JEPPIAAR ENGINEERING COLLEGE

(A CHRISTIAN MINORITY INSTITUTION)
JEPPIAAR EDUCATIONAL TRUST

Jeppiaar Nagar, Rajiv Gandhi Salai, Chennai-600119.

B = e
e amion e

DEPARTMENT OF ELECTRONICS AND
COMMUNICATION ENGINEERING

EC3561- VLSI DESIGN LABORATORY

IHI-YEAR V -SEM

LAB MANUAL

NAME
ROLLNO.
REGNO.
YEAR
SECTION




JEPPIAAR ENGINEERING COLLEGE

Vision of the Institute

To build Jeppiaar Engineering College as an institution of academic excellence
in technological and management education to become a world class University

Mission of the Institute

To excel in teaching and learning, research and innovation by

M1 . o o . . o
promoting the principles of scientific analysis and creative thinking
M2 To participate in the production, development and dissemination of
knowledge and interact with national and international communities.
To equip students with values, ethics and life skills needed to enrich
M3 their lives and enable them to meaningfully contribute to the progress
of society
To prepare students for higher studies and lifelong learning, enrich
M4 them with the practical and entrepreneurial skills necessary to excel

as future professionals and contribute to Nation’s economy

DEPARTMENT: ELECTRONICS AND COMMUNICATION
ENGINEERING

Vision of the Department

To become a centre of excellence to provide quality education and produce
creative engineers in the field of Electronics and Communication Engineering to

excel at international level.

Mission of the Department

M1

Inculcate creative thinking and zeal for research to excel in teaching-
learning process

M2

Create and disseminate technical knowledge in collaboration with
industries

M3

Provide ethical and value based education by promoting activities for
the betterment of the society

M4

Encourage higher studies, employability skills, entrepreneurship and
research to produce efficient professionals thereby adding value to
the nation’s economy

PROGRAM OUTCOMES (PO)

PO 1

Engineering  knowledge: Apply the knowledge of
mathematics, science, engineering fundamentals, and an
engineering specialization to the solution of complex engineering
problems.

PO 2

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

PO 3

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

PO 4

Conduct investigations of complex problems: Use research-




based knowledge and research methods including design of
experiments, analysis and interpretation of data, and synthesis
of the information to provide valid conclusions.

PO 5

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

PO 6

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

PO 7

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

PO 8

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

PO 9

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

PO 10

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

PO 11

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

PO 12

Life-long learning: Recognize the need for, and have the
preparation and ability to engage in independent and life-long
learning in the broadest context of technological change.

PROGRAM EDUCATIONAL
OBJECTIVES (PEOS)

PEO1

Produce technically competent graduates with a solid foundation in
the field of Electronics and Communication Engineering with the
ability to analyze, design, develop, and implement electronic systems.

PEO II

Motivate the students for choosing the successful career choices in
both public and private sectors by imparting professional development
activities.

PEO
11

Inculcate the ethical values, effective communication skills and
develop the ability to integrate engineering skills to broader social
needs to the students.

PEO
v

Impart professional competence, desire for lifelong learning and
leadership skills in the field of Electronics and Communication
Engineering.

PROGRAM SPECIFIC
OUTCOMES (PSOs)

PSO 1

Design, develop and analyze electronic systems through application of
relevant electronics, mathematics and engineering principles.

PSO 2

Design, develop and analyze communication systems through
application of fundamentals from communication principles, signal




processing, and RF System Design & Electromagnetics.

Adapt to emerging electronics and communication
pso 3 | technologies and develop innovative solutions for existing
and newer problems.
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COURSE OBJECTIVES:

e To learn Hardware Descriptive Language (Verilog/VHDL).

e To learn the fundamental principles of Digital System Desing using HDL and FPGA.

e To learn the fundamental principles of VLSI circuit design in digital domain

® To learn the fundamental principles of VLSI circuit design in analog domain

e To provide hands on design experience with EDA platforms.
LIST OF EXPERIMENTS:

1. Design of basic combinational and sequential (Flip-flops) circuits using HDL. Simulate it using
Xilinx/Altera Software and implement by Xilinx/Altera FPGA

2. Design an Adder ; Multiplier (Min 8 Bit) using HDL. Simulate it using Xilinx/Altera Software and
implement by Xilinx/Altera FPGA

3. Design and implement Universal Shift Register using HDL. Simulate it using Xilinx/Altera Software

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

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

6. Design 3-bit synchronous up/down counter using HDL. Simulate it using Xilinx/Altera Software and
implement by Xilinx/Altera FPGA

7. Design 4-bit Asynchronous up/down counter using HDL. Simulate it using Xilinx/Altera Software and
implement by Xilinx/Altera FPGA

8. Design and simulate a CMOS Basic Gates & Flip-Flops. Generate Manual/Automatic Layout .

9. Design and simulate a 4-bit synchronous counter using a Flip-Flops. Generate Manual/Automatic
Layout

10. Design and Simulate a CMOS Inverting Amplifier.
11. Design and Simulate basic Common Source, Common Gate and Common Drain Amplifiers.

12. Design and simulate simple 5 transistor differential amplifier.




COURSE OUTCOMES:

On completion of the course, students will be able to:

CO1: Write HDL code for basic as well as advanced digital integrated circuit

CO2: Import the logic modules into FPGA Boards

CO3: Synthesize Place and Route the digital Ips

CO4: Design, Simulate and Extract the layouts of Digital & Analog IC Blocks using EDA tools

CO5: Test and Verification of IC design

TOTAL: 60 PERIOD
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Exp. No. :

DESIGN OF BASIC COMBINATIONAL AND SEQUENTIAL (FLIP-FLOPS)
CIRCUITS USING HDL. SIMULATE IT USING XILINX/ALTERA
Date: SOFTWARE AND IMPLEMENT BY XILINX/ALTERA FPGA

AIM:
To develop the source code for flip flops by using VERILOG and Obtained the simulation,
synthesis, place and route and implement into FPGA.

APPARATUS REQUIRED:
S.No Name of the equipment/ software Quantity
l. PC with Windows 1
2. Xilinx Project navigator 1

PROCEDURE: (Design Entry and Simulation)

1. Start the Xilinx ISE by using Start “Program files - Xilinx ISE - project
navigator

Click File- New Project

Enter the Project Name and select the location then click next

Select the Device and other category and click next twice and finish.

Click on the symbol of FPGA device and then right click- click on new

source.

Select the Verilog Module and give the file name ''click next and define

ports “click next and finish.

Writing the Verilog Code in Verilog Editor.

Run the Check syntax - Process window- synthesize~ double click check

syré‘gax. If any errors found then remove the errors with proper syntax &

coding.

9. Click on the symbol of FPGA device and then right click "' click on new
source.

10. Select the Test Bench Waveform and give the file name

click next and finish.

11. Select the desired parameters for simulating your design. In this case
combinational circuit and simulation time click finish.

12. Assign all input signal using just click on graph and save file.

13. From the source process window. Click Behavioral simulation from drop-

down menu

14. Select the test bench file (.tbw) and click process button" double click the
Simulation Behavioral Model.

15. Verify your design in wave window by seeing behavior of output signal
with respect to input signal.

PN N kW

" select entity




ALGORITHM:

Stepl:
Step2:
Step3:
Step4:
StepS:
Step6:
Step7:

Define the specifications and initialize the design.

Declare the name of the module by using VERILOG source code.

Write the source code in VERILOG.

Check the syntax and debug the errors if found, obtain the synthesis report.
Verify the output by simulating the source code.

Write all possible combinations of input using the test bench.

Obtain the place and route report.

LOGIC DIAGRAM:

Cp

SR FLIPFLOP:
LOGIC DIAGRAM: TRUTH TABLE:
Q(t) S R Q(t+1)
s —o—1 3 1
) pio—a—1 ) , 0 0 0 0
I Q 0 0 1 0
- 0 1 0 1
0 1 1 X
1 0 0 1
1 _ 1 0 1 0
) bt oo 2] 0 1 1 0 1
R I 1 1 1 X

VERILOG SOURCE CODE:

Behavioral Modeling:

module srflipflop(s, r, clk, rst, g, gbar);

input s;
inputr;
input clk;
input rst;
output qg;
output gbar;

reg g,gbar;

always @ (posedge(clk) or posedge(rst)) begin
if(rst==1'b1) begin

g=1'b0;gbar=1'b1;

end

else if(s==1'b0 && r==1'b0)

begin

g=q; gbar=gbar;

end

else if(s==1'b0 && r==1'b1)
begin

g=1'b0; gbar=1'b1;

10




end

else if(s==1'b1 &&
begin

g=1'b1; gbar=1'b0;

end

else

begin

g=1'bx;gbar=1'bx;

end

end

endmodule

Simulation output:

r==1'b0)

Synthesis RTL Schematic:

=}

BE » o

1

J |V

ANDZ

Synthesis report:

CE

* Final Report *
Final Results

RTL Top Level Output File Name : srff.ngr
Top Level Output File Name s srff
Output Format :NGC
Optimization Goal : Speed

[
L
L L L L L L L L e
A — 11
| I
FDCE
] —a>
FDPE
|
:
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Keep Hierarchy :NO

Design Statistics
#10s 16

Macro Statistics :
# Registers 12
#  1-bit register

N

Cell Usage :

# BELS

# LUT2

# FlipFlops/Latches

# FDCE

# FDPE

# Clock Buffers 11
# BUFGP 01
# 10 Buffers :5
# IBUF :3

# OBUF 12

P R, N WWw

Device utilization summary:

Selected Device : 35s400tq144-5

Number of Slices: 2 outof 3584 0%
Number of Slice Flip Flops: 2 outof 7168 0%
Number of 4 input LUTs: 3 outof 7168 0%
Number of bonded I0Bs: 6 outof 97 6%
Number of GCLKs: 1 outof 8 12%

TIMING REPORT

NOTE:

THESE TIMING NUMBERS ARE ONLY A SYNTHESIS ESTIMATE.

FOR ACCURATE TIMING INFORMATION PLEASE REFER TO THE TRACE REPORT
GENERATED AFTER PLACE-and-ROUTE.

CLOCK INFORMATION:
Clock Signal | Clock buffer(FF name) | Load |
clk | BUFGP |2 |

+. + +
T T T

Timing Summary:

Speed Grade: -5

12




Minimum period: No path found

Minimum input arrival time before clock: 3.529ns
Maximum output required time after clock: 6.216ns
Maximum combinational path delay: No path found

JK FLIPFLOP:

LOGIC DIAGRAM:

VERILOG SOURCE CODE:

BEHAVIORAL MODELING:

module jkff(j, k, clk, rst, g, gbar);
input j;
input k;
input clk;
input rst;
output q;
output gbar;
regq;
reg gbar;
always @ (posedge(clk) or posedge(rst)) begin
if (rst==1'b1)
begin
g=1'b0;
gbar=1'b1;
end
else if (j==1'b0 && k==1'b0)
begin
a=q;
gbar=gbar;
end
else if (j==1'b0 && k==1'b1)
begin
g=1'b0;
gbar=1'b1;
end
else if (j==1'b1 && k==1'b0)

TRUTH TABLE:
Q(t) J K Q(t+1)

0 0 0 0

0 0 1 0

0 1 0 1

0 1 1 1

1 0 0 1

1 0 1 0

1 1 0 1

1 1 1 0
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begin

g=1'b1;
gbar=1'b0;
end
else
begin
gq="0q;
gbar=~gbar;
end
end
endmodule
SIMULATION OUTPUT:
| I_:
[ L
L L L LY IpEpEEEEEREE
I L
[ [
Synthesis RTL Schematic:
[ c
= f[— I
I
O 7>
—— ‘
m thbi
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SYNTHESIS REPORT:

Final Report *

Device utilization summary:

Selected Device : 35400tq144-5

Number of Slices: 2 outof 3584 0%
Number of Slice Flip Flops: 2 outof 7168 0%
Number of 4 input LUTs: 3 outof 7168 0%
Number of bonded I0Bs: 6 outof 97 6%
Number of GCLKs: 1 outof 8 12%

TIMING REPORT

NOTE: THESE TIMING NUMBERS ARE ONLY A SYNTHESIS ESTIMATE.
FOR ACCURATE TIMING INFORMATION PLEASE REFER TO THE TRACE REPORT
GENERATED AFTER PLACE-and-ROUTE.

CLOCK INFORMATION:

Clock Signal | Clock buffer(FF name) | Load |
clk | BUFGP 12 |

TIMING SUMMARY:

Speed Grade: -5
Minimum period: 2.085ns (Maximum Frequency: 479.513MHz)
Minimum input arrival time before clock: 3.529ns

Maximum output required time after clock: 6.280ns
Maximum combinational path delay: No path found

D FLIPFLOP:

LOGIC DIAGRAM:

DD
i
L

D,

3

TRUTH TABLE:
Q(t) D Q(t+1)
0 0 0
0 1 1
1 0 0
1 1 1
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VERILOG SOURCE CODE:

BEHAVIORAL MODELING:

module dff(d, clk, rst, q, gbar);

input d;

input clk;

input rst;

output q;

output gbar;
reg q;
reg gbar;
always @ (posedge(clk) or posedge(rst)) begin
if (rst==1'b1)
begin
g=1'b0;
gbar=1'b1;
end
else if (d==1'b0)
begin
q=1'b0;
gbar=1'b1;
end
else
begin
g=1'b1;
gbar=1'b0;
end
end
endmodule

SIMULATION OUTPUT:

C|

16




SYNTHESIS RTL SCHEMATIC:

FDC
v L
(<> &
CLR
&>
® : o FDP
|
PRE
g a
o]
SYNTHESIS REPORT:
* Final Report *

DEVICE UTILIZATION SUMMARY:

Selected Device : 35s400tq144-5

Number of Slices: 1 outof 3584 0%
Number of Slice Flip Flops: 2 outof 7168 0%
Number of bonded IOBs: 5 outof 97 5%
Number of GCLKs: 1 outof 8 12%
TIMING REPORT

NOTE:

THESE TIMING NUMBERS ARE ONLY A SYNTHESIS ESTIMATE.
FOR ACCURATE TIMING INFORMATION PLEASE REFER TO THE TRACE REPORT

GENERATED AFTER PLACE-and-ROUTE.

CLOCK INFORMATION:
Clock Signal | Clock buffer(FF name) | Load |
clk | BUFGP [2 |

+. + +
T T T
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TIMING SUMMARY:

SPEED GRADE: -5
Minimum period: No path found
Minimum input arrival time before clock: 2.796ns
Maximum output required time after clock: 6.216ns
Maximum combinational path delay: No path found

T FLIPFLOP:

LOGIC DIAGRAM:

VERILOG SOURCE CODE:

BEHAVIORAL MODELING:

module tff(t, clk, rst, q, gbar);

input t;

input clk;

input rst;

output q;

output gbar;
reg g,gbar;
always @ (posedge(clk) or posedge(rst)) begin
if(rst==1'b1) begin
g=1'b0;gbar=1'b1;
end
else if (t==1'b0)
begin
q=q; gqbar=gbar;

end
else
begin
q="g; gbar="gbar;
end
end
endmodule

TRUTH TABLE:
Q(t) T Q(t+1)
0 0 0
0 1 1
1 0 1
1 1 0
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SIMULATION OUTPUT:

SYNTHESIS RTL SCHEMATIC:

FDCE

CE

LA

E

<gear:

ghar

FDPE

CE

PRE
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SYNTHESIS REPORT:

* Final Report *

DEVICE UTILIZATION SUMMARY:

Selected Device : 35s400tq144-5

Number of Slices: 1 outof 3584 0%
Number of Slice Flip Flops: 2 outof 7168 0%
Number of bonded I0Bs: 5 outof 97 5%
Number of GCLKs: 1 outof 8 12%
TIMING REPORT

NOTE:

THESE TIMING NUMBERS ARE ONLY A SYNTHESIS ESTIMATE.
FOR ACCURATE TIMING INFORMATION PLEASE REFER TO THE TRACE REPORT
GENERATED AFTER PLACE-and-ROUTE.

CLOCK INFORMATION:

Clock Signal | Clock buffer(FF name) | Load |
clk | BUFGP 12 |

TIMING SUMMARY:

SPEED GRADE: -5

Minimum period: 2.707ns (Maximum Frequency: 369.372MHz)
Minimum input arrival time before clock: 1.984ns

Maximum output required time after clock: 6.280ns

Maximum combinational path delay: No path found

RESULT:

20




Exp. No. : DESIGN ENTRY, SIMULATION, SYNTHESIS, P&R, POST P&R
SIMULATION AND HARDWARE FUSING OF
FULL ADDER & FULL SUBTRACTOR USING XILINX
Date:
AIM:

To write a Verilog code for the full adder and full subtractor and to simulate, synthesis, P&R, post

P&R simulation and hardware fusing using Xilinx project navigator.

APPARATUS REQUIRED:
S.No Name of the equipment/ software Quantity
l. PC with Windows 1
2. Xilinx Project navigator 1

PROCEDURE: (Design Entry and Simulation)

=0 0 ok Wi

12

. Select the Test Bench Waveform and give the file name

Start the X111nx ISE by using Start ' Program files "' Xilinx ISE "' project navigator
Click File~ New Project
Enter the Project Name and select the location then click next

Select the Device and other category and click next tw1ce and finish.

Click on the symbol of FPGA device and then right chck click on new source.

Select the Verilog Module and give the file name “click next and define ports -click
next and finish.

Writing the Verilog Code in Verilog Edltor

Run the Check syntax ' Process window ' synthesize'' double click check syntax. If any
errors found then remove the errors with proper syntax & codmg

Click on the symbol of FPGA device and then right click "' click on new source.

- select entity click next and
finish.

. Select the desired parameters for simulating your design. In this case combinational

circuit and simulation time click finish.

. Assign all input signal using just click on graph and save file.

13.
. Select the test bench file (.tbw) and click process button’' double click the Simulation

15.

From the source process window. Click Behavioral s1mulat10n from drop-down menu

Behavioral Model.
Verify your design in wave window by seeing behavior of output signal with respect to
input signal.

PROCEDURE: (Synthesis)

SNk W=

Start the X111nx ISE by using Start “Program files - Xilinx ISE - project navigator
Click File ' New Project
Enter the Project Name and select the location then click next

Select the Device and other category and click next tW1ce and finish.

Click on the symbol of FPGA device and then rlght click ' click on new source.

Select the Verilog Module and give the file name "click next and define ports ~click
next and finish.

P1




Writing the Verilog Code in Verilog Editor.

Run the Check syntax " Process window'' synthesize'' double click check syntax. If
any errors found then remove the errors with proper syntax & coding.

Synthesis your design, from the source window select, Synthesis from the window

Now double click the

10. After the HDL synthesis phase of the synthesis process, you can display a schematic

11.
12.

representation of your synthesized source file. This schematic shows a representation
of the pre-optimized design in terms of generic symbols, such as adders, multipliers,
counters, AND gates, and OR gates double click View RTL Schematic

Double click the schematic to internal view

Double click outside the schematic to move one-level back

. This schematic shows a representation of the design in terms of logic elements
optimized to the target device. For example, in terms of LUTs Look Up Table), carry
logic, I/O buffers, and other technology- spec1ﬁc components Double click View
Technology Schematic

14. Double click the schematic to inner view

15.

16.

Double click the LUT to inner view. This is Gate Level view of LUT, if you want see
Truth Table and K-Map for your design just click the respective tabs.
Click Generate post synthesis simulation model and view its report.

PROCEDURE: (Place and Route)

XN Ak W=

e

10.
11.
12.
13.
14.
15.
16.

17.
18.

19.

Start the X111nx ISE by using Start " Program files " Xilinx ISE ' project navigator
Click File ' New Project

Enter the Project Name and select the location then click next

Select the Device and other category and click next tw1ce and finish.

Click on the symbol of FPGA device and then right chck click on new source.

Select the Verilog Module and give the file name “click next and define ports ~click
next and finish.

Writing the Verilog Code in Verilog Editor.

Run the Check syntax - Process window- synthesize~ double click check syntax. If
any errors found then remove the errors with proper syntax & coding.

Synthesis your design, from the source window select, synthesis/implementation from

the window Now double click the Synthesis -XST

After Synthesis you assign the Pin Value for your design so, “double click the Assign
Package Pins

Enter the Pin value for your input and output signals. if you want see your Pin
assignment in FPGA zoom in Architecture View or Package View

You see the Pins in FPGA. Save file as XST Default click ok and close the window
Design Implementation begins with the mapping or fitting of a logical design file to a
specific device and is complete when the physical design is successfully routed and a
bit stream is generated. Double Click Implementation Design.

After finishing the Implementation, you can view the Implementation report.

After implementation you see Design Summary, you get the all details about your
design. If you want edit the place and route double click View/Edit placed design

You see where your 1Os are placed in FPGA. And zoom to view how Pins are placed
in FPGA. You can see where your pins are placed

Just double click View/Edit Routed Design to view interconnection wires and blocks
Click the pin to see where its placed in FPGA. And Zoom particular areato see Place
and Routing.

If you want to change the place of the design, click and trace to another slice. See, You
changed place and route of the design

R2




20.

Double click Back annotated Pin Location. Once back annotation is completed,
constraint file is generated.

PROCEDURE: (HARDWARE FUSING AND TESTING)

1. Start the thnx ISE by using Start " Program files "' Xilinx ISE "' project navigator
2. Click File” New Project
3. Enter the Project Name and select the location then click next
4. Select the Device and other category and click next tw1ce and finish.
5. Click on the symbol of FPGA device and then right chck click on new source.
6. Select the Verilog Module and give the file name ''click next and define ports = click
next and finish.
7. Writing the Verilog Code in Verilog Editor.
8. Run the Check syntax ' Process window Synthesize' double click check syntax. If
any errors found then remove the errors with proper syntax & coding.
9. Synthesis your design, from the source window select, synthesis/implementation from
the window Now double click the Synthesis -XST.
10. After Synthesis, Click on the symbol of FPGA device and Right click and select New
Source, Select Implementation Constraints File and type file name and click next.
11. Type the Net list and click save.
12. Implement the design by double clicking Implement design in the process window.
13. Then double click Generate Programming File, Double click Configure Target Device
and click OK.
14. Double click Create PROM File in the ISE iMPACT window, Select Storage Target
Device as Xilinx Flash PROM and click forward.
15. Add storage Device as xcfOls [2 M] and click forward, Type Output File Name and
Location and click OK.
16. Select the corresponding .bit file and click Open, Click No to Add Another Device and
Click OK.
17. Double click Generate File.
18. Double click Boundary Scan and Right click on the window and select Initialize Chain,
Now Select the corresponding .mcs file and click open.
19. Click OK in the Device Programming Properties window, Download the Program on
to the kit by Right clicking on the device icon and select program.
20. Verify the output in the target device.
FULL ADDER CIRCUIT
TOP BLOCK
A— TRUTH TABLE:
B ﬂ% sum
A sum - D SUM | CARRY
B Fa carry = D
C— cary

|—-|—-|—-|—'DOOD:D‘

= =1 GG = =1 ]

== =1 =1 e

el =1 =Rl =l l =]
[l Lol ol =2 e e Y

-
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CODING

module fa_dataflow(
output sum,
output carry,
input a,
input b,
input ¢
);
assign sum = a’b”c;
assign carry =(a&b)|(a&c) | (b&c);
endmodule

module fa_struct(
output sum,
output carry,
input a,
input b,
input ¢
);
wire wl,w2,w3;
xor x1 (sum,a,b,c);
and x2 (w1,a,b);
and x3 (w2,a,c);
and x4 (w3,b,c);

or x5 (carry,wl,w2,w3);

endmodule

module fa_beh(
output sum,
output carry,
input a,
input b,
input ¢
);
reg sum,carry;
always @(a,b,c)
begin
sum = a’b”c;
carry =(a&b) | (a&c) | (b&c);
end
endmodule

TEST BENCH:
module fa_data_test;
reg a,b,c;
wire sum,carry;
fa_data uut (sum, carry,a,b,c);
initial
begin

[Pare
o .
[P

oo o oo ocoo
Il

#5
#5
#5
#5
#5
#5
#5

[
.
[Py

I
—t et O = O = O

o .

Il
—_—— O O = = O O
o
=l =R ==

- -
r
e owoe

- .
[Pare

6 66 6 o6 6o
Il

S I
Il
|
Il

end
initial

$monitor ($time, "a = %d; b = %d;c = %d;sum=%d;carry=%d\n",a,b,c,sum,carry);

initial #50 $stop;

endmodule
SIMULATED WAVEFORM:
Name Value
L“@ sum 0 I I
Llfli carry 1 |
B a 1 S I
B 0 — ]
B « 1
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0a = 0; b= 0;c = 0;sum=0;carry=0

S5a=1;b=0;c =0;sum=1;carry=0

10a=0; b = 1;¢ = 0;sum=1;carry=0
15a=1;b=1;c = 0;sum=0;carry=1
20a = 0; b = 0;c = 1;sum=1;carry=0
25a=1;b=0;c = 1;sum=0;carry=1
30a=1; b= 1;c = 0;sum=0;carry=1
35a=1;b=1;c = 1;sum=1;carry=1

SIMULATED RESULT:

Timing Summary:

Speed Grade: -3
Minimum period: No path found
Minimum input arrival time before clock: No path found
Maximum output required time after clock: No path found
Maximum combinational path delay: 5.602ns

Timing Details:

Timing constraint: Default path analysis
Total number of paths / destination ports: 6 / 2

Delay: 5.602ns (Levels of Logic = 3)

Source: a (PAD)

Destination: sum (PAD)

Data Path: a to sum

Gate Net

Cell:in->out fanout Delay Delay Logical Name (Net Name)
IBUF:I->0 2 1.228 0.845 a IBUF (a_IBUF)
LUT3:10->0 1 0.235 0.579 suml (sum_ OBUF)
OBUF:I->0 2.715 sum_OBUF (sum)
Total 5.602ns (4.178ns logic, 1.424ns route)

(74.6% logic, 25.4% route)
RTL VIEW& TECHNOLOGY VIEW:

fa_dataflow: 1
fa_dataflow:1
r | ibuf 1ut3

|
4

— a_IBUF | obuf
______ -
- cary_OBUF

carryl
Mxor_sum1 ibuf ut3

C_IBUF e obuf

R - sum_OBUF

sum1

Mxor_a_b_XOR_1_o1

Mxor_a_b_XOR_1_o1 ibut

fa_datafiow b_IBUF

fa_dataflow

P5




POST PAR STATIC TIMING

Data Sheet report:

All values displayed in nanoseconds (ns)

Pad to Pad
——————————————— o
Source Pad |Destination Pad] Delay |
——————————————— o
a |carry | 7.833]
a | sum | 7.755]
b |carry | 8.048|
b | sum | 7.970|
e} |carry | 7.735]
c | sum | 7.657|
+ + -——t

POWER ANALYSIS CODE

module fa_power( output sum, output carry, output resetout, input a, input b, input c, input clk, input

reset );

reg sum, carry;

wire dem_clk;

decm_clk x1  (.CLK_IN1 clk), .CLK_OUT1 (dcm_clk), .RESET (reset), .LOCKED (resetout));

always @ (posedge dcm_clk or posedge reset)

begin

if (reset)

begin

sum =1'b0; carry =1'b0;

end

else

begin

sum = a’bAc; carry =(a&b)|(a&c)|(b&c);

end

end

endmodule
POWER REPORT

| On-Chip | Power (mW) | Used | Available | Utilization (%)

| Clocks | 0.00 | 0 | -——- | -—=

| Logic | 0.00 | 1] 2400 | 0.1 |
| Signals | 0.00 | 5 -—= | -—=

| I0s | 0.00 | 5 102 | 4.9 |
| Quiescent | 13.69 | | | |
| Total | 13.69 | | | |




| Effective TJA (C/W) | 42.4 |
| Max Ambient (C) | 84.4 |
| Junction Temp (C) | 25.6 |

RESULT

R7




FULL SUBTRACTOR

TRUTH TABLE:
CIRCUIT —4%% - A|B|C | DIFFERENCE | BORROW
TOP BLOCK D* oo 1o
oot
ey 0|10
. [ Diff Borow [ L]
B FS | Borrow 1ot
— —— t{t]o
E— 111
CODING
module fullsub_struct( modaule fullsub_dataflow( modaule fullsub_beh(
output diff, output diff, output diff,
output borrow, output borrow, output borrow,
input a, input a, input a,
input b, input b, input b,
input c input ¢ input ¢

);
wire wl,w2,w3;
not x (w,a);
xor x1 (diff,a,b,c);
and x2 (w1,w,b);
and x3 (w2,w,c);
and x4 (w3,b,c);
or x5 (borrow,wi,w2,w3);
endmodule

);

assign sum = a’b”c;
assign carry =(~a&b)|(~a&c)| (b&c);

endmodule

);
reg diff,borrow;
always @(a,b,c)
begin
diff = a*b”c;

borrow =(~a&b)|(~a&c)|(b&c);

end
endmodule

TEST BENCH:
module fullsub_test;
reg a,
reg b;
reg c;

wire diff;
wire borrow;

fullsub_beh uut (.diff(diff), .borrow(borrow), .a(a), .b(b), .c(c));

initial
begin

a=0;b=0;c=0;
#5 a=1;b
#5 a=0;b
#5 a=1;b
#5 a=0;b=
#5 a=1;b
#5 a=1;b
#5 a=1;b
end

initial

$monitor ($time, "a = %d; b=

initial #50 $stop;
endmodule

%d;c = %d;diff=%d;borrow=%d\n",a,b,c,diff,borrow);
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SIMULATED WAVEFORM:

MName Value
1§ aiff 0 | — | I
!_';'3 borrow a _I_I_l |
1§ a 0 I e B e B
1B o o -— | |
1§« 0 L | S

0a=0; b =0;c = 0;diff=0;borrow=0

5a=1; b= 0;c = 0;diff=1;borrow=0

10a=0; b = 1;c = 0;diff=1;borrow=1
15a=1;b=1;c = 0;diff=0;borrow=0
20a=0; b = 0;c = 1;diff=1;borrow=1
25a=1; b= 0;c = 1;diff=0;borrow=0
30a=1; b= 1;c =0;diff=0;borrow=0
35a=1;b=1;c = 1;diff=1;borrow=1

SIMULATED RESULT:

Timing Summary:

Speed Grade: -3
Minimum period: No path found
Minimum input arrival time before clock: No path found
Maximum output required time after clock: No path found
Maximum combinational path delay: 5.602ns

Timing Details:

Timing constraint: Default path analysis
Total number of paths / destination ports: 6 / 2

Delay: 5.602ns (Levels of Logic = 3)

Source: a (PAD)

Destination: diff (PAD)

Data Path: a to diff

Gate Net

Cell:in->out fanout Delay Delay Logical Name (Net Name)
IBUF:I->0 2 1.228 0.845 a IBUF (a_IBUF)
LUT3:I0->0 1 0.235 0.579 diffl (diff OBUF)
OBUF:I->0 2.715 diff OBUF (diff)
Total 5.602ns (4.178ns logic, 1.424ns route)

(74.6% logic, 25.4% route)
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RTL VIEW:TECHNOLOGY VIEW:

fullsub_dataflow: 1

and2 _or3
I

. M

borrow_imp_borrow1

and2b1 Mxor_diff1

Mxor_diff1

Mxor_a_b_XOR_1_o1

Dasn) Ryt

et

Mxor_a_b_XOR_1_o1

fullsub_dataflow

POST PAR STATIC TIMING
Data Sheet report:

fullsub_dataflow:1

ibuf

b_IBUF

ibuf
I — 4[‘,)7(
a_IBUF

ibuf

- e

c_IBUF

lut3

o

borrow1

lut3

diff1

obuf

e

borrow_OBUF

abuf

S

diff_OBUF

All values displayed in nanoseconds (ns)
Pad to Pad

——————————————— fmm
Source Pad |Destination Pad] Delay |
——————————————— Fm
a |borrow | 7.711 |
a |diff | 7.981|
b |borrow | 7.210|
b |diff | 7.480 |
c |borrow | 7.356|
c |diff | 7.626 |
——————————————— B it e
POWER ANALYSIS CODE

fullsub_dataflow

reg sum, carry;
wire dem_clk;
dem_clk x1
reg diff,borrow;

begin

if (reset)

begin

diff =1'b0; borrow =1'b0;
end

else

begin

end
end
endmodule

(.CLK_IN1 clk), .CLK_OUT1 (dem_clk),

always @ (posedge dcm_clk or posedge reset)

diff = a*b”c; borrow =(~a&b)|(~a&c)|(b&c);

.RESET (reset), .LOCKED (resetout));

module fs_power( output diff, output borrow, output resetout, input a, input b, input c, input clk, input reset );
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POWER REPORT

| On-Chip | Power (mW) | Used | Available | Utilization (%)

| Clocks | 2.92 | 1] - | -

| Logic | 0.01 | 1] 2400 | 0.1 |
| Signals | 0.04 | 9 | - | -

| I0s | 2.06 | 8 | 102 | 7.8 |
| DCMs | 14.11 | 1 ] 4 | 25.0 |
| Quiescent | 13.89 | | | |
| Total | 33.03 | | | |

| Effective TJA (C/W) | 42.4 |
| Max Ambient (C) | 83.6 |
| Junction Temp (C) | 26.4 |

RESULT
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Exp. No. : DESIGN ENTRY, SIMULATION, SYNTHESIS, P&R, POST P&R
SIMULATION OF 8-BIT PARALLEL ADDER

Date:

AIM:
To write a Verilog code for the 8-bit parallel adder and to simulate, synthesis, P&R, post P&R simulation
and hardware fusingusing Xilinx project navigator.

APPARATUS REQUIRED:
S.No Name of the equipment/ software Quantity
1. PC with Windows 1
2. Xilinx Project navigator 1

8-BIT PARALLEL ADDER (TOP BLOCK)

b[3] a[3] b[2]al2] b[1]a[1] b[O] a[O]

]

b[7]al7]  b[6Jal6] b[s]a[5] b[4] al4]

N

_ 5 3 c[2] 1l lefo] | L
fa “‘C[O] fa L fa i fa SLL fa fa fa fa cin

cmll't 51}11[?] sum[ 6] S‘lll{l[-"-] sum[4] sunf3] ] o] o]

SOURCE CODE:

module adder8(

output [7:0] sum,

output cout,

input [7:0] a,

input [7:0] b,

input cin

);
wire [6:0] c;
fa_struct x1(sum[0],c[0],a[0],b[0],cin);
fa_struct x2(sum[1],c[1],a[1],b[1],c[0]);
fa_struct x3(sum|2],c[2],a[2],b[2],c[1]);
fa_struct x4(sum|3],c[3],a[3],b[3].c[2]);
fa_struct x5(sum[4],c[4],a[4],b[4],c[3]);
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fa_struct x6(sum[5],c[5],a[5],b[5],c[4]);
fa_struct x7(sum[6],c[6],a[6],b[6],c[5]);
fa_struct x8(sum[7],cout,a[7],b[7],c[6]);
endmodule

TEST BENCH:
module adder8_test;
reg [7:0] a,b;
reg cin;
wire [7:0] sum;
wire cout;
adder8 uut (.sum(sum),.cout(cout),.a(a),.b(b),.cin(cin));
initial
begin
a=8'b00000111;b=8000001111;cin=1'b0;
#5 a=8'b00000101;b=8'b00000011;cin=1'b1;
#5a=8bl11111111;b=8b11111111;cin=1'b1;
#5 a=8'b00000110;b=8'b00000111;cin=1'b0;
endinitial $monitor($time,"a=%d,b=%d,cin=%d,sum=%d,cout=%d\n",a,b,cin,sum,cout);
initial #20 $stop;
endmodule
SIMULATED WAVEFORM:

Name Value

B sumpo) || 13 2 X 3 X 255 X 13

uﬁ cout

B a0

B b0) i5 Y 3 \( 755 \(

= =1 (=31 =]
1
o
S
(4]
e
a
o]
(4]
(3]
i
e
(=}

1 cin

0a=7,b=15,cin=0,sum= 22,cout=0

S5a= 5,b= 3,cin=1,sum= 9,cout=0
10a=255,b=255,cin=1,sum=255,cout=1
15a= 6,b= 7,cin=0,sum= 13,cout=0

SIMULATED RESULT:

Timing Details:

Timing constraint: Default path analysis
Total number of paths / destination ports: 97 / 9

Delay: 8.851ns (Levels of Logic = 6)
Source: a<l> (PAD)
Destination: sum<7> (PAD)

Data Path: a<l> to sum<7>
Gate Net
Cell:in->out fanout Delay Delay Logical Name (Net Name)




IBUF:I->0 2 1.228 1.047 a 1 IBUF (a 1 IBUF)
LUT5:I0->0 3 0.254 0.759 x2/carryl (c<1>)
LUT5:I3->0 3 0.250 0.759 x4/carryl (c<3>)
LUT5:I3->0 3 0.250 0.759 x6/carryl (c<5>)
LUT5:I3->0 1 0.250 0.579 x8/carryl (cout OBUF)
OBUF:I->0 2.715 cout OBUF (cout)
Total 8.851ns (4.947ns logic, 3.904ns route)
(55.9% logic, 44.1% route)
RTL VIEW: TECHNOLOGY VIEW:
B :clcers.1 [— N 1—‘ Eoam ‘ o ‘— E D n e
o Lo . £ : - e i
- “+ .c ©_AND, a:?;_ AND_3 o1 jT':\/i 1 ‘U u H 3‘_\‘
e Mior_sumt el e B D =t
] T e L | ‘ =L
A TJror_sumi e = = e H D [
. pee N e ﬂ [t
- \ el &
- D ks
Mxor_a_b_XOR_1_o D‘ =5
= adderd 3_\“

POWER ANALYSIS CODE

module adder8 power( output [7:0] sum,output cout, resetout, input [7:0] a, b, input cin, clk, reset );
wire [7:0] sum1; wire [6:0] c;

wire dem_clk,coutl; reg [7:0] sum;reg cout;

fa_struct x1(sum1[0],c[0],a[0],b[0],cin); fa_struct x2(suml1[1],c[1],a[1],b[1],c[0]);
fa_struct x3(sum1[2],c[2],a[2],b[2],c[1]); fa_struct x4(sum1[3],c[3],a[3],b[3].c[2]);
fa_struct xS(sum1[4],c[4],a[4],b[4],c[3]); fa_struct x6(sum1[5],c[5],a[5],b[5],c[4]);
fa_struct x7(sum1[6],c[6],a[6],b[6],c[5]); fa_struct x8(sum1[7],coutl,a[7],b[7],c[6]);
dem_clk uuu(clk,dem_clk,reset,resetout);

always @ (posedge dem_clk or posedge reset)

begin

if (reset)

begin

sum<=8'b00000000; cout<=8'b00000000;

end

else

begin

sum<=suml; cout<=coutl;

end

end

endmodule
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POWER REPORT

| On-Chip | Power (mW) | TUsed | Available | Utilization (%)

| Clocks | 3.01 | 1 -—- | -—=

| Logic | 0.09 | 8 | 2400 | 0.3 |
| Signals | 0.77 | 40 | -—- | -—=

| IOs | 11.75 | 29 | 102 | 28.4 |
| DCMs | 14.11 | 1 | 4 | 25.0 |
| Quiescent | 14.00 | | | |
| Total | 43.73 | | | |

| Effective TJA (C/W) | 42.4 |
| Max Ambient (C) | 83.1 |
| Junction Temp (C) | 26.9 |

| Supply Power (mW) | 43.73 | 19.01 | 24.71 |

RESULT

B5




Exp. No. :

Date:

DESIGN ENTRY, SIMULATION, SYNTHESIS, P&R, POST P&R
SIMULATION OF 4-BIT ARRAY MULTIPLIER

AIM:

To write a Verilog code for the 4-bit array multiplier and to simulate, synthesis, P&R, post P&R
simulation and hardware fusingusing Xilinx project navigator.

APPARATUS REQUIRED:
S.No Name of the equipment/ software Quantity
1. PC with Windows 1
2. Xilinx Project navigator 1
4-BIT ARRAY MULTIPLIER
ys ¥ ¥ ¥, =Y (multiplicand)
G Xy X X, %X =X (multiplier)
Yo ¥Xo Y%o YoXo
Partial products
Y5 VX5 Vi Yok <
» Partial products 7 A}
S U5 SR U5 S US SR /S o [F=eTeTer} Y
— [ e & o} X,
pPg P P, P, P, P P Product [ o o o}k X
(a) (b)

The operation of multiplication with two 4-bit operands: (a) partial

products: (b) dot diagram.

¥5
sl | ]
D
¥3 ¥ I » », =0 0
x, | |
r s x 3 o
= FA FA FA FA |- L1}
v, v, | ¥ | I 1
X | ] l P
3 @ 3 @ £ fj +
FA FA FA FA f=— 0
¥s > ¥ o 1
r. | | 1 ii P,
p d L E i
4 5 {FA f— 0
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SOURCE CODE:

module arraymul( output [7:0] p, input [3:0] x, input [3:0]y );

wire [3:1] a; wire [4:1] b;

wire wl,w2,w3,cl,c2,c3,c4;

wire [4:1] e;

wire f1,f2,f3,v1,v2,v3; wire g1,g2,g3;

wire [4:1] d;

assign p[0]=x[0]&y[0];

assign a[1]=x[0]&y[1]; assign a[2]=x[0]&y[2]; assign a[3]=x[0]&y[3]; assign b[1]=x[1]&y[0];
assign b[2]=x[1]&y[1]; assign b[3]=x[1]&y[2]; assign b[4]=x[1]&y[3];

fa_dataflow ul(p[1],c1,a[1],b[1],1'b0);

fa_dataflow u2(w1,c2,a[2],b[2],c1);

fa_dataflow u3(w2,c3,a[3],b[3],c2);

fa_dataflow u4(w3,c4,1'b0,b[4],c3);

assign d[1]=x[2]&y[0]; assign d[2]=x[2]&y[1]; assign d[3]=x[2]&y[2]; assign d[4]=x[2]&y[3];
fa_dataflow u5(p[2],g1,d[1],w1,1'b0);

fa_dataflow u6(v1,g2,d[2],w2,g1);

fa_dataflow u7(v2,g3,d[3],w3,82);

fa_dataflow u8(v3,g4,c4,d[4],g3);

assign e[1]=x[3]&y[0];assign e[2]=x[3]&y[1];assign e[3]=x[3]&y[2];assign e[4]=x[3]&y[3];
fa_dataflow u9(p[3],f1,e[1],v1,1'b0);

fa_dataflow ul0(p[4],f2,e[2],v2,f1);

fa_dataflow ul1(p[5],f3,e[3],v3,f2);

fa_dataflow ul2(p[6],p[7],e[4],g4,f3);

endmodule

TEST BENCH:

module arraymul test;

reg [3:0] x;reg [3:0] y;

wire [7:0] p;

arraymul uut (.p(p),.x(x),.y(¥));

initial

begin

x=4'b1010;y=4'b1010;#5 x=4'b1111;y=4'0001;

#5 x=4b0111;y=4'b0011;#5 x=4'b1111;y=4'b1011;
end

initial $monitor($time,"x=%d,y=%d,p=%d\n",x,y,p);
initial #20 $stop;

endmodule
SIMULATED WAVEFORM:
Name Value
B pr:0) 165 f 100 b 15 b 21 bl )
B 0] 15 4 10 X 15 X 7 X b
B vB0) 11 4 10 X 1 X 3 X )

0x=10,y=10,p=100
5x=15,y=1,p=15
10x=7,y=3,p=21
15x=15,y=11,p=165




SIMULATED RESULT:

Timing Summary:

Speed Grade: -3
Minimum period: No path found
Minimum input arrival time before clock: No path found
Maximum output required time after clock: No path found
Maximum combinational path delay: 11.800ns

All values displayed in nanoseconds (ns)

Timing constraint: Default path analysis
Total number of paths / destination ports: 394 / 8

Delay: 11.800ns (Levels of Logic = 8)
Source: y<1> (PAD)
Destination: p<7> (PAD)
Data Path: y<1> to p<7>
Gate Net
Cell:in->out fanout Delay Delay Logical Name (Net Name)
IBUF:I->0 13 1.228 1.161 y 1 IBUF (y 1 IBUF)
LUT4:I1->0 2 0.235 0.845 wul/a b AND 9 ol (cl)
LUT6:I3->0 4 0.235 1.139 wu5/a b AND 9 ol (gl)
LUT6:I0->0 3 0.254 0.879 wu7/carryl (g3)
LUT4:11->0 2 0.235 0.893 wu8/Mxor sum xo<0>1 (v3)
LUT6:I2->0 2 0.254 0.893 wull/carryl (£3)
LUT6:I2->0 1 0.254 0.579 wul2/carryl (p_7 OBUF)
OBUF:I->0 2.715 p_7 OBUF (p<7>)
Total 11.800ns (5.410ns logic, 6.390ns route)
(45.8% logic, 54.2% route)

RTL VIEW: TECHNOLOGY VIEW:

rtTJ | ;‘tr
| - e e
I I L_;Eﬁ}ﬁ
L o === S
- |
- [ —
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POWER ANALYSIS CODE

module arraymul_power( output [7:0] p, output resetout, input [3:0] x, input [3:0] y, input clk, input reset);
wire dem_clk;

wire [3:1] a;wire [4:1] b;

wire wl,w2,w3,c1,c2,c3,c4; wire [4:1] e;

wire f1,f2,f3,v1,v2,v3; wire [4:1] d;

wire g1,82,83; reg [7:0] p;

wire [7:0] p1;

assign p1[0]=x[0]&y[0]; assign a[1]=x[0]&y[1]; assign a[2]=x[0]&y[2]; assign a[3]=x[0]&y[3]; assign b[1]=x[1]&y[0];

assign b[2]=x[1]&y[1]; assign b[3]=x[1]&y[2]; assign b[4]=x[1]&y[3]; fa_dataflow ul(p1[1],c1,a[1],b[1],1'b0O);
fa_dataflow u2(w1,c2,a[2],b[2],c1);fa_dataflow u3(w2,c3,a[3],b[3],c2);

fa_dataflow u4(w3,c4,1'b0,b[4],c3);

assign d[1]=x[2]&y[0]; assign d[2]=x[2]&y[1];assign d[3]=x[2]&y[2];assign d[4]=x[2]&y[3];
fa_dataflow u5(p1[2],g1,d[1],w1,1'b0); fa_dataflow u6(v1,g2,d[2],w2,g1);

fa_dataflow u7(v2,g3,d[3],w3,g2); fa_dataflow u8(v3,g4,c4,d[4],83);

assign e[1]=x[3]&y[0]; assign e[2]=x[3]&y[1]; assign e[3]=x[3]&y[2]; assign e[4]=x[3]&y[3];
fa_dataflow u9(p1[3],f1,e[1],v1,1'b0); fa_dataflow ul0(p1[4],f2,e[2],v2,f1);

fa_dataflow ul1(p1[5],f3,e[3],v3,f2); fa_dataflow ul2(p1[6],p1[7],e[4],g4,(3);

dcm_clk uuu(clk,dem_clk,reset,resetout);

always @ (posedge dcm_clk or posedge reset)

begin

if (reset)

p<=8'b00000000;

else

begin

p<=pl;

end

end

endmodule
POWER REPORT

| On-Chip Power Summary

| On-Chip | Power (mW) | Used | Available | Utilization (%) |
| Clocks | 3.00 | 1 | -—= | - |
| Logic | 0.10 | 17 | 2400 | 0.7 |
| Signals | 0.24 | 37 | - | - |
| IOs | 8.67 | 19 | 102 | 18.6 |
| DCMs | 14.11 | 1 ] 4 | 25.0 |
| Quiescent | 13.96 | | | |
| Total | 40.08 | | | |
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| Effective TJA (C/W) | 42.4 |
| Max Ambient (C) | 83.3 |
| Junction Temp (C) | 26.7 |

| Supply Power (mW) | 40.08 | 15.40 | 24.68 |

RESULT
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Exp. No.:3 DESIGN ENTRY, SIMULATION, SYNTHESIS, P&R, POST P&R
SIMULATION OF ALU

Date:

AIM:
To write a Verilog code for the 4-bit arithmetic and logic unit and to simulate, synthesis, P&R, post
P&R simulation and hardware fusingusing Xilinx project navigator.

APPARATUS REQUIRED:
S.No Name of the equipment/ software Quantity
l. PC with Windows 1
2. Xilinx Project navigator 1
SOURCE CODE:

module beh_alu(out,a,b,opcode);
output[7:0] out;

input [3:0] a,b;

input [1:0] opcode;
reg [7:0] out;
parameter

ADD =2"b00,

SUB =2"b01,

MUL = 2’b10,

DIV =2’bl1;

always (@(a,b,opcode)
case(opcode)

ADD: out=a+b;

SUB: out=a-b;

MUL: out=a*b;

DIV: out=a/b;
endcase

endmodule

TEST BENCH:

module stimu_beh_alu;
wire [7:0] out;

reg [3:0] a,b;

reg [1:0] opcode;

beh_alu ul(out,a,b,opcode);
initial

begin




opcode =2’b00;a=4"b1010;b=4"b0001;

#5 opcode = 2°b01;a=4"b1101;b=4"b0001;

#5 opcode = 2’b10;a=4’b0101;b=4"b0010;

#5 opcode =2’b11;a=4’b1010;b=4"b0010;

end

initial
$monitor($time,"opcode=%d,a=%d,b=%d,out=%d\n",opcode,a,b,out);
initial #20 $stop;

endmodule
I p fors
‘ % out[7:0] 00001010 00001011 00001100 00001010 00000101
- Mg al:0] 0101 1010 1101 0101 1010
. Mg b3E:0] oo1o oop1 [Ty
+ W@ opcode[l:0] 10 00 01 10 11
SIMULATION OUTPUT

# Oopcode=0,a=10,b= 1,out=11
# Sopcode=1,a=13,b= 1,out= 12
# 10opcode=2,a= 5,b=2,out= 10
# 150pcode=3,a=10,b=2,out=5

TIMING SUMMARY:

Speed Grade: -4
Minimum period: No path found
Minimum input arrival time before clock: 7.786ns
Maximum output required time after clock: 4.368ns
Maximum combinational path delay: No path found

Timing Detail:

All values displayed in nanoseconds (ns)

Timing constraint: Default OFFSET IN BEFORE for Clock 'out_cmp_eq0000'
Total number of paths / destination ports: 143 / 8

Offset: 7.786ns (Levels of Logic = 3)
Source: b<1> (PAD)
Destination:  out_7 (LATCH)
Destination Clock: out_cmp_eq0000 rising

Data Path: b<1>to out_7
Gate Net
Cell:in->out  fanout Delay Delay Logical Name (Net Name)

IBUF:I->0 8 1.218 0.757 b_1_IBUF (b_1_IBUF)

MULT18X18S10:B1->P7 1 4.344 0.455 Mmult_out_mult0000 (out_mult0000<7>)
LUT3:12->0 1 0.704 0.000 out_mux0000<7>1 (out_mux0000<7>)

LD_1:D 0.308 out_7
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Total 7.786ns (6.574ns logic, 1.212ns route)
(84.4% logic, 15.6% route)

Timing constraint: Default OFFSET OUT AFTER for Clock 'out_cmp_eq0000'
Total number of paths / destination ports: 8 / 8

Offset: 4.368ns (Levels of Logic = 1)
Source: out_7 (LATCH)
Destination:  out<7> (PAD)
Source Clock:  out_cmp_eq0000 rising

Data Path: out_7 to out<7>
Gate Net
Cell:in->out  fanout Delay Delay Logical Name (Net Name)

LD_1:G->Q 1 0.676 0.420 out_7 (out_7)
OBUF:I->0 3.272 out_7_OBUF (out<7>)
Total 4.368ns (3.948ns logic, 0.420ns route)

(90.4% logic, 9.6% route)

RTL VIEW TECHNOLOGY VIEW
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RESULT:
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Exp. No. : 4 DESIGN ENTRY, SIMULATION, SYNTHESIS, P&R, POST P&R
SIMULATION OF UNIVERSAL SHIFT REGISTER

Date:

AIM:

To write a Verilog code for 4-bit universal shift register and to simulate, synthesis, P&R, post P&R
simulation and hardware fusingusing Xilinx project navigator.

APPARATUS REQUIRED:
S.No Name of the equipment/ software Quantity
l. PC with Windows |
2. Xilinx Project navigator 1
BLOCK DIAGRAM
Panbe wpus
== =
i Ay A B W S
' . .

— ey - 1
‘ | }
| ol ' |4 'y “e d 'TE S 4n
| MUX MUIX | 1 NUX N
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4-bit universal shift register

A4




SOURCE CODE

module D_FF(q,d,clk,reset);
output reg g;

input d,clk,reset;
always@(posedge clk)
if(reset==1'b1)

g=1'b0;

else

g=d;

endmodule

module mux_4_1(y,s1,s0,i3,i2,i1,i0);
outputregy,

input i3,i2,il,io;

input s1,s0;
always@(s1,s0,i3,i2,i1,i0)
begin

if(s0==0&s1==0)

y=i0;

if(s0==0&s1==1)

y=il;

if(s0==1&s1==0)

y=i2;

if(s0==1&s1==1)

y=i3;

end

endmodule

module USR(O,I,clk,reset,s,SINR,SINL);
wire[3:0]w;

input([3:0]l;

input[1:0]s;

input clk;

input reset,SINR,SINL;

output[3:0]0;

mux_4_1 m1(w[0],s[1],s[0],1[0],SINL,O[1],0[0]);
mux_4_1 m2(w[1],s[1],s[0],1[1],0[0],0[2],0[1]);
mux_4_1 m3(w[2],s[1],s[0],1[2],0[1],0[3],01[2]);
mux_4_1 m4(w[3],s[1],s[0],1[3],0[2],SINR,O[3]);
D_FF d1(0O[0],w[0],clk,reset);

D_FF d2(0[1],w[1],clk, reset);

D_FF d3(0[2],w[2],clk,reset);

D_FF d4(0[3],w[3],clk,reset);

endmodule

TEST BENCH
module uni_testbench;
reg[3:0]l;

reg clk;

reg reset;

reg[1:0]s;
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reg SINR;
reg SINL;
wire[3:0]0;

USR uut( .0(0),.I(1),.clk(clk),.reset(reset),.s(s),.SINR(SINR),.SINL(SINL));
initial begin
//Initialize
//1=4'b0000;
clk=1'b1;
reset=1'b1;
SINR=1'b1;
SINL=1'b0;
s=2'b00;
#100;
reset=1'b1;
#100;
1=4'b0101;
reset=1'b0;
#100;
s=2'b10;
#100;
s=2'b10;
#100;
s=2'b00;
end
always#50 clk="clk;
endmodule

mn-m:-- ||||2':|:|C||r1|5||||||“{ml”|5||||||thmlr1|5||||||8':|J':J|IFI|5||||||:LIF":E|t
B OB 1000 oo 000 ¥ 1100
- Ba 130 010l WHHK 01p1
(= || T Y Y Y o N e B

-|_E reset a
» B s 10 a0 by ih s 0

T SINR 1

1 sinL 0
TIMING REPORT:

Minimum period: No path found

Minimum input arrival time before clock: 4.047ns

Maximum output required time after clock: 4.283ns

Maximum combinational path delay: No path found
TIMING DETAIL:

All values displayed in nanoseconds (ns)

Timing constraint: Default OFFSET IN BEFORE for Clock 'clk'
Total number of paths / destination ports: 8 / 8

Offset:
Source:

2.886ns (Levels of Logic = 1)
reset (PAD)
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Destination:  d4/q (FF)
Destination Clock: clk rising

Data Path: reset to d4/q
Gate Net
Cell:in->out  fanout Delay Delay Logical Name (Net Name)

IBUF:I->0 8 1.218 0.757 reset_IBUF (reset_IBUF)
FDR:R 0.911 d4/q
Total 2.886ns (2.129ns logic, 0.757ns route)

(73.8% logic, 26.2% route)

Timing constraint: Default OFFSET IN BEFORE for Clock 's<1>'
Total number of paths / destination ports: 22 / 8

Offset: 4.047ns (Levels of Logic = 2)
Source: s<0> (PAD)
Destination:  m4/y (LATCH)
Destination Clock: s<1> rising

Data Path: s<0> to m4/y
Gate Net
Cell:in->out  fanout Delay Delay Logical Name (Net Name)

IBUF:I->0 13 1.218 0.983 s_0_IBUF (s_0O_IBUF)

INV:I->0 4 0.704 0.587 m4/y_0_not00001_INV_0 (m1/y_0_not0000)
LDCPE_1:GE 0.555 ml/y

Total 4.047ns (2.477ns logic, 1.570ns route)

(61.2% logic, 38.8% route)

Timing constraint: Default OFFSET OUT AFTER for Clock 'clk’
Total number of paths / destination ports: 4 / 4

Offset: 4.283ns (Levels of Logic = 1)
Source: d4/q_1 (FF)
Destination:  0<3> (PAD)
Source Clock:  clk rising

Data Path: d4/q_1 to 0<3>
Gate Net
Cell:in->out  fanout Delay Delay Logical Name (Net Name)

FDR:C->Q 1 0.591 0.420 d4/q_1(d4/q_1)
OBUF:I->0 3.272 0O_3_OBUF (0<3>)
Total 4.283ns (3.863ns logic, 0.420ns route)

(90.2% logic, 9.8% route)
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RTL VIEW
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Exp. No. :
IDESIGN ENTRY, SIMULATION, SYNTHESIS, P&R, POST

P&R SIMULATION OF FINITE STATE MACHINE
Date:

AIM:
To write a Verilog code for finite state machine and to simulate, synthesis, P&R, post P&R
simulation and hardware fusingusing Xilinx project navigator.

APPARATUS REQUIRED:
S.No Name of the equipment/ software Quantity
1. PC with Windows 1
2. Xilinx Project navigator 1
ALGORITHM:

Step1: Define the specifications and initialize the design.

Step2: Declare the name of the entity and architecture by using Verilog source code.
Step3: Write the source code in VERILOG.

Step4: Check the syntax and debug the errors if found, obtain the synthesis report.
StepS: Verify the output by simulating the source code.

Step6: Write all possible combinations of input using the test bench.

Step7: Obtain the place and route report.

LOGIC DIAGRAM:

MOORE FSM:

A=1)




VERILOG SOURCE CODE:
BEHAVIORAL MODELING:
module moorefsm(a,clk,z);
input a;

input clk;

output z;

reg z;

parameter st0=0,st1=1,st2=2,st3=3;
reg[0:1]moore_state;
initial

begin

moore_state=st0;

end

always @ (posedge(clk))
case(moore_state)

st0:

begin

z=1;

if(a)

moore_state=st2;

end

stl:

begin

z=0;

if(a)

moore_state=st3;

end

st2:

begin

z=0;

if(~a)

moore_state=stl;

else

moore_state=st3;

end

st3:

begin

z=1;

if(a)

moore_state=st0;

end

endcase

endmodule
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SIMULATION OUTPUT :

N T Y I I O Y Y OO B
! [ L | I I | I L ]
stOfst?  fst3 st Jst?  Jsta| Jst0  Jet2 st3  Jstdl  Jste | Jstd  Jetd st?  Jsta  Jst0l]

SYNTHESIS RTL SCHEMATIC:

f— ]
f— ]

- . B S [ EEE S
.

RN E———— |—
RN R
e
IR S

P e s sz
o e i
I B
N

MEALY FSM:
TRUTH TABLE:

sSTo | STO

5T STO

aTs =T

ST3 ST

Present stata

VERILOG SOURCE CODE:
Behavioral Modeling:

module mealayfsm(a, clk, z);

input a;

input clk;

output z;

reg z;

parameter st0=0,st1=1,st2=2,st3=3;
reg[0:1]mealy _state;

initial

Input A

{Entries in table are
next state and output Z)
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begin

mealy state=st0;
end

always @ (posedge(clk))
case(mealy_state)
st0:

begin

if(a) begin

z=1;

mealy state=st3; end
else

z=0;

end

stl:

begin

if(a) begin

z=0;

mealy state=st0; end
else

z=1;

end

st2:

begin

if(a) begin

z=1;

mealy state=stl; end
else

z=0;

end

st3:

begin

z=0;

if(a) begin

mealy state=stl; end
else

mealy state=st2;

end

endcase

endmodule

SIMULATION OUTPUT:

1 [ 1 [
Tt st Jst3  Ye1] JetD Ysi3 st a0 Y3 JetT Y0 st3  Jstl st
TatD st3 fstl  To0] T3 YaHl st fat3  TeT] JotD Ysi3 st JstD T3




SYNTHESIS RTL SCHEMATIC:

e —
—
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T
]
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Exp. No. :

Date:

DESIGN ENTRY, SIMULATION, SYNTHESIS, P&R, POST P&R
SIMULATION RAM MEMORY

AIM:

To write a Verilog code for RAM and to simulate, synthesis, P&R, post P&R simulation and hardware

fusingusing Xilinx project navigator.

APPARATUS REQUIRED:
S.No Name of the equipment/ software Quantity
l. PC with Windows 1
2. Xilinx Project navigator 1
BLOCK DIAGRAM

I:"‘in — | S\W1

qb

49
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SOURCE CODE:

module ram(dout,din,wr,rd);
// declaration of I/O ports
output dout;

input din,wr,rd;

// declare internal wire

wire q,sb,qq,qb;

// component instantiation
cms swl(q,din,wr);

where SW1. SW2. SW3
are CMOS switchs

b4




not nl(sb,wr);

cms sw2(q,sb,qq);
not n2(qb,q);

not n3(qq,qb);

cms sw3(dout,qq,rd);
endmodule

module cms(out,in,n_ctr);
// declaration of I/O ports
output out;

input in,n_ctr;

// declare internal wire

wire p_ctr;

assign p_ctr=~n_ctr;

cmos ul(out,in,n_ctr,p_ctr);
endmodule

TEST BENCH

module stimu_cmos_ram;

// declaration of variables

wire dout;

reg din,wr,rd;

// component instantiation

ram ul(dout,din,wr,rd);

// declaration of inputs

initial

begin
din=1"b0;wr=1"b0;rd=1b0;

#10 din=1"b0;wr=1"b0;rd=1’b1;
#10 din=1"b0;wr=1"b1;rd=1’b1;
#10 din=1"b0;wr=1"b1;rd=1’b0;
#10 din=1"b0;wr=1"b1;rd=1’b1;
#10 din=1"bl;wr=1"b1;rd=1’bl1;
#10 din=1"b1;wr=1"b0;rd=1’b1;
#10 din=1"b1;wr=1"b1;rd=1’b0;
end

initial
monitor($time,"din=%b,wr=%b,rd=%b,dout=%b\n",din,wr,rd,dout);
initial #80 $stop;

endmodule
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SIMULATED RESULT FOR RAM
# 0din=0,wr=0,rd=0,dout=z

# 10din=0,wr=0,rd=1,dout=x

# 20din=0,wr=1,rd=1,dout=0

# 30din=0,wr=1,rd=0,dout=z

# 40din=0,wr=1,rd=1,dout=0

# 50din=1,wr=1,rd=1,dout=1

# 60din=1,wr=0,rd=1,dout=1

# 70din=1,wr=1,rd=0,dout=z

RESULT
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Exp. No. :

SYNCHRONOUS AND ASYNCHRONOUS COUNTER
Date:

AIM:

To develop the source code for synchronous and asynchronous counter by using VHDL/VERILOG and obtain the simulation,

synthesis, place and route and implement into FPGA.

ALGORITM:

Step1l: Define the specifications and initialize the design.

Step2: Declare the name of the entity and architecture by using VHDL source code.
Step3: Write the source code in VERILOG.

Step4: Check the syntax and debug the errors if found, obtain the synthesis report.
Step5: Verify the output by simulating the source code.

Step6: Write all possible combinations of input using the test bench.

Step7: Obtain the place and route report.

LOGIC DIAGRAM:

1 ’— T4 Q4

Tl Ql T2 Q1 3 Q3
clock
. Q4=
o1 Q2 Q3
reset
dout(1) dout(2) dout(3) dout(4)

SYNCHRONOUS COUNTER:
VERILOG SOURCE CODE:

Behavioral Modeling:

module syncntr(clk, rst, q);

input clk;

input rst;

output [3:0]q;
reg [3:0]q;
reg [3:0]x=0;
always @ (posedge(clk) or posedge(rst))
begin
if (rst==1'b1)
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begin
q=4'b0;

end

else

begin
x=x+1'b1;
end

a=x;

end
endmodule

Simulation output:

[ U B O

I

L L

.

L L

0000_J0007 0070 JO0oiT joio0 Joiof joi10 joi

11000 700

101031011 _J110

1111 _J0000 000

-

i

_::b——a H clk 1
Y o =
| b —
[k
[t
:::—_ﬂ F
[
WCoo
SYNTHESIS REPORT:
* Final Report *

DEVICE UTILIZATION SUMMARY:

Selected Device : 3s400tq144-5

2 outof 3584 0%
4 outof 7168 0%
2 outof 7168 0%

Number of Slices:
Number of Slice Flip Flops:
Number of 4 input LUTs:
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6 outof 97 6%
1 outof 8 12%

Number of bonded IOBs:
Number of GCLKs:

TIMING REPORT

NOTE: THESE TIMING NUMBERS ARE ONLY A SYNTHESIS ESTIMATE.
FOR ACCURATE TIMING INFORMATION PLEASE REFER TO THE TRACE REPORT
GENERATED AFTER PLACE-and-ROUTE.

CLOCK INFORMATION:

Clock Signal | Clock buffer(FF name) | Load |
clk | BUFGP |4 |

TIMING SUMMARY:

Speed Grade: -5

Minimum period: 3.388ns (Maximum Frequency: 295.186MHz)
Minimum input arrival time before clock: No path found
Maximum output required time after clock: 6.318ns

Maximum combinational path delay: No path found

ASYNCHRONOUS COUNTER:

LOGIC DIAGRAM:

- - T4 Q4 ]
clock
reset
dout(1) dout(2) dout(3) dout(4)
VERILOG SOURCE CODE:
BEHAVIORAL MODELING:

module asyncntr(clk, rst, s, q);
input clk;
input rst;
input's;

b9




output [3:0] g;
reg [3:0] q;
reg [3:0] x=0;
always @ (posedge(clk) or posedge(rst))
begin
if (rst==1'b1)
begin
g=4'b0;
end
else if (s==1'b0)
begin
x=x-1'b1;
end
else if (s==1'b1)
begin
x=x+1'b1;
end
a=x;
end
endmodule

Simulation output:

S A I 6 O O B

0000_Jo0ot j0oi0jooft jmiod joiot joi10 01T 000 1001 Jioi0 JToi1 MO0 {101 10 JI117 0000 jood

i

Synthesis RTL Schematic:

[clk |

[ rst =

t gbar

WCC




Synthesis report:

* Final Report *

Device utilization summary:

Selected Device : 3s400tq144-5

Number of Slices: 4 outof 3584 0%
Number of Slice Flip Flops: 7 outof 7168 0%
Number of bonded 10Bs: 6 outof 97 6%
Number of GCLKs: 1 outof 8 12%
TIMING REPORT

NOTE: THESE TIMING NUMBERS ARE ONLY A SYNTHESIS ESTIMATE.
FOR ACCURATE TIMING INFORMATION PLEASE REFER TO THE TRACE REPORT
GENERATED AFTER PLACE-and-ROUTE.

Clock Information:

+ + +
T T T

Clock Signal | Clock buffer(FF name) | Load |
clk | BUFGP [2 |

t1/gbar:Q | NONE [2 |
t2/gbar:Q | NONE [2 |
t3/gbar:Q | NONE [1 |

+ + +

INFO:Xst:2169 - HDL ADVISOR - Some clock signals were not automatically buffered by XST with BUFG/BUFR resources. Please use th
buffer_type constraint in order to insert these buffers to the clock signals to help prevent skew problems.

Timing Summary:

Speed Grade: -5

Minimum period: 2.733ns (Maximum Frequency: 365.925MHz)
Minimum input arrival time before clock: No path found
Maximum output required time after clock: 6.280ns

Maximum combinational path delay: No path found

RESULT:
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Exp. No. :

DESIGN ENTRY AND SIMULATION OF CMOS INVERTOR
CIRCUIT

Date:

AIM:
To write a Verilog code for CMOS INVERTORsimulation and hardware using Xilinx project
navigator.

APPARATUS REQUIRED:
S.No Name of the equipment/ software Quantity
1. PC with Windows 1
2. Xilinx Project navigator 1
Vop
J Pwd
9
in +— aut
| ena
Ves

CMOS Inverter

SOURCE CODE

module cmos_inverter(out,in);
// declaration of I/O ports
output out;

input in;

// declare power and ground terminals
supplyl pwr;

supply0 gnd;

// component instantiation
pmos ul(out,pwr,in);

nmos u2(out,gnd,in);
endmodule
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TEST BENCH

// declaration of variables

wire out;

module stimu cmos invertor;
reg in;

// component instantiation

(out,in);

i

2

=]
— o

o LT

o O

)

£ §

O =

> =

& &

= —
28 .=.g
g o= Wb_
5 . o

1°bO0;
$monitor($time,"in=%b,out=%b",in,out);

initial #20 $stop;
endmodule

ﬂ Analog simulation of example

#10 in=1"b1;

end

initial

in

" Voltage vs. time #Voltages and currents jVoltage vs. voltage 4Frequency vs.time 4Eye diagram /

0

OUTPUT
# 0in=0,out=1
# 10in=1,out=




LAYOUT
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RESULT
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Exp. No. :

DESIGN ENTRY AND SIMULATION OF CMOS BASIC GATES
AND FLIP FLOPS

Date:

AIM:
To write a Verilog code for CMOS BASIC GATES And FLIP FLOPS simulation and hardware
using Xilinx project navigator.

APPARATUS REQUIRED:
S.No Name of the equipment/ software Quantity
1. PC with Windows 1
2. Xilinx Project navigator 1

vdd

—|—Pwr

GND

module cmos_nand(out,a,b);
output out;

input a,b;

supplyl pwr;
supply0 gnd;

wire ¢;

nmos ul(out,c,a);
nmos u2(c,gnd,b);
pmos u3(out,pwr,a);
pmos u4(out,pwr,b);
endmodule
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TEST BENCH

module stimu_cmos_nand;
// declaration of variables
wire out;

reg a,b;

// component instantiation
cmos_nand ul(out,a,b);

// declaration of inputs
initial

begin

a=1"b0;b=1"b0;

#10 a=1"b1;b=1"b0;

#10 a=1"b0;b=1"b1;

#10 a=1"b1;b=1"b1;

end

initial
$monitor($time,"a=%b,b=%b,out=%b\n",a,b,out);
initial #40 $stop;
endmodule

OUTPUT

# 0a=0,b=0,0ut=1
# 10a=1,b=0,out=1
# 20a=0,b=1,out=1
# 30a=1,b=1,out=0

ﬂ Analog simulation of Example.msk

+1.20
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LAYOUT:

I
I
v

iR RRRE

::I—L 1

E,é//////// ;

t/’//g//////// r
R 5 5

I||'||I||'||I||'||I||'||/_'?4.=Ip'
10 20 30 40

ot

D FLIP FLOP

D




SOURCE CODE

module dff beh(
output q,
output gbar,
input d,

input clk

);

reg q,qbar;

initial

g=1'b0;

always @(negedge clk)

begin

q=d;

gbar=~q;

end

endmodule

TEST BENCH

module dff test;

reg d;

reg clk;

wire q;

wire qbar;

dff beh uut ( .q(q), .gbar(gbar), .d(d), .clk(clk));
initial

begin

clk=1'b0;

d=1'b0;

end

always #3 clk=~clk;

always #5 d=~d;

initial $monitor($time,"d=%d,clk=%d,q=%d,qbar=%d\n",d,clk,q,qbar);
initial #30 $stop;

endmodule

OuUTPUT
0d=0,clk=0,q=x,qbar=x
3d=0,clk=1,q=0,gbar=1
5d=1,clk=1,g=1,gbar=0
6d=1,clk=0,q=1,qbar=0
9d=1,clk=1,q=1,gbar=0
10d=0,clk=1,q=0,gbar=1
12d=0,clk=0,q=0,gbar=1
15d=1,clk=1,q=1,gbar=0
18d=1,clk=0,q=1,gbar=0
20d=0,clk=0,q=1,gbar=0
21d=0,clk=1,q=0,gbar=1
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Exp. No. : DESIGN ENTRY, SIMULATION, SYNTHESIS, P&R, POST P&R
SIMULATION UP/DOWN COUNTER

Date:

AIM:
To write a Verilog code for up/down counter and to simulate, synthesis, P&R, post P&R simulation and
hardware fusingusing Xilinx project navigator.

APPARATUS REQUIRED:
S.No Name of the equipment/ software Quantity
1. PC with Windows 1
2. Xilinx Project navigator 1
CODING
UPCOUNTER

module upcounter(count,clk,n);

output [3:0] count;

input clk;

input [3:0] n;

reg [3:0] count;

initial

count=4'b0000;

always @(negedge clk) count=(count==n)? 4'b0000:count+1'b1;
endmodule

DOWNCOUNTER

module downcounter(count,clk,n);

output [3:0] count;

input clk;

input [3:0] n;

reg [3:0] count;

initial

count=4'b0000;

always @(negedge clk) count=(count==4'b0000)? n:count-1'b1;
endmodule
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UPDOWNCOUNTER

module updowncounter(count,clk,n,u_d);

output [3:0] count;

input clk,u_d;

input [3:0] n;

reg [3:0] count;

initial

count=4'b0000;

always @(negedge clk) count=(u_d)?((count==n)? 4'b0000: count+ 1'b1)
:(( count==4'b0000)? n:count - 1'bl);

endmodule

TEST BENCH:

UPCOUNTER (TESTBENCH)

module upcounter _test;

reg clk;

reg [3:0] n;

wire [3:0] count;

upcounter uut (.count(count), .clk(clk),.n(n));
initial

begin

clk=0;

n=4bl111;

end

always #2 clk=~clk;

initial

$monitor ($time,"clk=%b;,n=%b,count=%b\n",clk,n,count);
initial # 60 $stop;

endmodule

DOWNCOUNTER (TESTBENCH)

module downcounter test;
wire [3:0] count;

reg clk;

reg [3:0] n;

downcounter ul(count,clk,n);
initial

begin

clk=0;

n=4bl111;

end

always #2 clk=~clk;
initial
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$monitor ($time,"clk=%b;,n=%b,count=%b\n",clk,n,count);
initial # 60 $stop;
endmodule

UPDOWNCOUNTER (TESTBENCH)

module updowncounter_test;

wire [3:0] count;

reg clk,u d;

reg [3:0] n;

updowncounter ul(count,clk,n,u_d);
initial

begin

clk=0;

n=4D0111;

u_d=1'b0;

end

always #2 clk=~clk;

always #30u_d=~u_d;

initial

$monitor ($time,"clk=%b,u_d=%b,n=%b,count=%b\n",clk,u_d,n,count);
initial # 58 $stop;

endmodule

SIMULATED WAVEFORM (UPCOUNTER):

Name Value
B count30] || 13 1 % 2 3 3 3 W5 W e W7 W s o a0 )i Wi i s W15y
1B «x 0 I rrrrrrirrirrir i rr
B nE:0] 15 £ 15 3

0clk=0;,n=1111,count=0001

2clk=1;,n=1111,count=0001

4¢clk=0;,n=1111,count=0010

6¢clk=1;n=1111,count=0010

8clk=0;,n=1111,count=0011

10clk=1;n=1111,count=0011
12¢lk=0;,n=1111,count=0100
14clk=1;n=1111,count=0100
16¢lk=0;,n=1111,count=0101
18clk=1;n=1111,count=0101
20clk=0;,n=1111,count=0110
22clk=1;n=1111,count=0110
24clk=0;,n=1111,count=0111
26¢lk=1;n=1111,count=0111
28clk=0;,n=1111,count=1000
30clk=1;,n=1111,count=1000
32¢lk=0;,n=1111,count=1001
34clk=1;n=1111,count=1001
36¢lk=0;,n=1111,count=1010
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38clk=1;,n=1111,count=1010
40clk=0;,n=1111,count=1011
42clk=1;n=1111,count=1011
44clk=0;,n=1111,count=1100
46¢clk=1;,n=1111,count=1100
48clk=0;,n=1111,count=1101
50clk=1;,n=1111,count=1101
52¢clk=0;,n=1111,count=1110
54clk=1;n=1111,count=1110
56¢lk=0;,n=1111,count=1111
58clk=1;,n=1111,count=1111

SIMULATED WAVEFORM (DOWNCOUNTER):

MName Value
B countzo] | 3 s e W Wie W (0 oo s o7 W s A T Ty
1B o . I I I W W A e e W W e W s W W W
B nE0] 15 | 15 b

Oclk=0;,n=1111,count=1111

2clk=1;n=1111,count=1111

4¢clk=0;,n=1111,count=1110

6¢clk=1;n=1111,count=1110

8clk=0;,n=1111,count=1101

10clk=1;n=1111,count=1101
12¢lk=0;,n=1111,count=1100
14clk=1;n=1111,count=1100
16¢clk=0;,n=1111,count=1011
18clk=1;n=1111,count=1011
20clk=0;,n=1111,count=1010
22clk=1;n=1111,count=1010
24clk=0;,n=1111,count=1001
26¢lk=1;,n=1111,count=1001
28clk=0;,n=1111,count=1000
30clk=1;n=1111,count=1000
32¢clk=0;,n=1111,count=0111
34clk=1;n=1111,count=0111
36¢lk=0;,n=1111,count=0110
38clk=1;n=1111,count=0110
40clk=0;,n=1111,count=0101
42clk=1;,n=1111,count=0101
44clk=0;,n=1111,count=0100
46¢clk=1;,n=1111,count=0100
48clk=0;,n=1111,count=0011
50clk=1;n=1111,count=0011
52¢lk=0;,n=1111,count=0010
54clk=1;n=1111,count=0010
56¢lk=0;,n=1111,count=0001
58clk=1;,n=1111,count=0001
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SIMULATED WAVEFORM (UPDOWNCOUNTER):

Mame Value

B countp] || = B S &5 B &S &S T & FS & £ 8
B ud 1 |

B npE:0] 7 { 7

Oclk=0,u_d=0,n=0111,count=0111

2clk=1,u d=0,n=0111,count=0111

4clk=0,u_d=0,n=0111,count=0110

6clk=1,u d=0,n=0111,count=0110

8clk=0,u d=0,n=0111,count=0101

10clk=1,u_d=0,n=0111,count=0101
12¢clk=0,u_d=0,n=0111,count=0100
l4clk=1,u_d=0,n=0111,count=0100
16¢lk=0,u _d=0,n=0111,count=0011
18clk=1,u_d=0,n=0111,count=0011
20clk=0,u_d=0,n=0111,count=0010
22clk=1,u_d=0,n=0111,count=0010
24clk=0,u_d=0,n=0111,count=0001
26clk=1,u_d=0,n=0111,count=0001
28clk=0,u_d=0,n=0111,count=0000
30clk=1,u_d=1,n=0111,count=0000
32clk=0,u_d=1,n=0111,count=0001
34clk=1,u_d=1,n=0111,count=0001
36clk=0,u_d=1,n=0111,count=0010
38clk=1,u_d=1,n=0111,count=0010
40clk=0,u_d=1,n=0111,count=0011
42clk=1,u d=1,n=0111,count=0011
44clk=0,u_d=1,n=0111,count=0100
46clk=1,u d=1,n=0111,count=0100
48clk=0,u_d=1,n=0111,count=0101
50clk=1,u_d=1,n=0111,count=0101
52clk=0,u_d=1,n=0111,count=0110
54clk=1,u_d=1,n=0111,count=0110
56clk=0,u_d=1,n=0111,count=0111

SIMULATED RESULT:
UPCOUNTER:

Timing Summary:

Speed Grade: -3
Minimum period: 2.610ns (Maximum Frequency: 383.164MHz)
Minimum input arrival time before clock: 3.349ns
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Maximum output required time after clock: 3.984ns
Maximum combinational path delay: No path found
Timing Details:

Timing constraint: Default period analysis for Clock 'clk'
Clock period: 2.610ns (frequency: 383.164MHz)
Total number of paths / destination ports: 23 / 4

Delay: 2.610ns (Levels of Logic = 2)
Source: count 1 (FF)
Destination: count 3 (FF)
Source Clock: clk falling

Destination Clock: clk falling
Data Path: count 1 to count 3

Gate Net

Cell:in->out fanout Delay Delay Logical Name (Net Name)

FD:C->Q 5 0.525 0.823 count 1 (count 1)

LUT2:10->0 1 0.250 0.688 count[3] n[3] equal 2 o4 SW2 (N4)
LUT6:I14->0 1 0.250 0.000 count 3 rstpot (count 3 rstpot)
FD:D 0.074 count 3
Total 2.610ns (1.099ns logic, 1.511lns route)

(42.1% logic, 57.9% route)
DOWNCOUNTER

Timing Summary:

Speed Grade: -3
Minimum period: 1.844ns (Maximum Frequency: 542.299MHz)
Minimum input arrival time before clock: 2.566ns
Maximum output required time after clock: 3.954ns
Maximum combinational path delay: No path found

Timing Details:

Timing constraint: Default period analysis for Clock 'clk'
Clock period: 1.844ns (frequency: 542.299MHz)
Total number of paths / destination ports: 16 / 4

Delay: 1.844ns (Levels of Logic = 1)
Source: count 3 (FF)
Destination: count 0 (FF)
Source Clock: clk falling

Destination Clock: clk falling
Data Path: count 3 to count O

Gate Net
Cell:in->out fanout Delay Delay Logical Name (Net Name)
FD:C->Q 5 0.525 0.991 count 3 (count 3)
LUT5:I11->0 1 0.254 0.000 Mcount count xor<l>11 (Mcount countl)
FD:D 0.074 count 1
Total 1.844ns (0.853ns logic, 0.991ns route)
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(46.3% logic, 53.7% route)

UPDOWNCOUNTER

Timing Summary:

Speed Grade: -3
Minimum period: 2.744ns (Maximum Frequency: 364.392MHz)
Minimum input arrival time before clock: 3.622ns
Maximum output required time after clock: 4.069ns
Maximum combinational path delay: No path found

Timing constraint: Default period analysis for Clock 'clk'
Clock period: 2.744ns (frequency: 364.392MHz)
Total number of paths / destination ports: 32 / 4

Delay: 2.744ns (Levels of Logic = 2)
Source: count 2 (FF)
Destination: count 0 (FF)
Source Clock: clk falling

Destination Clock: clk falling
Data Path: count 2 to count O

Gate Net
Cell:in->out fanout Delay Delay Logical Name (Net Name)
FD 1:C->Q [ 0.525 0.745 count 2 (count 2)
LUT2:I1->0 4 0.254 0.912 n0019 SW1l (N2)
LUT6:I3->0 1 0.235 0.000 count 0 rstpot (count 0 rstpot)
FD 1:D 0.074 count 0
Total 2.744ns (1.088ns logic, 1.656ns route)

(39.6% logic, 60.4% route)

Timing constraint: Default OFFSET IN BEFORE for Clock 'clk'
Total number of paths / destination ports: 28 / 4

Offset: 3.622ns (Levels of Logic = 3)
Source: u d (PAD)
Destination: count 0 (FF)

Destination Clock: clk falling
Data Path: u d to count 0

Gate Net

Cell:in->out fanout Delay Delay Logical Name (Net Name)
IBUF:I->0 8 1.228 1.233 wu_d IBUF (u_d IBUF)

LUT6:I1->0 1 0.254 0.580 count[3] count[3] mux 7 OUT<3>1

(count [3] count[3] mux 7 OUT<3>)

LUT6:I5->0 1 0.254 0.000 count 3 rstpot (count 3 rstpot)
FD 1:D 0.074 count 3
Total 3.622ns (1.810ns logic, 1.812ns route)

(50.0% logic, 50.0% route)

Timing constraint: Default OFFSET OUT AFTER for Clock 'clk'
Total number of paths / destination ports: 4 / 4

Offset: 4.069ns (Levels of Logic = 1)
Source: count 3 (FF)
Destination: count<3> (PAD)
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Source Clock:

clk falling

Data Path: count 3 to count<3>

Gate Net
Cell:in->out fanout Delay Delay Logical Name (Net Name)
FD 1:C->Q 9 0.525 0.829 count 3 (count 3)
OBUF:I->0 2.715 count 3 OBUF (count<3>)
Total 4.069ns (3.240ns logic, 0.829ns route)
(79.6% logic, 20.4% route)
RTL VIEW: (upcounter)
upcounter: 1
ADDERCONSTANT:1 fdr_1
N — . . -
= + e <
)))),,,» B
Madd_count[3]_GND_1_o_add_2_OUT1
EQUAL:1
Mcompar_count[3]_n[3]_equal_2_o1
upcounter
RTL VIEW: (Downcounter)
downcounter:1

anddb4

D_1_0_equal_2_0<3>_imp_count[3] GND_1_o_equal_2_0<3>

MUX:1

=

Mmux_count[3]_n[3]_mux_3_OUT1

downcounter

RTL VIEW: (Updowncounter)
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TECHNOLOGY VIEW:
Upcounter:

e

e N =
e AR e

Downcounter:

BUFGP

clk_BUFGP

cont 3

count_0_OBUF

count_1_OBUF

count_2_OBUF

b

count_3_OBUF

Updown counter
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POWER ANALYSIS CODE

(upcounter)

module upcounter_power(count,clk,n,reset,resetout);
output [3:0] count;

output resetout;

input clk,reset;

input [3:0] n;

reg [3:0] countl;

initial

count1=4'b0000;

decm_clk uuu (clk,decm_clk,reset,resetout);
always @(posedge dcm_clk or posedge reset)
begin

if(reset)

count1=4'b0000;

else

countl=(countl==n)? 4'b0000:countl+1'b1;
end

assign count=countl;

endmodule

DownCounter

module downcounter_power(count,clk,n,reset,resetout);
output [3:0] count;

output resetout;

input clk,reset;

input [3:0] n;

reg [3:0] countl;

initial

count1=4'b0000;

dcm_clk uuu (clk,decm_clk,reset,resetout);
always @(posedge dcm_clk or posedge reset)
begin

if(reset)

count1=4'b0000;

else
countl=(count1==4'b0000)?n:count1-1'bl;
end

assign count=countl;

endmodule

Updown counter

module updowncounter_power(count,clk,u_d,n,reset,resetout);
output [3:0] count;

output resetout;

input clk,reset,u_d;

input [3:0] n;

reg [3:0] countl;

initial

count1=4'b0000;

decm_clk uuu (clk,decm_clk,reset,resetout);
always @(posedge dcm_clk or posedge reset)
begin

if(reset)
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count1=4'b0000;

else

countl=(u_d)?((countl==n)? 4'b0000: countl+ 1'b1)
:(( count1==4'b0000)? n:countl - 1'b1);

end

assign count=countl;

endmodule

POWER REPORT

Upcounter:

| On-Chip Power Summary

| On-Chip | Power (mW) | TUsed | Available | Utilization (%)

| Clocks | 2.92 | 1] - | -

| Logic | 0.03 | 8 | 2400 | 0.3 |
| Signals | 0.08 | 14 | -—- | -—=

| IOs | 1.71 | 11 | 102 | 10.8 |
| DCMs | 14.11 | 1] 4 | 25.0 |
| Quiescent | 13.88 | | | |
| Total | 32.73 | | | |
| Effective TJA (C/W) | 42.4 |

| Max Ambient (C) | 83.6 |

| Junction Temp (C) | 26.4 |

| Power Supply Summary

| | Total | Dynamic | Quiescent |

| Supply Power (mW) | 32.73 | 8.13 | 24.60 |

Downcounter

| On-Chip Power Summary

| On-Chip | Power (mW) | Used | Available | Utilization (%)

| Clocks | 2.89 | 1] - | -——=

| Logic | 0.02 | 4 | 2400 | 0.2 |
| Signals | 0.06 | 10 | - | -

| I0s | 2.72 | 11 | 102 | 10.8 |
| DCMs | 14.11 | 1] 4 | 25.0 |
| Quiescent | 13.89 | | | |
| Total | 33.69 | | | |
| Thermal Summary |

| Effective TJA (C/W) | 42.4 |

| Max Ambient (C) | 83.6 |

| Junction Temp (C) | 26.4 |
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| | Total | Dynamic | Quiescent |

| Supply Power (mW) | 33.69 | 9.08 | 24.61 |

Updown counter

| On-Chip Power Summary

| On-Chip | Power (mW) | TUsed | Available | Utilization (%)

| Clocks | 2.95 | 1| -——= | -—=

| Logic | 0.12 | 17 | 2400 | 0.7 |
| Signals | 0.17 | 23 | -—= | -—=

| IOs | 4.02 | 12 | 102 | 11.8 |
| DCMs | 14.11 | 1 | 4 | 25.0 |
| Quiescent | 13.91 | | | |
| Total | 35.27 | | | |
| Thermal Summary |

| Effective TJA (C/W) | 42.4 |

| Max Ambient (C) | 83.5 |

| Junction Temp (C) | 26.5 |

| Power Supply Summary

| | Total | Dynamic | Quiescent |

| Supply Power (mW) | 35.27 | 10.64 | 24.63 |

Result

81




Exp. No. :

Date:

DESIGN OF CMOS INVERTING AMPLIFIER

AIM:

To simulate CMOS inverting amplifier using Tanner software

Circuit Diagram

Simple Inverting Amplifiers

Vbbb
VaGa2
I—} GG2 | > =_>
M2 M2 M2
o “+o—| ———O
+ + e
M1 M1 M1
+o—] {&——VOUT +o—jl@——VOUT I —jpe——VourT
VIN VIN
| ) o & -
Active Current — Push-pull
Load Source inllerlier
Inverter Inverter

TIMING PARAMETER
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VI CHARACTERISTICS

RESULT
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Exp. No. : DESIGN OF BASIC COMMON SOURCE, COMMON GATE AND

COMMON DRAIN AMPLIFIERS
Date:

AIM:

To simulatebasic common source, common gate and common drain amplifiersusing Tanner software

Common Source

yt
R Tout
1 R <J
B G v,
—. %RL
v, ?-l_> =
= in ) RS R3

Common Drain

ut

Outp
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Timing Parameters

Result
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Ex. No:

Date:

SCHEMATIC ENTRY AND SPICE SIMULATION CMOS

INVERTER

AIM

To perform schematic entry of a CMOS inverter and verify its functionality using
transient analysis.

APPARATUS REQUIRED
PC with Tanner EDA tool.

PROCEDURE

¢ Open S-edit and choose new design.

® Draw the schematic of CMOS Inverter using S-edit.

¢ Perform Transient Analysis of the CMOS Inverter.

Obtain the spice code using T-Edit.

above. Obtain the output waveform from W-Edit.

Start - All Programs - Tanner EDA - Tanner V 15 - S-Edit V15.0 32 Bit

Tnternet
Meelz Frafox 4.0 B3

. E-mail
A Microsoft Office Cuil

)

Goagle Chrame

Conficure Acasa Fhd
Vet

@

‘ (22 meroso ofes war

g fsepad
u Shype

& Widows MadiaPlaysr

B Wrdors Massencer

G Wrdaws Mave Meker

) 1-WeeCrwars

i) BeToeven:

(M cdeansr

) Fodt Pharvom

) Googls Chroms

™) Googhs Ezeth

) Googhs Talk

) HOC Desionss Serkes 2009.2
171 HI-TECH Softwere

1) Huevesi deccess Menager
I3 k-lics Codec Pack

) LererdeSpechium L5200% &
1) Mcrosoft Cffe

i) Meresoft Cébee Lue addin
i) ModetsmsE 6.5

T Madebim SE 6,60

v v v e v v v v v ovowY v W ow v w

) Reqracer 2009 35
e
M) sadonments

) ToamViewer §

) ToLoDeshlist

£ 'ideoReAked Projrans

) VidedlH

) indewsLirs

) Winfeap

) Winkad

) 9w 15E Design Subs 12.1

) rahoe! Messergey

M) Zuma's Revenge!

A Acobat Disskar 6.0

[} Adone Arrcbat 5.0 Frofessinal
B acche Readr s

K3 Feshilvn vidao Downioad Soitwars
o IR1456 for Wins2

W WordWieo

G Taner TookvISo b

) Tannet Tookvid.L b

) Doureraion

0 Examples and Tukeedal

3 ectend verdication Intarface
L-Edt v15.0 3201

[ Legzey wEdt

[ wsusomor

18 Hodiy o Remove 32-bt

|§' S-Eckv15 0 52t
B
=0 Tarner Tock ¥15.0 32-bk Falds
T-5pke v15.0 Ze-hit

| waveToolv15.0 32-bt

] wedrvs0azte

Go to transient analysis and set the parameters as explained in the instructions
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To create a new design : File © New Design

S S-Edit

Fla  Edt Yew Draw Cel Setuwp Took ‘Window Hap

[ NewFile... CtriN

Open >
Save »
g Close »

Import >
Export »

Paga Setup...

B prik... Ctri+P

1 C:\Documerts and Settingsl, . \OpAmp|CpAmp. tanner
2 C:\Documents and Settings|. . .\RingVCO.tanner
1 3 C:\Documents and Settingsl, . .\dcoldoo.tanner

4 C:\Documerts and Settingsl. . linvlinw tannes

S C\Documents and Settingsl, .. \Inverter tanner

6 C:\Documents and Settingsl. . . \googhe tanner

Enter the design name and give the path where it should be saved.
Example : techlabs_designs is the design folder

C:\Documents and Settings\phanendra\My Documents\Tanner_lab is the target location of
design folder

New Design

Design name:;

‘ kechlabs_designs |

Create in Folder:

‘ Ci\Documents and SettingsiphanendraiMy DocumentsiTanner_lab w E]

[ OK ] [ Caricel ]

Add component libraries. The path for component libraries is given below.
My Documents\Tanner EDA\Tanner Tools v15.0\Process\Generic_25onm

Click add in S-Edit window for adding the libraries and follow the path of process folder.
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e B Yea Drew

el =t Tock wadon el

DESE@ IR BEQc «=311 S7& 0. [k - L O LRy i NS BT
v’ [ 2> B E e vIP SH o &5 smecr stisct
teciabe_deshing -

b w!

My Fecent
Documents

Look in: | ) Generic_250nm. ~ o ¥ - =~
- L Generic_250nm_analoglib
i :) LA Generic_250nm_Devices

L Gaeneric _250nm_TO_Pads
L Generic_250nm_LogicGates
L Generic_25S0nm_Tech

S e “ =
My Network: Files of typa ] D eszign Filez (Y tarnner) ~ I

Double click all the component libraries under Generic_250onm and add all tanner database files

(.tdb).

To add Spice commands and Spice Elements for setting spice simulation follow the path.

My Documents\Tanner EDA\Tanner Tools vi5.0\Process\Standard_Libraries
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Look in: | L) Standard_Libraries

£ L Devices
g < (= Misc
My Recent I SPICE _Commands
Documents I ) SPICE_Elements
- I TcL
(&
Deckiop
My Documents
—
My Computer
s File name: {Gcncnc_ZSUnm_Logch ates
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S S-LEdit

File Edit view Draw | Cell | Setup Tools  window
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Copy Views...
Axanes Rename View...
ften:hlebs_desions Delete View...

! Page
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& SPICE_Elements R Cell
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Yiew name: | wiewsD |
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Libraries

techlabs_designs v

& Generic_250nm_AnalogLib A

& Generic_250nm_I0O_Pads

® SPICE_Elements
techlabs_designs

& Devices

w Generic_250nm_Devices

Filter v l ‘
Capaut—o? MiM
Capacitor_PiP
Diode

NMOS 2 Sv

NMOS_3_3V
PMOS_2_Sv
PMOS_3_3Y
Resistor_Diffusion
Resistor_Metal
Resistor_MNwell
Resistor_Poly

| open |+ [nstance || Find |
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& S-Edit - [inverter:schematic®]
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Now place Vdd and Gnd Instances from the Misc folder under Library.

& 5 Edit - [inverter:sc homatic®]

! Fie Edt  WView Dram el Sstup  Tools  Window Help
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o v g wB o om0 s e ~| 1> I R T T e I =T

Litr ares x| Elnwrtamchmm"
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& Sene ke _2Snnim_inalog b -~ e : e : I : : t I ) i i i i
& Goneeic_250nm_I0_Pads . . e e . . e e .
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To place a Voltage Source, Click Spice Elements, Under Spice Elements Click Voltage Source and
then Instance.

S S-Edit - [inverter schematic®]
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To place a DC voltage source, change the interface to DC and edit the voltage value . Click done
only after placing the voltage source on design area.

&' S-Ldil - [inverler schemalic™]
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To place a Pulse voltage source, change the interface to DC and edit the voltage value . Click
done only after placing the voltage source on design area.

5 S-Ldit - [inverler schematic®]

Fly 3t Vew Crew Col  Zeltwp Tock Wrdiw  thlp

DN WHEG yRe R . w3 2B IS 0. KROLL Ol Pl NS. X Tvota
AR S T e ~e - 3%:23  [nn S| FLACE | oo

v vew
) wverterxchamaticr |

22:::::‘;2"_,,‘!.’* Instancs noee: ;U:Iva‘;ohuro?.‘ ] I PRI

techiabs_desions - O5T AT NENCUUIRSIATSSEEROUN WisoS tul Vo Wi el SiaN

& Oueiows [_lDzabie name valdson =k A D S AT oy SR S T Y S e Y T

& Ganvere, v Devices therace of e e e T

Quwoni [SPECE Slamants K Lo e E T = i %a |

ol i NatagreaTe - .8 ;e L=y i; ]

Irtsrtmcn: I\lw - e e .- s s

ppr— " 1 st - . e eie e e aovelie S aRe i a e m e elwivmimieie e e e

macti Sywbei v [Pusse v ; 3 S R T

CCY5_M_Loront . . P e e B mnea

Carentstande Bope s - - v e . «- oo . . s

Trarafotmer ~ * — = . = - - : # - i oV

Trarmissonins Hava Vs & Tt o = 1. 5@

B KANe e T e e e e e A e aee . et

VECE_C Kuwont petsy c SRS Wil s R s X & MRl ]
VIVS E _Flemerct FallTimw S '

Vel Period 200 e e e ey it @ e aaeTE & Ae

il Sl \acha ol L m BT i R

ROUND - Sl AR e O e USices & Feusy

- i TS PEL  demeidaore '\._l_.-t‘ ........ I ......

[T et Wt UNEe ke e e b e e Ak R S |

[oom]vrmama Wi b aNE R eeieie e e e e @ D R




Place Vdd and Gnd even for the voltage sources as shown.

Now place Input and Output ports.

LaNs. Etf@eWNDDOoOE .
SELECT SELECT

Ll Ns. Ett@eW ocoooa 7.
SELECT SELECT -

D4




In Port Settings @

Mame:
I 2
[ ] Disable name validation
Font Size (pt) Auko-repeakt
5 ' [ |Enable auto-repeat

e

Justification

COrientation | Wesk w
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Now we need to set up simulation.

$' S-Edit - [inverter:schematic*]

File Edt View Draw Cell |

DRheEdS &\P
L View v

techlabs _designs

Setup | Tools Window Hel
Technology »

Preferences >
Design Checks

SPICE Simulation.,

& Generic_250nm_AnalogLib

& Generic_250nm_IO_Pads
techlabs_designs

& Devices

& Generic_250nm_Devices

& SPICE_Elements

A SPICFE_(Commands. r" s = ' s s s 3 0
Setup SPICE Simulation of cell ‘invarter* B
Generd = General
Metlisting Options Reference Temperature (deg, O
Hierardy Prioricy Accuracy and Performance Defalk
Additional SPICE Cammands @ Sinulation Dutputs
Parameters Shaw waveforms During
SPICE Lptions Enable WaveForm violkage Probing False
[] 0 Dperating Point Analysis Enable Wawefarm Current Probing False
[ Transient/Faurier Analysis Enable waveform Charge Probing False

[] D Swaep Ainalysis

[] &< Analysis

[] Moise Anakysis

[] Transfer Function Anatesis
[] Termperature Sween

[] Parameter Sweep

= File and Directory Names
SPICE File Marne
Filz S=arch Path
Include Files

Verilog-& Search Path

Simulation Resuts Folder

Keep all simulation resuks False
=@ External Simulator Setup

Simulator

Simulakor Command

T-5pice

Library File=

A list of model liorary files and cptional lbrary section name - mulkiple ertries should be separated by
semicolons, Relative pathnames will be expanded to absolute pathnames, urless endosedin
quotes, Use Forward slashes in file paths, This property is evaluated,

Lot |

[ Cance

Run Simulation

D6




Now , give the path of library file.

My Documents\Tanner EDA\Tanner Tools vi15.0\Process\Generic_25onm) Generic_25onm_Tech
\Generic_250nm.lib

After giving the path of Generic_>50nm.lib, add TT as shown below.

My Documents\Tanner EDA\Tanner Tools vi5.0\Process\Generic_2sonm) Generic_25onm_Tech
\Generic_25onm.lib TT

TT is the corner model used . There are different types of Corner models in .1ib file
*TT : Typical model for NMOS & PMOS

* SS : Slow NMOS Slow PMOS model

* FF : Fast NMOS Fast PMOS model

* SF : Slow NMOS Fast PMOS model

Set Transient Analysis as shown below .

Setup SPICE Simulation of cell ‘invertzr’

Generd =
Metlisking Dotions Skop Time 1000n
Hizrarchy Priority Mazirmura Tima Step E0n
Additional SPICE Comrmands Print stark Time
Farameters Prink Time Step
SPICE Optlong _ _ Ise Initial Conditions Falze
[] o operating Point Analysis Starbup Mods ap
ransient/Fourer Analysis =
CiZ 5 Anays . .
E P AWBIGPI Yz Enable Fourier Anakysis Falze:
nalysis -
A ) Fowrier Furdamental Frequen
[] Moise dnalysis =l

Output Yariables

[] Transfer Funchon Analvsis - -
Fourier Number of Harmconics

[] Terrperature Sweep
[] Paramater Swesp

Prink Start Time
The ke when smulation resuks printaut wil begin, — The defaulk skart tme s O seconds,

Feun Smulation OK ] [ Cancel
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Run Simulation.

T T-5pice - [Simulation Status]

Fle Fdb View Simulaton Table Setup wWindow Heb

NEHUSR A =8 o = 0Oe

éR‘l-u

Input il inverter,sp
Frogress:  Simulation complabad

Toka noces: 5

Acthee dendces: 2 Independent sources: 2
Tora dendces: 4 Passive deviczs: [ Controlled sources: 1}

Version 15.00

Peading library
Beading library
FEafing llbrary
R=Eafing library
ReEading library
Reading library

Jtandalone hardware lock

Product Belemse ID: T-%pice Vindd 15.00.20100420.01;:51:1B
Copyright @ 1988-2010 Tanner EDA

antry
sntry
=ncry
Sntry
ERCry
ENLTY

Parsing ®C:\DOCUME~ 1Y% PHAMEMN~1% LOCALS~1) Temwp’, Ltrvercer..op

HTTH from "% Documents and Setcingshphanendrsy By Dopurent sy Tanner EDLY Tamner Tool
WTT_WHOS PARANETERS" frow "henercic Z50nm. Lik™

UTT FHOS PARAMETERST Lrom "Gensrilc ZSO0nm. Lib™

"HOS BIM NODEL® Crom "GEneric 250mm. 11b7

“Typ” from "Gensric_ZSOom. Like

"RES_CAPT Crom "GEnsric_2S0wm. 1ib"

Lo=d=d F2IMIvil wode=]l libracy, Beckeley BAINS VERITON 3.1 with =xtensions

To view waveforms , place PrintVoltage from Spice Commands library.

Libraries

(o

‘_ techlabs_designs

v

'® Generic_250nm_IO_Pads

techlabs_designs
& Devices

‘& Generic_250nm_Devices

'® SPICE_Elements
& Misc

a SPICE_Commands

Al

hal

[ add. ||

Remove ]

Filter v i \
‘MeasureExpression
'MeasureFindAt
‘MeasureFindWwhen
‘MeasureSignalStatistic
‘NodeSet

'NOISE_Measure_Inputhloise

PrintCharge
PrintCurrent
|PrintDeviceState
|PrintExpression
\PrintNoise
PrintPower

PrintVoltage

'RandomVYariable
|SPICE_Parameter

o

Vi

[ Open ]; [Instance][ Find ]
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Waveforms can be viewed on W-Edit tool once Simulation is Run again.
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SCHEMATIC:

80U

VoltageSource 1 . 260

[l 4
wonon
(=R

Erint Valtage

ValtageSource_ 2

Print Voltage




SPICE CODE

Faddksk* Simulation Settings - General section **##x##x®
lib "C:\Documents and Settings\user\My Documents\Tanner EDA\Tanner Tools
v14.1\Libraries\Models\Generic _025.1ib" tt

Fadorkickkx Simulation Settings - Parameters and SPICE Options 4%k

Homeeen Devices: SPICE.ORDER > 0 --------

MNMOS 1N 4N 3GndN 5 NMOS W=2.5u L=250n AS=2.25p PS=6.8u AD=2.25p PD=6.8u
MPMOS 1IN 4N 3N 2N 1PMOS W=2.5u L=250n AS=2.25p PS=6.8u AD=2.25p PD=6.8u
VVoltageSource 1 N 2 Gnd DC 5

VVoltageSource 2 N 3 Gnd PULSE(0 5 0 5n 5n 95n 200n)

PRINT TRANV(N_4)

PRINT TRANV(N_3)

Frddk Rk * Simulation Settings - Analysis section *#* %k
.tran 100n lu

Fadorkickkx Simulation Settings - Additional SPICE commands #7% ¥ #ok

.end

OUTPUT WAVEFORM

el lage ()

el age o

RESULT

00




Ex. No: Schematic Entry and SPICE simulation of MOS

Date: Differential Amplifier

AIM
To perform schematic entry of a CMOS inverter and verify its functionality using
transient analysis.
APPARATUS REQUIRED
PC with Tanner EDA tool.
PROCEDURE
e Enter the schematic of differential amplifier using S-Edit.

e Perform AC analysis of the differential amplifier.
e Goto ,setup'in that select ,spice simulation*. Choose ,ac analysis'and give the following
values.

e Set ,start frequency=10%“stop frequency=10meg". , no. of frequency=25%" sweep

I\\

type=dec". click on ,general* type and give path to Generic _250nm.lib. Then click OK.

RUN simulation to get output.

® Obtain the frequency response from W-

Edit. Obtain the spice code using T-Edit.

[ ]
SCHEMATIC (Common Mode):

Tlbapeimcce_d

3

£
F
ive

UMIC AT ke miad_3 .

i3

Fulbagaliuen_]

-1
A 3
.:5._3

Toltapedmcoe

The simulation setup is as below
After completing circuit diagram goto setup -> spice simulation.

Choose ac analysis and give the following values . S tart

frequency =10

Stop frequency=10meg

No offrequency=25Sweep Type =dec.

Click on general type and give path to Generic_250nm.lib.

And run simulation to get output. For differential mode choose one of the ac source and
change the phase to 180 in the property window.
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SPICE CODE

Fasorkickx Simulation Settings - General section ¥ ##xdek
ib "C:\Documents and Settings\user\My Documents\Tanner EDA\Tanner Tools
v14.1\Libraries\Models\Generic 025.1ib" ff

*akxkdRk* Simulation Settings - Parameters and SPICE Options * %% %%

e Devices: SPICE.ORDER > 0 --------

MNMOS 1N 2N 3N 4N 4 NMOS W=2.5u L=250n AS=2.25p PS=6.8u AD=2.25p PD=6.8u
MNMOS 2N 6 N 7N 4N 4 NMOS W=2.5u L=250n AS=2.25p PS=6.8u AD=2.25p PD=6.8u
MNMOS 3N 4N 11 Gnd N_5 NMOS W=2.5u L=250n AS=2.25p PS=6.8u AD=2.25p PD=6.8u
MPMOS 1IN 2N 2VddN 1 PMOS W=2.5u L=250n AS=2.25p PS=6.8u AD=2.25p PD=6.8u
MPMOS 2N 6N 2 Vdd Vdd PMOS W=2.5u L=250n AS=2.25p PS=6.8u AD=2.25p PD=6.8u
VVoltageSource 3 N 11 Gnd DC 700m

VVoltageSource 4 Vdd Gnd DC 5

VVoltageSource 1 N 3Gnd DCOAC10

VVoltageSource 2N 7 Gnd DC 0 AC 10

.PRINT AC Vdb(N_6)

.PRINT AC Vp(N_6)

.MEASURE AC AC_Measure_Gain_1 MAX vdb(N_6) ON

.MEASURE AC AC_Measure_GainBandwidthProduct 1 Gain MAX vdb(N_6) OFF
.MEASURE AC AC_Measure_GainBandwidthProduct 1 UGFreq WHEN Vdb(N_6)=0 OFF
.MEASURE AC AC_Measure_GainBandwidthProduct 1

PARAM='AC_ Measure GainBandwidthProduct 1 Gain*AC_ Measure GainBandwidthProduct 1 UGFreq' ON

FrxEEkxx* Simulation Settings - Analysis section *¥#* %k
.ac dec 25 10 10meg

okl Simulation Settings - Additional SPICE commands #####ssokex

.end
OUTPUT :
Generaloptions:
threads =2
Device and node counts:
MOSFETs-5 MOSFET geometries - 2
BJTs-0 JFETs -0
MESFETs-0 Diodes -0
Capacitors-0 Resistors - 0
Inductors-0 Mutual inductors -0
Transmission lines-0 Coupled transmission lines -0
Voltage sources-4 Current sources -0
VCVS-0 VCCS -0
CCVS-0 CCCS -0
V-control switch-0 I-control switch -0
Macro devices-0 Verilog-A devices - 0
Subcircuits-0 Subcircuit instances -0
Model Definitions-2 Computed Models -2
Independent nodes-5 Boundary nodes - 5

Total nodes -10
*** 2 WARNING MESSAGES GENERATED DURING SETUP

Opening output file "C:\DOCUME~1\user\LOCALS~1\Temp\Cell0.out"
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Measurement result summary
AC_Measure_Gain_1 = 9.9534e+000
AC_Measure_GainBandwidthProduct_1 = 1.1555e+006

Parsing 0.00 seconds
Setup 0.01 seconds
DCoperatingpoint 0.00 seconds
ACAnalysis 0.00 seconds
Overhead 0.88 seconds
Total 0.89seconds
OUTPUTWAVEFORM:

é

)

=

:

.

i

2

SCHEMATIC (Differential Mode):

Faltagalauein_l

M Eapaitwic [a '
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SPICE CODE

ko Simulation Settings - General section *###askxk
ib "C:\Documents and Settings\user\My Documents\Tanner EDA\Tanner Tools
v14.1\Libraries\Models\Generic 025.1ib" ff

*rkxdkkk* Simulation Settings - Parameters and SPICE Options *%# %%

e Devices: SPICE.ORDER > 0 --------

MNMOS 1N 2N 3N 4N 4 NMOS W=2.5u L=250n AS=2.25p PS=6.8u AD=2.25p PD=6.8u
MNMOS 2N 6 N 7N 4N 4 NMOS W=2.5u L=250n AS=2.25p PS=6.8u AD=2.25p PD=6.8u
MNMOS 3N 4N 11 Gnd N_5 NMOS W=2.5u L=250n AS=2.25p PS=6.8u AD=2.25p PD=6.8u
MPMOS 1IN 2N 2VddN 1 PMOS W=2.5u L=250n AS=2.25p PS=6.8u AD=2.25p PD=6.8u
MPMOS 2N 6N 2 Vdd Vdd PMOS W=2.5u L=250n AS=2.25p PS=6.8u AD=2.25p PD=6.8u
VVoltageSource 3 N 11 Gnd DC 700m

VVoltageSource 4 Vdd Gnd DC 5

VVoltageSource 1N 3Gnd DCOAC10

VVoltageSource 2N 7Gnd DC0 AC 1 180

PRINT AC Vdb(N_6)

PRINT AC Vp(N_6)

.MEASURE AC AC_Measure_Gain_1 MAX vdb(N_6) ON

.MEASURE AC AC_Measure_GainBandwidthProduct 1 Gain MAX vdb(N_6) OFF
.MEASURE AC AC_Measure_GainBandwidthProduct 1 UGFreq WHEN Vdb(N_6)=0 OFF
.MEASURE AC AC_Measure_GainBandwidthProduct 1

PARAM='AC_ Measure GainBandwidthProduct 1 Gain*AC_ Measure GainBandwidthProduct 1 UGFreq' ON

FrxEEkx** Simulation Settings - Analysis section *¥#* %k
.ac dec 25 10 10meg

kil Simulation Settings - Additional SPICE commands ####ssokex
.end

OUTPUT:

Generaloptions:

threads =2

Device and node counts:

MOSFETs-5 MOSFET geometries - 2
BJTs-0 JFETs -0
MESFETs-0 Diodes -0
Capacitors-0 Resistors - 0
Inductors-0 Mutual inductors -0
Transmission lines-0 Coupled transmission lines -0
Voltage sources-4 Current sources -0
VCVS-0 VCCS -0
CCVS-0 CCCS -0
V-control switch-0 I-control switch -0
Macro devices-0 Verilog-A devices - 0
Subcircuits-0 Subcircuit instances -0
Model Definitions-2 Computed Models -2
Independent nodes-5 Boundary nodes - 5

Total nodes -10
**% ) WARNING MESSAGES GENERATED DURING SETUP

Opening output file "C:\DOCUME~1\user\LOCALS~1\Temp\Cell0.out"
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Measurement result summary
AC_Measure_Gain_1 = 3.0225e+001
AC_Measure_GainBandwidthProduct_1 = 1.7161e+007

Parsing 0.02 seconds
Setup 0.01 seconds
DCoperatingpoint 0.00 seconds
ACAnalysis 0.01seconds
Overhead 0.47seconds
Total 0.51 seconds
OUTPUT WAVEFORM

7

R

:

B

P

g E

T
Calculation

CMRR = Diff Mode/Common Mode
=30.31/9.9
=3.061

RESULT
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Ex. No: Implementation Layout of A Simple Cmos Inverter

Date:

AIM
To implement Layout of a simple CMOS inverter.
SOFTWARE REQUIRED
PC with Tanner EDA tool.

DESCRIPTION OF CMOS INVERTER:

hetals Pon
hMetalz Port
hetall Por
Polysilicon Port

L 2 2 2

hMetal3
hWetal2
hMetall
Polysilicon
I Diffusion
P Diffusion

Contact
Tap
Combined contact

& ¢ & tap

EOe

PROCEDURE
"Create a New File"

¢ To make the layout of the inverter we need to get the layout of an nmos, a pmos.

¢ Click on Create and select Rectangle. Draw a rectangle, which covers the gates (red
rectangles) of both the nmos and pmos.

¢ Connect this poly layer with the m1_poly via, by making another rectangle of poly,
covering the central square of the via and touching the vertical poly layer
connecting the 2gates.

. Now to make power and ground lines select metall

on Give terminal names: VDD GND as input output

pins.
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@ Mozilla Firefox
& Mozilla Thunderbi
(i Microsoft Dffice W

B Notepad

Adobe Reader 9
T-Spice v15.1 32-bit
() Nokia PC Suite

B sEdit v15.1 32-bit
@ microsoft Office Paw

@ Set Program Access and Defaults

E| ™8 software Manager

[ software Updates
0 Windows Catalog
W windows Update
My Bluetooth Places
LT Tspice Iv

I 1-wire Drivers

I@) Accessories

@) Aladdin

1) Games

17 Google Chrome

|7 HI-TECH Software
1@ Lasi7

() Leonardospectrum L52009a_6
I Microsoft Office

I National Instruments
@) Powerworld

) PSIMS9.0.10emo Yersion
I) SmartFTP Client

i) Startup

1) Teamviewer S

(@) videolan

@) vissim 7.0 - Software
I ilinx ISE 8.1i

Adobe Reader 9
@ Tnternet Explorer
P 1PMSG for win32

All Programs B

w msn

() Outlaok Express

. Remate Assistance
© windows Media Player
48 windows Messenger

| ) windows Movie Maker

@) WinRaAR

) Mozila Thunderbird

[ Nokia PC Suite

@) PL-2303 USE-Serial Driver
@) Realtek

I USB Video Device

[ Nero 7 Ultra Edition

(@) USE Disk Security

My Bluetooth Places

i I Altera

[ Kaspersky Anti-Virus 2011
@ FastModel

I Foxit POF Editor

IE) Mentor Graphics

IE) Modelsim SE 10.0

[ HOL Designer Series 2010.2a
@ Ls2010a_7

I Precision Synthesis 2010a.218
@ Tanner EDA

I Mentor Graphics SDD

7@ Visual Elite 2010.01 v4.2.0
@ mozilla Firefox

5 O opera
5 [ Mentor Graphics Licensing
,| @ crup

@) Free 3D Windmil Screensaver

@ Tanner T it

) Utiities »

I Documentation
I Examples and Tutorial

3 External verification Interface

5] s vis.1 32-bit

35 Modify or Remove 32-bit

B sEdivis.1 32-bit

Setup Examples and Tutorial

() Tanner Tools v15.1 32-bit Folder
T-Spice v15.1 32-bit

] waveTool v15.1 32-bit

1) w-Edit v15.1 32-bit

LEdit opens as below. In L-Edit Click on file->new. A window pops up

o

Wind

Professional

Layer

There are no
items to show,

mwooTo

Select: @ A

L

mo—x
czmz|

BAAERS 408 e Cecwd

File type:

Text

UPI Macro
SPICE Netlist
Calibre Command File:
Dracula Command File
Assura Command File
Tanner Extract File

Copy TDB setup from file:

~ &

[m a2 a2 a <

[E5%earn

]<emnly>

C:\Program Files\T anner EDAAT anner Tools v15.14edittdb

Browse...

102.20: 44.95

ot

Microns v ‘

MG BRIEYhE|

» @

T4 tanner manual

W W-Edit - [Chart1 (tra... L L-Edit

e In this window layout is highlighted and there is a browse button.

. Click on it. And browse to the following path. “My Documents\Tanner EDA\Tanner

Tools

v15.1\

Process\

Generic_250nm)\

Generic_250nm_TechSetup.tdb” and click ok.

Generic_250nm_Tech\
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e Use + and — keys in num pad to zoom in and zoom out. Tap twice on + key to have the
grids visible. Goto -> view->display->Major grids.

d Now major grids will be visible.

- .
Goto -> setup->design
. . . . .
A window with design parameters will pop up.
i Cell0 layout2
NEES L 2o IR ALE e - saE2e A7 [ons <
% |O/mD AT N ~ [Defaut vl A @ | & a2 a2 m 2 C R iR W
XY — R 2=}~ v e ATILIZY
m | | T em i I M E R Setup Design layout2
et =l MMENR
ObjectSnap | InteractiveDRC | NodeHighighting | Vias |
l:l Technology Grid Selection |  Drawing |  Xeffles |
Grid display
O Nl Maijor displayed grid: Microns
C H M
H (I |E | IFiter 24 Suppress major grid i less than: |20 Pisels
0 DN v
g E U ——MLayer T Sl Minor displayed grid: 0.250 Microns
E [ special Wi [T 17 7 Suppress minor grid if less than: |8 Pisels
[ e ooni
i bl Filed ooo Mosise it
W Erortakes [0 [0 [0 Cursor type: @ Snapping ¢ Smooth
[ Eror MatkersRed [7 [7 [0 ! :
[ ErorPolygon iz [ [ [0 Mouse snap grid: 0.025 Microns
[] Evor Polygon Mar [7 [T [ -
3 Emor Highlight Gin 7 [J [ gid
[ Reler opo Manufacturing gric: 0.050 Microns
[[] Device Label ooo [ Display curves using manufacturing grid
[ Netesines POoo
D****Dvawnuwr oo
[ Mol oo
FlDesp Nwell 7 7 ¥
(\ eep el ‘ X _DK Cancel
Select [BF A AASAODER R, SR
Ready & Mode: Drawing

‘4 start ©) @

T tanner manual.docx ... | | % S-Edit - [Cello:schem... W w-Edit - [Chartt (tra... L' LEdit-[Cello  Lay...

¢ Click on grid button and we get to see the distance between the 2 grid points as 0.250
Microns.

¢ |n this manual the distance between 2 grid points is called as lambda for our convenience.

¢ First draw an active contact and click on the square box and draw a square for 1x1
lambda.

¢  (Click on metal and choose square box .

. Metal around any contact is 3x3 lambda. Red Poly 1X X. Spacing between Poly &
contact is 1 Lambda.

* Place 2 other metal and contact combination near poly as

[ ]

below. Distance between 2 (metal and contact) combination is 3
lambda.




L L-Edit - [Cell0*  Layout2*]
File Edt View Draw Cel Setup Tools Window Help i

J’DD"EIQ SRR | HL AR RS S0 A vj@@@;ﬂg‘ ‘ 30475800 [Miooms =]
kD\EDA'L\sDenaun > UAMN.&\@ H\—l‘;_‘A A<= 2o ; . :‘
|¢ % [msmzoo 1m0, 2 W%’&%& el [hhaRigy Bz
Bt \ul-\ X E N w4 P
———— [ P_Implant
[2M 1S | [Fiker <
E D E
A S
IEEE
|C C | |Layer @i"kﬁ
T i HAAK Drawn Laye [T [T [T
[ N_well coo | T e el 0
[JoespNwel [0 [0 05
[] P_wel v Er)
Active ooog
i Thickictive oQpo
[ N_Implant ooo
[7] P_Implant ooo
.Poly opoo
oooof L
ooo
W et oono
.;.g\:'ial ooog
-lMela!Z R ns
| B
Select. B A

U LEdit-[Celo*  La.. | @ IMPORTANT Y Ledit manual docx - ...

Edit - [Cell0*  Layout2*]

File Edt View Draw Cell Setup Tools Window Help =& x
W8 $ BB |UiAGgaRaLE e | sRE =S 28450: 8575 [Microns
=Y N e N e U N o lacgn<ssnemaRifio

TxooFAm s lesme s |([hoaRioyhn

K.

|2 3 @ s | 8% ¥ 4 00|

Active

m<ox|

Filter 22
Layer
[l AR Drawn Law

D N_Well

Deep_N_Wel

[ Pl
Active

i ThickActive

_Implant

>

—“omemao|
—“omrmeo|

P_Implant
[] P_tmpl

I Poly

leBlock

[ Contat
W Metalt
3.3 Vial
T

rm Metal2

JooOoooooodooooe
dooooooooOooooo)g
OooOoooooOoooooaops

3

Select. EF A

Selection: Box (Active) W=4.500, H=1.250, A=5.625, P=11.500 | ~ Mode: Drawing

» @

T tanner manual.docx -... | | S-Edit - [Cel0ischem... | W W-Edit - [Chart1 (tra... -Edit 0* Lla.. | @ IMPORTANT T Ledt manual.docx - ...

] Pselect should cover metal, poly, metal combination by 1 lambda as below. Pselect
defines the transistor as pmos.
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[rsaal s saloc

8% ”"ﬁﬁﬂm\@@@‘EO‘ -28925: 5950  [Micons  ~

[*0/mD al -L\\|—_]ne.au.. A“‘«“-k‘l@ |macsen< 2oz sa 1
¢ @ | 2= 5 OF P l¥xmeommn EEEX XTI T
T eI (W u**m:::@%m*vs!ﬁ
[ N_Implant
[sM[s |
E |0 |E
(L |¥ L ]—
o] 3] G|
€1 |C] [Loer B
HHAK Drawn Laye [1 [T [T
[ N_well opQ . . . . .
[JDespNwel [T [0 [0
[] P_wel oQoo
Active ooog
i Thickctive ooo
[ NImplant ooo
[7] P_Implant ooo
W Poly ooo
SilicideBlock ooo
Contact ooo 2 : * '
[ Metalt ooo
BARL ooQg
1 Metal2 nrnY
< i | &8
| Select FF A
|
\
@ [Mode: Drawing

T LEdi - [Celo*  La, & IMPORTANT T Ledit manual.docx - .,

L L-Edit - [Cell0* Layou

‘[ Fie Edt View Draw Cell Setup Tools Window Help BEES
hEES s o NSRS ALE es | SRE =S I |
%o &.55\1\~nerm ‘A‘“N“«-‘@‘ meeasnRpE kel

e «

ime & x| |7 o= si MImEN]|

BlRe 0, 2 ¥ oo [[bha®iowhs
_;1 23O # ¥4 oo

N_Implant

Filter A

[e—————

Layer (& w|f A
A4k Drawn Laye [T [T

[ Nwel

Deep_N_Well

[ Pl

Adive

i ThickActive
N_Implant
[77] P_implant
I Py
licideBlock
W Corvsct
W Vel
 vist

lm Metsl2

m<oz

—om-mao|
—omemo|

Jogooooooooon
dogooooooooon
OIooooooOoooooog

%

Select. EH A

Selection: Box (P_Implant) W=3.025, H=1.775, A=5.369, P=9.600 ~: il ~ Mode: Drawing

" @

T4 tanner manual.docx -.., L' L-Edit- [Cello*  La... & IMPORTANT T Ledit manual.docx - ...

. Pmos is grown in n-well. Distance between (p/nselect or p/n implant) is 3 lambda.
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L L-Edit - [Cell0*  Layout2*]
File Edt View Draw Cell Setup Tools Window Help

NERE s B2 Ul gas ALE e - csuld =é 346755250 [Mioons 7]
|T}DI1|DA T\~ [Defaut - "Amum\@: BN <SSR0 G R e
e ]| [[mamzeolmamnsz] T U L o bl vE |
se % || F o=tk I E W 2 @ W 4 005

= SR T e e T e e ST s SR EE S
7|:|N_Wen'
- | S

e o R I ¥ b 22 |

m<ox

—omemo

Jooooooooooonoe
dJogdoogooooooooolg
Eaooooooooooonos

Layer

[T] **** Drawen Laye
[0 el

[ Desp_N_wel

HEEE

Acive

—omemo)||
[£3

5 Thickctive
[ N_Implant
[ P_tmplant
I Pely

SiliideBlock
W comact
W tealt

1

Metal2

G|
Select @ A

Selection: Box (Poly) W=0.250, H=4.125, A=1.031, P=8.750 A
<3 start ) @

T tanner manual.docx -... L L-Edit - [Cello a. & IMPORTANT T Ledit manual.docx - ...

] Pmos is now completed. Run DRC to check for any

L L-Edit - [Cell0*  Layout2*]

= =X
File Edit View Draw Cel Setup Tools Window Help -3 x
NSRS 82 HUAFAS ALE s - saE 26 || sem0:9050 o |
! |
v OmD a1~ ~ oo SRR =] R o O =R = W | i
el ] [moanxe ol amas TR L Lrlva B wRIQW h
[z % 2zl | 3% o= k|1l T (80 B W M2 O BN
[ N_wel
2 'S'é Fiter =
[ T I —
E |E |E —
CA AN FETrE T —— - @
[]**** Drawn Laye [T [1 [0 -
[ERE verification Error Navigator 5]
Deep_N| ] i |
OMow ¢ 3 |&E4E| v |xBoee [0 o
[£] P_wel
Active O« 3.3(0] Gate Extension out of Active < 0.3 Microns -
35 Thikacd | 06 3.4 (0] Source/Drain Length < 0.5 Microns
55 NIl [« 35(0] Poly to Active Spacing < 0.2 Microns
= s =00 ¢ 41 1] Active to Implant Edge < 0.25 Microns
(7] P_tmpla)
ol = 0@ celof]
[ aed OeEmy®E @b
Siidee§ | [ & 4.2[0] Implant Edge to Active Contact < 0.15 Micrans
Contact O 4 4.3a (0] N Implant Minimum Width < 0.5 Microns
I Vet 1« 4.35 (0] P Implant Minimum Width < 0.5 Microns
235 Viat O & 43¢ [0]N Implant Spacing < 0.5 Microns oW 5 ¢ M B oE @ el
0 Metal2 [0« 4.3 (0] P Implant Spacing < 0.5 Microns e waulr saweoa
< M & 4410 P Imnlant rannat averlan N Imnlant ™
| Select: EH A }
ORC Error: 4.1 Active to Implant Edge < 0.25 Microns {0,225} 2 | Mode: Drawing

74 start

& IMPORTANT T Ledit manual.docx - ., T LEdit- [Cell0*  La...

° Rectify the errors and clear DRC.
Errors poly density error and metal density errors can be
ignored. For Creating Nmos Copy & paste Pmos
Change p-implant/select to n-implant/select and vice versa.
Procedure for changing p-select to n-select is given below.

Click on the border of Pselect (goto Edit Tab-> Edit objects-> Change to Nselect in
the Drop down menu.)
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Now We have our Nmos.
Complete the connections and label the ports using Switch to drawing port
which looks like A.

L L-Edit - [Cell0  INVERTER.tdb]

[l Flo Edk Vew Oraw Col Setup Tooks Window Help & x
= =] o ) (60 @ R AL G Biloes | B W = 4 8800:14.400  [Micions |

RIOIMD AT N ~ Dot ] [[5a]w « w|dd || a2 a2 x < % i |

S N I— & &3 = [ ] e 0, % B e mr s T & B9 W b2

IR I Ed wu:x@n,:sm

£»30
m<ox
“omrmo

a

ooooooo

aag

<

v

LEdit - [Coll0__INVERTER tdb:

B 10bit odt e L LEdt - [Celld INV,

Run DRC once again to check for any error.
For extraction goto tools-> extract setup and make a tick on
Generic_250.ext. go to options and uncheck anything under hyper verlfy

\JDEQ it &3 | ¥ xu&‘%b 0 R [AlLevels Yl wmE e 1.625: 25,675 Microns -
k(O MDA\ ~ [Defaut S N
L. ) N— ek e va s o N D k|
st cnl| | T em i T [N B W ] EwoctAuesas

o

[ N_well i o

M| [Firer — =

ol 1

u

macoza
mo-T

Catbes denes |

SPICE axtract outpul tie
[ e

ooonooow

I Overwite existing output e
I Open SPICE output il afte extracting

%

aoooooaon

Now click on extract button to get the netlist for the layout. The following is the extracted netlist
ok ok ok o ok ok ok ok ok ok o ok ok ok ok ok ok ok ok ok ok ok ok ok o ok oK ok K ok ok ok ok ok ok ok ok oK oK 3k ok ok oK ok oK o ok o ok o oK o ok ok ok ok ok ok ok o ok o ok ok ok o ok ok ok ok ok ok

**kk* * SPICE netlist generated by HiPer Verify's NetList Extractor * *

Extract Date/Time: Mon Feb 04 17:52:49 2013 *

L-Edit Version: L-Edit Win32 15.10.20101227.13:21:06 *

* Rule SetName:

* TDB File Name: C:\Documents and Settings\ramesh\My
Documents\Tanner EDA\Work\10bit\INVERTER.tdb

Command File: C:\Documents and Settings\ramesh\My Documents\Tanner EDA\Tanner

Tools v15.1\Process\Generic_250nm\Generic_250nm_Tech\Generic_250nm.ext

* Cell Name: Cell0

Write Flat:NO
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OE SR M =) = &
2 »
* SPICE netlist genera ted by HiPer Verify's NetList Extractor
Extract Date/Time: Mon Apr D4 17152145 2 (S =

* L-Edit V. L-Edit Win32 15.10.20

+ Analysis
1. Current source
€\ Documents and Secef | Do
€\ Documents and Setef [ 2 Analysis | 250m Generic 250mn_Tech Generic _250mm. =xt
celln
- Dutput
T He - Settings
****************************************** Efpuini [ = ] om— |
- Yoltage source
- Optimization
**************************************** BE Eergeer |
M1 OUT IN GND_ GND_ NMOS2Z5 1=2.752-007 w=1 DC tanster sweep | Paiametric sweep | s 13.525 17.97s5)
Mz OUT IN ¥DD VDD FMOSZS 1=2.75e-007 w=1.2 625 13.525 23.025]
* Top level device coun 3
= M{NHOSZS) 1 Foutior
= M[PHOSZS) 1
Mumber of devices: z

# Number of nodes: L Noise

Close

I3

Status Inpu File Start TimejDate | Elaps...

Ready Ln 13, Col 1

| & iMVERTER 'L LEdit - [Cell

* Expand files icon and click on library and browse to generic 250.lib the path is as
below “My Documents\Tanner EDA\Tanner Tools v15.1\ Process\ Generic_250nm)\
Generic_250nm_Tech\Generic_250nm.lib”

* Inlibrary section give “tt” and click on insert command to insert the commandin
tspice.

* Similarly inser the following command using insert command options or copy them
from schematicnetlist.
VVoltageSource_1 Vdd Gnd DC 5 $ $x=4900 Sy=2900 $w=400 $h=600
VVoltageSource_2 In Gnd PULSE(0 5 0 5n 5n 95n 200n) $ $x=6600 Sy=2200 $w=400
$h=600 .
PRINT TRAN V(In) $ $x=5950 $y=2850 $w=1500 $h=300 $r=180 .
PRINT TRAN V(Out) $ $x=8350 $y=2550 Sw=1500 Sh=300 *********
Simulation Settings - Analysis Section **** ¥k
.tran 5n 1u start=0

.end
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]
7]

DEeRESR # ® = @&

o g

B

* Extract Date/Time: Mon Apr 04 17:52:49 2
* L-Edir Version: L-Edit Win3Z2 15.10.20
k3

* Rule Set Name:

* TDE File Neuw C:iDocwwents and Sett
* Comwmand File: C:hyDocuments and Sert
* Cell Name: Cellld

* Write Flat: NO

k3

AR AR AT RERRARAATRATAAAAREEARE RIS

AR R R R TR AT AR RRARAATRATAAANAAAAREDT

M1 OUT IN GND_ GND_ NMOS25 1=2.75e-007 w=1
Mz OUT IN VDD VDD PMOSZ5 1=2.752-007 w=1.2
+ Top level device count

SPICE Command

* SPICE netlist generated by HiPer Verify's Netlist Extractor

and

R R R R R R R R R A A R R R R s

e

eI

Andlysis

Current souce

Files
Include fil
Library file
Table fle
Delete lira file

Initisization

Dutput

Settings

Table

Yoltage source

Optimization

Library file

[s54Generic_250nm\G ensric_250nm_T echiGeneric_250nm b

Browse.

Libraty sectiore [t]

S 13.525 17.975)
825 13.525 23.025)

| 250mmt Generic_2S0mw_TechGensric 250mm. ext

+ M(NMOSZ5) 1
* M{PMOSZS) 1
+ HNumber of devices: z
* Number of nodes: kS
Insert Command Close
< >
Status Input file Start Time/Date | Elaps...
Ready Ln 13, Cal1

)@

T tanner mar

r’-l."' L-Edit - [

OUTPUT WAVEFORM

[Ch
Fie Edt View Draw Chat Setup  Window Help
INEEN-— Felel Iy

! i _] [ chart1 (transient)

1 (transient

THY250
Title Timestamp
V250 £:09:02 PM ...

Add...

Selection: <none>

et manual.c

RS T H O Y LN

SELECT MOVE
4k x

Select

SELECT :o219.0n

- g%
405

CIX|

E v I @a:

Traces
JuH
outy
Tirve:

3/3 traces

RESULT
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Ex. No:

Date: Implementation Layout of A Simple Cmos Inverter
By using microwind
AIM
To develop the layout design for CMOS inverter by using MICROWIND and obtain the simulation
results.
MICROWIND

The MICROWIND program allows designing and simulating an integrated circuit at physical

description level. The package contains a library of common logic and analog ICs to view and simulate.

1. MICROWIND LAYOUT DESIGNTOOLS:

Open a layout file (MSK format) Extract and simulate the circuit
= L
| Save the layout file in MSK format e Measure the distance in lambda and micron
= based between two points
P Draw a box using the selected layer of the | o 2D vertical aspect of the device
] palette : i
Delete boxes or text. ) Step by step fabrication of the layout in 3D
=

Copy boxes or text

Design rule checking of the circuit. Errors
are notified in the layout

Stretch or move elements

Add a text to the layout. The text mav
mclude simulation properties.

Zoom In Connect the lower to the upper layers at the
desired location using appropriate contacts.
Zoom Out Static MOS characteristics

View all the drawing

View the palette

i | = =] |@

pointed by the cursor

Extract and wview the electrical node P

<

» |Move the layout up, left, nght. down

2. PURPOSE OF DESIGN RULES:

As all the layouts are prepared with minimum A design rules .With minimum A, layout will requireless
amount of area on chip, so larger circuits can be implemented with in lessarea.

Makes the circuit to consumes less amount power i.e. as area and polysilicon usage can also

reduced, resulting less resistance ,which in turn causes to dissipate less amount ofpower.

Design rules will give optimizedlayout.
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LOGIC DIAGRAM

TRUTH TABLE:
A Y=A’
0 1
1 0

LAYOUT DESIGN STEPS

STEP 1: Open MICROWIND window which is considered as PWELL

S Microwind 2 - example

Fle Wiew Edt Simulate Comple Analysis Help

BH PO e L wE B R ATESE 2

STEP 2: Place n-well of required length

el ]

STEP 3: Take P-diffusion of required length and 4\ width

II!I!I!I!I!I!I

16




STEP 4: Take NWELL and place it surrounding the P-diffusion, it must have 6\ on all the sides from p-
material

STEP 6: Make gate contact by using poly silicon material of width 2A and maintain 1A distance
Between n or p contact and extend 3 above and below the p and n diffusion.




STEP 7: Connect p-contact and n-contact using metall, which is meant for taking output

STEP 8: Give supply voltage (Vdd) to p-diffusion and Vss to n-diffusion and finally inverter layout will as
follows:
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SIMULATION OUTPUT:

VOLTAGES VS TIME:
-1.20
clockl
0.0z
l1.20
1.2C
outl
0.0
0.0 0.9 2.0 2.4 3.0 3.9 4.0 4. Timeins]

19




VOLTAGES VS CURRENT:

1.00

Ay

080

0.60

(M 4 3% 2)=0.1 261

0.40

0.20

- i | A

140 o

1.20
1.00
0.80
0.60

! 0.40
0.20

J

clock1

0.00
-0.250 5.5 E.0

B.5

VOLTAGES VS VOLTAGES:

outl
1.20

0 0.0z
4.0 9 Time(ns;

1.10

1.00

040

080

o.7n

060

050

0.40

0.30

0.z20

o0

o.oo

ok

0.20

FREQUENCY VS TIME:

5.00

0.40

1.00

Frequengy{SHZ)
4 0ot outl

3.00

2.00

1.00

0.00

1.20

1.00{¢alf
n.a0f |
0.60}|
0.40f)

n.zo|

0.00

-0.2 0.0 0.5 1.0

1.4

2.0

2.4

2.0

2.4 4.0

0.0z

4 Timeins,

PO




EYE DIAGRAM:

1.1D \ "F

oo |\

D:QD \ /
V

0.80

o.yo

/
oeo |1\

U:ED / \
i

0.40 h
0.30 / \

DiED { \

0.10
900 5 gop 0.020 0.040 0.060 0.080 0.100 0.120 0.140 0.160 0. Tirme(ns)
OBSERVATION TABLE:
POWER
NO. OF TRANSISTORS USED CONSUMPTION
PMOS NMOS
DEVICE TRANSISTOR TRANSISTOR
Inverter 1 1 1.283uw
Total
number of
. 1 1
transistors
PROCEDURE:

PMOS TRANSISTOR

The metal contacts can be drawn by selecting a (4A*4A)square.

The grid itself is P-well, we can start directly with n-diffusionlayer.

The Pmos and Nmos should be connected by using polysilicon layer of width2A.
The polysilicon layer should be extended up to 3\ length above and below P and N diffusionlayers.
Leave minimum 1A space on both sides of polysilicon between thecontacts.
The source to drain connection is made using a metal of width3A.

1. The complete window can be considered asP-well.
2.  The N-well is placed over the p-well in a rectangularbox.
3. Next we need to place the P-diffusion over theN-well.
4. Width of the P-diffusion should be4A.
3.
NMOS TRANSISTOR
1.
2. The same steps can be followed for Nmos as inPmos.
3.
4.
5.
6.
7.
RESULT

There should be minimum 6A space between N-well andN-diffusion.
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Ex. No: BASIC LOGIC GATES
Date:
AIM:
To develop the layout design for basic logic gates by using MICROWIND and obtain the simulation
results.

LOGIC DIAGRAM:NANDGATE:

A o— 3 _
— = Y=(AB)
B 0—

LAYOUT DESIGN

TRUTHTABLE:
A | B | Y=(ABY
0| o0 1
0 | 1 1
1 | o 1
1 1 0
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SIMULATION OUTPUT:

VOLTAGE VS TIME:

1.20

oo

1.20

0.0

1.20

0.00

0.02

auT

0.0

a.o 0.5 1.0

VOLTAGES VSCURRENTS:

2.0

2.5

2.0

1.20

4.0 4 Tirmeins)

1.00 Moy

0.s0

0.60

IR 4 % 23=0.113mA

0.40

0.20

0.o0 Jll

! '40_('\-"0It]|

1.20
1.00
0.s0
0.60
0.40
I 0.z20

L

D.2?i

L mx

o.oo
-0.2 5.0 5.5 6.0

VOLTAGES VSVOLTAGES:

ouT

6.5

r.o

¥.a

8.5

a 0.0z
9.0 9. Time{ns)

1.20
1.10

1.00
0.90

o.a0

0.7o

0.60
0.50

0.40

0.z0

0.z20

010

0.o0

0.z20

0.40

060

o.20
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FREQUENCY VS TIME:
5.00

Freguency(GHz)
4 0ol SUT

2.00

2.00

1.00

0.00

1.20

1.00{ ¢ olt
n.eaf/
0.60j |
040/

0.zo{

0.00

-0.2 0.0 0.4 1.0

EYE DIAGRAM:

1.20

1.4 2.0 2.9 3.0

3.4 4.0

1] 0.0z

4. Time{ns)

1.10 \' \.,

1.00 l\

0.90 \l \.\ /
'

oot L

N
B AR IRYAN

0.60 l\\ \l /( \

Vo LN / / / f
I R VZS A / / / /
oan b \\ \ N / / / /

N

|D.20 \ l\

010
0005 noo 0.020 0.040 0.060 0.080 0.100 0.120 0.140 0.160 0. Time(ns)
OBSERVATION TABLE
POWER
NO. OF TRANSISTORS USED CONSUMPTION
PMOS NMOS
DEVICE TRANSISTOR | TRANSISTOR
NAND ) )
GATE(_2i/p) 1.306pw
Total
numberof 2 2
transistors
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NOR GATE:
LOGIC

DIAGRAM:

TRUTH TABLE:

LAYOUT DESIGN

SIMULATION
OUTP1U2"10" VOLTAGE

VS TIME:
)

o0
1.20

ouT

T

A | B | Y=(A+By
0|0 1
0 | 1 0
1 |0 0
1 [ 1 0

4. Timeins!
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OBSERVATION TABLE:

POWER
NO. OF TRANSISTORS USED CONSUMPTION
PMOS NMOS
DEVICE | TR ANSISTOR | TRANSISTOR
NOR ) 2
GATE(2i/p) HO38uw
Total
numberof 2 2
transistors

AND GATE:

LOGICDIAGRM:

TRUTH TABLE:

LAYOUT DESIGN:

Y=AB

»—A»—tOO}
— o=l W
[«

b =lK=]

_m:q ._m"E
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SIMULATION OUTPUT:

0.0c

0.0z

VOLTAGE VS TIME:
1.20
2
.0
1.20
B
1.20
ouT
0.0
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
OBSERVATION TABLE:
POWER
NO. OF TRANSISTORS USED CONSUMPTION
PMOS NMOS
DEVICE TRANSISTOR | TRANSISTOR
Inverter 1 1
Nand 5 ) 3.504pw
gate(2i/p)
Total
numberof 3 3
transistors
LOGIC DIAGRAM:
OR GATE:
A
Y=A+B
B
TRUTH TABLE:

Y=A+B

—|—lolo| B

—lo|l—lo W
S

0.0c
4. Time(ns,
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LAYOUT DESIGN:

SIMULATION OUTPUT:
VOLTAGE VS TIME:
1.20
-
1“_20 o.an
B
0.0z
1.200
1.19
ouT
0.0
o.a a.s 1.0 1.8 2.0 2.8 2.0 2.a8 4.0 4. Tirmeins)
OBSERVATION TABLE:
POWER
NO. OF TRANSISTORS USED CONIER N
PMOS NMOS
DEVICE | 12 ANSISTOR | TRANSISTOR
NOR
GATE 2 2 2.943uw
(2i/p)
INVERTER 1 1
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XOR GATE:

LOGIC DIAGRAM:
N Y-AGB
B
TRUTH TABLE:
A B Y=ADR
0 0 0
0 1 1
1 0 1
1 1 0

LAYOUT DESIGN:




SIMULATION OUTPUT:

VOLTAGE VS TIME:
1.20
A
o0
0.0z
1.20 ]
B
oo |
0.0z
1200 4 S S ! R
0.91
ouT
0.0
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4 Time(ns,
OBSERVATION TABLE:
POWER
NO. OF TRANSISTORS USED CONSUMPTION
PMOS NMOS
DEVICE TRANSISTOR TRANSISTOR
XORGATE 6 6 3.434uw
Total
number of 6 6
transistors
XNOR GATE:
LOGIC DIAGRAM:
A
Y=a%B
B
TRUTH TABLE:

Y=A=B

—|— ol

k=l k=1 -~ ]

— OO
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LAYOUT DESIGN:

SIMULATION OUTPUT:
VOLTAGE VS TIME:
1.20
2
0.0z
1.20
B
oo |
0.0z
.20 [ S S I [ I i
119
ouT
0.0
10.0 10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.0 14Timeins)
OBSERVATION TABLE:
POWER
NO. OF TRANSISTORS USED CONSUMPTION
PMOS NMOS
DEVICE TRANSISTOR TRANSISTOR
XNOR 7 7
GATE 5.212pw
Total
number of 7 7
transistors
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PROCEDURE:

PMOS TRANSISTOR
1. The complete window can be considered asP-well.
2. The N-well is placed over the p-well in a rectangularbox.
3. Next we need to place the P-diffusion over theN-well.
4. Width of the P-diffusion should be4A.
5. The metal contacts can be drawn by selecting a (4A*4A)square.
NMOS TRANSISTOR
1. There should be minimum 6A space between N-well andN-diffusion.
2. The same steps can be followed for Nmos as inPmos.
3. The grid itself is P-well, we can start directly with n-diffusionlayer.
4.  The Pmos and Nmos should be connected by using polysilicon layer of width2A.
5. The polysilicon layer should be extended up to 3A length above and below P and N diffusionlayers.
6. Leave minimum 1A space on both sides of polysilicon between thecontacts.
RESULT
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Ex. No:

Date:

VERIFICATION OF LOGIC GATES
(STUDY EXPERIMENT)

AlM:

To develop the source code for logic gates by using VHDL and obtain the simulation, synthesis, place and route and implement

into FPGA.

ALGORITM:

Stepl: Define the specifications and initialize the design.
Step2: Declare the name of the entity and architecture by using VHDL source code.

Step3: Write the source code in VERILOG.

Step4: Check the syntax and debug the errors if found, obtain the synthesis report.
Step5: Verify the output by simulating the source code.
Step6: Write all possible combinations of input using the test bench.

Step7: Obtain the place and route report.

VHDL SOUCE CODE

--Design : VERIFICATION OF LOGIC GATES
--Description :To implement LOGIC GATES

--Author
--Reg no
--Version

library IEEE;

use [EEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity logicgates is
Port ( a : in std_logic;

b :in std_logic;

c : out std_logic_vector(6 downto 0));
end logicgates;

architecture dataflow of logicgates is

begin
c(0)<=aandb;
c(l)<=aorb;
c(2)<=a nand b;
c(3)<=anor b;
c(4)<=a xor b;

c(5)<=a xnor b;
c(6)<=not a;

end dataflow;

TEST BENCH(VHDL):

LIBRARY ieee;
USE ieee.std_logic_1164.ALL;
USE ieee.std_logic_unsigned.all;
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USE ieee.numeric_std.ALL;

ENTITY logicgatestest_vhd IS
END logicgatestest_vhd;

ARCHITECTURE testbench OF logicgatestest_vhd IS
COMPONENT logicgates
PORT(
a : IN std_logic;
b : IN std_logic;
¢ : OUT std_logic_vector(6 downto 0)
);
END COMPONENT;

SIGNAL a : std_logic:='0";
SIGNAL b : std_logic :='0";

SIGNAL c : std_logic_vector(6 downto 0);
BEGIN

uut: logicgates PORT MAP(

a=>a,
b=>b,
c=>c
);
tb : PROCESS
BEGIN
a<='0"; b<='0"; wait for 100 ps;
a<='0"; b<="1"; wait for 100 ps;
a<='1"; b<='0"; wait for 100 ps;
a<='1"; b<="1"; wait for 100 ps;

END PROCESS;
END testbench;

Simulation output:
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Synthesis RTL Schematic:

e
I
S
S \
Synthesis report:
* Final Report *
Final Results
RTL Top Level Output File Name :logicgates.ngr
Top Level Output File Name : logicgates
Output Format :NGC
Optimization Goal : Speed
Keep Hierarchy :NO
Design Statistics
#10s 19
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Cell Usage :

# BELS 17
# INV 01
# LUT2 16
# 10 Buffers 19
# IBUF 12
# OBUF 17

Device utilization summary:

Selected Device : 3s400tq144-5

Number of Slices: 3 outof 3584 0%
Number of 4 input LUTs: 6 outof 7168 0%
Number of bonded I0Bs: 9 outof 97 9%

TIMING REPORT

NOTE: THESE TIMING NUMBERS ARE ONLY A SYNTHESIS ESTIMATE.
FOR ACCURATE TIMING INFORMATION PLEASE REFER TO THE TRACE REPORT
GENERATED AFTER PLACE-and-ROUTE.

Clock Information:

No clock signals found in this design

Timing Summary:

Speed Grade: -5

Minimum period: No path found

Minimum input arrival time before clock: No path found
Maximum output required time after clock: No path found
Maximum combinational path delay: 7.985ns

Timing Detail:

All values displayed in nanoseconds (ns)

Timing constraint: Default path analysis
Total number of paths / destination ports: 13 /7

Delay: 7.985ns (Levels of Logic = 3)
Source: a (PAD)
Destination: c¢<5> (PAD)

Data Path: a to c<5>
Gate Net
Cell:in->out  fanout Delay Delay Logical Name (Net Name)
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IBUF:1->0 7 0.715 1.201 a_IBUF (a_IBUF)

LUT2:10->0 1 0.479 0.681 _n00021 (c_0_OBUF)
OBUF:I->0 4.909 c_0_OBUF (c<0>)
Total 7.985ns (6.103ns logic, 1.882ns route)

(76.4% logic, 23.6% route)

CPU:3.03/3.27 s | Elapsed :3.00/4.00s

Place and root report:

Constraints file: logicgates.pcf.
Loading device for application Rf_Device from file '3s400.nph' in environment
C:/Xilinx.

"logicgates" is an NCD, version 3.1, device xc3s400, package tq144, speed -5
Initializing temperature to 85.000 Celsius. (default - Range: 0.000 to 85.000
Celsius)

Initializing voltage to 1.140 Volts. (default - Range: 1.140 to 1.260 Volts)
Device speed data version: "ADVANCED 1.35 2005-01-22".
Device Utilization Summary:

Number of External IOBs 9outof97 9%
Number of LOCed IOBs Ooutof9 0%
Number of Slices 3outof3584 1%
Number of SLICEMs Ooutof 1792 0%

Overall effort level (-ol): Standard (set by user)
Placer effort level (-pl): Standard (set by user)
Placer cost table entry (-t): 1

Router effort level (-rl): Standard (set by user)
Starting Placer

Phase 1.1

Phase 1.1 (Checksum:989697) REAL time: 0 secs
Phase 2.31

Phase 2.31 (Checksum:1312cfe) REAL time: 0 secs
Phase 3.2

Phase 3.2 (Checksum:1c9c37d) REAL time: O secs
Phase 4.3

Phase 4.3 (Checksum:26259fc) REAL time: 0 secs
Phase 5.5

Phase 5.5 (Checksum:2faf07b) REAL time: O secs
Phase 6.8

Phase 6.8 (Checksum:98a327) REAL time: 0 secs
Phase 7.5

Phase 7.5 (Checksum:42c1d79) REAL time: O secs
Phase 8.18

Phase 8.18 (Checksum:4c4b3f8) REAL time: 0 secs
Phase 9.5

Phase 9.5 (Checksum:55d4a77) REAL time: O secs
Writing design to file logicgates.ncd

Total REAL time to Placer completion: 0 secs
Total CPU time to Placer completion: 0 secs
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Starting Router

Phase 1: 19 unrouted; REAL time: 0 secs

Phase 2: 19 unrouted; REAL time: 0 secs

Phase 3: 1 unrouted; REAL time: 0 secs

Phase 4: 0 unrouted; REAL time: O secs

Total REAL time to Router completion: 0 secs

Total CPU time to Router completion: 0 secs

Generating "PAR" statistics.

INFO:Par:340 -
The Delay report will not be generated when running non-timing driven PAR
with effort level Standard or Medium. If a delay report is required please do
one of the following: 1) use effort level High, 2) use the following
environment variable "XIL_PAR_GENERATE_DLY_REPORT", 3) create Timing
constraints for the design.

Generating Pad Report.

All signals are completely routed.

Total REAL time to PAR completion: 1 secs

Total CPU time to PAR completion: 1 secs

Peak Memory Usage: 76 MB

Placement: Completed - No errors found.

Routing: Completed - No errors found.

Number of error messages: 0

Number of warning messages: 0

Number of info messages: 1

Writing design to file logicgates.ncd

PAR done!

RESULT:
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Ex. No:

ADDERS AND SUBTRACTORS
Date:

AlM:

To develop the source code for adders and subtractors by using VHDL and obtain the simulation, synthesis, place and route and
implement into FPGA.

ALGORITM:

Step1l: Define the specifications and initialize the design.

Step2: Declare the name of the entity and architecture by using VHDL source code.
Step3: Write the source code in VERILOG.

Step4: Check the syntax and debug the errors if found, obtain the synthesis report.
Step5: Verify the output by simulating the source code.

Step6: Write all possible combinations of input using the test bench.

Step7: Obtain the place and route report.

LOGIC DIAGRAM:

BASIC ADDERS & SUBTRACTORS:

HALF ADDER:
LOGIC DIAGRAM: TRUTH TABLE:
A SUM
B — A B sumMm CARRY
0 0 0 0
0 1 1 0
1 0 1 0
CARRY 1 1 0 1
VHDL SOURCE CODE:
--Design : HALF ADDER
--Description : To implement HALF ADDER
--Author :
--Reg no
--Version

Dataflow Modeling:

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use [EEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity hadd is
Port ( a : in std_logic;
b :in std_logic;
sum : out std_logic;
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carry : out std_logic);
end hadd;
architecture dataflow of hadd is
begin
sum <= a xor b;
carry<=aand b;
end dataflow;

Behavioral Modeling:

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use |IEEE.STD_LOGIC_ARITH.ALL;
use |IEEE.STD_LOGIC_UNSIGNED.ALL;
entity haddbehavioral is
Port (a:in std_logic;
b :in std_logic;
sum : out std_logic;
carry : out std_logic);
end haddbehavioral;
architecture Behavioral of haddbehavioral is
begin
pl:process (a,b)
begin
sum<= a xor b;
carry<=aand b;
end process pl;
end Behavioral;

Structural Modeling:

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use |IEEE.STD_LOGIC_ARITH.ALL;
use |IEEE.STD_LOGIC_UNSIGNED.ALL;
entity haddstructural is
Port ( a : in std_logic;
b :in std_logic;
sum : out std_logic;
carry : out std_logic);
end haddstructural;

architecture structural of haddstructural is
component xor2
port(x,y:in std_logic;
z:out std_logic);
end component;
component and2
port(l,m:in std_logic;
n:out std_logic);
end component;
begin
x1: xor2 port map (a,b,sum);
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al: and2 port map (a,b,carry);
end structural;

and2 component source code:

library IEEE;
use [EEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity and2 is
Port (I :in std_logic;
m : in std_logic;
n : out std_logic);
end and2;
architecture dataflow of and2 is
begin
n<=land m;
end dataflow;

xor2 component source code:

library IEEE;
use [EEE.STD_LOGIC_1164.ALL;
use [EEE.STD_LOGIC_ARITH.ALL;
use [EEE.STD_LOGIC_UNSIGNED.ALL;
entity xor2 is
Port ( x : in std_logic;
y :in std_logic;
z : out std_logic);
end xor2;
architecture dataflow of xor2 is
begin
Z<= X Xory;
end dataflow;

TEST BENCH(VHDL):

LIBRARY ieee;

USE ieee.std_logic_1164.ALL;
USE ieee.std_logic_unsigned.all;
USE ieee.numeric_std.ALL;

ENTITY test_bench_vhd IS
END test_bench_vhd;

ARCHITECTURE behavior OF test_bench_vhd IS

COMPONENT hadd
PORT(
a: IN std_logic;
b : IN std_logic;
sum : OUT std_logic;
carry : OUT std_logic

141




);
END COMPONENT;

--Inputs
SIGNAL a : std_logic :='0";
SIGNAL b : std_logic :='0";

--Outputs
SIGNAL sum : std_logic;
SIGNAL carry : std_logic;

BEGIN
-- Instantiate the Unit Under Test (UUT)
uut: hadd PORT MAP(
a=>a,
b=>b,
sum =>sum,
carry => carry
);
tb : PROCESS
BEGIN
a<='0"; b<='0"; wait for 100 ps;
a<='0"; b<="1"; wait for 100 ps;
a<="1"; b<='0'"; wait for 100 ps;
a<="1"; b<="1"; wait for 100 ps;
END PROCESS;
END;

Simulation output:

Synthesis RTL Schematic:

[
=

CErry

=L
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Synthesis report:

* Final Report *

Device utilization summary:

Selected Device : 3s400tq144-5

Number of Slices: 1 outof 3584 0%
Number of 4 input LUTs: 2 outof 7168 0%
Number of bonded I0Bs: 4 outof 97 4%

TIMING REPORT
Clock Information:

No clock signals found in this design

Timing Summary:

Speed Grade: -5
Minimum period: No path found
Minimum input arrival time before clock: No path found
Maximum output required time after clock: No path found
Maximum combinational path delay: 7.824ns

HALF SUBSTRACTOR:
LOGIC DIAGRAM: TRUTH TABLE
A —
B _| DIFFERENCE A B DIFFERENCE BORROW
0 0 0 0
N S
1 1 1
\K/ 0
1 0 1 0
BORROW 1 1 0 0
VHDL SOURCE CODE:

Dataflow Modeling:

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use [EEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity hsub_dataflow is
Port ( a : in std_logic;
b :in std_logic;
diff : out std_logic;
borrow : out std_logic);
end hsub_dataflow;
architecture dataflow of hsub_dataflow is
signal s1:std_logic;
begin
sl<=not a;
diff <= a xor b;
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borrow <=s1 and b;
end dataflow;

Behavioral Modeling:

library IEEE;
use [EEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity hsub_behv is
Port (a: in std_logic;
b :in std_logic;
diff : out std_logic;
borrow : out std_logic);
end hsub_behy;
architecture Behavioral of hsub_behv is
begin
process(a,b)
variable sl:std_logic;
begin
sl:=not a;
diff<=a xor b;
borrow<=sland b;
end process;
end Behavioral;

Structural Modeling:

library IEEE;
use [EEE.STD_LOGIC_1164.ALL;
use [EEE.STD_LOGIC_ARITH.ALL;
use [EEE.STD_LOGIC_UNSIGNED.ALL;
entity hsub_structural is
Port ( a : in std_logic;
b :in std_logic;
diff : out std_logic;
borrow : out std_logic);
end hsub_structural;
architecture structural of hsub_structural is
component xor2
port(x,y:in std_logic;
z:out std_logic);
end component;
component and2
port(l,m:in std_logic;
n:out std_logic);
end component;
component notl
port(x:in std_logic;
z:out std_logic);
end component;
signal s1:std_logic;
begin
x1:xor2 port map (a,b,diff);
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al:and2 port map (s1,b,borrow);
nl:notl port map (a,sl);
end structural;

and2 component source code:

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity and2 is
Port (| :in std_logic;
m: in std_logic;
n: out std_logic);
end and2;
architecture dataflow of and2 is
begin
n<=1land m;
end dataflow;

xor2 component source code:

library IEEE;
use [EEE.STD_LOGIC_1164.ALL;
use [EEE.STD_LOGIC_ARITH.ALL;
use [EEE.STD_LOGIC_UNSIGNED.ALL;
entity xor2 is
Port ( a : in std_logic;
b :in std_logic;
z : out std_logic);
end xor2;
architecture dataflow of xor2 is
begin
z<=axor b;
end dataflow;

notl component source code:

library IEEE;
use [EEE.STD_LOGIC_1164.ALL;
use |[EEE.STD_LOGIC_ARITH.ALL;
use [EEE.STD_LOGIC_UNSIGNED.ALL;
entity notl is

Port ( x : in std_logic;

z : out std_logic);

end notl;
architecture dataflow of not1 is
begin
z<=not x;
end dataflow;
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TEST BENCH(VHDL):

LIBRARY ieee;

USE ieee.std_logic_1164.ALL;
USE ieee.std_logic_unsigned.all;
USE ieee.numeric_std.ALL;

ENTITY test_vhd IS
END test_vhd;

ARCHITECTURE behavior OF test_vhd IS

-- Component Declaration for the Unit Under Test (UUT)
COMPONENT hsub_dataflow
PORT(
a:IN std_logic;
b : IN std_logic;
diff : OUT std_logic;
borrow : OUT std_logic
);
END COMPONENT;

--Inputs
SIGNAL a : std_logic:='0";
SIGNAL b : std_logic :='0";

--Outputs
SIGNAL diff : std_logic;
SIGNAL borrow : std_logic;

BEGIN

-- Instantiate the Unit Under Test (UUT)
uut: hsub_dataflow PORT MAP(

a=>a,

b=>b,

diff => diff,

borrow => borrow

);

tb : PROCESS
BEGIN

a<='0"; b<='0"; wait for 100 ps;
a<='0"; b<="1"; wait for 100 ps;
a<="1"; b<='0"; wait for 100 ps;
a<="1"; b<="1"; wait for 100 ps;
END PROCESS;

END;
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Simulation output:

Aheub_dataflow bormow

Synthesis RTL Schematic:

[b> ™,
barramwe
[=> !
ANDZ
10 ] iff >
]
Synthesis report:
* Final Report *
Device utilization summary:
Selected Device : 3s400tq144-5
Number of Slices: 1 outof 3584 0%
Number of 4 input LUTs: 2 outof 7168 0%
Number of bonded I0Bs: 4 outof 97 4%

TIMING REPORT

NOTE: THESE TIMING NUMBERS ARE ONLY A SYNTHESIS ESTIMATE.
FOR ACCURATE TIMING INFORMATION PLEASE REFER TO THE TRACE REPORT
GENERATED AFTER PLACE-and-ROUTE.

Clock Information:
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No clock signals found in this design

Timing Summary:

Speed Grade: -5

Minimum period: No path found

Minimum input arrival time before clock: No path found
Maximum output required time after clock: No path found
Maximum combinational path delay: 7.824ns

FULL ADDER:
LOGIC DIAGRAM: TRUTH TABLE:
A| B | C| SUM | CARRY
; T D_ui 0o o0 o 0 0
7 St o o] 1 1 0
0ol1]o0 1 0
o 1] 1 0 1
e 1] 0] o0 1 0
r 1] 0| 1 0 1
1] 1] o0 0 1
¢ 1] 1] 1 1 1
VHDL SOURCE CODE:

Dataflow Modeling:

library IEEE;
use [EEE.STD_LOGIC_1164.ALL;
use |IEEE.STD_LOGIC_ARITH.ALL;
use |IEEE.STD_LOGIC_UNSIGNED.ALL;
entity fadd_dataflow is
Port ( a : in std_logic;
b :in std_logic;
c:instd_logic;
sum : out std_logic;
carry : out std_logic);
end fadd_dataflow;
architecture dataflow of fadd_dataflow is
signal s1,s2,s3,s4:std_logic;
begin
sl<=axorb;
s2<=aand b;
s3<=bandc;
s4<=cand a;
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sum<= sl xor c;
carry<=s2 or s3 or s4;
end dataflow;

Behavioral Modeling:

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity fadd_behv is
Port ( a : in std_logic;
b :in std_logic;
c:instd_logic;
sum : out std_logic;
carry : out std_logic);
end fadd_behvy;
architecture Behavioral of fadd_behv is
begin
pl:process(a,b,c)
variable s1,s2,s3,s4:std_logic;

begin

sl:=axorb;
s2:=aand b;
s3:=bandc;
s4:=cand a;

sum<= sl xor c;
carry<=s2 or s3 or s4;
end process pl;
end Behavioral;

Structural Modeling:

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use |IEEE.STD_LOGIC_ARITH.ALL;
use |IEEE.STD_LOGIC_UNSIGNED.ALL;
entity fadd_structural is
Port ( a : in std_logic;

b :in std_logic;

¢ :in std_logic;

sum : out std_logic;

carry : out std_logic);
end fadd_structural;
architecture structural of fadd_structural is
component xor2
port(x,y:in std_logic;

z:out std_logic);
end component;
component and2
port(l,m:in std_logic;
n:out std_logic);
end component;

component or3
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port(d,e,f:in std_logic;

g:out std_logic);

end component;

signal s1,s2,s3,s4:std_logic;
begin
x1: xor2 port map (a,b,s1);
X2: xor2 port map (s1,c,sum);
al: and2 port map (a,b,s2);
a2: and2 port map (b,c,s3);
a3: and2 port map (c,a,s4);
ol: or3 port map (s2,s3,s4,carry);
end structural;

and2 component source code:

library IEEE;
use [EEE.STD_LOGIC_1164.ALL;
use [EEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity and2 is
Port (| :in std_logic;
m : in std_logic;
n : out std_logic);
end and2;
architecture dataflow of and2 is
begin
n<=l and m;
end dataflow;

or3 component source code:

library IEEE;
use [EEE.STD_LOGIC_1164.ALL;
use |IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity or3 is
Port (d :in std_logic;
e :in std_logic;
f:instd_logic;
g: out std_logic);
end or3;
architecture dataflow of or3 is
begin
g<=doreorf;
end dataflow;

xor2 component source code:

library IEEE;
use |EEE.STD_LOGIC_1164.ALL;
use [EEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity xor2 is
Port ( x : in std_logic;
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yb :in std_logic;
z : out std_logic);
end xor2;
architecture dataflow of xor2 is
begin
Z<=XX0ryj;
end dataflow;

TEST BENCH(VHDL):

LIBRARY ieee;

USE ieee.std_logic_1164.ALL;
USE ieee.std_logic_unsigned.all;
USE ieee.numeric_std.ALL;

ENTITY testl_vhd IS
END test1l_vhd;

ARCHITECTURE behavior OF testl_vhd IS

-- Component Declaration for the Unit Under Test (UUT)
COMPONENT fadd_dataflow
PORT(
a:IN std_logic;
b : IN std_logic;
¢ : IN std_logic;
sum : OUT std_logic;
carry : OUT std_logic
);
END COMPONENT;

--Inputs

SIGNAL a : std_logic:='0";
SIGNAL b : std_logic :='0";
SIGNAL c : std_logic :='0";

--Outputs
SIGNAL sum : std_logic;
SIGNAL carry : std_logic;

BEGIN

-- Instantiate the Unit Under Test (UUT)

uut: fadd_dataflow PORT MAP(
a=>a,
b=>b,
c=>¢,
sum =>sum,
carry => carry

);

tb : PROCESS

BEGIN

a<='0"; b<='0"; c<='0"; wait for 100 ps;
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a<='0"; b<='0"; c<="1"; wait for 100 ps;

wait for 100 ps;
wait for 100 ps;
wait for 100 ps;
wait for 100 ps;
wait for 100 ps;
wait for 100 ps;

a<='0"; b<="1"; c<='0";
a<='0"; b<="1"; c<="1";
a<='1"; b<='0"; c<='0";
a<='1"; b<='0"; c<="1";
a<='1"; b<="1"; c<='0";
a<='1"; b<="1"; c<="1";

END PROCESS;
END;

Simulation output:
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Synthesis report:
* Final Report *

Device utilization summary:

Selected Device : 3s400tq144-5

Number of Slices:

Number of 4 input LUTs:
Number of bonded I0Bs:

1 outof 3584 0%
2 outof 7168 0%
5 outof 97 5%

TIMING REPORT
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NOTE: THESE TIMING NUMBERS ARE ONLY A SYNTHESIS ESTIMATE.
FOR ACCURATE TIMING INFORMATION PLEASE REFER TO THE TRACE REPORT
GENERATED AFTER PLACE-and-ROUTE.

Clock Information:

No clock signals found in this design

Timing Summary:

Speed Grade: -5

Minimum period: No path found

Minimum input arrival time before clock: No path found
Maximum output required time after clock: No path found
Maximum combinational path delay: 7.824ns

FULL SUBSTRACTOR:
LOGIC DIAGRAM: TRUTH TABLE:
. A | B | C | DIFFERENCE | BORROW
B ::) : | —— DrEmENCE o(o]o 0 0
c olo1 1 1
}7 ol1]o0 1 1
_:‘:\, : o[1]1 0 1
. 1lolo 1 0
; BORROW 101 0 0
:‘:\ . 11110 0 0
g 1011 1 1

VHDL SOURCE CODE:

Dataflow Modeling:

library IEEE;
use [EEE.STD_LOGIC_1164.ALL;
use [EEE.STD_LOGIC_ARITH.ALL;
use |IEEE.STD_LOGIC_UNSIGNED.ALL;
entity fsub_dataflow is
Port ( a : in std_logic;
b :in std_logic;
c:instd_logic;
diff : out std_logic;
borrow : out std_logic);
end fsub_dataflow;
architecture dataflow of fsub_dataflow is
signal s1,s2,s3,s4,s5:std_logic;
begin
slr<=axor b;
diff<=s1 xor c;
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s2<=not a;

s3<=s2 and b;

s4<=b and c;

s5<=s2 and ¢;
borrow<=s3 or s4 or s5;
end dataflow;

Behavioral Modeling:

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use |IEEE.STD_LOGIC_ARITH.ALL;
use |IEEE.STD_LOGIC_UNSIGNED.ALL;
entity fsub_behv is
Port (a:in std_logic;
b :in std_logic;
c:instd_logic;
diff : out std_logic;
borrow : out std_logic);
end fsub_behvy;
architecture Behavioral of fsub_behv is
begin
process(a,b,c)
variable s1,s2,s3,s4,s5:std_logic;
begin
sl:=axorb;
s2:=not a;
s3:=s2 and b;
s4:=b and c;
diff<=s1 xorc;
borrow<=s3 or s4 or s5;
end process;
end Behavioral;

Structural Modeling:

library IEEE;
use [EEE.STD_LOGIC_1164.ALL;
use |IEEE.STD_LOGIC_ARITH.ALL;
use |IEEE.STD_LOGIC_UNSIGNED.ALL;
entity fsub_structural is
Port ( a : in std_logic;
b :in std_logic;
c:instd_logic;
diff : out std_logic;
borrow : out std_logic);
end fsub_structural;
architecture structural of fsub_structural is
component xor2
port(x,y:in std_logic;
z:out std_logic);
end component;
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component and2
port(l,m:in std_logic;
n:out std_logic);
end component;
component notl
port(x:in std_logic;zz
z:out std_logic);
end component;
component or3
port(d,e,f:in std_logic;
g:out std_logic);
end component;
signal s1,s2,s3,s4,s5:std_logic;
begin
x1:xor2 port map (a,b,s1);
x2:xor2 port map (s1,c,diff);
nl:notl port map (a,s2);
al:and2 port map (s2,b,s3);
a2:and2 port map (b,c,s4);
a3:and2 port map (c,s2,s5);
ol:or3 port map (s3,s4,s5,borrow);
end structural;
TEST BENCH(VHDL):

LIBRARY ieee;

USE ieee.std_logic_1164.ALL;
USE ieee.std_logic_unsigned.all;
USE ieee.numeric_std.ALL;

ENTITY tst_vhd IS
END tst_vhd;

ARCHITECTURE behavior OF tst_vhd IS

-- Component Declaration for the Unit Under Test (UUT)
COMPONENT fsub_dataflow
PORT(
a :IN std_logic;
b : IN std_logic;
¢ : IN std_logic;
diff : OUT std_logic;
borrow : OUT std_logic
);
END COMPONENT;

--Inputs2

SIGNAL a : std_logic:="'0";
SIGNAL b : std_logic :='0";
SIGNAL ¢ : std_logic :='0";

--Outputs
SIGNAL diff : std_logic;
SIGNAL borrow : std_logic;
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BEGIN

-- Instantiate the Unit Under Test (UUT)
uut: fsub_dataflow PORT MAP(

a=>a,

b=>b,

c=>c,

diff => diff,

borrow => borrow

);

tb : PROCESS

BEGIN
a<='0"; b<='0"; c<='0"; wait for 100 ps;
a<='0"; b<='0"; c<="1"; wait for 100 ps;
a<='0"; b<="1"; c<='0"; wait for 100 ps;
a<='0"; b<="1"; c<="1"; wait for 100 ps;
a<='1"; b<='0"; c<='0"; wait for 100 ps;
a<='1"; b<='0"; c<="1"; wait for 100 ps;
a<='1"; b<="1"; c<='0"; wait for 100 ps;
a<='1"; b<="1"; c<="1"; wait for 100 ps;

END PROCESS;

END;

Simulation output:

Synthesis RTL Schematic:

R
LLL

Domom
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-
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Synthesis report:

* Final Report *

Device utilization summary:

Selected Device : 3s400tq144-5

Number of Slices: 1 outof 3584 0%
Number of 4 input LUTs: 2 outof 7168 0%
Number of bonded |0Bs: 5 outof 97 5%

TIMING REPORT

NOTE: THESE TIMING NUMBERS ARE ONLY A SYNTHESIS ESTIMATE.
FOR ACCURATE TIMING INFORMATION PLEASE REFER TO THE TRACE REPORT
GENERATED AFTER PLACE-and-ROUTE.

Clock Information:

No clock signals found in this design

Timing Summary:

Speed Grade: -5

Minimum period: No path found

Minimum input arrival time before clock: No path found
Maximum output required time after clock: No path found
Maximum combinational path delay: 7.824ns

FULL ADDER USING TWO HALF ADDERS:

LOGIC DIAGRAM: TRUTH TABLE:
A | B | C | SUM | CARRY
0 | o 0 0 0
A - 0 | o 1 1 0
HALF ADDRR BALFADDRR 0 1 0 1 0
0 1 1 0 1
B — — 1 0 0 1 0
CARRY 1 0 1 0 1
‘ 1 1 0 0 1
1 1 1 1 1
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VHDL SOURCE CODE:

Structural Modeling:

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity fadd2 is
Port ( a : in std_logic;
b :in std_logic;
c:instd_logic;
sum : out std_logic;
carry : out std_logic);
end fadd2;
architecture structural of fadd2 is
component hadd
port(a,b:in std_logic;
sum,carry:out std_logic);
end component;
component or2
port(a,b:in std_logic;
z:out std_logic);
end component;
signal p,q,r:std_logic;
begin
h1:hadd port map (a,b,p,q);
h2:hadd port map (p,c,sum,r);
ol:or2 port map (r,q,carry);
end structural;

hadd component source code:

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use [EEE.STD_LOGIC_ARITH.ALL;
use [EEE.STD_LOGIC_UNSIGNED.ALL;
entity hadd is
Port ( a : in std_logic;
b :in std_logic;
sum : out std_logic;
carry : out std_logic);
end hadd;
architecture dataflow of hadd is
begin
sum <= a xor b;
carry <=aand b;
end dataflow;
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or2 component source code:

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use |[EEE.STD_LOGIC_ARITH.ALL;
use [EEE.STD_LOGIC_UNSIGNED.ALL;
entity or2 is
Port (a:in std_logic;
b :in std_logic;
z : out std_logic);
end or2;
architecture dataflow of or2 is
begin
z<=aorb;
end dataflow;
TEST BENCH(VHDL):

LIBRARY ieee;

USE ieee.std_logic_1164.ALL;
USE ieee.std_logic_unsigned.all;
USE ieee.numeric_std.ALL;

ENTITY tst_vhd IS
END tst_vhd;

ARCHITECTURE behavior OF tst_vhd IS

-- Component Declaration for the Unit Under Test (UUT)
COMPONENT fadd2
PORT(
a :IN std_logic;
b : IN std_logic;
¢ : IN std_logic;
sum : OUT std_logic;
carry : OUT std_logic
);
END COMPONENT;

--Inputs

SIGNAL a : std_logic:='0";
SIGNAL b : std_logic :='0";
SIGNAL c : std_logic :='0";

--Outputs
SIGNAL sum : std_logic;
SIGNAL carry : std_logic;

BEGIN

-- Instantiate the Unit Under Test (UUT)
uut: fadd2 PORT MAP(

a=>a,

b=>b,

c=>¢,
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sum =>sum,
carry => carry

);

tb : PROCESS

BEGIN
a<='0"; b<='0"; c<='0"; wait for 100 ps;
a<='0"; b<='0"; c<="1"; wait for 100 ps;
a<='0"; b<="1"; c<='0"; wait for 100 ps;
a<='0"; b<="1"; c<="1"; wait for 100 ps;
a<='1"; b<='0"; c<='0"; wait for 100 ps;
a<='1"; b<='0"; c<="1"; wait for 100 ps;
a<='1"; b<="1"; c<='0"; wait for 100 ps;
a<='1"; b<="1"; c<="1"; wait for 100 ps;
END PROCESS;

END;

Simulation output:

Synthesis RTL Schematic:
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[& b m

[3> a =]} 1) S—

[ b i

160




Synthesis report:

* Final Report *

Device utilization summary:

Selected Device : 3s400tq144-5

Number of Slices: 1 outof 3584 0%
Number of 4 input LUTs: 2 outof 7168 0%
Number of bonded |0Bs: 5 outof 97 5%

TIMING REPORT

NOTE: THESE TIMING NUMBERS ARE ONLY A SYNTHESIS ESTIMATE.
FOR ACCURATE TIMING INFORMATION PLEASE REFER TO THE TRACE REPORT
GENERATED AFTER PLACE-and-ROUTE.

Clock Information:

No clock signals found in this design

Timing Summary:

Speed Grade: -5

Minimum period: No path found

Minimum input arrival time before clock: No path found
Maximum output required time after clock: No path found
Maximum combinational path delay: 7.824ns

FULL SUBTRACTOR USING TWO HALF SUBTRACTORS:

LOGIC DIAGRAM: TRUTH TABLE:

A B C DIFFERENCE BORROW

0 0 0 0 0

4 0 0 1 1 1

HALF ‘ EORROW 0 1 0 1 1

: SIBSTRACTOR EREE 5 1

T4 1 0 0 1 0

SIBTRALTOR 1101 0 0

c DIFFRRRNCE 1]1]0 0 0

1 1 1 1 1
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VHDL SOURCE CODE:

Structural Modeling:

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use |IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity fsub2 is
Port ( a: in std_logic;
b :in std_logic;
c:instd_logic;
diff : out std_logic;
borrow : out std_logic);
end fsub2;
architecture structural of fsub2 is
component hsub_dataflow
port(a,b:in std_logic;
diff,borrow:out std_logic);
end component;
component or2
port(a,b:in std_logic;
z:out std_logic);
end component;
signal p,q,r:std_logic;
begin
h1:hsub_dataflow port map (a,b,p,q);
h2:hsub_dataflow port map (p,c,diff,r);
ol:or2 port map (r,q,borrow);
end structural;

hsub component source code:

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use |IEEE.STD_LOGIC_ARITH.ALL;
use |IEEE.STD_LOGIC_UNSIGNED.ALL;
entity hsub_dataflow is
Port ( a : in std_logic;
b :in std_logic;
diff : out std_logic;
borrow : out std_logic);
end hsub_dataflow;
architecture dataflow of hsub_dataflow is
begin
diff <= a xor b;
borrow <= not a and b;
end dataflow;
TEST BENCH(VHDL):

LIBRARY ieee;

USE ieee.std_logic_1164.ALL;
USE ieee.std_logic_unsigned.all;
USE ieee.numeric_std.ALL;
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ENTITY tst_vhd IS
END tst_vhd;

ARCHITECTURE behavior OF tst_vhd IS

-- Component Declaration for the Unit Under Test (UUT)
COMPONENT fsub2
PORT(
a : IN std_logic;
b : IN std_logic;
c : IN std_logic;
diff : OUT std_logic;
borrow : OUT std_logic
);
END COMPONENT;

--Inputs

SIGNAL a : std_logic:='0";
SIGNAL b : std_logic :='0";
SIGNAL c: std_logic :='0";

--Outputs
SIGNAL diff : std_logic;
SIGNAL borrow : std_logic;

BEGIN
-- Instantiate the Unit Under Test (UUT)
uut: fsub2 PORT MAP(
a=>a,
b=>b,
c=>¢,
diff => diff,
borrow => borrow
);
tb : PROCESS
BEGIN
a<='0"; b<='0"; c<='0"; wait for 100 ps;
a<='0"; b<='0"; c<="1"; wait for 100 ps;
a<='0"; b<="1"; c<='0"; wait for 100 ps;
a<='0"; b<="1"; c<="1"; wait for 100 ps;
a<='1"; b<='0"; c<='0"; wait for 100 ps;
a<='1"; b<='0"; c<="1"; wait for 100 ps;
a<='1"; b<="1"; c<='0"; wait for 100 ps;
a<='1"; b<="1"; c<="1"; wait for 100 ps;
END PROCESS;
END;
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Simulation output:
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Synthesis report:
* Final Report *

Device utilization summary:

Selected Device : 3s400tq144-5

Number of Slices: 1 outof 3584 0%
Number of 4 input LUTs: 2 outof 7168 0%
Number of bonded I0Bs: 5 outof 97 5%

TIMING REPORT

NOTE: THESE TIMING NUMBERS ARE ONLY A SYNTHESIS ESTIMATE.

FOR ACCURATE TIMING INFORMATION PLEASE REFER TO THE TRACE REPORT

GENERATED AFTER PLACE-and-ROUTE.

Clock Information:

diff -
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No clock signals found in this design

Timing Summary:

Speed Grade: -5

Minimum period: No path found

Minimum input arrival time before clock: No path found
Maximum output required time after clock: No path found
Maximum combinational path delay: 7.824ns

RIPPLE CARRY ADDER(Binary adder):

LOGIC DIAGRAM:
A(0) B(0) A(1) B(1) A(2) B(2) A(3) B(3) A(4) B(4) A(S) B(5) A(6) B(6) A(7) B(7)

L LD L

an — FA || FA || FA | | FA || FA | | FA [, FA | | FA -
ou
S(0) S(1) S(2) S(3) S(4) S(5) S(6) S(7)
VHDL SOURCE CODE:
--Design : RIPPLE CARRY ADDER
--Description : To implement RIPPLE CARRY ADDER
--Author
--Reg no
--Version

Structural Modeling:

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity rca is

Port ( a:in std_logic_vector(3 downto 0);

b :in std_logic_vector(3 downto 0);
¢ :instd_logic;
s : out std_logic_vector(3 downto 0);
cout : out std_logic);

end rca;
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architecture structural of rca is

component fadd_behv

port(a,b,c:in std_logic;

sum,carry:out std_logic);

end component;

signal c0,c1,c2:std_logic;

begin

fl:fadd_behv port map (a(0),b(0),c,s(0),c0);
f2:fadd_behv port map (a(1),b(1),c0,s(1),c1);
f3:fadd_behv port map (a(2),b(2),c1,s(2),c2);
fa:fadd_behv port map (a(3),b(3),c2,s(3),cout);
end structural;

FULL ADDER SOURCE CODE:

Dataflow Modeling:

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use |IEEE.STD_LOGIC_ARITH.ALL;
use |IEEE.STD_LOGIC_UNSIGNED.ALL;
entity fadd_dataflow is
Port (a:in std_logic;
b :in std_logic;
c:instd_logic;
sum : out std_logic;
carry : out std_logic);
end fadd_dataflow;
architecture dataflow of fadd_dataflow is
signal s1,s2,s3,s4:std_logic;
begin
sl<=axor b;
s2<=aand b;
s3<=bandc;
s4<=cand a;
sum<= sl xor c;
carry<=s2 or s3 or s4;
end dataflow;

TEST BENCH(VHDL):

LIBRARY ieee;
USE ieee.std_logic_1164.ALL;
USE ieee.std_logic_unsigned.all;
USE ieee.numeric_std.ALL;
ENTITY test_vhd IS
END test_vhd;
ARCHITECTURE behavior OF test_vhd IS
-- Component Declaration for the Unit Under Test (UUT)
COMPONENT rca
PORT(
a : IN std_logic_vector(3 downto 0);
b : IN std_logic_vector(3 downto 0);
¢ : IN std_logic;
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s : OUT std_logic_vector(3 downto 0);
cout : OUT std_logic
);
END COMPONENT;
--Inputs
SIGNAL ¢ : std_logic :='0";
SIGNAL a : std_logic_vector(3 downto 0) := (others=>'0'");
SIGNAL b : std_logic_vector(3 downto 0) := (others=>'0'");
--Outputs
SIGNAL s : std_logic_vector(3 downto 0);
SIGNAL cout : std_logic;
BEGIN
-- Instantiate the Unit Under Test (UUT)
uut: rca PORT MAP(
a=>a,
b=>b,
c=>¢,
s=>s,
cout => cout
);
tb : PROCESS
BEGIN
a<="0010";b<="1001";c<="1"; wait for 200 ps;
a<="1100";b<="0101";c<="'0"; wait for 200 ps;
a<="1111";b<="0100";c<="'1"; wait for 200 ps;
END PROCESS;
END;

Simulation output:
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Synthesis RTL Schematic:
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Synthesis report:

* Final Report

Device utilization summary:

Selected Device : 3s5400tq144-5
Number of Slices: 5 outof 3584 0%
Number of 4 input LUTs: 9 outof 7168 0%
Number of bonded I0Bs: 14 outof 97 14%

TIMING REPORT

NOTE: THESE TIMING NUMBERS ARE ONLY A SYNTHESIS ESTIMATE.
FOR ACCURATE TIMING INFORMATION PLEASE REFER TO THE TRACE REPORT
GENERATED AFTER PLACE-and-ROUTE.

Clock Information:

No clock signals found in this design
Timing Summary:

Speed Grade: -5
Minimum period: No path found
Minimum input arrival time before clock: No path found

Maximum output required time after clock: No path found
Maximum combinational path delay: 11.747ns

RESULT:
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VIVA QUESTIONS:

1. Why does the present VLSI circuits use MOSFETS instead of BJTs?

Compared to BJTs, MOSFETSs can be made very small as they occupy very small silicon area on IC chip
and are relatively simple in terms of manufacturing. Moreover digital and memory ICs can be
implemented with circuits that use only MOSFETs i.e. no resistors, diodes, etc.

2. What are the various regions of operation of MOSFET? How are those regions used?

MOSFET has three regions of operation: the cut-off region, the triode region, and the saturation region.
The cut-off region and the triode region are used to operate as switch. The saturation region is used to
operate as amplifier.

3. What is threshold voltage?

The value of voltage between Gate and Source i.e. VGS at which a sufficient number of mobile electrons
accumulate in the channel region to form a conducting channel is called threshold voltage (Vt is positive
for NMOS and negative for PMOS).

4. What does it mean “the channel is pinched off”?

For a MOSFET when VGS is greater than Vt, a channel is induced. As we increase VDS current starts
flowing from Drain to Source (triode region). When we further increase VDS, till the voltage between
gate and channel at the drain end to become Vt, i.e. VGS — VDS = V¢, the channel depth at Drain end
decreases almost to zero, and the channel is said to be pinched off. This is where a MOSFET enters
saturation region.

5. Explain the three regions of operation of a MOSFET.

Cut-off region: When VGS < Vt, no channel is induced and the MOSFET will be in cut-off region. No
current flows. Triode region: When VGS > Vt, a channel will be induced and current starts flowing if

VDS > 0. MOSFET will be in triode region as long as VDS < VGS - Vt
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Saturation region: When VGS > Vt, and VDS > VGS — V¢, the channel will be in saturation mode, where
the current value saturates. There will be little or no effect on MOSFET when VDS is further increased.
6. What is channel-length modulation?

In practice, when VDS is further increased beyond saturation point, it does has some effect on the
characteristics of the MOSFET. When VDS is increased the channel pinch-off point starts moving away
from the Drain and towards the Source. Due to which the effective channel length decreases, and this
phenomenon is called as Channel Length Modulation.

7. Explain depletion region.

When a positive voltage is applied across Gate, it causes the free holes (positive charge) to be repelled
from the region of substrate under the Gate (the channel region). When these holes are pushed down the
substrate they leave behind a carrier-depletion region.

8. What is body effect?

Usually, in an integrated circuit there will be several MOSFETs and in order to maintain cut-off]
condition for all MOSFETSs the body substrate is connected to the most negative power supply (in case of]
PMOS most positive power supply). Which causes a reverse bias voltage between source and body that
effects the transistor operation, by widening the depletion region. The widened depletion region will
result in the reduction of channel depth. To restore the channel depth to its normal depth the VGS has to
be increased. This is effectively seen as change in the threshold voltage — Vt. This effect, which is caused
by applying some voltage to body is known as body effect.

9. Give various factors on which threshold voltage depends.

As discussed in the above question, the Vt depends on the voltage connected to the Body terminal. It also
depends on the temperature, the magnitude of Vt decreases by about 2mV for every 10C rise in

temperature.
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