an: by Select source type, file name and its location.
@ e e e i {J TP (CORE Generator & Architecture Wizard)
- s [ Schematic
Use: [£] User Document
. [] Verilog Module
M s Tozaatn 4] Verilog Test Fixture
¥2 No Processes Running [k VHDL Module .
VHDL Library File name:
No single design module is selected. [F] VHDL Package |andgate]

%5 Design Utilties i) VHDL Test Bench Locatons:

[Elanbutandgate

a8 88y

Add to project

= start | =8 pesin [[01 Fies [ B wibraries

|Find in Files Results

w11 EHO

Me Search Results

A\ Wamings | [3§ Findin Files Results ‘

N

7. Assign input and output port and click next.

47 AM
4/2/201

i

=

=4 ISE Project Navigator (M.53d) - EAanbulAndgate\Andgate.xise

File Edit View Project Source Process Tools Window Layout Help

NPEHP|L| D EX|wa| irrEE~2RIH
|Design 08 x|
f | vew: @ {8} Implementation () W Simulation
(5] | Hierarchy o
B £ xc3s250e-4pg208
5 Empty View @ New Source Wizard
E-1-
= The view currently contains no files.
&l You can add files to the project L Define Module
using the toolbar at left, commands |~
from the Project menu, and by Specify ports for modue.
P using the Design, Files, and i
] P Module name |andgate
= - Port Name Direction
" - T craata & ab input
¥ | #2 NoProcesses Running £
= input
7L | No single design module is selected.
(e input
Sf | @3 Design Utilities
ot input
1 input
m input
input
input
input
input

b= start | B2 Design ||E Hesl@!.i:ranes

|Find in Files Results

w11 EHO

Me Search Results

A\ Wamings | [a§ Findin Files Results ‘

A

9:47 AM
4/2/2014

i
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8. Finally the report is shown click finish.

ISE Project Navigator (M.53d) - EAanbu\Andgate\Andgatexise

o |EB] R

File

Edit View Project Source Process

Window

Layout Help

DPEP| L

HPREX|w o =

08 x|

n
view: @ I8} Implementation () M Simulation

ST

Hierarchy o
B £ xc3s250e-4pg208
Empty View
The view currently contains no files.
You can add files to the project

using the toolbar at left, commands
from the Praject menu, and by

P using the Design, Files, and
= Libraries panels.
m
Use:

e - Tr e &
¥ | #2 NoProcesses Running
7L | No single design module is selected.
Sf | @3 Design Utilities
H
m
= start | =8 pesin [[01 Fies [ B wibraries

ALPPELR

@ New Source Wizard

Summary

Project Navigator will create a new skeleton source with the following spedifications.
Add to Project: Yes

Source Directory: E:\anbu\Andgate

Source Type: Verlog Module

Source Mame: andgate.v

Module name: andgate
Port Definitions:

al

c

|Find in Files Results

<08 X

#I 1E2HO

Me Search Results

9.

A\ Wamings | [3§ Findin Files Results ‘

ENEIE]

=

Type the program save and click synthesis.

|4 ISE Project Navigator (M.53d) - EAanbulAndgate\Andgatexise - [andgate.v]

o s

[ File Edit View Project Source Process Tools Window Layout Help [=[=]=]
DPEFILiebxlval firraar @l irz L[
[Design ~08x% & 1 timescale ins / ips
[ |view: @ {§} tmplementation ©) M Simulaton 2 LTI IELELEL LA I E L FLELEL LA LI FLELfIELEL LI FIELEfELEI LI IfIILIE7 AT
- 3 // Company:
el Hficreechy & // Engineer:
=il & Andgate =
—|=-Ed 165.1503'499208 6 // Create Date: 09:48:40 04/02/2014
| [fdh andgate (andgate) 7 // Design Name:
P 8 // Module Name: andgate
E 9 // Project Name:
10 // Target Devices:
X 11 // Teol versions:
2 12 7/ Description:
13/ /
o 14 // Dependencies:
158/ /
16 // Revision:
| ') Ruming: Synthesic 17 // Revision 0.01 - File Created
= 18 // RAdditional Comments:
7L, | Processes: andgate 19 /7
e Design Summary/Reports A0l R R R RS LSRR R AR R EEREE RN AR AR AR AR AR NS
e Design Uti 21 module andgate(
5 User Constraints 22 input a,b,
E 23 output c
) Implement Design 24 )i
) Generate Programming File 25 and(c,a,b):
H8  Configure Target Device 26
&% Analyze Design Using ChipScope 27 endmodule
28
n »r
b start | @3 pesion [ Fies | ) Liraries| | B andgate.y aE Design Summary (running) <]
|Find in Files Resuilts 08X
Rl t 2EHO]
No Search Results
A\ Warnings | [3§ Find in Files Resuits ‘

(S0 i

3
ISE

|l

= |
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10. To see the output wave form change the source to behavioral simulation and click

simulator behavior model in modelsim simulator. And Click No

|4 ISE Project Navigator (M.53d) - EAanbulAndgate\Andgatexise - [andgate.v]

o S

[ File Edit View Project Source Process Tools Window Layout Help [=]=]=]
FEFE I T IR miERirELY
[Design 08 x g 1 ‘timescale 1ns / 1ps
View: ) {8 Implementation @ B Smuaton 5 2 LTI IELELEL LA I E L FLELEL LA LI FLELfIELEL LI FIELEfELEI LI IfIILIE7 AT
] |penavioral Hi= 3 // Company:
e 4 // Engineer:
Hierarchy = c M
-8 Andgate & // Create Date: 09:48:40 04/02/2012
3 |5 £1 xc3s250e-4pg208 7 // Design Name:
Q E andgate (andgate.) = 8 // Module Name: andgate
inst = 9 // Project Name:
[} A 10 // Target Devices:
: o| 11 /7 Tool versions:
2 12 7/ Description:
= rd T
B % 14 // Dependencies:
158/ /
16 // Revision:
» ) Running: Simulation 17 // Revision 0.01 - File Created
e 18 // RAdditional Comments:
7L | Processes: andgate 18 /7
o= ¥ Modelsim Simulator A0l R R R RS LSRR R AR R EEREE RN AR AR AR AR AR NS
= [€°Y)  Simulate Behavioral Model 21 module andgate(
5 B input a,b,
== 23 output ¢
24 )i
25 and(c,a,b):
26
27 endmodule
28
ol i ] o
[E start | =3 pesign [ Fies [ wbraries| | @ andgate.v aE Design Summary (Synthesized) B
|Find in Files Resuts 08X
= Ho
No Search Results

A\ Warnings | @ Find in Files Results ‘

@ ool

= | :

11. Select your file in work area.

™ ModelSim SE PLUS 6.3f

9:51 AM
yzme |

File Edit View Compile Simulate Add Wave Tools Layout Window Help

B BOD AES][rwl R[SERE[tes F oxdEAEEB P e=l  2[x

o mne ol [|[ & & A |\ W B> B 2249

Wiorkspace B Hdl || | Objects
[*[instance [Design unit [Design unit type  [visbility | Value
8 I andgaie andgate(fast) Module i
@ #AND#25 andgate(fast) Process
| #vsim_capadty= Foreign +a Jandgate/b
= gbl ghiffast)  Module +acc=< leinas
@ #INITIAL#34  ghl(fast)  Process IglblfGS!

) #ASSIGN#15  ghliffast)  Process
) #ASSIGN#44  gbliffast)  Process
@ #ASSIGN#45 glbl(fast) Process
) #ASSIGN#46 glbl{fast) Process
& #INITIAL#48 glbl(fast) Process
@ ZINITIAL#56 albl(fast) Process

T — —l
I i uibrary { Elsm | Files I 8 Memories j lsl & | o1 | wave KiEl
Transcript HA

# .main_pane.signals. interior.cs

- NE

[Now: 1us Delta: 0 [sim:/andgate 999050 ps to 1000076 ps

VSIM 23>
= Transcript 3]
3

953AM | |

=] T
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12. In object window select input and output signal and provide input.

™ ModelSim SE PLUS 6.3F = bl
File Edit View Compile Simulate Add Objects Tools Layout Window Help

DS WG (BB [AED| ] B SeRH] 4@ T w= iy FIE T

ot fezmate w || 38 e [[[W gl ad [ Beae B[RS AK
Workspace Het x| Oiecls £ 3 = m— D]
[[instance [Design unit_[Design unit type _|Visiility || |[¥[Name: [value Kind

:'—t andgate andgate(fast) Module tace=< y 2

@ #AND=25 andgate(fast) Process y b
5% #vsim_capacity Foreign taces.. y c ¥ [andgatep

=-of gl gbiffast)  Module tace=< < jandgatzc
D =INTIAL=34  ghiffas)  Process | (OSSR || e e L S S S R
P #ASSIGN#15  gblffast)  Process
P #ASSIGN#44  gblffast)  Process
@ #ASSIGN#45  gblffast)  Process
@ #ASSIGN#46  gbl{fast)  Process
@ #INITAL#48  gblffast)  Process
@ #INITAL#S6  gblffast)  Process

M Force Selected Signal

Signal Name: [sim: /andgate/a

value:[1]
Kind

@ Freeze (" Drive  Deposit

Delay For: [0
Cancel After:
oK Cancel
T i
I brary | & sim | & Fies | B Memories e
Transcript s HA
# .main_pane.signals.interior.cs s
VSIM 23> -
§ Transcript KE]
[Now: 1us Delta: 0 [sim:/andgate

© @

SOl

13. In wave window, click run icon and you can see corresponding output.

g wave - default

File Edit Wiew Add Format Tools Window

MIE2EES t2RD M5 ] & E ™A ] 4 ¢ [ 100 ot EL

Jogicgates/c

RESULT:

Thus the study about various synthesis tools used in the Xilinx ISE Design Suite 12.1 was

studied.
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EXP.NO:2

DATE: SIMULATION OF BASIC LOGIC GATES

AIM:
To write a verilog program for basic logic gates to synthesize and simulate using Xilinx

software tool.

TOOLS REQUIRED:
Software:

1. Xilinx ISE Design Suite 12.1

ALGORITHM:
1. Start the program.
2. Declare the input and output variables.
3. Declare the output as register data type.
4. Use PROCEDURAL construct statements (behavioral modeling) for Verilog code.
5. Write the functionality of the gates.
6. Terminate the program.
THEORY:
AND GATE:

The AND gate performs logical multiplication which is most commonly known as the AND
junction. The operation of AND gate is such that the output is high only when all its inputs are high
and when any one of the inputs is low the output is low.

Y=a&b
OR GATE:

The OR gate performs logical addition which is most commonly known as the OR junction.
The operation of OR gate is such that the output is high only when any one of its input is high and
when both the inputs are low the output is low.
Y=alb
Page | 12
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NOT GATE:

The Inverter performs a basic logic gate function called Inversion or Complementation. The
purpose of an inverter is to change one logic level to opposite level. When a high level is applied
top an inverter, the low level will appear at the output and vice versa.

Y=-~a
NAND GATE:
The term NAND is derived from the complement of AND. It implies the AND junction with

an inverted output. The operation of NAND gate is such that the output is low only when all its
inputs are high and when any one of the inputs is low the output is high.

Y=~(&b)
NOR GATE:

The term NOR is derived from the complement of OR. It implies the OR junction with an
inverted output. The operation of NOR gate is such that the output is high only when all its inputs
are low and when any one of the inputs is high the output is low.

Y =~(alb)
EX-OR GATE:

The output is high only when the inputs are at opposite level.
Y=a”b

EX-NOR GATE:

The output is high only when the inputs are at same level.

Y=~(@"b)

PROGRAM:

Verilog Code for basic logic gates

module logicgates(a,b,c,d,e.f,g,h);
input a,b;
output c,d,e,f,g,h;
and(c,a,b);
or(d,a,b);
not(e,a);
nand(f,a,b);
xor(g,a,b);
Page | 13
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xnor(h,a,b);

endmodule

PROCEDURE:

Software part

1. Click on the Xilinx ISE Design Suite 12.1or Xilinx Project navigator icon on the desktop of

PC.
2. Write the Verilog code by choosing HDL as top level source module.
3. Check syntax, view RTL schematic and note the device utilization summary by double
4. clicking on the synthesis in the process window.
5. Perform the functional simulation using Xilinx ISE simulator.
6. The output wave form can be observed in model sim.
SIMULATION REPORT

gg| wave - default
File Edit WYiew Add Format Tools Window

NEE& $RRDLT A% || SHQH|| + € [ 00 El

Nogicgates/e

RESULT:
Thus the verilog program for basic logic gates were written, synthesized and simulated using Xilinx

tool.
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EXP: NO: 3

SIMULATION OF HALF ADDER AND FULL ADDER
DATE:

AIM:
To write a verilog program for half adder and full adder to synthesize and simulate using

Xilinx software tool.

TOOLS REQUIRED:
SOFTWARE:
1. Xilinx ISE Design Suite 12.1
ALGORITHM:
1. Start the program.

2. Declare the input and output variables.
3. Declare the output as register data type.
4. Use PROCEDURAL construct statements (behavioral modeling) for Verilog code.
5. Terminate the program.
THEORY:
HALF ADDER:

The half adder consists of two input variables designated as Augends and Addend bits.
Output variables produce the Sum and Carry. The ‘carry’ output is 1 only when both inputs are 1
and ,sum’ is 1 if any one input is 1. The Boolean expression is given by,

sum=x"y

carry =x & y

FULL ADDER:

A Full adder is a combinational circuit that focuses the arithmetic sum of three bits. It

consists of 3 inputs and 2 outputs. The third input is the carry from the previous Lower Significant
Position. The two outputs are designated as Sum (S) and Carry (C). The binary variable S gives the
value of the LSB of the Sum. The output S=1 only if odd number of 1’s are present in the input and
the output C=1 if two or three inputs are 1.
sum=x"y”"z
cary=x & y)l(y& z) | (x & z)
Page | 15
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PROCEDURE:

Software part
1. Click on the Xilinx ISE Design Suite 12.1or Xilinx Project navigator icon on the desktop of

PC.

2. Write the Verilog code by choosing HDL as top level source module.

3. Check syntax, view RTL schematic and note the device utilization summary by double
clicking on the synthesis in the process window.

4. Perform the functional simulation using Xilinx ISE simulator.

5. The output can be observed by using model sim.

PROGRAM:

Verilog code for half adder

module halfadder(a, b, sum, carry);
input a;

input b;

output sum;

output carry;

xor(sum,a,b);

and(carry,a,b);

endmodule

SIMULATION REPORT

gg| wave - default
File Edit View Add Format Tools Window

J EEHES $BR® M J 4 <« EF[ 100 no4

Messages
; Jogicgates/fa

el
w) JMogicgates/b Stl

.

Page | 16




www.vidyarthiplus.com

PROGRAM:

Verilog code for full adder

module fulladder(a,b,c,d,e,f,sum,carry);
input a,b,c;

output sum,carry,d,e,f;

wire d,e;

xor(d,a,b);

xor(sum,d,c);

and(e,d,c);

and(f,a,b);

or(carry,e,f);

endmodule

SIMULATION REPORT

gg| wave - default

File Edit View Add Format Tools Window

ffulladder d

RESULT:

TeEE sBR:0:: AR || 2EAR

Jfﬁ%é 100 na= 3 EU

Thus the verilog program for half adder and full adder were written, synthesized and simulated

using Xilinx tool.
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EXP: NO: 4
SIMULATION OF HALF SUBTRACTOR AND
DATE: FULL SUBTRACTOR
AIM:

To write a verilog program for half subtractor and full subtractor to synthesize and simulate

using Xilinx software tool.

TOOLS REQUIRED:
SOFTWARE:
1. Xilinx ISE Design Suite 12.1

THEORY:
HALF SUBRACTOR:

The Half subtractor consist of two input variables, the output variables produce the
Difference (d) and Borrow (bo). The output ‘bo’ is 1 only when the input ‘a’ is at low level and
other input ‘b’ is at higher level. The output‘d’ is 1 only when only one of the inputs is 1. The
Boolean expression for half subtractor is given by,

difference =a” b

borrow = a’b

FULL SUBTRACTOR:

A full subtractor is a multiple output combinational logical network which performs a
subtraction between two binary bits considering that a ‘1’ might have been borrowed by a lower
significant stage. Along with the minuend ‘a’ and the subtrahend ‘b’, the third input is the borrow
bit ‘c’, from the previous stage of subtraction. The combinational logic network of the full
subtractor thus has three inputs and two outputs. The two outputs produced are the difference bit
output‘d’ and a final borrow ‘bo’ respectively. The Boolean expression for full subtractor is given
by,

difference=a”b”c

borrow =a’b+ a’c + bc
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PROCEDURE: (SAME FOR HALF SUBTRACTOR AND FULL SUBTRACTOR)

Software part

1. Click on the Xilinx ISE Design Suite 12.1or Xilinx Project navigator icon on the desktop of
PC.

2. Draw the half subtractor and full subtractor circuit by choosing schematic as top level
source module.

3. Check syntax, view RTL schematic and note the device utilization summary by double
clicking on the synthesis in the process window.

4. Perform the functional simulation using Xilinx ISE simulator.

5. The output can be observed by using model sim.

PROGRAM:

Verilog code for half subtractor

module halfsubtractor(a,b,sub,borrow,x)
input a,b;

output sub,borrow,x;

xor(sub,a,b);

not(x,a);

and(borrow,x,b);

endmodule

SIMULATION REPORT: (FOR HALF SUBTRACTOR)

i wave - default
File Edit Yiew Add Format Tools Window

Jhalfsubtractor fa
Jhalfsubtractor b
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Verilog code for full subtractor

module fullsubtractor(a,b,c,sub,borrow,p,x,g,y,z);
input a,b,c,p,X,g,y,z;

output sub,borrow;

xor(p,a,b);

not(x,a);

and(g,x,b);

xor(sub,p,c);

not(y,p);

and(z,y,c);

or(borrow,z,g);

endmodule

SIMULATION REPORT: (FOR FULL SUBTRACTOR)

M wave - default

File Edit View Add Format Tools Window
[DEE& + 2RO A% | SHQH|| 4+« B[

Messages
; ffullsubtractor fa
w) Jfullsubtractor b
w) Jfullsubtractorfc
ffullsubtractor fjp
ffullsubtractor fx

ffullsubtractor jg
[fullsubtractor fy
[fullsubtractor fz
ffullsubtractor fsub
ffullsubtractor fborrow |5t1

RESULT:

Thus the verilog program for half subtractor and full subtractor were written, synthesized

and simulated using Xilinx tool.
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EXP: NO: 5

DATE. SIMULATION OF MULTIPLEXER AND DEMULTIPLEXER

AIM:
To write a verilog program for multiplexer and demultiplexer to synthesize and simulate

using Xilinx software tool.

TOOLS REQUIRED:

SOFTWARE:
1. Xilinx ISE Design Suite 12.1

ALGORITHM:
1. Start the program.

2. Declare the input and output variables.
3. Declare the output as register data type.
4. Use PROCEDURAL construct statements (behavioral modeling) for Verilog code.
5. Terminate the program.
THEORY:
MULTIPLEXER

A Multiplexer is a Combinational circuit that selects binary information from one of many
input lines and directs it to a single output line. The set of selection of a particular line is controlled
by selection lines. Normally there are 2" input lines and n selection lines whose bit combinations
determine which input is selected.

The 4:1 MUX has four inputs Iy, I;, I, and I3 and select lines Sy and S;. The select lines sO
and s1 are decoded to select a particular AND gate. The outputs of the AND gates are applied to a

single OR gate that provides the one line output Y.
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DEMULTIPLEXER

A Demultiplexer is a Combinational circuit that selects binary information from one of
input line and directs it to many output line. The set of selection of a particular output is controlled
by selection lines. Normally there are 1 input line and 2" selection lines whose bit combinations
determine the output.

The 1:4 DEMUX has one input and select lines Sp and S;. The select lines sO and s1 are
decoded to select a particular AND gate. The outputs of the AND gates provides the various line
output Yy, Yo, Yz and Y.

PROCEDURE: (SAME FOR BOTH MUX & DEMUX)

Software part

1. Click on the Xilinx ISE Design Suite 12.1or Xilinx Project navigator icon on the desktop of
PC.

2. Write the Verilog code by choosing HDL as top level source module.

3. Check syntax, view RTL schematic and note the device utilization summary by double
clicking on the synthesis in the process window.

4. Perform the functional simulation using Xilinx ISE simulator.

5. The output can be observed using model sim.

PROGRAM:

Verilog code for Multiplexer

module mux4to1(s0,s1,t0,t1,t2,t3,out);
input s0,s1,t0,t1,t2,t3;
output out;
wire sOn,s1n,n1,n2,n3,n4;
not(sOn,s0);
not(sln,sl);
and(nl,s0n,s1n,t0);
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and(n2,s0,s1n,t1);
and(n3,s0n,s1,t2);
and(n4,s0,s1,t3);
or(out,nl,n2,n3,n4);

endmodule

SIMULATION REPORT: (FOR MUX)
ig| wave - default

File Edit WYiew Add Format Tools Window

IEHS $ BRI INES|| SEAR

Jmuxdto 1/s0
Jmuxtolfs1
Jmucto 1/t0
Jmuxdto1/t1
Jmuncdto 1,/t2
Jmuxdto 1/t3
Jmuxcdto 1jout

o+
=

5
5
5
5
5

]
=

VERILOG CODE FOR DEMULTIPLEXER

module demux1to4(s0,s1,s0n,s1n,in,t0,t1,t2,t3);
input s0,s1,in;

output sOn,s1n,t0,t1,t2,t3;

wire sOn,s1n;

not(sOn,s0);

not(sln,sl);

and(t0,sOn,s1,in);

and(t1,sOn,s1n,in);

and(t2,s0,s1,in);

and(t3,s0,s1n,in);

endmodule
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SIMULATION REPORT: (FOR DEMUX)

M wave - default
File Edit View Add Format Tools Window

IEE&E sRRLY AT | SHEH |+« B[

Jdemuxs0
Jdemuxfs1
Jdemufin
Jdemux/s0n

Jdemuxfs1n
JdemuxtD
Jdemuxtl
Jdemuxt2
Jdemux/t3

RESULT:

Thus the verilog program for multiplexer and demultiplexer were written, synthesized and

simulated using Xilinx tool.

Page | 24




www.vidyarthiplus.com
EXP: NO: 6

SIMULATION OF ENCODER AND DECODER
DATE:

AIM:
To write a verilog program for encoder and decoder to synthesize and simulate using Xilinx

software tool.

TOOLS REQUIRED:
SOFTWARE:
1. Xilinx ISE Design Suite 12.1

ALGORITHM:
1. Start the program.

2. Declare the input and output variables.
3. Declare the output as register data type.
4. Use PROCEDURAL construct statements (behavioral modeling) for Verilog code.
5. Terminate the program.
THEORY:
ENCODER

An Encoder is a digital circuit that has 2" (or fewer) input lines and n output lines. The
output lines generate the binary the binary code corresponding to the input value. In encoder it is

assumed that only one input has a value of 1 at any given time.

DECODER

Discrete quantities of information are represented in digital systems by binary codes. A
binary code of n bits is capable of representing up to 2" distinct elements of coded information. A
decoder is a combinational circuit that converts binary information from n input lines to a
maximum of 2" unique output lines. If the n bit coded information unused combinations. The
decoder may have fewer than 2" outputs.

The decoder are also called ‘n’ to ‘m’ line decoders, where is less than or equal to 2", Their
purpose is to generate the 2" (or fewer) minterms of input variables. The name decoder is also used

in conjunction with other code converters such as BCD to SEVEN SEGMENT decoder.
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PROCEDURE: (FOR ENCODER & DECODER)

Software part

1. Click on the Xilinx ISE Design Suite 12.1 or Xilinx Project navigator icon on the desktop of

PC.
2. Write the Verilog code by choosing HDL as top level source module.

3. Check syntax, view RTL schematic and note the device utilization summary by double

clicking on the synthesis in the process window.
4. Perform the functional simulation using Xilinx ISE simulator.

5. The output can be observed using model sim.

PROGRAM:

Verilog code for Encoder

module encoder(a,b,c,d,s0,s1);
input a,b,c.d;

output s0,s1;

or(s0,c,d);

or(sl,b,d);

endmodule

SIMULATION REPORT: (FOR ENCODER)

M wave - default
File Edit WYiew Add Format Tools Window

NS EHS 2RO AT | SHRH|

Jencoderc

Jencaderfd
Jencoder fs0
Jencoderfs1
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VERILOG CODE FOR DECODEER

module decoder(s0,s1,t0,t1,t2,t3);
input s0,s1;

output t0,t1,2,t3;

wire sOn,s1n;

not(sOn,s0);

not(sln,sl);

and(t0,sOn,s1n);

and(t1,s0n,s1);

and(t2,s0,s1n);

and(t3,s0,s1);

endmodule

SIMULATION REPORT: (FOR DECODER)

ﬂ wave - default
File Edit WYiew Add Format Tools Window

I3 R& s =B AT S| @uﬁﬂj_

Messages

; jdecoderfs0
« /decoder/s1
4. [decoderftd

4 [decoder/t1
4 [decoder/t2
#.  [decoder/t3

RESULT:
Thus the verilog program for encoder and decoder were written, synthesized and simulated

using Xilinx tool.
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SIMULATION OF ARITHMATIC LOGIC UNIT
DATE:
AIM:

To write a verilog program for ALU to synthesize and simulate using Xilinx software tool.

TOOLS REQUIRED:
SOFTWARE:
1. Xilinx ISE Design Suite 12.1

ALGORITHM:
1. Start the program.
2. Declare the input and output variables.
3. Declare the output as register data type.
4. Use PROCEDURAL construct statements (behavioral modeling) for Verilog code.
5. Terminate the program.

THEORY:

It is a digital circuit that performs arithmetic and logical operations. The ALU is a

fundamental building block of the CPU of a computer and even the simplest microprocessors

contain of for purposes such as maintaining timers. The processors found inside modern CPU’s and

graphic processing units accommodate very powerful and very complex ALU’s.

PROCEDURE:
Software part

1. Click on the Xilinx ISE Design Suite 12.1or Xilinx Project navigator icon on the desktop of

PC.
2. Write the Verilog code by choosing HDL as top level source module.

3. Check syntax, view RTL schematic and note the device utilization summary by double

clicking on the synthesis in the process window.
4. Perform the functional simulation using Xilinx ISE simulator.

5. The output can be observed using model sim.
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PROGRAM:

Verilog code for ALU

module alu(y,a,b,cin,s);
output [7:0]y;
input [7:0]a,b;
input cin;

input [3:0]s;

reg [7:0]y;
always@(a,b,s)
begin

case(s)
4'b0000:y=a;
4'b0001:y=a+1;
4'b0010:y=a-1;
4'b0011:y=b;
4'b0100:y=b+1;
4'b0101:y=b-1;
4'b0110:y=a+b;
4'b0111:y=a+b+cin;
4'b1000:y=~a;
4'b1001:y=~b;
4'p1010:y=a&b;
4'b1011:y=a/b;
4'b1100:y=~(a&b);
4'b1101:y=~(a/b);
4'b1110:y=a’b;
4'b1111:y=~(a’b);
endcase

end

endmodule
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SIMULATION REPORT:

g wave - default =1 1E!

Flle Edit View Add Format Toolks Window

RESULT:
Thus the verilog program for ALU were written, synthesized and simulated using Xilinx

tool.
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EXP: NO: 8 vvvvvv.wuyal I.IIIIJIUD.L,UIII
SIMULATION OF 8- BIT ADDER
DATE:
AIM:

To write a verilog program for 8-Bit Adder to synthesize and simulate using Xilinx

software tool.

TOOLS REQUIRED:

Software:

1. Xilinx ISE Design Suite 12.1

ALGORITHM:
1. Start the program.
2. Declare the input and output variables.
3. Declare the output as register data type.
4. Use PROCEDURAL construct statements for Verilog code.
5. Write the functionality of the gates.
6. Terminate the program.

THEORY :

When you add large numbers carefully together the addition is done digit by digit. The

comwter does the same. In the illustration, two 8 —digit binary numbers are being added. The top

row contains the first number and the second row the other. Working from the right-hand side, there

can be no 'carry' to acd to the sum of the first two digits, so a half adder is sufficient. But for the

second and subsequent pairs of digits, full adders must be usee (any carry' is indicated by a f below

the adder). The output will be an 8-bit and if the carry is formed that will be shown in cout output

value.
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PROCEDURE:
Software part

1. Click on the Xilinx ISE Design Suite 12.1or Xilinx Project navigator icon on the desktop of
PC.

Write the Verilog code by choosing HDL as top level source module.

Check syntax, view RTL schematic and note the device utilization summary by double
clicking on the synthesis in the process window.

Perform the functional simulation using Xilinx ISE simulator.

AN O

The output wave form can be observed in model sim.

PROGRAM:

Verilog Code for 8§ BIT ADDER

module adderm(a, b, sum, carry);
input [7:0] a;

input [7:0] b;

output [7:0] sum;

output carry;

wire[8:0]temp;

assign temp=(a+b);

assign sum=temp(7:0];

assign carry=temp|[8];

endmodule
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SIMULATION REPORT :
M wave - default

File Edit Wiew Add Format Tools Window

B’ fadderm/z 11111111
B Jjadderm/b 00000001

F4  Jadderm/sum 00000000
Jadderm/jcarry

RESULT:

Thus the verilog program for 8-Bit Adder were written, synthesized and simulated using

Xilinx tool.
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EXP:NO: 9
SIMULATION OF 5-BIT MULTIPLIER

DATE:

AIM:

To write a verilog program for 4-Bit multiplier to synthesize and simulate using Xilinx

software tool.

TOOLS REQUIRED:

SOFTWARE:
1. Xilinx ISE Design Suite 12.1

ALGORITHM:
1. Start the program.
2. Declare the input and output variables.
3. Declare the output as register data type.
4. Use PROCEDURAL construct statements (behavioral modeling) for Verilog code.
5. Terminate the program.

THEORY:

Multiplication of two elements in the polynomial basis can be accomplished in the normal

way of multiplication, but there are a number of ways to speed up muultipication, especially in

hardware. In this type the multiplication can done parallel counter and it is generate carry. The

multiplication is independent of the carry so we can perform N number of multiplication

independent of carry.

PROCEDURE:
Software part

1. Click on the Xilinx ISE Design Suite 12.1or Xilinx Project navigator icon on the desktop of

PC.
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2. Write the Verilog code by choosing HDL as top level source module.
3. Check syntax, view RTL schematic and note the device utilization summary by double
4. clicking on the synthesis in the process window.
5. Perform the functional simulation using Xilinx ISE simulator.
6. The output wave form can be observed in model sim.
PROGRAM:

Verilog code for 4-Bit multiplier

module multiplierm(a, b, out);
input [4:0] a;

input [4:0] b;

output [9:0] out;

assign out=(a*b);

endmodule

SIMULATION REPORT:

File Edit WView Add Format Tools Window
[DsE8 sR@R0 A%

[+ ; Smultipliermfa oo | 11100 00111
I}

'+« /multiplierm/b g01]  Jiiiii 00010
B /multipliermfout 0010101111 00101011, 11101100... JO00000L...

RESULT:
Thus the verilog program for 4-Bit multiplier were written, synthesized and simulated using Xilinx

tool.
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EXP: NO: 10
SIMULATION OF D FLIP FLOP AND D LATCH

DATE:

AIM:
To write a verilog program for D-flip flop and D-latch to synthesize and simulate using

Xilinx software tool.

TOOLS REQUIRED:
SOFTWARE:
1. Xilinx ISE Design Suite 12.1

ALGORITHM:
1. Start the program.
2. Declare the input and output variables.
3. Declare the output as register data type.
4. Use PROCEDURAL construct statements (behavioral modeling) for Verilog code.
5. Terminate the program.

THEORY:

D-FLIP FLOP:
It has only a single data input. That data input is connected to the S input of RS-flip

flop, while the inverse of D is connected to the R input. This prevents that the input combination
ever occurs. To allow the flip flop to be in holding state, a D-flip flop has a second input called
“clock”. The clock input is AND-ed with the D input, such that when clock=0, the R and S inputs
of the RS-flip flop are 0 and the state is held.

D-LATCH:
It has only a single data input. That data input is connected to the S input of RS-flip flop,
while the inverse of D is connected to the R input. This prevents that the input combination ever

occurs. To allow the flip flop to be in holding state, a D-flip flop has a second input called “enable”.
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The enable input is AND-ed with the D input, such that when enable=0, the R and S inputs of the
RS-flip flop are 0 and the state is held.
PROCEDURE:

Software part:

1. Click on the Xilinx ISE Design Suite 12.1or Xilinx Project navigator icon on the desktop
of PC.

2. Write the Verilog code by choosing HDL as top level source module.

3. Check syntax, view RTL schematic and note the device utilization summary by double
clicking on the synthesis in the process window.

4. Perform the functional simulation using Xilinx ISE simulator.

5. The output can be observed using model sim.

PROGRAM:

Verilog code for D flipflop

module dff(d,clk,rst,q);
input d,clk,rst;
output q;
regq;
always @ (posedge clk or posedge rst)
begin

if (rst)

q<=1'b0;

else

if(clk)

q<=d;
end

endmodule
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SIMULATION REPORT:

File Edit View Add Format Tools Window

DS HE s 2R AES || SHAK|| 4+«

4 [dffid
4 [dffidk
4 [dfffrst

gim: /dff/rat @ &3 ns3
S5tl

Verilog code for D latch

module dlatch(d,en,b,c,a,q,qbar);
input d,en;

output b,c,a,q,qgbar;

wire b,c,a,q,qbar;

not(a,d);

nand(b,d,en);

nand(c,a,en);

nand(q,b,qgbar);

nand(gbar,c,q);

endmodule

SIMULATION REPORT:

File Edit View &dd Format Teools Window

[DsE& reBL AF% | SHRX |

4 fdlatch/d
4 [dlatchfen

4. fdiatch/gbar

RESULT:
Thus the verilog program for D-flip flop and D-latch were written, synthesized and simulated using

Xilinx tool.
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EXP:NO: 11
SIMULATION OF PSEUDO RANDOM BINARY SEQUENCE

DATE:

AIM:
To write a verilog program for Pseudo Random Binary Sequence to synthesize and simulate

using Xilinx software tool.

TOOLS REQUIRED:

Software:

1. Xilinx ISE Design Suite 12.1

ALGORITHM:
1. Start the program.
2. Declare the input and output variables.
3. Declare the output as register data type.
4. Use PROCEDURAL construct statements for Verilog code.
5. Write the functionality of the gates.
6. Terminate the program.
THEORY :
PRBS :

A PRBS is 'pseudorandom’, because, although it is in fact deterministic, it seems to be
random in a sense that the value of an element is independent of the values of any of the other
elements, similar to real random sequences.

A PRBS can be stretched to infinity by repeating it after elements, this in contrast to most
random sequences, such as sequences generated by radioactive decay or by white nolSE, that are
'infinite’ by nature. The PRBS is more general than the maximum length sequence, which is a
special pseudo-random binary sequence of N bits generated as the output of a linear shift register. A

maximum length sequence always has a 1/2 duty cycle and its number of elements .
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1. Click on the Xilinx ISE Design Suite 12.1or Xilinx Project navigator icon on the desktop of

PC.

2. Write the Verilog code by choosing HDL as top level source module.

3. Check syntax, view RTL schematic and note the device utilization summary by double

clicking on the synthesis in the process window.

4. Perform the functional simulation using Xilinx ISE simulator.

5. The output wave form can be observed in model sim.

PROGRAM:

Verilog Code for Pseudo Random Binary Sequence

module prbs(d, clk, reset, q);

input [3:0] d;
input clk;
input reset;
output [3:0] q;
reg [3:0]q;

reg [3:0]temp;
always @(clk)
begin

if(reset)
q=4d0000;
else

begin

temp=d;
temp[3]=temp[0]*temp[3];
q=temp<<l;
end

end
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endmodule

SIMULATION REPORT :
£« wave-defaull

File Edit View Add Format Tools Window

DS ES| & B@ 0

o[ T T Jpiip

RESULT:

Thus the verilog program for Pseudo Random Binary Sequence were written, synthesized

and simulated using Xilinx tool.
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EXP: NO: 12

SIMULATION OF ACCUMULATOR
DATE:

AIM:
To write a verilog program for Accumulator to synthesize and simulate using Xilinx

software tool.

TOOLS REQUIRED:
Software:
1. Xilinx ISE Design Suite 12.1
ALGORITHM:
1. Start the program.
2. Declare the input and output variables.
3. Declare the output as register data type.
4. Use PROCEDURAL construct statements for Verilog code.
5. Write the functionality of the gates.
6. Terminate the program.
THEORY :
ACCUMULATOR:

An accumulator is a register in which intermediate arithmetic and logic results are stored.
Without a register like an accumulator, it would be necessary to write the result of each calculation
(addition, multiplication, shift, etc.) To main memory, perhaps only to be read right back again for
use in the next operation. Access to main memory is slower than access to a register like the
accumulator because the technology used for the large main memory is slower (but cheaper) than

that used for a register.

The canonical example for accumulator use is summing a list of numbers. The accumulator

is initially set to zero, then each number in turn is read and added to the value in the accumulator.
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Only when all numbers have been added is the result held in the accumulator written to main

memory or to another, non-accumulator, CPU register.

PROGRAM:

Verilog Code for Accumulator

module accu (in, acc, clk, reset);
input [7:0] in;

input clk, reset;
output [7:0] acc;

reg [7:0] acc;
always@(clk) begin
if(reset)

acc <= 8'b00000000;
else

acc <= acc + 1in;

end

endmodule

PROCEDURE:

Software part

1. Click on the Xilinx ISE Design Suite 12.1or Xilinx Project navigator icon on the desktop of
PC.

2. Write the Verilog code by choosing HDL as top level source module.

3. Check syntax, view RTL schematic and note the device utilization summary by double
clicking on the synthesis in the process window.

4. Perform the functional simulation using Xilinx ISE simulator.

5. The output wave form can be observed in model sim.

Page 143




www.vidyarthiplus.com

SIMULATION REPORT :

ee| wave - default
File Edit View Add Fommat Teols Window

NSEHS BB HED | SHR |t H[ oosEER BP0 p|| &L ||
=t

00001000 fooobpopoo | [ T ooo0diil jpooiiil0 Jpoioiiodl Jopiiiioo jpoochood |

RESULT:
Thus the verilog program for Accumulator were written, synthesized and simulated using

Xilinx tool.
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EXP: NO: 13
SIMULATION OF UP-DOWN COUNTER

DATE:

AIM:
To write a verilog program for Up-Down Counter to synthesize and simulate using Xilinx

software tool.

TOOLS REQUIRED:
Software:

1. Xilinx ISE Design Suite 12.1

ALGORITHM:

Start the program.

Declare the input and output variables.

Declare the output as register data type.

Use PROCEDURAL construct statements for Verilog code.
Write the functionality of the gates.

AR e

Terminate the program.

THEORY :

UP-DOWN COUNTER :

A counter that can change state in either direction, under the control of an up or down
selector input, is known as an up/down counter. When the selector is in the up state, the counter
increments its value. When the selector is in the down state, the counter decrements the count.
Likewise the counter counts in both the directions continuously until attaining the end of the count.
The count is initiated by the positive clock pulse. The counter counts from 0000 to 1111 for up

count and 1111 to 0000 for down count.
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PROCEDURE:
Software part

1. Click on the Xilinx ISE Design Suite 12.1or Xilinx Project navigator icon on the desktop of

PC.
2. Write the Verilog code by choosing HDL as top level source module.

3. Check syntax, view RTL schematic and note the device utilization summary by double

clicking on the synthesis in the process window.
4. Perform the functional simulation using Xilinx ISE simulator.
5. The output wave form can be observed in model sim.

PROGRAM:

Verilog Code for Up-Down Counter

module updowncounterm(clk, clear, updown, q);
input clk;

input clear;

input updown;

output [3:0] q;

reg [3:0] q;

always @ (posedge clear or posedge clk)
begin

if(clear)

q <=4'b0000;

else if(updown)

q<=q+l1dbl;

else

q<=q-1bl;

end

endmodule
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SIMULATION REPORT :

=] wave - default

- OmE
File Edit View Add Format Tools Window
|DsR&a 1B AEB||SEAA||+es Fw-HEAED ool Ls ey [N o ke §|aqaq

Messages |

1111

RESULT:

Thus the verilog program for Up-Down Counte were written, synthesized and simulated
using Xilinx tool.
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EXP: NO: 14

STUDY OF IMPLEMENTATION IN FPGA
DATE:

AIM:
To study the implementation of programs in FPGA.

Eg: AND gate

TOOLS REQUIRED:
SOFTWARE REQUIRED:

1. Xilinx ISE Design Suite 12.1
HARDWARE REQUIRED:

1. XILINX SPARTAN3E FPGA kit.

PROCEDURE:

1. Now start the Xilinx ISE Design Suite 12.1

|4 ISE Project Navigator (M.53d) - [ISE Design Suite InfoCenter]

=Naon x|
|4 File Edit View Project Source Process Tools Window Layout Help _[[=][x
DAEHF L XEDX|we| »iAPEE R 2B 0m ,feirL £
Start 08 x| ) -
Welcome to the ISE® Design Suite 2
Use one of the options below to start working on a .
project. Refer to the "Additional resources™ section (= =
for more information. 2 ISE Design Suite 12 Release Overview
A
>~ ISE Design Suite Highlights.
S > Xilinx® ISE® Design Suite 12 enables dynamic power reduction using patent pending automated clock gating technology.
proj + Design preservation flow for timing predictability.
Double diick on a projectin the list below to open > AXl-4 compliantIP supporis a streamlined “plug-and-play” FPGA design flow. - Coming in Fall 2010
> Intuitive 4th generation partial reconfiguration design flow for Virtex&-6 enables lower system costs and power. L
» System Generator support for Windows® XP and VISTA® 64-bit 3
> High density design will see 2X faster synthesis and 1.3X faster implementation runtimes
Project commands IP Updates: Click here for 3 summary of IP library updates and new products.
Ease of Use: Click the Documentation tab to guickly locate important ISE documentation resources.
MNew Project... | | Open Example...
Resources
Additional resources > What's Mew in Xilinx ISE Design Suite
15E Desian Suite InfoCenter » Xilinx ISE Design Suite 12 Installation, Licensing, and Release Notes
ISE Quick Start. > Known issues in the Xilinx ISE Design Suite 12 Release
Tuterisls on the Web > Getting Started with the ISE Design Suite Tutorials
Application Notes
Z] 1SE Design Suite InfoCenter (<1
Find in Files Results +08 x
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No Search Results
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2. Go to file and click new project

28 ISE Project Navigator (M.53d] - [ISE Design Suite InfoCenter] =lE

Edit View Project Source Process Tools Window Layout Help BEE]
wo| JrraErRN RE O seirce@
st OpenProject.. EEE) =
Open Example.. B
e r © DesignRes: can ccta
U  CopyProject.. a 3
n 2]
A Close Project » ISE Design Suite 12 Release Overview
A
N Ctrl+N 2 = 2,
(3 New i 2 ISE Design Suite Highlights:
7 Open.. Ctrl+0
Close > Xilinx® ISE® Design Suite 12 enables dynamic power reduction using patent pending automated clock gating technology.
N Cirle§ > Design preservation flow for timing predictability.
H Ve i =N > AXl-4 compliant IP supports a streamlined "plug-and-play” FPGA design flow. - Coming in Fall 2010
Save As. > Intuitive 4th generation partial reconfiguration design flow for Viex®-G enables lower system costs and power. :
[P Save All > System Generator support for Windows® XP and VISTAS G4-bit 3
% > High density design will see 2X faster synthesis and 1.3X faster implementation runtimes
Print Preview...
'L Print.. Ctrl+P
Create Constraint Audit File IP Updates: Click here for a summary of IP library updates and new products.
Recent Fil 3
scent files Ease of Use: Click the Documentation tab to quickly locate important ISE documentation resources
Recent Projects »
Resources
Exit
S e > \What's New in Xilinx ISE Design Suite
ISE Design Suite InfoCenter » Xilinx ISE Desian Suite 12 Installation, Licensing, and Release Notes I
ISE Quick Start > Known issues in the Xilinx ISE Design Suite 12 Release
Tutorials on the Web > Getling Started with the ISE Design Suite Tutorials
Application Motes
15E Design Suite InfoCenter ﬂJ
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3. Enter the project name and click next
=4 ISE Project Navigator (M.53d) - [ISE Design Suite InfoCenter] [=[=] =

B File Edit View Project Source Proc

Tools Window Layout Help [=]=]x]

DeEdL spox|valfprpr R EEO)Frlirce)
[start 08X =) -
‘Welcome to the ISE® Design Suite
l=]  New Project Wizard
Use one of the options below to start working on a
project. Refer to the “Additional resources™ section
for more information. Create New Project
Specify project location and type.
Enter a name, locations, and comment for the project k gating technology.
Recent projects
Double ciick on a project n the list below to open N [ndgarel |
Location: [coserstandgate | | Ba power.
Working Directory: | C:\Users\andgate | E]
Deseription:
Project commands
Open Project...| |Project Browser...
Additional resources Select the type of top-level source for the project
ISE Desian Suite InfoCenter Top-level source type:
ISE Ouick Start
Tutorials on the Web [ [
‘Application Notes
Next Cancel
|Find in Files Results +08 %
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4. Select the family name is Spartan 3E, speed is -4 and simulator is verilog click next.

=4 ISE Project Navigator (M.53d) - [ISE Design Suite InfoCenter]

[=]=] =

BH File Edit View Project Source Proc

Tools Window Layout Help

HEE

DPEd s xpex/ve] fiprpgp Bl mneocFsrlirc )@
[start 08X =) -
‘Welcome to the ISE® Design Suite
@ New Project Wizard
Use ane of the options below to start working on a
project. Refer to the "Additional resources™ section
for mere information, Project Settings
Specify device and project properties.
Select the device and design flow for the project
k gating technology.
e e Property Name Value
Double click on a project in the list below to open Product Category All -
Family Spartan3E - id power. :
Device XC352508 = 3
Package Qa8 =
Speed -4 e
Project commands -
Top-Level Source Type [HoL [+
Project Browser... Synthesis Tool XST (VHDL/Verilog) -
Simulator Modelsim-SE Verilog =
Preferred Lanquage Verilog -
Property Specification in Project File | Store all values -
Additional resources Manual Compile Order =
T L
e VHDL Source Analysis Standard [VHDL-93 [=]
I5E Quick Start
Tutorials on the Web Enzble Message Filtering B
Application Motes
Next Cancel
|Find in Files Results 08 %
@l 1TEEHO
No Search Results
e | =0 =)
= | Cl | rg | b=
.
S. Click new source.
=4 ISE Project Navigator (M.53d) - DAandgate\andgate xise - [ISE Design Suite InfoCenter] [E=mEE =
File Edit View Project Source Process Tools Window Layout Help BEE]
DoE@ L[ snExval 2,3 R0 0=Feirs )9

|Design ~08x Q@
i {8} Implementation () W Simulation ®
(] | Hierarchy =iy
FAIER # xc3s250<-4pa208 3

The | (5] Add Source...
Y9432 Add Copy of Source.
from :
using  Manual Compile Order
Libral
- B Implement Top Module
Use:
File/Path Display »
Expand All
| 8 NoProcs  Collapse All

4| Nosingle de an Fing. Ctrl+F
¢ a3 D
% Design Properties...

7

o

[ stort | m3 pesign [ Fies [ Lirares E

Release Overview |IDESign Rest 0 ect Nay

ISE Design Suite 12 Release Overview
ISE Design Suite Highlights:

> Xilinx® ISE® Design Suite 12 enables dynamic power reduction using patent pending automated clock gating technology.
> Design preservation flow for timing predictability.

> AXl-4 compliant IP supports a streamlined "plug-and-play” FPGA design flow. - Coming in Fall 2010

> Intuitive 4th generation partial reconfiguration design flow for Viex®-G enables lower system costs and power.

> System Generator support for Windows® XP and VISTA® 64-bit.

> High density design will see 2X faster synthesis and 1.3X faster implementation runtimes

IP Updates: Click here for a summary of IP library updates and new products

Ease of Use: Click the Documentation tab to quickly locate important ISE documentation resources
Resources

> What's New in Xilinx ISE Design Suite

> Xilinx ISE Design Suite 12 Installation, Licensing, and Release Notes
> Known Issues in the Xilinx ISE Design Suite 12 Release

> Getting Started with the ISE Design Suite Tutorials

m

15E Design Suite InfoCenter
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6. Select verilog module and type file name and click next.

=4 ISE Project Navigator (M.53d) - DAandgate\andgate xise - [ISE Design Suite InfoCenter] [=[=] =
File Edit View Project Source Process Tools Window Layout Help REE]
DE@ ¥ nEx[wal Jirrpm Q] EooiEeirz e

o

|Design -
Hf | vew {8} mplementation
] | Hierarchy 4 ==
& £ xc3s250e-4pq208 E)
i Empty View A ISE De; b New Source Wizard
E-1-
= The view currently contains no files. Fe ISE De:
5| You can add files to the project Select Source Type
using the toolbar atleft, commands | = + Xill 3
from the Project menu, and by + Dd Select source type, file name and its location.
using the Design, Fles, and 1P (CORE Generator & Architecture Wizard)
Libraries panels. > Al
Schematic
i > Inig User Document L
> Sysy Verilog Module
oNewSource: To ceatea > Higl 1] Verilog Test Fiture
8 [k VHDL Module i -
» | ) NoProcesses Running [ VHDL Library i
= VHDL Package agate
74 | Mo single design module is selected. IP Upga g LR e :
S | @B  Design Utilities e
% Ease |Dil\andgate | )
7
E Resoul
> Wh
» Xili I
g Add to project
> Gef

[ stort | m3 pesign [ Fies [ Lirares E
|Find in Files Results +08 %
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Ne Search Results
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7. Assign input and output port and click next.

=4 ISE Project Navigator (M.53d) - D:\andgate\andgate xise - [ISE Design Suite InfoCenter] [=[a] =
B File Edit View Project Source Process Tools

Window Layout [=[=[=]

DAEF L[4 DX[0wa] » P TATE Eaik
|Design coax @ -
] | view: ® {5} Implementation ©) M Smulation
£&] | Hierarchy = u‘
B £ xc3s250e-4pq208 B
i Empty View ) ISE De: @ New Source Wizard
]
et The view currently contains no files. > ISE De:
& You can add files to the project Define Module
using the toolbar at left, commands | =
from the Project menu, and by o Specify ports for module. oy
2 using the Design, Files, and * De: - =
= Libraries panels. > AXI oo o (202
= T > Inig Port Name Direction Bus  MSB 18~ L
) > Sys| 3
b t -
sHNew Source: To reatea _ > Higl| - W &
Y c output =| 0
W | # NoProcesses Running input | @
L | No single design module is selected. IP Updd input x| B
B |3 Design Utilities input ~| [ =
% Ease input =| [
= input | @
m Resoul gt =l
> Wh input =B
> Xilif input ~| [ ] I |
r g input ~|E o
> Ge
[B stert | &3 pesign [I0) Fies [ wbraries| | =
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8. Finally the report is shown click finish and give yes.

=4 ISE Project Navigator (M.53d) - DAandgate\andgate xise - [ISE Design Suite InfoCenter]

[=]=] =

Fle Edit View Project Source Process Tools Window Layout Help BE|
DPEG L[ knEx(wa]| A BB R =0z selirce)?
|Design ~08x Q@ |

Hf | vew {8} mplementatio M Smulation

] | Hierarchy “ ==

B £ xc3s250e-4pq208 3

i Empty View A ISE De; @ New Source Wizard

-]

= The view currently contains no files, 2 ISE De:

;J You can add files to the project Summary

z using the toolbar at left, commands | = + il 3

from the Project menu, and by b Project Navigator will create a new skeleton source with the following spedifications.
using the Design, Files, and L o g
Libraries panels. > AXI Add to Project: Yes

Source Directory: D:\andgate
> Intul Source Type: Verilog Module
> Sys| Source Mame: agate.v

*New Source: To create a > Higl
&

Use:

Module name: agate

Port Definitions:

¥ No Processes Running ab Pin nput
c Fin output

No single design module is selected. IP Upd3
B Design Utilities

Resoul

HI[8R[8H|v

> Xili
> Kn
> Gel
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[ start | 8 pesign [0 Fies [Ty wibraries E
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Mo Search Results
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9. Type the program, save and click synthesis.

=4 ISE Project Navigator (M.52d) - DAandgate\andgate.xise - [agate.]

[B File Edit View Project Source Process Tools Window Layout Help

HEE

DoE? L[ 4nExval 2,3 R0 0=[Feirs )@
[Design «08 x| & 1 timescale 1ns / 1ps
{8} Impementation ) M Smulaton - 2 LI ETIELI LI AL LTI LI LI L ETILIL LI LI ETILLIP LTI LI EIILEIIE0I1
pn: — 3 // Company:
il heraichy 4 // Engineer:
[iz| ] andgate 4 5
5 B £ xc35250e-4pq208 6 // Create Date: 08:37:23 04/03/201%
13 7 // Design Name:
= “ 8 // Module Name: agate
;J — 9 // Project Name:
A 10 // Target Devices:
% 11 // Tool versions:
E 12 // Description:
- A 13
% 14 // Dependencies:
15 /7
16 // Revision:
17 // Revision 0.01 - File Created
¥ | s Running: Synthesis 18 // Additional Comments:
i 19 //
1 A 20 SILEIIIFEITIIILETEELLF LTI L ETEELILF LIS LELELLLf LTI ETEETILfEIIEIIEIETE]
Z¢| 1 K Design Summary/Reports 21 module agate(
= Design Utilities 22 input a,b,
) User Constraints 23 oninaide
E 24 y:
?)  Implement Design 25 and(c,a,b);
F)  Generate Programming File 26
%  Configure Target Device 27 endmoduls
@ Analyze Design Using ChipScope 28
0l mn *
[= start | =3 Design [I7 Fies [ wibraries| B ISE Design Suite InfoCenter =HE] agate.y Bl Design Summary {running) =]
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10. Select RTL schematic and view that.

=4 ISE Project Navigator (M.53d) - DAandgate\andgate xise - [agate (RTLL)]

[E=REER

[ Flle Edit View Project Source Process Tools Window Layout Help
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view: @ I8} Implementation () M Simulation

(] | Hierarchy

A & andgate
5 £ xc3s250e-4pq208
1% agate (agatew)
&l
o o
4

¥) NoProcesses Runring

Processes: agate e
Design Summary/Reports

Design Utilities

User Constraints

5 PAE) Synthesize - XsT
1€ =l ®
View Technelogy Schematic ®

Check Syntax
Generate Post-Synthesis Si...
Implement Design

1|83 | 8| v

F)  Generate Programming File
@5  Configure Target Device
€% Analyze Design Using ChipSc... ~
i= start | ®2 Design |I[] Fies | [ Ubraries| =]  1SE Design Suite InfoCenter El agate.v . Design Summary (Synthesized) B agate (RTLY) B
View by Category 08 x
Design Objects of Top Level Block Propertics: (No Sclection)
Instances Pins Signals Name Value
& agate
=0T ‘
RGN Rt |
. . o
11. Right click on the file name and select New Source
=4 ISE Project Navigator (M.52d) - DAandgate\andgate xise - [Design Summary (Synthesized)] (=B et
E File Edit View Project Source Process Tools Window Layout Help
o2 ) | = PREARFARE Oz iPE L
Design «+08 x 3| § DEE%‘ iui’r‘:::y &= agate Project Status (04/03/2014 - 09:39:07) =
§| PG hmkey o M) St @ Project File: |andgate.xise Parser Errors: [ 1o Errors
& H'Eff"“h' o Module Name: agate |1mplementation state: | synthesized
[ | andgate = Target Device: xc3s250e-4pq208 Errors: Mo Errors
u%:& agate (agatg\ij - ) Product Version: ISE 12.1 =Warnings: | Mo Warnings
{Z] Add Source... 5 = || Design Goak Balanced *Routing Results: |
; hings 1 -
%] Add Copy of Source... Messages Design Strategy: i Defeult (uniocked) «Timing Constraint:
(=] z §is Messages Environment: | system settings «Final Timing Score:
Manual Compile Order ko | L
= B Implement Top Module
Device Utilization Summary (estimated values) L1
File/Path Display > Logic Utilization used Available | utilization
P ) NoProcesses Running Expand All ;lEl’"EntEtmﬂ Messages Mumber of Slices 1 248 | 0% |
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s [ TUPtiGRaT DeEigh Summary Contents ) __ Detailed Reports ) )
Show Clock Report Report Name Status Generated Errors Warnings Infos
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12. Select Implementation Constraints File and type file name and click next.

=4 ISE Project Navigator (M.52d) - DAandgate\andgatexise - [Design Summary (Synthesized)]
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[Desion _-de x| & |7 o 0;':?:‘\:::: BT - S =
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L [ agate (agate.v] Varnings: jo Warnings
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= EiEl B elect Source Type iming Constraints:
E - B Select source type, file name and its location. inal Timing Score:
= on EMM File =
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-0 1y | IP (CORE Generator & Architecture Wizard) =
% i MEM File ization
B | ) NoProcesses Running = [2] Schematic . X 2448 0%
e £ Detailed [£] User Document € name: o T
74 | No single design module is selected. -~ B Verilog Module |agate
S |68 Design tilities I T | Verilog Test Fixture Lot 158 1%
el Design Prope| | | [%a VHDL Module 3
il [ Enabl [ VHDL Library [Drlandgate | &= L
= Optional Des [F] VHDL Package 1
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g g:"w o 0 o
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Add to project
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13. Type the Netlist and click save
=4 ISE Project Navigator (M.53d) - DAandgate\andgate xise - [agate.ucf] =lE
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14. Then double click Generate Programming File.

=4 ISE Project Navigator (M.53d) - DAandgate\andgate.xise - [agate.ct]

[ File Edit View Project Source Process Tools Window Layout Help [BEE
PEETE PR R Y-Y- V] > TP
|Design +08 x| & 1 NET "a" LOC = "plog" :
{8} mplementation = 2 NET "b" LOC ;
5 = NET "c" LOC ;
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5‘5‘ o andgate i
— | E €3 xc35250e-4pq208
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=l =
A
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=z i
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Bf| & Design Summary/Reports
= Design Utilities
24 User Constraints
= u Synthesize - XST
s View RTL Schematic E
View Technology Schematic
&) Check Syntax
€)  Generate Post Synthesis Si..
u Implement Design
Generate Programming File
Configure Target Device - ‘ i v

7
.,g Start
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o o .
15. Double click Configure Target Device and click OK.
=4 ISE Project Navigator (M.53d) - DAandgate\andgate.ise - [agate:v] [
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16. Double click Create PROM File in the ISE iMPACT window.

33 ISE IMPACT (M.53d) = =]
File Edit View Operations Output Debug Window Help
nal s R
MPACT Flows 08 X
25 Boundary Scan
2] SystemACE
- [E] Create PROM File (PROM File Format...
1% PROM File Formatter
Step 1. Select Storage Target Step 2. Add Storage Device(s) Step 3. Enter Data
Storage Device Type : - General File Detail Value
Checkum Fil |
(] Non-Volatlle FPGA. Storage Device (bits): Value
BN F\ashﬁg ‘ | Add Storage Device ] [Remnve Storage Dem:el Output Fie Name Diifisd
i Configure Single FPGA Output File - =
" Configure MultBoot FPGA Bk D:\andgate\ l =4
L el () BPIFlash
. Configure Single FPGA
. Configure MultBoot FPGA Flash/PROM File Property Valie &
. Configure from Paralieled PROMs E] E Fie Format e I
Generic Parallel PROM
Use Power-of-2 for Start Addr | No |
Number of Bitstream 2
Bitstream O Start Address 0
Bitstream 1 Start Address 675840
Add Non-Configuration Data Files |ves [
Number of Data File
[] Auto Select PROM B — = = =
Eres The PROM Fle Formatter wil guide you through the steps to format bitstream BIT files into a PROM file that is compatible with Xiinx@® and third-party PROM programmers. The -
programmed PROM device can then be used to configure the target FPGA. @ i
Additional capabilties of the PROM File Formatter include:
DDA Ely 4 ifir ot P k. ud EDCA hitotr, BIT fi i il
v

EEENEIEY

17. Select Storage Target Device as Xilinx Flash PROM and click forward.

33 ISE IMPACT (M.53d) =@ = |
File Edit View Operations Output Debug Window Help
2N
+08 X%

2% Boundary Scan

2] SystemACE
Create PROM File (PROM File Format...

1% PROM File Formatter

Step 1. Select Storage Target Step 2. Add Storage Device(s) Step 3. Enter Data
Storage Device Type : =% T 5] General File Detai Value
Xiinx Flash/PROM Checksum Fil |
=) Non-Volatile FPGA Device (bits) xcfols  [1M] [+ Value
. Spartan3aN R =
BN F\ashﬁg ‘ [ Add Storage Device ] [Remnve Storage Dem:el Pt P Name |
i Configure Single FPGA Output Fiie - =
" Configure MultBoot FPGA ek D:\andgate\ l =4
L el () BPIFlash
.. Configure Single FPGA
. Configure MultBoot FPGA Flash/PROM File Property Ve
. Configure from Paralleled PROMs E] E oy o I
Generic Parallel PROM
Use Power-of-2 for Start Addr | No |
Number of Bitstream 2
Bitstream 0 Start Address 0
Bitstream 15tart Address 675840
Add Non-Configuration Data Files |ves [
Number of Data File
Auto Select PROM e = F
Errors In this step, you wil select the appropriate target PROM(s) and their sizes. -
« PROM Family: This selection alows you to choose the specific family you are targeting.
« Device: This selection identifies the specific device in the PROM Family selected abave.
« Add Storage Device: After selecting the PROM Family and Device, use this button to add the device to the list of Storage Devices targeted.
ri Iea thic hittan o dalats. e Aassica fre tha lict halr lact Hra A iich ta Aalata amd dick thic hottan tn it Fre Hha lict e pl
»r
ok |[ cancet |[ ne ]
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18. Add storage Device as xcf01s [2 M] and click forward.

i ISE iIMPACT (M.53d)

=@ = |

File Edit View Operations Output Debug

Window Help

nal s R
MPACT Flows +08 X%
.23 Boundary Scan
2] SystemACE
- Create PROM File (PROM File Format...

1% PROM File Formatter

Do £

to specify the directory in which the file named above will be created
el e ofind,

tras ctandard farmate_Danands

In this step, you wil enter information to assist in setting up and generating a PROM file for the targeted storage device and mode.

+ha DDA fla o

« Checksum Fill Value: Vhen data is insufficient to fil the entire memory of a PROM, the value specified here is used to calculate the checksum of the unused portions.

= Qutput File Name: This allows you to spedfy the base name of the file to which your PROM data will be written

« Output File Location: This allows you
£l ha

t oonm

Step 1. Select Storage Target Step 2. Add Storage Device(s) Step 3. Enter Data
Storage Device Type : = Froprpm—— ] General File Detai Value
i Flash/PROM Checksum Fil .
(=) Mon-Yolatile FPGA Device (bits) xcfl2s [2mM n Value
. Spartan3AN ]
£ SPIFlash [ Add Storage Device ] [Ramuesmragenemm] | tited
i+ Configure Single FPGA Output File =
* Configure MultiBoot FPGA xcf0zs  [2M] e D\andgate\ ‘
L el () BPIFlash
i Configure Single FPGA
- Configure MultiBoot FPGA Flash/PROM File Property Value
L Confoure fom Pl PR (=] 8 e o =
Generic Parallel PROM
Add Non-Configuration Dats Flles |Nu |Z|
Auto Select PROM
Errors.

EEAEIEIEY

19. Type Output File Name and Location and click OK.

i ISE iIMPACT (M.53d)

=@ = |

File Edit View Operations Output Debug

Window Help

N

#+08 x

2% Boundary Scan

2] SystemACE
Create PROM File (PROM File Format...

1% PROM File Formatter

MPACT Pr Generic Parallel PROM

Auto Select PROM

Description:

Step 1. Select Storage Target Step 2. Add Storage Device(s) Step 3. Enter Data
Storage Device Type : = Froprpm—— ] General File Detai Value
i Flash/PROM Checksum Fil .
(=) Mon-Yolatile FPGA Device (bits) xcfl2s [2mM n Value
. Spartan3AN SR
) SPI Flash [ Add Storage Device ] [Ramuesmragenemm] L ame |agate|
i+ Configure Single FPGA Output File
*- Configure MultiBoot FPGA xcf02s 2M] st D:\endgate), ‘ =
- BPI Flash
i Configure Single FPGA
. Configure MultiBoot FPGA E] E Flash/PROM File Property Value
. Configure from Paralieled PROMs File Farmat s

Add Non-Configuration Dats Flles |Nu

ooAM £l

ha

to specify the directory in which the file named above will be created
Py ity starrlard femate. Danandi

In this step, you wil enter information to assist in setting up and generating 2 PROM file for the targeted storage device and mode.

#ha DDAM s o

« Checksum Fill Value: When data is insufficent to fl the entre memary of 2 PROM, the value specified here is used to calculate the checksum of the unused portions.
« Qutput File Name: This allows you to specify the base name of the fie ta which your PROM data will be written
- Output File Location: This allows you

+ ooAmM

EEENETEY
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20. Select the corresponding .bit file and click Open.

ISE iMPACT (M.53d) - [PROM File Formatter: Xilinx Flash/PROM] =8] % |
1 Add Device =) BEE|
\ -
le I\ » Computer » Local Disk (D:) » andgate » ~ [ 43 ][ Search andgate ol
Organize »  New folder Fil @ | oxooo0_oooo M
X Fovie “ Neme Date modified Type
B Deskiop )\ ngo 4/3/2014 357 AM  File folder
18 Downloads | xmsgs 4/3/2014 357 AM  File folder
I *cfi2s
% Recent Places |\ ipcore_dir 4/3/2014935 AM  File folder
1. isccentig 4/3/2014937 AM  File folder
3 Libraries = ) dnx_auto 0 xdb 0149:57 AM  Filefolder
[ Decuments 1ot 4/3/2014939 AM  File folder
o Music [ agateit 4/3/2014 357 AM  BIT File
[&=] Pictures.
£ Videos
1% Computer -
&, Local Disk (C3)
ca Local Disk (D) = < | i ] s
File name:  agate.bit + | FPGA Bit Files (*.bit)

0x0003_FFFF

@ PROM File Formatter: Xilinx Flash/PROM

IR REE]

[PROM File Generation [Target Xilinx PROM [0 Bits used [File: agate in Location: D\andgatel/ |

=%

21. Click No to Add Another Device and Click OK.

{5 ISE iMPACT (M.53d) - [PROM File Formatter:
W File Edit View Operations
DPE[BEGw
IMPACT Flows

53 Boundary Scan

linx Flash/PROM] =@ = |

Window Help HEE

0x0000_0000

[Z] SystemACE
- [E] Create PROM File (PROM File Format...

xc3s250e
agate bit

You have completed the device file entry.
Click 'Ok’ to continue

2|2 H
2 &
IMPACT Processes ~+08 X - E
2|3
Al Oper s e [
=) Generate File... s
0x0003_FFFF B
) PROM File Formatter: Xiin Flash/PROM [x]

|PROM File Generation | Target Xilinx PROM 1,353,728 Bits used |File: agate in Location: D:\andgate\/ |

1029AM | |
X a2

AN AENETEY
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22. Double click Generate File.

@ ISE iMPACT (M.53d) - [PROM File Formatter: Xilinx Flash/PROM] =
% File Edit View Operstions Output Debug Window Help REE
DAE[w [molsw
MPACT Flows 08 x -
2% Boundary Scan 0x0000_D000
- [2] SystemACE
- [5] Create PROM File (PROM File Format...
=]
= *cf02s
xc352508
agate.bit
agate.bit
B =
c|g
|IMPACT Processes Ea=E-E3 - W
= (5
Available Operations are: [
=
0x0003_FFFF L4
% PROM File Formatter: Xiinx Flash/PROM ﬂJ

[PROM File Generation | Target Xilinx PROM 1,353,728 Bits used [File: agate in Location: DA\andgatel/ |

] % e

a1 ||

AR NE

23. Double click Boundary Scan and Right click on the window and select Initialize

Chain.

{§ ISE iMPACT (M.53d) - [Boundary Scan] =

% File Edit View Operstions Output Debug Window Help REE
PEHEEE T T

IMPACT Flows 08 X

" 25 Boundary Scan

[Z] SystemACE
- [2] Create PROM File (PROM File Format...

Add Xilinx Device... Ctrl+D
Add Non-Xilinx Device..  Ctrl+K

Cable Aute Connect

Cable Setup...
Output File Type y
Right click to Add Device or Initialize JTAG chain
IMPACT Processes =N
Available Operations are:
B PROM File Formatter: Xiinx Flash/PROM = Boundary Scan E

No Cable Connection |No File Open | | |

Z]iey e

43/2014 ||

|
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24. Now Select the corresponding .mcs file and click open.

{8 ISE iMPACT (M.53d) - [Boundary Scan] o (@] ® |
W File Edit View Operations findow Help [=1[=]=]

D3E/¥BbBXx

A4 My Computer || )
- 1 _xmsgs

B, admin 1. ipcore._dir

1. iseconfig

1 xinx_auto 0_xdb

g

MPACT Flows {3 Assign New Configuration File =R
[ =% Boundary Scan .
[5] systemace Lookin: | J. Dilandgate e oo Bl
[£] Create PROM File (PROM File =

iMPACT Processes

File name: | agate.mes

Available Operations are:
= Erase
mp Blank Check

= Readback Files of type: |l Design Files (*.mes .isc *bsd)

mp Get Device ID
=p Get Device Checksum

= Get Device Signature/Usercade

=7 PROM File Formatter: Xiinx Flash/PROM =IE3

Boundary Scan

]|

¢ AR RIEIIETEY

25. Click OK in the Device Programming Properties window.

Configuration |Parallel I [200 KHz | [LPTL

10:20 AM el

b e

1% ISE IMPACT (M.53d) - (Boundary Scan] [o|@] = |
B Fle FEdit View Operations Output Debug Window Help [=[=]=]

DPE xehxEu%: #g=mzrFN

MPACT Flows +0O8 X
23 Boundary Scan
-~ [2] systemace
[ Create PROM File (PROM File Format... |
|
3
1% Device Programmiing Properties - Device 1 Programming Properties =
Category
Do .
= {Boundary-scan
8 01 (Prom »ctis | ProperyNome e

Verify

Erase The Entire Device

Read Protect &

PROM/CoolRunner-[Usercode (8 Hex Digits) [ |

Load FPGA B
iIMPACT Processes +08 X
Available Operations are:
= Erase
= Blank Check
= Readback
= Get Device ID
= Get Device Checksum
=p Get Device Signature/Usercade

J [ concel ][ oy [ reb
=) PROM File Formaitter: Xiinx Flash/PROM =IE3 Boundary Scan QJ

ElCAENETEY

Configuration |Parallel I [200 KHz | [LPTL

10:20 AM el
X a3
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26. Download the Program on to the kit by Right clicking on the device icon and select

program.
{5 ISE IMPACT (M.53d) - [Boundary Scan] =
©p File Edit View Operations Output Debug Window Help BEE
VAT B I = -
ag H‘ AoEXnHX: 232 5 \ I
[IMPACT Flows “08x
=5 Boundary Scan
- [2] SystemACE
5] Create PROM File (PROM File Format... | i n
o Verfy
agate  Erase
pt-> Blank Check
Readback...
Get Device ID
Get Device Checksum
Get Device Signature/Usercode
One Step SVF
One Step XSVF
Assign New Configuration File...
Pt TR Set Programming Properties...
Available Operations are: e e
= Program
o ik Launch File Assignment Wizard
= Erase Set Target Device
= Blank Check
= Readback
= Get Device ID
= Get Device Checksum
=5 Get Device Signature/Usercode
= One Step SUF
=5 One Step XSVF
) PROM File Formaitter: Xl Flash/PROM FIED Boundary Scan 8]

Configuration |Parallel I [200 KHz | [LPTL

Z1EY

Ole _|o (=

27. After the program got downloaded successfully, change corresponding DIP

switchto see the output.

1 ISE IMPACT (M.53d) - [Boundary Scan] =

©p File Edit View Operations Output Debug Window Help [=]=]=]
DPE ¥pbxum%: #3220 ,N

_iMPAL'I' Flows 08 X

=2 Boundary Scan

[Z] SystemACE
- [2] Create PROM File (PROM File Format... -

xcfozs
agate.mes.
0

iMPACT Processes +08f X

Available Operations are:
= Program

= Verify

=) Erase

=% Blank Check

md Readback

mp Get Device ID

=p Get Device Checksum

= Get Device Signature/Usercade
=5 One Step SVF

=5 One Step XSVF

Program Succeeded

=) PROM File Formatter: Xiinx Flash/PROM =Nk’ Boundary Scan 8

Blie [0 (1=
RESULT:
Thus the study about various synthesis tools used in the Xilinx 9.2i download in FPGA is studied.

Configuration |Parallel I [200KHz | [LPTL

Z1EY
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EXP:NO:15

IMPLEMENTATION OF BASIC LOGIC GATES IN FPGA

DATE:

AIM:
To write a verilog program for basic logic gates to synthesize and implement in FPGA

board using Xilinx tool.

TOOLS REQUIRED:
SOFTWARE:
1. Xilinx ISE Design Suite 12.1

HARDWARE:
1. XILINX SPARTAN3E FPGA kit

ALGORITHM:

Start the program.

Declare the input and output variables.

Declare the output as register data type.

Use PROCEDURAL construct statements (behavioral modeling) for Verilog code.
Write the functionality of the gates.

AN e

Terminate the program.

THEORY:
AND GATE:

The AND gate performs logical multiplication which is most commonly known as the AND
junction. The operation of AND gate is such that the output is high only when all its inputs are high
and when any one of the inputs is low the output is low.

Y=a&b
OR GATE:

The OR gate performs logical addition which is most commonly known as the OR junction.
The operation of OR gate is such that the output is high only when any one of its input is high and
when both the inputs are low the output is low.

Y=alb
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NOT GATE:

The Inverter performs a basic logic gate function called Inversion or Complementation. The
purpose of an inverter is to change one logic level to opposite level. When a high level is applied
top an inverter, the low level will appear at the output and vice versa.

Y=-~a
NAND GATE:
The term NAND is derived from the complement of AND. It implies the AND junction with

an inverted output. The operation of NAND gate is such that the output is low only when all its
inputs are high and when any one of the inputs is low the output is high.

Y=~(@a&b)
NOR GATE:

The term NOR is derived from the complement of OR. It implies the OR junction with an
inverted output. The operation of NOR gate is such that the output is high only when all its inputs
are low and when any one of the inputs is high the output is low.

Y =~(alb)
EX-OR GATE:
The output is high only when the inputs are at opposite level.

Y=a’b

EX-NOR GATE:
The output is high only when the inputs are at same level.

Y=~(@"b)

PROCEDURE:
Software part

1. Click on the Xilinx ISE Design Suite 12.1or Xilinx Project navigator icon on the desktop of
PC.

2. Write the Verilog code by choosing HDL as top level source module.

3. Check syntax, view RTL schematic and note the device utilization summary by double
clicking on the synthesis in the process window.

4. Perform the functional simulation using Xilinx ISE simulator.

5. Open a new UCF file and lock the pins of the design with FPGA 1/0O pins.

6. Implement the design by double clicking on the implementation tool selection.
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7. Create programming file (i.e., bit file) for downloading into the specified device.

Hardware part

A o e

program with test bench)

Connect the power supply cable to the FPGA kit using power supply adapter.

Connect FPGA board to parallel port of PC using parallel port cable.

Connect FRC1 of FPGA board with the switches (i/ps) of GPIO card - II using FRC cable.
Connect FRC2 of FPGA board with the LEDs (o/ps) of GPIO card - II using FRC cable.

To simulation go to model sim and verify the output waveform.(for simulation execute the

6. To varying the input port in the FPGA board to verify the output.(for FPGA implementation

use only the main poogram)

PROGRAM:

Verilog Code for basic logic gates

module logicgates(a,b,c,d,e.f,g,h);
input a,b;

output c,d,e.f,g,h;

and(c,a,b);

or(d,a,b);

not(e,a);

nand(f,a,b);

xor(g,a,b);

xnor(h,a,b);

endmodule
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USER CONSTRAIN:

NET "a" LOC = "p106";
NET "b" LOC = "p107";
NET "¢" LOC = "p160";
NET "d" LOC = "p161";
NET "e" LOC = "p162";
NET "f" LOC = "p163";
NET "g" LOC = "p164"

RESULT:
Thus the verilog program for basic logic gates were written, synthesized and implemented

in FPGA device.
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EXP: NO: 16
' IMPLEMENTATION OF HALF ADDER AND
DATE: FULL ADDER IN FPGA
AIM:

To write a verilog program for half adder and full adder to synthesize and implement in

FPGA board using Xilinx tool.

TOOLS REQUIRED:

SOFTWARE:

1. Xilinx ISE Design Suite 12.1

HARDWARE:

1. XILINX SPARTAN3E FPGA kit
ALGORITHM:

Start the program.
Declare the input and output variables.
Declare the output as register data type.

Use PROCEDURAL construct statements (behavioral modeling) for Verilog code.

A

Terminate the program.

THEORY:

HALF ADDER:

The half adder consists of two input variables designated as Augends and Addend bits.
Output variables produce the Sum and Carry. The ‘carry’ output is 1 only when both inputs are 1
and ,sum’ is 1 if any one input is 1. The Boolean expression is given by,

sum=x"y

carry =x & y
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FULL ADDER:

A Full adder is a combinational circuit that focuses the arithmetic sum of three bits. It

consists of 3 inputs and 2 outputs. The third input is the carry from the previous Lower Significant

Position. The two outputs are designated as Sum (S) and Carry (C). The binary variable S gives the

value of the LSB of the Sum. The output S=1 only if odd number of 1’s are present in the input and

the output C=1 if two or three inputs are 1.

sum=x"y”"z

cary=x & y) Il (y& z) | (x & z)

PROCEDURE:

Software part

w

NS0k

Click on the Xilinx ISE Design Suite 12.1or Xilinx Project navigator icon on the desktop of
PC.

Write the Verilog code by choosing HDL as top level source module.

Check syntax, view RTL schematic and note the device utilization summary by double
clicking on the synthesis in the process window.

Perform the functional simulation using Xilinx ISE simulator.

Open a new UCF file and lock the pins of the design with FPGA 1/0O pins.

Implement the design by double clicking on the implementation tool selection.

Create programming file (i.e., bit file) for downloading into the specified device.

Hardware part

A e

Connect the power supply cable to the FPGA kit using power supply adapter.

Connect FPGA board to parallel port of PC using parallel port cable.

Connect FRC1 of FPGA board with the switches (i/ps) of GPIO card - II using FRC cable.
Connect FRC2 of FPGA board with the LEDs (o/ps) of GPIO card - II using FRC cable.

To simulation go to model sim and verify the output waveform.(for simulation execute the
program with test bench)

To varying the input port in the FPGA board to verify the output.(for FPGA implementation

use only the main poogram)
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PROGRAM:

Verilog code for half adder

module halfadder(a, b, sum, carry);
input a;

input b;

output sum;

output carry;

xor(sum,a,b);

and(carry,a,b);

endmodule

USER CONSTRAIN:

NET "a" LOC ="p106";
NET "b" LOC = "p107";
NET "sum'" LOC ="p160";
NET "carry" LOC ="p161";

PROGRAM:
Verilog code for full adder

module fulladder(a,b,c,sum,carry);
input a,b,c;

output sum,carry,

wire d.e,f;

xor(d,a,b);

xor(sum,d,c);

and(e,d,c);

and(f,a,b);

or(carry,e,f);

Page | 68




www.vidyarthiplus.com

endmodule

USER CONSTRAINT:

NET “a” LOC = “p106”;
NET “b” LOC = “p1077;
NET “¢” LOC = “p108”;
NET “sum” LOC = “p160”;
NET”carry” LOC="p161”;

RESULT:
Thus the verilog program for half adder and full adder were written, synthesized and

implemented in FPGA device.
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EXP: NO: 17 IMPLEMENTATION OF HALF SUBTRACTOR AND
FULL SUBTRACTOR IN FPGA
DATE:
AIM:

To write a verilog program for half subtractor and full subtractor to synthesize and

implement in FPGA board using Xilinx tool.

TOOLS REQUIRED:
SOFTWARE:
1. Xilinx ISE Design Suite 12.1
HARDWARE:
1. XILINX SPARTAN3E FPGA kit
ALGORITHM:
1. Start the program.
2. Declare the input and output variables.
3. Declare the output as register data type.
4. Use PROCEDURAL construct statements (behavioral modeling) for Verilog code.
5. Terminate the program.
THEORY:
HALF SUBRACTOR:

The Half subtractor consist of two input variables, the output variables produce the
Difference (d) and Borrow (bo). The output ‘bo’ is 1 only when the input ‘a’ is at low level and
other input ‘b’ is at higher level. The output‘d’ is 1 only when only one of the inputs is 1. The
Boolean expression for half subtractor is given by,

difference =a” b

borrow = a’b
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FULL SUBTRACTOR:

A full subtractor is a multiple output combinational logical network which performs a
subtraction between two binary bits considering that a ‘1’ might have been borrowed by a lower
significant stage. Along with the minuend ‘a’ and the subtrahend ‘b’, the third input is the borrow
bit ‘c’, from the previous stage of subtraction. The combinational logic network of the full
subtractor thus has three inputs and two outputs. The two outputs produced are the difference bit
output‘d’ and a final borrow ‘bo’ respectively. The Boolean expression for full subtractor is given
by,

difference=a”b”c

borrow =a’b + a’c + bc

PROCEDURE: (SAME FOR HALF SUBTRACTOR AND FULL SUBTRACTOR)

Software part
1. Click on the Xilinx ISE Design Suite 12.1or Xilinx Project navigator icon on the desktop of

PC.
2. Draw the half subtractor and full subtractor circuit by choosing schematic as top level
source module.
3. Check syntax, view RTL schematic and note the device utilization summary by double
clicking on the synthesis in the process window.
Perform the functional simulation using Xilinx ISE simulator.
Open a new UCF file and lock the pins of the design with FPGA 1/0O pins.

Implement the design by double clicking on the implementation tool selection.

N s

Create programming file (i.e., bit file) for downloading into the specified device.

Hardware part

Connect the power supply cable to the FPGA kit using power supply adapter.

Connect FPGA board to parallel port of PC using parallel port cable.

Connect FRC1 of FPGA board with the switches (i/ps) of GPIO card - II using FRC cable.
Connect FRC2 of FPGA board with the LEDs (o/ps) of GPIO card - II using FRC cable.

A o e

To simulation go to model sim and verify the output waveform.(for simulation execute the

program with test bench)
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6. To varying the input port in the FPGA board to verify the output.(for FPGA implementation

use only the main poogram)

PROGRAM:

Verilog code for half subtractor

module halfsubtractor(a,b,sub,borrow,);
input a,b;

output sub,borrow;

xor(sub,a,b);

not(x,a);

and(borrow,x,b);

endmodule

USER CONSTRAIN:

NET "a" LOC ="p106";

NET "b" LOC = "p107";

NET "sub" LOC = "p160";
NET "borrow' LOC ="p161" ;

PROGRAM:

Verilog code for full subtractor

module fullsubtractor(a,b,c,sub,borrow);
input a,b,c;

output sub,borrow;

xor(p,a,b);

not(x,a);

and(g,x,b);

xor(sub,p,c);

not(y,p);

and(z,y,c);

or(borrow,z,g);
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endmodule

USER CONSTRAIN:

NET "a" LOC = "p106";
NET "b" LOC = "p107";
NET "c¢" LOC ="p108";
NET "sub" LOC = "p160";
NET ’borrow” LOC="p161”

RESULT:

www.vidyarthiplus.com

Thus the verilog program for half subtractor and full subtractor were written, synthesized

and implemented in FPGA device.
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EXP: NO: 18 IMPLEMENTATION OF MULTIPLEXER AND
DEMULTIPLEXER IN FPGA
DATE:
AIM:

To write a verilog program for multiplexer and demultiplexer to synthesize and implement

in FPGA board using Xilinx tool.

TOOLS REQUIRED:

SOFTWARE:
1. Xilinx ISE Design Suite 12.1

HARDWARE:
1. XILINX SPARTAN3E FPGA kit

ALGORITHM:
1. Start the program.

2. Declare the input and output variables.
3. Declare the output as register data type.
4. Use PROCEDURAL construct statements (behavioral modeling) for Verilog code.
5. Terminate the program.
THEORY:
MULTIPLEXER

A Multiplexer is a Combinational circuit that selects binary information from one of many
input lines and directs it to a single output line. The set of selection of a particular line is controlled
by selection lines. Normally there are 2" input lines and n selection lines whose bit combinations
determine which input is selected.

The 4:1 MUX has four inputs Iy, I;, I, and I3 and select lines Sy and S;. The select lines sO
and s1 are decoded to select a particular AND gate. The outputs of the AND gates are applied to a
single OR gate that provides the one line output Y.
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DEMULTIPLEXER

A Demultiplexer is a Combinational circuit that selects binary information from one of

input line and directs it to many output line. The set of selection of a particular output is controlled

by selection lines. Normally there are 1 input line and 2" selection lines whose bit combinations

determine the output.

The 1:4 DEMUX has one input and select lines Sy and S;. The select lines sO and s1 are

decoded to select a particular AND gate. The outputs of the AND gates provides the various line

output Yy, Yo, Yz and Y.

PROCEDURE: (SAME FOR BOTH MUX & DEMUX)

Software part

1.

»

Nk

Click on the Xilinx ISE Design Suite 12.1or Xilinx Project navigator icon on the desktop of
PC.

Write the Verilog code by choosing HDL as top level source module.

Check syntax, view RTL schematic and note the device utilization summary by double
clicking on the synthesis in the process window.

Perform the functional simulation using Xilinx ISE simulator.

Open a new UCEF file and lock the pins of the design with FPGA I/O pins.

Implement the design by double clicking on the implementation tool selection.

Create programming file (i.e., bit file) for downloading into the specified device.

Hardware part

A

Connect the power supply cable to the FPGA kit using power supply adapter.

Connect FPGA board to parallel port of PC using parallel port cable.

Connect FRC1 of FPGA board with the switches (i/ps) of GPIO card - I using FRC cable.
Connect FRC2 of FPGA board with the LEDs (o/ps) of GPIO card - II using FRC cable.

To simulation go to model sim and verify the output waveform.(for simulation execute the
program with test bench)

To varying the input port in the FPGA board to verify the output.(for FPGA implementation

use only the main poogram)
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PROGRAM:

Verilog code for Multiplexer

module mux4to1(s0,s1,t0,t1,t2,t3,out);
input s0,s1,t0,t1,t2,t3;
output out;

wire sOn,sIn,n1,n2,n3,n4;
not(sOn,s0);

not(sln,sl);
and(nl,sOn,s1n,t0);
and(n2,s0,s1n,t1);
and(n3,s0n,s1,t2);
and(n4,s0,s1,t3);
or(out,nl,n2,n3,n4);

endmodule

USER CONSTRAIN:

NET "s0" LOC = "p1066”;
NET "s1" LOC = "p107”;
NET "t0" LOC = "p108”;
NET "t1" LOC = "p109”;
NET "t2" LOC = "p1127;
NET "t3" LOC ="p1137;
NET”out” LOC="p160”

VERILOG CODE FOR DEMULTIPLEXER

module demux1to4(s0,s1,in,t0,t1,t2,t3);
input s0,s1,in;
output t0,t1,2,t3;

wire sOn,s1n;
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not(sOn,s0);
not(sln,sl);
and(t0,sOn,s1,in);
and(tl,sOn,s1n,in);
and(t2,s0,s1,in);
and(t3,s0,s1n,in);

endmodule

USER CONSTRAIN:

NET "s0" LOC = "p106”;
NET "s1" LOC = "p107”;
NET "in" LOC = "p108”;
NET "t0" LOC = "p160”;
NET "t1" LOC = "p161”;
NET "t2" LOC = "p162”;
NET "t3" LOC = "p163";

RESULT:
Thus the verilog program for mux and demux were written, synthesized and implemented in

FPGA device.
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IMPLEMENTATION OF ENCODER AND DECODER
DATE: IN FPGA
AIM:

To write a verilog program for encoder and decoder to synthesize and implement in FPGA

board using Xilinx tool.

TOOLS REQUIRED:
SOFTWARE:
1. Xilinx ISE Design Suite 12.1

HARDWARE:
1. XILINX SPARTAN3E FPGA kit

ALGORITHM:
1. Start the program.

2. Declare the input and output variables.
3. Declare the output as register data type.
4. Use PROCEDURAL construct statements (behavioral modeling) for Verilog code.
5. Terminate the program.
THEORY:
ENCODER

An Encoder is a digital circuit that has 2" (or fewer) input lines and n output lines. The
output lines generate the binary the binary code corresponding to the input value. In encoder it is

assumed that only one input has a value of 1 at any given time.

DECODER

Discrete quantities of information are represented in digital systems by binary codes. A
binary code of n bits is capable of representing up to 2" distinct elements of coded information. A
decoder is a combinational circuit that converts binary information from n input lines to a
maximum of 2" unique output lines. If the n bit coded information unused combinations. The

decoder may have fewer than 2" outputs.
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PROCEDURE: (FOR ENCODER & DECODER)

Software part

1.

het

N s

Click on the Xilinx ISE Design Suite 12.1or Xilinx Project navigator icon on the desktop of
PC.

Write the Verilog code by choosing HDL as top level source module.

Check syntax, view RTL schematic and note the device utilization summary by double
clicking on the synthesis in the process window.

Perform the functional simulation using Xilinx ISE simulator.

Open a new UCF file and lock the pins of the design with FPGA 1/0O pins.

Implement the design by double clicking on the implementation tool selection.

Create programming file (i.e., bit file) for downloading into the specified device.

Hardware part

1. Connect the power supply cable to the FPGA kit using power supply adapter.

2. Connect FPGA board to parallel port of PC using parallel port cable.

3. Connect FRCI1 of FPGA board with the switches (i/ps) of GPIO card - II using FRC cable.

4. Connect FRC2 of FPGA board with the LEDs (o/ps) of GPIO card - IT using FRC cable.

5. To simulation go to model sim and verify the output waveform.(for simulation execute the
program with test bench)

6. To varying the input port in the FPGA board to verify the output.(for FPGA implementation
use only the main poogram)

PROGRAM:

Verilog code for Encoder

module encoder(a,b,c,d,s0,s1);

input a,b,c,d;

output s0,s1;
or(s0,c,d);
or(sl,b,d);

endmodule
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USER CONSTRAIN:

NET "a" LOC = "p106"
NET "b" LOC = "p107";
NET "¢" LOC = "p108";
NET "d" LOC = "p109";
NET”’s0” LOC="p160”
NET “s1” LOC="p161”;

VERILOG CODE FOR DECODEER

module decoder(s0,s1,t0,t1,t2,t3);
input s0,s1;

output t0,t1,t2,t3;

wire sOn,s1n;

not(sOn,s0);

not(sln,sl);

and(t0,sOn,s1n);

and(tl,sOn,s1);

and(t2,s0,s1n);

and(t3,s0,s1);

endmodule

USER CONSTRAIN:

NET "s0" LOC = "p106”;
NET "s1" LOC = "p107”;
NET "t0" LOC = "p160”;
NET "t1" LOC = "p161";
NET "2" LOC = “p162”;
NET "t3" LOC = “p163”;
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Thus a verilog program for encoder and decoder was synthesized and implemented in

FPGA board using Xilinx tool.
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EXP: NO: 20
IMPLEMENTATION OF D FLIP FLOP AND D LATCH IN
DATE:
FPGA
AIM:

To write a verilog program for D-flip flop and D-latch to synthesize and implement in

FPGA board using Xilinx tool.

TOOLS REQUIRED:

SOFTWARE:

1. Xilinx ISE Design Suite 12.1

HARDWARE:
1. XILINX

ALGORITHM:

Start the program.

A S e

Terminate the program.

THEORY:

D-FLIP FLOP:

SPARTAN3E FPGA Kkit.

Declare the input and output variables.
Declare the output as register data type.

Use PROCEDURAL construct statements (behavioral modeling) for Verilog code.

It has only a single data input. That data input is connected to the S input of RS-flip flop,

while the inverse of D is connected to the R input. This prevents that the input combination ever

occurs. To allow the flip flop to be in holding state, a D-flip flop has a second input called “clock”.

The clock input is AND-ed with the D input, such that when clock=0, the R and S inputs of the RS-

flip flop are O and the state is held.
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D-LATCH:

It has only a single data input. That data input is connected to the S input of RS-flip flop,

while the inverse of D is connected to the R input. This prevents that the input combination ever

occurs. To allow the flip flop to be in holding state, a D-flip flop has a second input called “enable”.

The enable input is AND-ed with the D input, such that when enable=0, the R and S inputs of the

RS-flip flop are 0 and the state is held.

PROCEDURE:

Software part

1.

het

N s

Click on the Xilinx ISE Design Suite 12.1or Xilinx Project navigator icon on the desktop of
PC.

Write the Verilog code by choosing HDL as top level source module.

Check syntax, view RTL schematic and note the device utilization summary by double
clicking on the synthesis in the process window.

Perform the functional simulation using Xilinx ISE simulator.

Open a new UCF file and lock the pins of the design with FPGA 1/O pins.

Implement the design by double clicking on the implementation tool selection.

Create programming file (i.e., bit file) for downloading into the specified device.

Hardware part

A o e

Connect the power supply cable to the FPGA kit using power supply adapter.

Connect FPGA board to parallel port of PC using parallel port cable.

Connect FRC1 of FPGA board with the switches (i/ps) of GPIO card - II using FRC cable.
Connect FRC2 of FPGA board with the LEDs (o/ps) of GPIO card - II using FRC cable.

To simulation go to model sim and verify the output waveform.(for simulation execute the
program with test bench)

To varying the input port in the FPGA board to verify the output.(for FPGA implementation

use only the main poogram)
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PROGRAM:

Verilog code for D flipflop
module dff(d,clk,rst,q);

input d,clk,rst;
output q;
regq;
always @ (posedge clk or posedge rst)
begin
if (rst)
q<=1'b0;
else
if(clk)
q<=d;
end

endmodule

USER CONSTRAIN:

NET "d" LOC = "p106”;
NET "clk" LOC = "p107”;
NET '"rst" LOC = "p108’’;

NET "q" LOC = "p160”;

Verilog code for D latch

module dlatch(d,en,b,c,a,q,qbar);
input d,en;

output b,c,a,q,qbar;

wire b,c,a,q,qbar;

not(a,d);

nand(b,d,en);

nand(c,a,en);

nand(q,b,qgbar);
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nand(gbar,c,q);

endmodule

USER CONSTRAIN:

NET "d" LOC = "p106”’;
NET "en" LOC = "p1077;
NET "a" LOC = "p160”;
NET "b" LOC = "p161”;
NET "c¢" LOC = "p162”;
NET "q" LOC ="p163”;
NET "gbar" LOC = "pl164”;

RESULT:
Thus the verilog program for D flip flop and D latch were written, synthesized and implemented in

FPGA device.
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IMPLEMENTATION OF MOS DIFFERENTIAL AMPLIFIER
DATE: SCHEMATIC IN ORCAD PSPICE
AIM:

To design, synthesize, simulate and implement the MOS differential amplifier schematic in

ORCAD PSPICE.

TOOLS REQUIRED:
SOFTWARE:
1. ORCAD PSPICE
CIRCUIT DIAGRAM:

|| ——

in

tn
&

[i=]

VOFF =1 %
VAMPL = 2
FREQ = 500

AC = 50
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OUTPUT:

5ms
o U(Uh4z+) U{ua:+) U{M2:d,H1:d}

RESULT:
Thus the CMOS inverter schematic form was designed and stimulated using ORCAD
PSIPCE.
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STUDY OF SIMULATING LAYOUT IN MICROWIND

AIM:

To study the simulating schematic in Microwind.

TOOLS REQUIRED:

SOFTWARE :

1. MICROWIND V3.1

PROCEDURE:

1. Double click on Microwind and go to file>new.

5 Microwind Version 3.1 - Example.msk

ol

View Edit Simulste Compile Analysis Help
New | b ew = 2
Open =

Insert layout
Import CIF

ConvertInto ... 3
Save layout CtrlsS
Save As

Select Foundry Ctrl+F
Colors ... 3
Properties

Print Layout

Leave MicroWind3.1 Cirl+Q

Change to N+

B oATE 2

Beta test 3.1.7 Nov 13, 2005 [CMOS 80nm, 6 Metal Copper - strained SiGe - LowK (1.20,2.50V)

& Pakette =

pERRR
WE
tiA Ve

Options

Metal &

Metal 5

Wetal 4

Metal 3
Metal 2

= |

Wetal 1
Polysiicon 2 [ll |~
Contact
Polysiicon [l
P- Diffusion [l

H+ Diffusion [l

N Well [

S [
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2. Select MOS Generator and select PMOS device and click Generate Device.

5 Microwind Version 3.1 - Example.msk = P
File Vie Edit S Compile i

= H

iambda

& Pakette =

PERRR
WE
ttAlIve
Options.
& Layout Generator fr—
Pads | Inductor | Contacts  WOS ‘]Pam | Logo | Bus | Res | Diode | Gapa | Metals B
Wos Parameters vetzi4a W |
L Wetalz [ |+
width MOS  [0.500 um fourse [ewz MW |
Length MOS  [0.100 pm Metal 1 ]
Polysiicon 2 [ll |~
Nor of fingers. |1 1' 2“ In Contact
nMOS pMOS  Double gate f |
Options Units P- Diffusion [l | *
ot | v | | F oo [score ] -
" high speed ¢ inlambda N Well H |~

=
1max0.355mA MIGNVOIagE |~ 4 polarization

x Cancel |

.':. Generate Device |

MgS_G\emerator Beta test 3..7 Nov 13, 2005 [CMOS 90nm, 6 Metal Copper - strained SiGe - LowkK (1.20V,2.50V)

Ofe /o [&|re=] i 0
3. Similarly generate NMOS device and place it.

# Microwind Version 3.1 - Examplemsk E=Rof ™ x

File View Edit Simulste Compile Analysic Help

eH LPE B0 e o2 ATE R 3

5 lambda

& Pakette =

pERRR
WE
tiA Ve

Options

Metal &

Metal 5

Wetal 4

Metal 3
Metal 2

Wetal 1
Polysiicon 2 [ll |~
Contact
icon [l
P+ Diffusion

N+ Diffusion

N Well [

|||

Foly

lIn the drawing, select the location for the MOS... Beta test 3.1.7 Nov 13, 2005 |CMOS 80nm, 6 Metal Copper - strained SiGe - LowkK (1.20V,2.50v)

& o o

u_-‘
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4. Select Polysilicon from the Palette and connect the gate of PMOS and NMOS.

# Microwind Version 3.1 - Examplemsk [E=E=l
File View Edit Simulate Compile Analysis Help

EH 7 E e e B RATEE (D

& Pakette =

pERRR

WE

tiA Ve

Options.
wetals [ |
vetals [ |-
Metal 4 =5
Wetalz [ |+
vetalz [l
Metal 1 B
Polysiicon 2 [ll |~
Contact
Polysiicon [l
P Diffusion [l
1= Diffusion [l
N Well [

poly box size 0.100  0.700 pm, (2 x 14 lambda)

Ofe | -

Beta test 3.1.7 Nov 13, 2005 |CMOS 80nm, 6 Metal Copper - strained SiGe - LowkK (1.20V,2.50v)

© =

5. Now Connect the two transistors using a metall layer from the Palette.

# Microwind Version 3.1 - Examplemsk [E=E=l
File View Edit Simulate Compile Analysis Help

eH LPE B0 e o2 ATE R 3

& Pakette =

pERRR

WE

tiA Ve

Options.
Wetal &
vetals B
Metal 4 =5
Wetalz [
vetalz [l
Metal 1 B |
Polysiicon 2 [ll |~
Contact
Polysiicon [l
p- Difusion [l |
1+ Diffusion [l |~
N Well [

metal box size 0.200 x 0,600 pm, (4 x12 lambda)

Ole | -

Beta test 3.1.7 Nov 13, 2005 |CMOS 80nm, 6 Metal Copper - strained SiGe - LowK (1.20V,2.50v)

L JIEN
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6. Now make connections for input and output using corresponding layers.

# Microwind Version 3.1 - Examplemsk [E=E=l
File View Edit Simulate Compile Analysis Help

e H L7 F L e oA TE ] D

& Pakette =

pERRR

WE

tiA Ve

Options.
Wetals [
vetals B
Metal 4 =5
Wetalz [
vetalz [l
Metal 1 B |
Polysiicon 2 [ll |~
Contact
Polysiicon [l
P- Diffusion [l
n= Diffusion [l
N Well [

Store a metal box with size 25 x4 lambda (1.250 x0.200 ym) Beta test 3.1.7 Nov 13, 2005 [CMOS 80nm, 6 Metal Copper - strained SiGe - LowK (1.20,2.50V)

7. Choose Ground from Palette and place it.
83 Microwind Version 3.1 - Example.msk [E=miCE <

File View Edit Simulate Compile Analysis Help

pH L FI WL A0 R ATLEE| 2

5 lambda

& Palette =

pERRR

WE -~

1AV

Optior Ground
Wetals  [F
Metals B |+
wetal4 B [~
wetalz [
weaiz [l | &
Metal 1 B |-
Polysiicon 2 [l |
Contact

Polysiicon [l

P+ Diffusion [l

n= Diffusion [l

N Wel ||

Killed text box

ofe |-

Beta test 3.1.7 Nov 13, 2005 [CMOS 80nm, 6 Metal Copper - strained SiGe - LowkK (1.20V,2.501)

&=
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#% Microwind Version 3.1 - Example.msk [E=miCE <
File View Edit Simulate Compile Analysis Help
=0 79 & & ] £ 2B R ATEE «2»

Pa\erte
PERRR

WE -~
E e LU
Options
Wetals [
Metals B
wetals [
wetalz [
wetaiz [l

Polysiicon 2 [l
Contact

Polysiicon [l |~
P Diffusion [l
n= Diffusion [l

N Wel B |-

Mo existing text here

=D

Beta test 3.1.7 Nov 13, 2005 |CMOS 80nm, 6 Metal Copper - strained SiGe - LowK (1.20V,2.50V)

ol

8. Choose supply from the Palette and place it.

#% Microwind Version 3.1 - Example.msk [E=miCE <

File View Edit Simulate Compile Analysis Help

e L7060 L 28 0 ALER 3

£ Palette
pERRR
W E 5w
ANV

| Vdd Suppl

Metal 6

Metals B |+
wetals [ |~
wetalz [
weaiz [l
Metal 1 B
Polysiicon 2 [l
Contact

Polysiicon [l

P+ Diffusion [l
n= Diffusion [l

N Wel ||

Mo existing text here

=l

Beta test 3.1.7 Nov 13, 2005 [CMOS 80nm, 6 Metal Copper - strained SiGe - LowkK (1.20V,2.501)

&=
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#% Microwind Version 3.1 - Example.msk [E=miCE <

File View Edit Simulate Compile Analysis Help

M PR M e wL,L R ATEE (3

£ Palette
pERRR
WE -~
ANV

Options

Metal 6

Metal 5

Metal 4

Metal 3

Wetal 2
!
Polysiicon 2 [l
Contact
Polysiicon [l |~
P Diffusion [l
n= Diffusion [l

N Wel B |-

Mo existing text here

=D

Beta test 3.1.7 Nov 13, 2005 |CMOS 80nm, 6 Metal Copper - strained SiGe - LowK (1.20V,2.50V)

ol

8. Now provide input, by choosing Add a Clock from the Palette, select assign and place it at

the input side.
83 Microwind Version 3.1 - Example.msk [E=miCE <

File View Edit Simulate Compile Analysis Help

M PR M e wL,L R ATEE (3

& Palette =

pERRR

WE

AN
Opton: Add a clock|
Wetals  [F
Metals B
wetals [
wetalz [
weaiz [l
h =
Polysiicon 2 [l
Contact
Polysiicon [l

P+ Diffusion [l
n- Diffusion [l

N Wel |

Mo existing text here

e

Beta test 3.1.7 Nov 13, 2005 |CMOS 80nm, 6 Metal Copper - strained SiGe - Lowk (1.20V,2.50v)

i ‘
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5 Microwind Version 3.1 - Example.msk = P
File Vie Edit S | Compile i
el L7 E B AC 28 fA T EdE (D

=

£ Palette
pERRR

i £ = -
Add a Clock

ttA v e
Label name ‘C‘UEVQ Options
DC Supply ’Clﬂﬂk‘lPulse} Sinus | variable | Ground | PWL | Matn | Wetal &
Parameters Metals B
Level 1 (V) 1.200 wetal+ B
Wetalz [
Level O (V) 0.000 Metal 2 |
Time low (t1) Rise time (tr) Time high th) ~ Falltime (tf) | ]
0.090 ns 0.010 ns 0090 ns 0.010 ns Polysiicon 2 [fl] |~
Contact
T\ siower | N Faster | » ‘Laslcluck|
Polysiicon [l
p- Diffusion [l
Agsign Cancel ‘ > Visible in simu |
v g x 1+ Diffusion [l |~

N Well [

No existing text here Beta test 3.7 Now 13, 2005 |CMQS 90nm, 6 Metal Copper - strained SiGe - Lowk (1.20V,2.501)

= :

@ | 2] ‘¢”'=‘| A "
89 Microwind Version 3.1 - Bxample.msk o 50
File View Edit Simulate Compile Analysis Help
pH PO W L e, R ATLEE| 3

£ Palette
pERRR
WE -~
ANV

Options

Metal 6

Metal 5

Metal 4

Metal 3

Wetal 2

Tuclock2
Polysiicon 2 [l
Contact
Polysiicon [l |~
P Diffusion [l
n= Diffusion [l

N Wel B |-

\Add text "clock?", visible at location 22,25,

@3]

Beta test 3.7 Nov 13, 2005 [CMOS 80nm, 6 Metal Copper - strained SiGe - LowkK (1.20V,2.501)

© =
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9. Now output is placed by choosing Visible node symbol from the Palette and click

assign to place it at the output port.

# Microwind Version 3.1 - Examplemsk [E=E=l
File View Edit Simulate Compile Analysis Help

e H L7 F L e oA TE ] D

5 lambda

& Pakette =
PERRR
i £ = -
ttA NNV

Option Visible node|
Wetal & e

Metal 5

Wetal 4

Metal 3
Metal 2
Tuclock? Metal
Polysilicon 2

| |
||
]
u
| |

Contact
Polysiicon [l
p- Diffusion [l
1+ Diffusion [l |~

N Well [

\Add text "clock2", visible at location 22,25,
( ‘ = ‘ ” <
e 5 & | Iz

# Microwind Version 3.1 - Example.msk = =

File View Edit S s Help
= 248 gl "IN BCNES

iambda

Beta test 3.1.7 Nov 13, 2005 |CMOS 80nm, 6 Metal Copper - strained SiGe - LowK (1.20V,2.50v)

& Palette =

pEERR
WE
Add simple text
s A NN
Labelname : [s1 Options
DG Supply | Clock | Pulse | sinus  Variable \Gmuna} PWL | mam | Wetal&

Parameters LEEE

Metal 4
“Motin Simu™ signal unvisible at the next simulation Metal 3
“Visible in simu™ signal waveform visible at the next simulation Metal 2

Ticlock2 Metal 1
Polysiicon 2 [l
Contact
Polysiicon [l |~
P+ Diffusion
n= Diffusion [l

N Wel B |-

x Cancel > Visible in simu

Period 0.400 ns, frequency 2.500 GHz

A=l

Beta test 3.7 Nov 13, 2005 [CMOS 80nm, 6 Metal Copper - strained SiGe - LowkK (1.20V,2.501)

©[=

Page | 95




www.vidyarthiplus.com

#% Microwind Version 3.1 - Example.msk [E=miCE <
File View Edit Simulate Compile Analysis Help
=] P E R SE

e WL AT EE (5

& Palette =

rooER
WE -~
ttANLVE

Options

Metal 6

Metal 5

Metal 4

Metal 3

Wetal 2

Ticlock? 2 Metal 1
Polysiicon 2 [l
Contact
Polysiicon [l |~
P Diffusion [l
n= Diffusion [l

N Wel B |-

[Add text "1, visible at location 68,24. Beta test 3.1.7 Nov 13, 2005 |CMOS 80nm, 6 Metal Copper - strained SiGe - LowK (1.20V,2.50V)

—r@ @ L ‘ ‘ 6 ” fe= | Comments, Design Rule Errors, and current technology el ‘ ‘
10. Select Run Simulation from the Menu bar.

83 Microwind Version 3.1 - Example.msk [E=miCE <

File View Edit Simulate Compile Analysis Help

= H||sFa e e w2 B R ATEE «2»

rooER
Mg
ttANLVE

Options

Metal 6

Metal 5

Metal 4

Metal 3

Wetal 2
“tclock2 ’, Metal 1
Polysiicon 2
Contact

Polysiicon

P+ Diffusion
n= Diffusion [l

N Wel B |-

Add text visible at location 68,24,

O e

Beta test 3.7 Nov 13, 2005 [CMOS 80nm, 6 Metal Copper - strained SiGe - LowkK (1.20V,2.501)

® =]
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11. Output waveform is generated in a new window.

& Ana\og simulation of Examp\e msk

W W W
| M

—\Vo\tage vs. time thages and currents Vahage vs. voltage jFreguencyvstime {Eye diagram

W

D\splay

v Delay
¥ Busvalui
between..
clock2

Evaluate
I Minimax|

T, FFr

Time Scale

&S‘
BE

Step (psy

Reset
| More

x Close
&b Print

P=7.303uW

& © )

RESULT:

Thus the study of simulating layout in Microwind is studied.

~ A i
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EXP: NO: 23 IMPLEMENTATION OF CMOS INVERTER LAYOUT IN

MICROWIND

DATE:

AIM:

To design, synthesize, simulate and implement the CMOS inverter in layout form using

Microwind.

TOOLS REQUIRED:

SOFTWARE:

1. MICROWIND V3.1
CIRCUIT DIAGRAM:
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OUTPUT:

# Analog simulation of Example.msk

[E=RiC N

Display

v Delay
¥ Busvalue
between..

clock2 -

and
1 -

Evaluate
I~ Minimax/Av
I~ Freguency

T, FFr

Time Scale

N

0NN
\

Il
il

LU

AR

Step (psy
0.100

Reset
= More

x Close
&h Print

P=7.909uW

1.5 25 35 Time(ns
\VU\IEQE vs. fime 4 Voltages and currents 4Voltage vs. voltage jFrequency vs time jEye diagram

@ e

=) B 0

RESULT:

Thus the CMOS inverter schematic form was designed and simulated using Microwind.

Page | 99




www.vidyarthiplus.com

EXP: NO: 24 IMPLEMENTATION OF CMOS NAND GATE LAYOUT IN

MICROWIND
DATE:

AIM:
To design, synthesize, simulate and implement the CMOS NAND gate in layout form using

Microwind.

TOOLS REQUIRED:

SOFTWARE:

1. MICROWIND V3.1
CIRCUIT DIAGRAM:
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OUTPUT:

& Analog simulation of example ===
Display

[¥ Delay

¥ Busvalue

between..
in1 -
and

j'
Evaluate
I~ Minimax/Av
I~ Freguency

out -

T, FFr

Time Scale
n -

Step (psy
0.100

Reset
= More

x Close
&h Print

P=7.502uW

"\Voltage vs. time {Voltages and currents jVoliage vs. voliage /Frequencyvs time {Eye diagram |

9 e 1z % | | R []

RESULT:
Thus the CMOS NAND gate schematic form was designed and simulated using Microwind.
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