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1. Digital Simulation flow

Createafolderinanylocation. Tocreateafolderrightclickandselectthe

Create Folder option.
Note: Do not use space in folder name or filename.

Create Folder

Create Lguncher..
Create Document »

@ Open Terminal

Clean Up by Name
[<] Keep Aligned

Change Desktop Background

It will create a folder like below and rename it to your requirement.

| gates| |

Aftercreatingthefolderenterintothe location andcreate a Verilogfile
specified below or copy the file to the location.

Create Eolder

‘Create Document ’
I Empty File l @ Open In Terminal
Arrange ltems ’

This creates a file shown below

file Edit View Go Bookmarks Help

& )
Up Reload H
\[8] ‘ocation: [frootmesktop/asic_Counter Q
Places ¥ x g
@ root
|____new il
@ Orsitop

O File System
< Floppy Drive

Name the file as gates.v
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Doubleclickongates.vfile (oropenitwith gedit) and type your Verilog code
specified below

I( || *gates.v ¥

[ timescale 1ns/1lps

module gates (input a,b,
output c,d,e,f,g,h,i);

assign ¢ = ~a; //NOT gate

assign d = a|b; //OR gate

assign e = a&b; //AND gate

assign f = a”b; // EX-OR gate
assign g = ~(a|b); //NOR gate
assign h = ~(a&b); // NAND gate
assign i = ~(a”b); // EX-NOR gate

endmodule

Follow similar procedure to create testbench file

|| *gates.v 3¢ | 7] gates_tb.v ¢
"timescale 1lns/1ps

module tb();

reg a,b;
wire c,d,e,f,qg,h,i;

gates uut (.a(a),.b(b),.cl(c),.d(d),.ele),.f(f),.qg(g),.h(h),.i(i));

initial begin

a=0;b=0;#100;
a=0;b=1;#100;
a=1;b=0;#100;
a=1;b=1;#100;
a=0;b=0;}100;
end
endmodule
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Save the files and they should look like below window

gates - File Browser
File Edit View Go Bookmarks Tabs Help
¢ Back & S @ E
‘ —;_,,‘ Location: |/homefjntuhce/gates 4| & 1009
Placesv b4 time “time
& root Jmodul ‘ Ejbodul ‘
& Desktop gates.v gates tb.v
] File System
& Network
(2) RHEL 6.5 x8... &
Trash

Rightclickinthe samefolderandgiveopeninterminal
Re check the location using “pwd “ command.

Now invoke the Cadence tools using below commands from the terminal

csh

source /cad/cshrc

root@sharath-Iptp:/home/jntuhce/g

File Edit View Search Terminal Help

[root@sharath-1ptp gates]# pwd
/home/jntuhce/gates

[root@sharath-1ptp gates]# csh
[root@sharath-1ptp gates]# source /cad/cshrcl

Nowawelcomenoteappearsontheterminal (iftthecommandsare properly
executed).

Nowwe willlaunchtheIncisivetoolforperforming Simulation. Usethe below
command to invoke the tool.

nclaunch -new
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& root@sharath-Iptp:/homg
File Edit View Search Terminal Help

Welcome to Cadence Tools Suite

[root@sharath-1ptp gates]# nclaunch -newf]

Itwillinvoke the nclaunchwindowforfunctional simulationwe cancompile,
elaborate and simulate the design using Multistep option.

cadence

NCLaunc{64) 12.10-3016

Please Select Run Mode:

Multiple Step

Single Step (IRUN Only)

Help

Exit

Create the cds.lib and hdl.var files for to Compile, elaborate and simulate the
designandtestbench, Clickon Create cds.lib File optionas shownbelow.

m nclaunch: Open DesignD - 0O X

— Design Directory
§MOmeJ]ntuhce!gates I
— Library Mapping File
fmomeﬂntuhce:‘gates I
CLICK Create cds lib File...
—Work Library
0K Cancel I Help |
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Create a cds.lib file

Directory: tomeintuhceigates — I l
3] -

File name: |cds lic} | CLICK
Files of type:  Library Files (* lib — | coneel |

T TTTCE

Click save option
- New cds.lib File X

How would you like to configure the cds lik file?

~ Include default libraries {vhdl or mixed design)
~ Include |IEEE pure libraries {vhdl or mixed design’}

4 Don't include any libraries {verilog design)

Select OK

— Design Directory
!Jhome)jntuhcelgates |

— Library Mapping File

R{MOmegntuhcefgates |
Create cds lib File...

—Work Library

Cancel I Help |

Select ok
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You can see the below window after giving ok

Fle Edit Tools Utiities Plug-lhs Help cadence

Browsers: | of

Directory:lmomeﬂntuhce)‘gates | 5] thomedntuhcelgatesicds lia

o] [ workiib
Bl INCA_libs @]  Snapshots

- @ gates.v
o @ gates_th.y

Filters:}*.v *.whd * vhdl _vJ i

nelaunchs

0 items selected

Left side you can see the HDL files, Right side of the window has worklib and
snapshots directories listed.

Worklib is the directory where all the compiled codes are stored while Snapshot
will have output of elaboration which in turn goes for simulation

Compilation:

NCLaunch :»/home/jntuhce/gates

File Edit Tools Utilities Plug-Ins Help

Browsers: E.’Ef| @l Tools: :;i%

Directory :I.ﬁmme)jntuhce!gates ~j ] Momedntuhceigatesicds lib
el B} worklib

[.El L&“J |NCA_|ibS T Lﬂ] Snapshots

o gates.y |

@ gates_th.v
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leftside selectthefileandinTools:launchverilog compilerwithcurrentselection

will get enable. Click it to compile the code

€} NCLaunch : /home/jntuhce/gates

File Edit Tools Utilities Plug-lns Help

5 i
Browsers: [})I @l Tools: ;;’% |

Directory:IMOme.i]ntuhce.fgates

File  Edit

Browsers: I—EI @I Tools:

Directory:!momeijntuhcefgates :_]

Tools  Utilities Plug-lns  Help

Wl INCA libs

@ gates.y
: @ gates_th.v |

Selectthetestbenchandcompileit. Itwillcome underworklib. UnderWorklib
you can see the module and testbench. Next is to elaborate the design.
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Elaboration:

selectthe testbench file underworklibandin Tools : launch elaborator with
current selection will get enable. select the elaborator to elaborate the design.

Choose the test bench and elaborate the design

File  Edit Tools Utilities

Plug-Ins

NCLaunch : /home/jntuhce/gates

Help

Browsers:

Fa Ny
M

Directory:IMOmeljntuhce.fgates

hd i homeintuhceigatesicds lib
-

i worklib

['?Juu INCA,_libs s

@ gates.y =-Amp th |

e @ gates_thy E}-':' 3 .

After elaboration the file will come under snapshots.

Simulatiuon:

Select the testbench file under snapshot and in Tools : Launch simulator with
current selection will get enable.

NCLaunch : /home/jntuhce/gates

File Edit Tools Utilities FPlug-ins Help
: S My
Browsers: [~ Tools: i

Directory: 1 homefntuhcelgates

B[] INCA_libs

@ gates.y
i @ gates_th.y

worklib th:module |

selectsimulatorto simulate the design. After simulation youwillgetthe two
windows like belowimage.
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»

& Design Browser 1 - SimVision = 83
File Edit \ew Select Explore Simulation Windows Help cadenc
1 o B } o 4 ¢ g l @. Send To: ‘@ = ﬁ E

J Search Times: | Value v/ | i ’%%M &

RRaky

o', [Tmeav] = [0 Tilpsv| R~
D00 % % D %m0

fmal

$m 5d
O
S

Design Browser

Scope: I @ &l Available Data :I A {:6} : =4

=-S5 simulator
B} th

Objects ] Methiods ]

Home o i b

Console - SimVision

File Edit View Simulation Wndows Help cadence
| B % 36 I Y 9 | Tost searon = i i
T E O R moo-o & @ @
Find: Stringv“ _________
o | m simulator ]

you will get the two windows Design Browser and Simvision .In design browser
you can see the test bench in left side window.

e Design Browser 1 - SimVision

File  Edit Wiew Select Explore Simulation Windows Help

| %|on X DitXe $-ad rRESIEE

| M [Tmea~] - o Hpev|p~| <
@ %

i
i

‘ Search Times: |Value v/ | I %%v &

i RS

Scope: l & Al Available Data

Browse From Here
Search From Here

PP
= X
=G simulator ’ .
..... g - ¢ :
X
Select Deep Z 3
Copy ! .
g X
5 X
; X

Seroll to Parent

Send to Wavefarm Window

Find: | String | l Send to Source Browser m
. Send to Schematic Tracer

I~

R EERE e

Shoy Send to Design File Search
Send to Mew -
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selectthetestbenchforthe gatesandRightclickit. Selectthe sendtowaveform
window or select the waveform icon

you can see the waveformwindow after thatclick the runtoolto see the
functional simulation for the gates

File Edit “iew Explore Format Simulation Windows Help

Waveform 2 - SimVision

cadence

| Search Mames: Signal v/ | > i ﬁ}

Sl XD x| B

e
@2 Tmeav|= 500,000 wi[psv| B2~ 4a A

Synthesis Flow:

&+ RIERENEEE

‘ Time: 5 [0 500,000ps

[TimeA = 500,000ps

Synthesiswillbedoneusing RTL Compiler.ltisascriptlanguagecalled Tool

Command Language(TCL)

gates - File Browser

File Edit View Go Bookmarks Tabs Help

4 Back v

L

2 B E #

’ :)/f‘ Location: j/home/j ntuhce/gates 'ﬁ’] &)
Placesv X — —_—
[&] root L‘ \_J
(& Desktop INCA _libs waves.shm
[ File System i it
: Network |wadul madul
(© RHEL 6.5x8... & gates.v gates_tb.v
Trash
- ncela ncvla
@ Documents i <
‘.‘;ﬁ MUSiC il ncsim |
K___J ? ncelab.log nclaunch.key
|&] Pictures
(i Videos e nevn
S e venenes: 0 R |EEEeS ncvla
[&] Downloads Relin ,,cvi
= Computer nesim.log ncvlog.log

100% @,

Icon View <
defin

cdsl |b

defin
inclu

hdl.var

datab
probe
run
lexit |

ncsim.key
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Inside the run.tcl file we have to mention the commands like below image.

*rc_script.tcl (/home/jntuhce/gates) - gedit

File Edit View Search Tools Documents Help
Eopen v Fsave &y | ) Undo M &

| *rc_script.tcl X |

set attr 1ib_seafchwpath /lcad/FOUNDRY/digital/96nm/1ib
set attr library slow.lib .

set attr hdl search path ./ Path for the Library
read hdl gates.v File Name

elaborate

| synthesize -to mapped -effort medium

write hdl > gates netlist.v

gui show

report timing > gates timing.rep
report power > gates power.rep
report area > gates area.rep

Script file explainedbelow

o Givethe pathofthe libraryw.r.ttothe directory you are in using the
command: set_attribute lib_search_path

o Givethe pathofthe RTL fileswithrespecttothe directoryyouareinusing
the below command: set_attribute hdl_search_path

o Readthelibraryfromthedirectory specifiedingivingthe pathforthe
libraryfilesinFirstline usingthe command: set_attributelibrary
(slow.lib) isthe name of the library file in the directory --library.

0o Readthe RTL files fromthe directory specified inthe second line. The RTL
files are in the directory name : read_hdl gates.v

o Now Elaborate the design using : elaborate command.

o Synthesize the circuit using the command: synthesize -to_mapped -effort
medium.

Digital System Design Labs
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o Timing could be check using : report timing. o Similarly for Gates : report

gates.
o Check area using : report area.

o Check Power dissipation using : report power. It will generate the reports

o Writethehdlcodeintermsoflibrarycomponentsforthe synthesizedcircuit
using the command: write_hdl > gates_netlist.v

Invoke RTL Compiler by typing below command on your terminal window. The
below picture can be seen after typing the above command

rc -f rc_script.tcl -gui

root@sharath-Iptp:/home/jntuhce/gates

@ Cadence Encounter(R) RTL Compiler RC14.28 - v14.20-s067_1 - /home/jntuhce/gates - 0O x
File Edit View Search Terminal Help - i 3 = I
- File DFT Floorplan Power Timing Tools Windows Help cadence |
crit upsz 0 0/ o) 0.00 |
init area 21 0 0 o Ll | L2 ‘ lf:sf-:rﬁn?qg‘ ‘
Trick calls Accepts  Attempts  Time(sed - BQAQUL | © R L;J =
undup 0 0/ 0 ) 0.00
rem_buf 0 ( 0/ 6 ) 0.00
rem inv 0 ( 0/ 0 ) 0.00
merge bi 0 ( 0/ 6 ) 0.00
rem inv_gb 6 ( 0/ 6 ) 0.00
io phase 8 0/ 6 ) ©.00
gate comp 0 0/ 0) 0.00
gcomp mog 0 0/ 0 ) 0.00
glob area 3 ( 0/ 3) 0.00
area_down 0 ( 0/ 6 ) 0.00
gate deco_area 0 ( 0/ 6 ) 0.00
Info : Done incrementally optimizing. [SYNTH-8] 2
: Done incrementally optimizing 'gates’'. =] l("
Warning : Possible timing problems have been detected in thisg 7
: The design is 'gates'. E auto update: 2000
: Use 'report timing -lint' for more information. i F = T
re:/> D | | Design is mapped ‘

Now open gates_timing.rep file to observe the timing information
gates_power.rep file to observe the power

gates_area.rep file to observe the area information.
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i Cadence Encounter(R) RTL Compiler RC14.28 - v14.20-s067_1 - /home/jntuhce/gates - o x
cédencef

File DFT Floorplan Power Timing Tools Windows Help

f
M Schematic ‘

d & 1

Ha Q @ ®
e W = ] ‘ \u\ xR

Double click

auto update: 2000

r N » Design is mapped [

TTATC TrY 37 TTST S T OT TETT T W7 AT

This will show the RTL schematic of the netlist generated.
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2. HDL Codetorealizeall thelogic gates

Verilog Design:

“timescale 1ns/lps

module

assign
assign
assign
assign
assign
assign

assign

endmodule

Verilog Testbench:

‘“timescale 1ns/lps

gates

g

h

i

(input a,b,

output c¢,d,e, f,qg,h,1);

~a; //NOT gate

alb; //OR gate

a&b; //AND gate

a“b; // EX-OR gate

~(alb);
~(a&b) ;

~(a"b);

module tb () ;

reg a,b;

wire c,d,e,f,g,h,i;

gates uut

.a(a), .

initial begin

a=0;b=0;#100;
a=0;b=1;#100;
a=1;b=0;#100;
a=1;b=1;#100;
a=0;b=0;#100;
end
endmodule

Simulation Results:

//NOR gate
// NAND gate

// EX-NOR gate

Digital System Design Labs
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‘ Search Names: | Signal v/ >~ fy &F Search Times: | Value v/ >

| lcon oo« Dl & i | | . [ | Emrrre—— G Tt -=H
;EzrﬂmeAv =fso0p00  xifpvj )G9 B, (- ) 5B ¢ | B0 so00000s +0 Tme: 5 [0:s00000s wf G T T T

' B2 Baselinev=0
o | EF| Cursor-Baseline v = 500,000ps

)
5

Mame &v [Cusor v [U

¥
S

BOD

Synthesis tcl Script:

set attr 1lib search path /cad/FOUNDRY/digital/90nm/lib
set attr library slow.lib

set attr hdl search path ./

read hdl gates.v

elaborate

synthesize -to mapped -effort medium

write hdl > gates netlist.v

gui_ show

report timing > gates timing.rep

report power > gates power.rep

report area > gates area.rep
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3. Designand simulation of adder, serial binary adder
Verilog Design:
Adder:

“timescale 1ns/lps
module full adder 4bit(
input «cin,
input [3:0]in_a,
input [3:0]in b,
output [3:0]sum,
output cout

)
assign {cout,sum} = in a + in b + cin;

endmodule

Serial binary adder:

‘“timescale 1ns/lps

module serial adder
( input clk,reset, //clock and reset

input a,b,cin, //note that cin is used for only first
iteration.

output reg s,cout //note that s comes out at every clock
cycle and cout is valid only for last clock cycle.

) ;
reg c,flag;

always(@ (posedge clk or posedge reset)

begin
if (reset == 1) begin //active high reset
s = 0;
cout = c;
flag = 0;
end else begin
if(flag == 0) begin
c = cin; //on first iteration after rst assign cin to c.

flag = 1; //then make flag 1, so that this if statement
isnt executed any more.

end
cout = 0;
s =a”™b "~c; //SUM
c=(a &b) | (c&b) | (a&c); //CARRY
end
end
endmodule

Digital System Design Labs
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Verilog Testbench:
Adder Testbench:

“timescale 1lns/lps

module adder tb ();

reg cin;

reg [3:0]in a;
reg [3:0]in b;
wire [3:0]sum;
wire cout;

full adder 4bit uut
.cin(cin),
.in a(in_a),
.in b(in b),
.suﬁ(sum?,
.cout (cout)

) ;
initial begin

in a = 4'h0;
in b = 4'h0;

cin = 1;
#100;

in a = 4'h3;
in b = 4'h4;
cin = 1;
#100;

in a = 4'h7;
in b = 4'h8;
cin = 0;
#100;

in a = 4'h9;
in b = 4'h9;
cin = 0;
#100;

in a = 4'hA;
in b = 4'hB;

cin = 1;
#100;

end
endmodule

Digital System Design Labs
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Serialbinary adder testbench:

“timescale 1lns/lps
module tb;

// Inputs
reg clk;
reg reset;
reg a;
reg b;
reg cin;

// Outputs
wire s;
wire cout;

// Instantiate the Unit Under Test (UUT)
serial adder uut (

.clk(clk),

.reset (reset),

.a(a),

.o (),

.cin(cin),

.s(s),

.cout (cout)

) ;

//generate clock with 10 ns clock period.
initial begin
clk=0;
forever #5 clk = ~clk;
end

initial begin
// Initialize Inputs

0;

reset

Q
-
3
I
(@)

14

reset = 1;

reset = 0;

//add two 4 bit numbers, 1111 + 1101 = 11101
a=1; b =1; cin = 1; #10;

a=1; b =0; cin = 0; #10;

a=1; b =1; cin 0; #10;

a=1; b = 1; cin 0; #10;
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//add two 5 bit numbers, 11011 + 10001 = 101101

a 1; b 1; cin = 1; #10;
a=1; b =0; cin = 0; #10;
a=20; b=20; cin = 0; #10;
a=1; b 0; cin 0; #10;
a=1; b =1; cin = 0; #10;
reset = 1;

#50 $finish;
end

endmodule

Simulation Results:

Adder results:

File Edit Mew Explore Format Simulation Wndows Help cadenc

I U e T R T o 4 | mean E -
|8 Bgle| @ | ¥ D X | B
j Search Names: | Signal v/ >l ﬂ&& ﬂ'ﬁ? ‘ | search Times: | Value v| I

7@32 T~ [500,000 _:_]‘ps"'ﬁ_?‘_'i’ R

@+~ REREHNEEE

“ Timne:; %% E_D:SDU,DDDps :J -\gdk : _ E F

A @ Baselinev=0
[Pl Cursor-Baseling v = 500,000ps

v Cursor

Serial binary adderresults:

File Edit \iew Explore Format Simuation Windows Help cadence

[ elBals o n[ XD x| B || - @+~ RERREEEE

Search Names: | Signal v/ | hd| ﬁ‘i} ﬁﬂ? Search Times: | Value v| |

! — - - e
Ee Timed | = {340,000 x[ps v/ B - _@ 9_%, \ Time: 5 |0 : 340,000ps ~i ,Qm & Er

] @ Baselinev=0
ET| Cursor-Baseline v = 340,000ps

- i ) ) LA Al
ol b |

eafflls cin
B clk
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Synthesis tcl Script:
Adder tcl:

set_attr lib search path /cad/FOUNDRY/digital/90nm/lib
set attr library slow.lib

set attr hdl search path ./

read hdl adder.v

elaborate

synthesize -to mapped -effort medium

write hdl > adder netlist.v

gui_ show

report timing > adder timing.rep
report power > adder power.rep
report area > adder area.rep

Serial binary addertcl:

set attr lib search path /cad/FOUNDRY/digital/90nm/1lib
set attr library slow.lib

set attr hdl search path ./

read hdl serial adder.v

elaborate

synthesize -to mapped -effort medium

write hdl > serial adder netlist.v

gui show

report timing > serial adder timing.rep
report power > serial adder power.rep
report area > serial adder area.rep

4. Designof Carrylookahead adder
Verilog Design:

‘timescale 1ns/lps

module CLA Adder(a,b,cin, sum,cout);
input[3:0] a,b;
input cin;
output [3:0] sum;
output cout;
wire pO,pl,p2,p3,90,9l1,92,93,cl,c2,c3,c4;
assign p0=(a[0]”b[0]),
pl=(all]l”b[1]),

Digital System Design Labs
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p2=(al2]"b[2]),
p3=(al3]"b[3]);
assign g0=(a[0]&b[0]),
gl=(all]&b[1]),
g2=(al2]&b[2]),
g3=(al3]&b[3]);

assign cO=cin,
cl=g0| (pO&cin),
c2=gl| (pl&g0) |
c3=g2| (p2&gl) |

plé&pO&cin),
p2&pl&g0) | (pl&plé&pO&cin),

—_—

c4=g3| (p3&g2) | (p3&p2&gl) | (P3&p2&pl&gl) | (p3&p2&plapl&cin) ;
assign sum[0]=p0~cO,
sum[l]=pl~cl,
sum([2]=p2~c2,
sum[3]=p3°c3;
assign cout=c4;

endmodule

Verilog Testbench:

“timescale 1ns/lps
module TestModule;

// Inputs
reg [3:0] a;
reg [3:0] b;
reg cin;

// Outputs
wire [3:0] sum;
wire cout;

// Instantiate the Unit Under Test (UUT)
CLA Adder uut (

.a(a),

.b(b),

.cin(cin),

.sum(sum) ,

.cout (cout)

) ;

initial begin
// Initialize Inputs

a = 0;
b = 0;
cin = 0;

// Wait 100 ns for global reset to finish
#100;
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// Wait 100 ns for global reset to finish
#100 S$finish;
end

endmodule

Simulation Results:

Waveform 1 - SimVision SRENY

File Edit View Explore Format Simulation Windows Help cadence
B BB 4n w | 32 s 9 [ . | == o Y el B il D B

| Bl o n| XD e X| BEEn-| |- @+ R EZE%EHE

| ‘Search Names: | Signal v] > i 6 ‘ | search Times: |Value v/ [ =l & \

| e~ o0 leevipog-| @ 2 5| - 10 K] % B ] @ | B0 om0 Nt

m @ Baselinev=0

r_f Cursor-Baseline v = 300,000ps

Synthesis tcl Script:

set attr lib search path /cad/FOUNDRY/digital/90nm/lib
set attr library slow.lib

set attr hdl search path ./

read hdl cl adder.v

elaborate

synthesize -to mapped -effort medium

write hdl > cl adder netlist.v

gui show

report timing > cl adder timing.rep
report power > cl adder power.rep
report area > cl adder area.rep
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5. Design of 2to 4 Decoder
Verilog Design:
“timescale 1ns/lps

module decode (
input [1:0]71,
output reg[3:0] Y
) 7

always @ (I)

case (I)

2'b00 Y <= 4'hl;
2'b01 Y <= 4'h2;
2'b10 : Y <= 4'h4;
2'bll Y <= 4'h8;
default : Y <= 4'h0;
endcase

endmodule

Verilog Testbench:

‘“timescale 1ns/1lps
module decode tb;

// Inputs
reg [1:0] I;

// Outputs
wire [3:0] Y;
// Instantiate the Unit Under Test (UUT)

decode uut (
LI(I),
Y (Y) )

initial begin

// Initialize Inputs

I = 2'b00;

// Wait 100 ns for global reset to finish
#100; I = 2'b01;

#100; I = 2'bl0;

#100; I = 2'bl1;

#100 Sfinish;

End

endmodule
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Simulation Results:
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Synthesis tcl Script:

set _attr lib search path /cad/FOUNDRY/digital/90nm/lib

set attr library slow.lib

set attr hdl search path ./

read hdl decoder.v

elaborate

synthesize -to mapped -effort medium

write hdl > decoder netlist.v

gui show

report timing > decoder timing.rep
report power > decoder power.rep
report area > decoder area.rep

6. Design of 8to 3encoder

Verilog Design:

“timescale 1ns/lps

module encoderl (

output reg x,v,2zZ,

input [7:0] d);

always @ (d)

case (d)

8'h0l : {x,vy,z} <= 3'b000;
8'h02 : {x,vy,z} <= 3'b001;
8'h04 : {x,vy,z} <= 3'b010;
8'h08 : {x,y,z} <= 3'b011;
8'hl10 : {x,y,z} <= 3'b1l00;
8'h20 : {x,vy,z} <= 3'b101;
8'h40 : {x,vy,z} <= 3'b110;
8'h80 : {x,vy,z} <= 3'bl1l1l;
default : {x,y,z} <= 3'b000;
endcase

endmodule

‘ Tirne: g% ia:ﬁd‘ﬁaaps

$FrRERBEEEI
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Verilog Testbench:

“timescale 1lns/lps

module encoder tb;

// Inputs

reg [7:0] d;

// Outputs

wire x; wire y; wire z;

// Instantiate the Unit Under Test (UUT)
encoderl uut (

initial begin
// Initialize Inputs

d = 8'h00;

// Wait 100 ns for global reset to finish
#100; d = 8'h00;
#100; d = 8'h00;
#100; d = 8'h01;
#100; d = 8'h02;
#100; d = 8'h04;
#100; d = 8'h08;
#100; 4 = 8'hl0;
#100; d = 8'h20;
#100; d = 8'h40;
#100; d = 8'h80;
#100; d = 8'h40;
#100; d = 8'h80;
#100; d = 8'hFF;

#100 Sfinish;

// Add stimulus here
end

endmodule

Simulation Results:
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Synthesis tcl Script:

set_attr lib search path /cad/FOUNDRY/digital/90nm/lib
set attr library slow.lib

set attr hdl search path ./

read hdl encoder.v

elaborate

synthesize -to mapped -effort medium

write hdl > encoder netlist.v

gui show

report timing > encoder timing.rep
report power > encoder power.rep
report area > encoder area.rep

7. Designof8to1multiplexer

Verilog Design:

‘“timescale 1ns/1lps
module mux 8 1(
input [7:0] INP ,
input [2:0] SEL,
output reg OUT

)

always @ (SEL)

case (SEL)

3'b000 : OUT <= INP
3'b001 : OUT <= INP
3'b010 : OUT <= INP
3'b011 : OUT <= INP
3'p100 : OUT <= INP
3'"p101 : OUT <= INP
3'b110 : OUT <= INP
3'b111 : OUT <= INP
default : OUT <= 0;
endcase

endmodule

Verilog Testbench:

‘timescale 1ns/lps

module tb;
// Inputs
reg [2:0] SEL;
reg [7:0] INP;
// Outputs
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wire OUT;

// Instantiate the Unit Under Test (UUT)
mux 8 1 uut (

.INP (INP),

.SEL (SEL),

.OUT (OUT)

)

initial begin

// Initialize Inputs

INP = 0;

SEL = 0;

// Wait 100 ns for global reset to finish
#100;

SEL = 3'b000;
INP = 8'hAA;
#100;

SEL = 3'b001;
#100;

SEL = 3'b010;
#100;

SEL = 3'b011;
#100;

SEL = 3'b100;
#100;

SEL = 3'b101;
#100;

SEL = 3'b110;
#100;

SEL = 3'bl1l1l;

#100 $finish;

// Add stimulus here
end

endmodule

Simulation Results:
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Synthesis tcl Script:

set_attr lib search path /cad/FOUNDRY/digital/90nm/lib

set attr library slow.lib

set attr hdl search path ./

read hdl mux.v

elaborate

synthesize -to mapped -effort medium

write hdl > mux netlist.v

gui show

report timing > mux timing.rep
report power > mux pPOwWer.rep
report area > mux_area.rep

8. Design of 4 bit binary to gray converter

Verilog Design:
“timescale 1lns/lps

module binZ2gray (gray, bin);
output [3:0] gray;

input [3:0] bin;

assign gray = (bin>>1) ”~ bin;
endmodule

Verilog Testbench:

‘“timescale 1ns/lps

module bin2gray tb;

// Inputs

reg [3:0] bin;

// Outputs

wire [3:0] gray;

// Instantiate the Unit Under Test (UUT)
bin2gray uut (

.gray(gray),

.bin(bin) );

initial begin

// Initialize Inputs

bin =4'h0;

// Wait 100 ns for global reset to finish
#100; bin =4'hO0;

#100; bin =4'hl;

#100; bin =4'h2;

#100; bin =4'h3;
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#100; bin =4'h4;
#100; bin =4'h5;
#100; bin =4'ho;
#100; bin =4'h7;
#100; bin =4'hS§;
#100; bin =4'h9;
#100; bin =4'hA;
#100; bin =4'hB;
#100; bin =4'hC;
#100; bin =4'hD;
#100; bin =4'hE;
#100; bin =4'hF;
#100Sfinish;

end

endmodule

Simulation Results:
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Synthesis tcl Script:

set attr 1lib search path /cad/FOUNDRY/digital/90nm/lib
set attr library slow.lib

set attr hdl search path ./

read hdl bin2gray.v

elaborate

synthesize -to mapped -effort medium

write hdl > bin2gray netlist.v

gui_ show

report timing > bin2gray timing.rep
report power > bin2Zgray power.rep
report area > bin2gray area.rep
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9. Design of Demultiplexer, Comparator
Verilog Design:

Demultiplexer:

“timescale 1lns/lps

module demuxltod (
Data in,
sel,
Data out
) ;

//1list the inputs and their sizes
input Data in;
input [1:0] sel;

//1list the outputs and their sizes
output [3:0] Data out;

//Internal variables
reg [3:0]Data out;

//always block with Data in and sel in its sensitivity list
always @(Data in or sel)
begin
case (sel) //case statement with "sel"
//multiple statements can be written inside each case.
//you just have to use 'begin' and 'end' keywords as shown

below.
2'b00 : begin
Data out[0] = Data in;
Data out[1l] = 0;
Data out[2] = 0;
Data out[3] = 0;
end
2'b01 : begin
Data out[0] = 0;
Data out[1l] = Data in;
Data out[2] = 0;
Data out[3] = 0;
end
2'b10 : begin
Data out[0] = 0;
Data out[1l] = 0;
Data out[2] = Data in;
Data out[3] = 0O;
end
2'b11 : begin
Data out[0] = 0;
Data out[1l] = 0;

Digital System Design Labs 33



Data out[2] = 0;

Data out[3] = Data in;
end
endcase
end
endmodule
Comparator:

“timescale 1lns/lps

module comparator 4 bit (a gt b, a 1t b, a eqg b, a,b);
input [3 : 0] a,b;
output a gt b, a 1t b, a eq b;

assign a gt b = (a >

assign a 1lt b = (a <

assign a _eq b = (a =
endmodule

Verilog Testbench:

Demultiplexer:

‘timescale 1ns/lps
module tb demux;

// Inputs
reg Data in;
reg [1:0] sel;

// Outputs
wire [3:0]Data out;

// Instantiate the Unit Under Test (UUT)
demuxlto4 uut (

.Data in(Data in),

.sel (sel),

.Data_out (Data out)

) ;

initial begin
//BApply Inputs

Data in = 1;

sel = 0; #100;
sel = 1; #100;
sel = 2; #100;
sel = 3; #100;
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Data in = 0;
#100 Sfinish;
end

endmodule

Comparator:

“timescale 1lns/lps

module comparator tb;
// Inputs

reg [3:0] a;

reg [3:0] b;

// Outputs

wire a gt by

wire a 1t b;

wire a_eq b;

// Instantiate the Unit Under Test (UUT)
comparator 4 bit uut (
.a_gt b(a gt b),

.a 1t b(a_ 1t b),
.a_eq b(a eq b),
.a(a),

.b(b)

) ;

initial begin

// Initialize Inputs
a = 0;

b = 0;

// Wait 100 ns for global reset to finish
#100;

a = 4'h3;

b = 4'h5;

#100;

a = 4'h4;

b = 4'h2;

#100;

a = 4'h3;

b = 4'h3;

#100 Sfinish;

end

endmodule
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Simulation Results:
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Synthesis tcl Script:

Demultiplexer:

set attr 1lib search path /cad/FOUNDRY/digital/90nm/lib
set attr library slow.lib

set attr hdl search path ./

read hdl demux.v

elaborate

synthesize -to mapped -effort medium

write hdl > demux netlist.v

gui show

report timing > demux timing.rep
report power > demuxX power.rep
report area > demux area.rep
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Comparator:

set_attr lib search path /cad/FOUNDRY/digital/90nm/lib
set attr library slow.lib

set attr hdl search path ./

read hdl comp.v

elaborate

synthesize -to mapped -effort medium

write hdl > comp netlist.v

gui show

report timing > comp timing.rep
report power > comp power.rep
report area > comp area.rep

10. Design of Fulladder using 3modeling styles
Verilog Design:

‘“timescale 1ns/lps

//Dataflow Modeling

module fa(a, b, cin, sum, cout);
input a;

input b;

input cin;

output sum;

output cout;

assign sum = a ~ b * cin;
assign cout = (a& b) | (b & cin) |(a & cin);
endmodule

//Behavioral Modeling
module fal(a, b, cin, sum, cout);
input a;

input b;

input cin;

output sum;

output cout;

reg sum, cout;

always @(a or b or cin)
begin

case ({a,b,cin})
3'b001: begin

sum <= 1'bl;

cout <= 1'b0;

end

3'b010: begin

sum <= 1'bl;
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cout <= 1'b0;
end

3'b011: begin
sum <= 1'b0;
cout <= 1'bl;
end

3'b100: begin
sum <= 1'bl;
cout <= 1'b0;
end

3'p101: begin
sum <= 1'b0;
cout <= 1'bl;
end

3'b110: begin
sum <= 1'b0;
cout <= 1'bl;
end

3'b111l: begin
sum <= 1'bl;
cout <= 1'bl;
end

default: begin
sum <= 1'b0;
cout <= 1'b0;
end

endcase

end

endmodule

//Structural modeling

module ha (a,b,s,co);
input a,b;
output s, co;

assign s= a’b;
assign co= aé&b;

endmodule

module fa2(a, b, cin, sum, cout);
input a;

input b;

input cin;

output sum;

output cout;

wire wl, w2, w3;

ha ha il (.a(a),

.o (),

.s(wl),
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.co(w3)

) 7

ha ha 12 (.a(wl),
.b(cin),

.S (sum),

.co(w2)

) 7

or org i (cout,w2,w3);
endmodule

Verilog Testbench:

“timescale 1ns/1lps

module fa tst v;
reg a;

reg Db;

reg cin;

wire sum;

wire cout;

fa uut (
.a(a),
.b(b),
.cin(cin),
.sum(sum) ,
.cout (cout)

) ;

initial begin
a= 0;
b=0;
cin = 0
#100 a
cin =1
#100 a
cin = 0;
#100 a = 0;

b =1; cin = 1;
#100 a = 1; b = 0;

I~

0; b = 0;

|~

0, b =1;

cin = 0;

#100 a = 1; b = 0;

cin = 1;

#100 a = 1; b = 1;

cin = 0;

#100 a = 1; b = 1; cin

#100 Sfinish;
End

endmodule
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Simulation Results:
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Synthesis tcl Script:

set attr 1lib search path /cad/FOUNDRY/digital/90nm/lib
set attr library slow.lib

set attr hdl search path ./

read hdl fa.v

elaborate

synthesize -to mapped -effort medium

write hdl > fa netlist.v

gui_ show

report timing > fa timing.rep
report power > fa power.rep
report area > fa area.rep

11.Designofflipflops: SR,D,JK, T
Verilog Design:

‘timescale 1ns/lps

module FF All (

input clk,

// Inputs for Flip-Flops
input J,K,

input R, S,

input D,

input set, reset,

input T En,

// Outputs for Flip-Flops
output Q JK, Q JK bar, // JK
output Q RS,Q RS bar, // RS
output Q D,Q D bar, // D
output Q T,Q T bar // T
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) ;

// Internal Variables

reg g jk temp;

reg g rs temp,q rs bar temp;
reg g d temp;

reg g t temp;

// JK Flip-Flop description
always@ (posedge clk)

begin
if (J==1'b0 && K==1'bl)
g Jjk _temp = 1'b0;

else if(J==1'bl && K==1'DbO)

g jk temp = 1'bl;

else if(J==1'bl && K==1'bl)

g jk temp = ~g jk temp;

end

// JK Outputs assignments
assign Q JK = g jk temp;
assign Q JK bar = ~g jk temp;

// RS Flip-Flop description
always@ (R, S)

begin

g rs temp = ~(S && g rs bar temp);
g rs bar temp = ~(R && g rs temp);
end

assign Q RS = g rs temp;

assign Q RS bar = g rs bar temp;

// D Flip-Flop description

always@ (posedge clk or posedge reset or posedge set)

begin

if (reset) // Asynchronous reset & set logic
g d temp = 1'b0;

else if(set)

g d temp = 1'bl1;

else

q d temp = D;

end

// D-FF Outputs assignments
assign Q D = g d temp;
assign Q D bar = ~gq d temp;

// T Flip-Flop description
always@ (posedge clk)
begin

if (T _En)

g t temp = ~gq t temp;

else
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g t temp=0;

end

// T-FF Outputs assignments
assign Q T = g t temp;
assign Q T bar = ~g t temp;

endmodule
Verilog Testbench:
“timescale 1lns/lps

module flops tb ();

reg clk;
// regs for Flip-Flops
reqg J,K;
reg R, S;
reg D;
reg set, reset;
reg T En;
// wires for Flip-Flops
wire Q JK, Q JK bar; // JK
wire Q RS,Q RS bar;// RS
wire Q D,Q D bar; // D
wire Q T,Q T bar; // T
FF A1l wuut(.clk(clk), .J(J), .K(K), .R(R),.S(S), .D(D), .set(set),
.reset (reset), .T En(T En),
.Q JK(Q JK), .Q JK bar(Q JK bar),
.Q RS(Q RS),.Q RS bar(Q RS bar),.Q D(Q D),.Q D bar(Q D bar),.Q T(Q T),
QT bar(Q T bar)) B B - - B B
initial begin
clk=0;
forever #5 clk = ~clk;
end
initial begin
J=1; K=0; R=0; S=0;D=0; set=0; reset=1;T En=0;
#100; J=0; K=0; R=0; 5=0;D=0; set=0; reset=0;T En=0;
#100; J=0; K=1; R=0; S=1;D=1; set=0; reset=0;T En=1;
#100; J=1; K=0; R=1; 5=0;D=0; set=0; reset=0;T En=0;
#100; J=1; K=1; R=1; S=1;D=1; set=0; reset=0;T En=1;
#100 S$Sfinish;
end
endmodule
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Simulation Results:
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Synthesis tcl Script:

set attr 1lib search path /cad/FOUNDRY/digital/90nm/lib
set attr library slow.lib

set attr hdl search path ./

read hdl flops.v

elaborate

synthesize -to mapped -effort medium

write hdl > flops netlist.v

gui_ show

report timing > flops timing.rep
report power > flops power.rep
report area > flops area.rep
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12. Design 4-bitbinary counter
Verilog Design:

“timescale 1ns/lps

module counter (clk,m,rst,count);
input clk,m, rst;

output reg [3:0] count;

always@ (posedge clk or negedge rst)
begin

if(!rst)

count=0;

else if (m)

count=count+1;

else

count=count-1;

end

endmodule

Verilog Testbench:

‘“timescale 1ns/lps
module counter test;
reg clk, rst,m;
wire [3:0] count;
initial

begin

clk=0;

rst=0;#25;

rst=1;

end

initial

begin

m=1;

#60 m=0;

rst=0; #25;

rst=1;

#50 m=0;

end

counter counterl (clk,m,rst, count);
always #5 clk=~clk;

initial

#300 Sfinish;

endmodule

Digital System Design Labs

44



Simulation Results:

Waveform 1 - SimVisibn i
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Synthesis tcl Script:

set attr 1lib search path /cad/FOUNDRY/digital/90nm/lib
set attr library slow.lib

set attr hdl search path ./

read hdl counter.v

elaborate

synthesize -to mapped -effort medium

write hdl > counter netlist.v

gui show

report timing > counter timing.rep
report power > counter power.rep
report area > counter area.rep
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13. DesignaN-bitRegisterof SISO, SIPO
Verilog Design:
SISO

“timescale 1lns/lps

module siso(clk,rst,a,q):;
input a;

input clk,rst;

output qg;

reg q;

always@ (posedge clk,posedge rst)
begin

if (rst==1"bl)

g<=1"'b0;

else

g<=a;

end

endmodule

SIPO:

“timescale 1ns/lps
module sipo(a,clk,rst,q):;
input clk,rst;

input a;

output [3:0]qg;

wire [3:0]qg;

reg [3:0]temp;

always@ (posedge clk,posedge rst)
begin

if (rst==1"bl)
temp<=4"'b0000;

else

begin

temp<=temp<<1l'bl;
temp[0]<=a;

end

end

assign g=temp;

endmodule

Verilog Testbench:
SISO:

‘timescale 1ns/lps
module siso _tb();
reg clk,rst;
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reg a;
wire q;

siso uut(clk,rst,a,q):;

initial
clk=1"bl;

always #10 clk=~clk;
initial begin
a=1'b0;rst=1"'bl;
#100 rst=1'b0;
#100 a=1'bl;
#100 rst=1'bl;
#100 rst=1'boO;
end

initial

#1000 Sstop;
endmodule

SIPO:

‘“timescale 1ns/1lps
module sipo tb();

reg clk,rst;

reg a;

wire [3:0]q9;

sipo uut(a,clk,rst,q);

initial

clk=1"'b0;

always #10 clk=~clk;
initial begin
rst=1"'bl; a=1'bl;
#500 rst=1'bo;
#100 a=1"bo0;

#100 a=1"bl;

#100 a=1"bo0;

#100 a=1"bo0;

#100 a=1"bl;

#100 a=1"bo0;

end

initial

#1300 S$stop;
endmodule
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Simulation Results:

SISO:
Waveform 1 - SimVision
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Synthesis tcl Script:
SISO:

set attr 1lib search path /cad/FOUNDRY/digital/90nm/lib
set attr library slow.lib

set attr hdl search path ./

read hdl siso.v

elaborate

synthesize -to mapped -effort medium

write hdl > siso netlist.v

gui show

report timing > siso_timing.rep
report power > siso power.rep
report area > siso_area.rep
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SIPO:

set_attr lib search path /cad/FOUNDRY/digital/90nm/lib

set attr library slow.lib

set attr hdl search path ./

read hdl sipo.v

elaborate

synthesize -to mapped -effort medium

write hdl > sipo netlist.v

gui show

report timing > sipo_ timing.rep
report power > sipo power.rep
report area > sipo area.rep

14. Design aN-bit Register of PISO, PIPO

Verilog Design:
PISO:

‘“timescale 1ns/1lps

module piso(clk,rst,a,q);
input clk,rst;

input [3:0]a;

output gy

reg g

reg [3:0]temp;

always@ (posedge clk,posedge rst)
begin

if (rst==1"bl)

begin

g<=1'b0;

temp<=a;

end

else

begin

g<=temp[0];

temp <= temp>>1'bl;

end

end

endmodule

PIPO:

‘“timescale 1ns/lps

Digital System Design Labs

49



module pipo(clk,rst,a,q);
input clk,rst;
input[3:0]a;
output[3:0]qg;

reg[3:0]q;

always@ (posedge clk,posedge rst)
begin

if (rst==1'bl)

g<=4'b0000;

else

g<=a;

end

endmodule

Verilog Testbench:
PISO:

“timescale 1ns/lps
module piso tb();

reg clk,rst;

reg [3:0]a;

wire q;

piso uut (clk,rst,a,q):;
initial

clk=1"'bl;

always #10 clk=~clk;
initial begin
rst=1'bl; a=4'b1101;
#300 rst=1'DbO;

#200 rst=1'bl;

#200 rst=1'bO;

end

initial

#1000 Sstop;
endmodule

PIPO:

‘timescale 1ns/lps
module pipo tb();
reg clk,rst;
reg([3:0]a;
wire[3:0]qg;

pipo uut (clk,rst,a,q):;
initial
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clk="bl;

always #10 clk=~clk;

initial begin
a=4'b1101;rst=1"'bl;

#100 rst=1'b0;

#100 a=4'b1000;

#100 rst=1'bl;

#100 rst=1'b0;

end

initial

#600 Sstop;

endmodule

Simulation Results:

PISO:

Waveform 1 - SimVision o]

File Edit Mew Explore Format Simulation Windows Help caden
R " [ ae r i |1 e i ann 2B [fasag] —
a8 o] xme @+ ~rRERREBEE]
Search Mames: | Signal v i ﬂ‘% ﬂ‘a} Il Search Times: VaJueV[

P [Timea~] = (1000000 wi[psv| B2 ~| da B <

PIPO:

Waveform 1 - SimVision

File Edit View Explore  Format — Simulation  Windows  Help C

RN = o e [ e ils | | el . nn Sk [1Gia]) e

2 gls| @ | ¥ D T - ey B || E- |- iR R R E
‘ Search MNames: ’§jg_‘r1§_lj i ﬁ} ﬂ‘a} ‘ Search Times: | Value v xl

TmeAv|= [600000  wilpsv| 2| g8 Ep_ | = En [Fg| BB s00,000ps + 0 S [0 - 500,000ps ;

x2

@ Baselinev=0
EF| Cursor-Baseline v=600,000ps

v

Digital System Design Labs 51



Synthesis tcl Script:
PISO:

set_attr lib search path /cad/FOUNDRY/digital/90nm/lib
set attr library slow.lib

set attr hdl search path ./

read hdl piso.v

elaborate

synthesize -to mapped -effort medium

write hdl > piso netlist.v

gui_ show

report timing > piso timing.rep
report power > piso power.rep
report area > piso area.rep

PIPO:

set attr lib search path /cad/FOUNDRY/digital/90nm/1lib
set attr library slow.lib

set attr hdl search path ./

read hdl pipo.v

elaborate

synthesize -to mapped -effort medium

write hdl > pipo netlist.v

gui show

report timing > pipo timing.rep
report power > pipo power.rep
report area > pipo area.rep
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15. Design of sequence detector (Finite State Machine)

Verilog Design:

“timescale 1lns/lps

module seq det(x,clk,rst,y);
input x, clk, rst;

output vy;

reg [2:0] state;

reg temp;

parameter SO = 3'b000, S1 = 3'b001, S2 = 3'b010, S3 = 3'b011, S4 =
3'b100;

always @ (posedge clk)

begin

if (rst)

state<=S0;

else

case (state)

SO0: if (x)

state<=S3;

else

state<=S1;

Sl:if (x)
state<=S82;
else
state<=S1;

S2:1if (x)
state<=S53;
else
state<=S4;

S3:1if (x)
state<=S3;
else
state<=54;

S4:if (x)
state<=S2;
else
state<=S81;
endcase

end

always @ (state)
begin

case (state)
S0:temp<=1'b0;

S1l:temp<=1"'b0;

Digital System Design Labs

53



S2:temp<=1"'b0;
S3:temp<=1"'b0;

S4:temp<=1"'bl;
endcase

end

assign y = temp;
endmodule

Verilog Testbench:

“timescale 1ns/lps
module seq det tb();

reg x, clk, rst;
wire y;

seq det uut (x,clk,rst,y);

initial begin

clk=0;

forever #5 clk=~clk;
end

initial begin

rst=1; x=0;

#10;rst=0; x=0;
#10;rst=0; x=1;
#10;rst=0; x=1;
#10;rst=0; x=0;
#10;rst=0; x=0;

#10 Sfinish;
end
endmodule

Simulation Results:
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Synthesis tcl Script:

set_attr lib search path /cad/FOUNDRY/digital/90nm/lib

set attr library slow.lib

set attr hdl search path ./

read hdl fsm.v

elaborate

synthesize -to mapped -effort medium
write hdl > fsm netlist.v

gui show

report timing > fsm timing.rep
report power > fsm power.rep

report area > fsm area.rep

16. Design of 4-Bit Multiplier, Divider
Verilog Design:

Multiplier:

“timescale 1ns/lps

module multipliermod(a, b, out);

input [3:0] a;
input [3:0] b;

output [7:0] out;

assign out=(a*b);

endmodule

Divider:

‘timescale 1ns/lps

module division(a, b, out);

input [3:0] a;
input [3:0] b;

output [3:0] out;
assign out=(a/b);

endmodule

Digital System Design Labs

55



Verilog Testbench:
Multiplier:

‘timescale 1ns/lps
module multiplier tb;

reg [3:0] a;
reg [3:0] b;

wire [7:0] out;
multipliermod uut (.af(a),.b(b),.out(out) );
initial begin

#10 a=4'b1000;b=4"b0010;
#10 a=4'b0010;b=4"b0010;
#10 a=4'b0100;b=4"b0100;
#10 a=4'b1000;b=4"b0001;
#10;Sfinish;

end

endmodule

Divider:

“timescale 1ns/lps

module division tb;

reg [3:0] a;
reg [3:0] b;

wire [3:0] out;

division uut (.a(a), .b(b), .out (out) );
initial begin

#10 a=4'b1000;b=4"b0010;

#10 a=4'b0010;b=4"b0010;

#10 a=4'b0100;b=4"b0100;

#10 a=4'b1000;b=4"00001;

#10;S$finish;

end

endmodule
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Simulation Results:
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Synthesis tcl Script:
Multiplier:

set attr 1lib search path /cad/FOUNDRY/digital/90nm/lib
set attr library slow.lib

set attr hdl search path ./

read hdl mult.v

elaborate

synthesize -to mapped -effort medium

write hdl > mult netlist.v

gui show

report timing > mult timing.rep
report power > mult power.rep
report area > mult area.rep
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Divider:

set_attr lib search path /cad/FOUNDRY/digital/90nm/lib
set attr library slow.lib

set attr hdl search path ./

read hdl div.v

elaborate

synthesize -to mapped -effort medium

write hdl > div netlist.v

gui show

report timing > div_timing.rep
report power > div_power.rep
report area > div area.rep

17. Designof ALUperform-ADD, SUB,AND,OR,1’s & 2’s compliment,
Multiplication, Division

Verilog Design:

‘timescale 1ns/lps
module alu(a,b,s,vy);
input[3:0]a;
input[3:0]b;
input[2:0]s;
output[7:0]vy;
reg[7:0]1y;
always@(a, b, s)
begin

case (s)
3'b000:y=a+tb;
3'b001:y=a-b;
3'b010:y=as&b;
3'b011l:y=alb;
3'"b100:y=4"'bl111"a;
3'"b101l:y=(4"'b1111%a)+1'bl;
3'b110:y=a*b;
3'blll:begin y=a;
y=y>>1"'b1;

end

endcase

end

endmodule
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Verilog Testbench:

“timescale 1lns/lps

module alu tb();
reg[3:0]a;
reg[3:0]b;
reg[2:0]s;
wire[7:0]y;

alu uut(a,b,s,y);

initial begin
a=4'p1101; Db=4'b1001;
s=3"'b000;

#100 s=3"'b001;
#100 s=3"b010;
#100 s=3"b011;
#100 s=3"b100;
#100 s=3"b101;
#100 s=3"b110;
#100 s=3"b111;
end

initial

#1000 $stop;
endmodule

Simulation Results:

Waveform 1 - SimVision
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Synthesis tcl Script:

set attr 1lib search path /cad/FOUNDRY/digital/90nm/lib
set attr library slow.lib

set attr hdl search path ./

read hdl alu.v

elaborate

synthesize -to mapped -effort medium
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write hdl > alu netlist.v

gui show

report timing > alu timing.rep
report power > alu power.rep
report area > alu area.rep
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