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module module

module module_name (Portl, Port2, Port3, Port4); 7901 9900 137, T DM NN man s O

7/ PORT LIST .module - 5 91 - NP>72 N2°202 1Y) BN

input Portl, Port2; // bit inputs
output [3:0] Port3; // vector outputs

inout Port4; NHAN B9 NN pwnn nx axnn module QO
// DATA TYPES NP>TaN >2°90N X NN >WIdn an module O
MINA

// MODULE INSTANCES
/7 CONTINUOS ASSIGNMENT N9 9710 module -n nnany v module QA
// PROCEDURAL BLOCKS Rh)a)a

// TASKS AND FUNCTIONS

endmodule
:21M5Y y3 module-n qna O
.DMNNMNN D¥ONN -
.module Instantiation -
.Data Flow statements - ?
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module - parameters

;0PI MINXN VPN A

parameter <parameter name> = <default value>

module-n nx oY 1% 199 default 7y v qonaey O

module — port list

module module_name (port_name_1,port_name_2...);
// PORT LIST
mode port_name_1;
mode[x:y] port_name_2;

endmodule
.module now - module_name

.DNI/RNIN DI HY OV - port_name

.input, output, inout : PORT -N 173 - mode

module comparator (a,b,a_bigger_b);
// port list
input[7:0] a,b;
output a_bigger_b;
// data types

reg a_bigger_b;

always @(a or b)

begin
if (a>b)
a_bigger_b = 1;
else a_bigger_b = 0;
end
endmodule

Ralv)aphay]
module comparator_param (a,b,a_bigger_b);
//parameter declaration
parameter val=7;
// port list
input[val:0] a,b;
output a_bigger_b;
// data types
reg a_bigger_b;
always @(a or b)
begin
if (a >b)
a_bigger_b = 1;
else a_bigger_b = 0;
end
endmodule
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two _comparator
X 5
ay U1l x_bigger_y
»
y Y &by a_bigger_b 4
4
z ay U2 z_biggekr_zero
L4
Jj by a_bigger_b

module two_comparator (X,y,z,x_bigger_y,z_bigger_zero);
// potr list

input[4:0] X,Y;
input[3:0] z;
output Xx_bigger_y,z_bigger_zero;

// data types

// comparator instance
comparator_param ul(.a(x),
b

-b(y).
.a_bigger_b(x_bigger_y));
defparam ul.val=4;

comparator_param #(3)u2 (z,47b0,z_bigger_zero);

endmodule

.Ul - w299 1N U2 - 4719 % yya5 ym) Instantiation O
4 1ty X defparam ntya yNab yn2) Parameter override U
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module - instance

:module - 2 Port - 1 »IN8N 97095 Instance O

<modulle name> <instance_number> (<higher level port or line>
,<higher level port or line>,<higher level port or line> );

:Port ow »aY Instance O

<module name> <instance_number>
.<module_port>(<higher level port or line>),
.<module_port>(<higher level port or line>),

.<module_port>(<higher level port or line>));

Sy2 901”79 XINY ) module - 5 o mHannna A
MINENN AR mnen defparam nmps vy NNw Ty
.Instance-n by

:nMpanman O

defparam <instance name>.<parameter name>=<new value>

.Instance-n by n9n8Na 0VNI9 YORN # NVI9IND U

<Module_name> #(<new value>) <instance name> <ports>
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NET

Ty N erw P X0 NET O
2na module vy awonyn port»ry gpTa NET U

. NET S5y mansnonms O

<net_type> <[range L:R]> <(strength)> <net name>;

;DM types bw nxap »on NET O
wire, tri e
supplyO, supplyl e
wor, trior e
wand, triand e
trireg o
trio, tril o

ST712 VX2 N NP YV vector nnY 91 NET A

XTI NNX 120 default -2
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NET >»o

25995 NET windwb wire - : DWW NET >»o 4

51PN M VT Bus - Y tri -
.2y

:wor wand »vinrw O
module wor_try (a,b,out);
//port list
input a,b;
output out;

//data type
wire a,b;
wor out;
assign out=alb;
endmodule
.Open drain Wired logic -2 OR 9y¥ iN)MD> D)1 NHNTA

NDYHOIPIN DINRXIN 2 NN IWAINND wor, wand 2 vidwn
.strength >N
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VALUE SET

107y 4 -N TN YaPY 91 Verilog -2y U
logic zero, false condition= 0
logic one, true condition= 1
high impedance= Z
(¥p 99Y default 7y) unknown value = X

.REG, NET : 0p bw onp 2 v Verilog—2 4
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STRENGTH

.Strength » 1o ymINET 925 QA

2 resolve-n NXNIN DY VYOWY Y strength ntva O
.ONP 2

: strength m»n~ QA

Strength level degree
Supply strongest
Strong

Pull
Large *
Weak
Medium *
Small *

highZ weakest

AWON DPINNN DMNMPY *

7200 NET n7Tn2 nywidw strength mny O
.SWITCH, STRUCTURAL LEVEL - 1 203>
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REG

;DM types v nx1ap on REG U
.unsigned Mo - reg o

.32bit amna signed 1son - integer

.floating point — signed 1001 - real

NN ONKY .64bit 2M12 unsigned 19on - time

.N9DON 0T

.PNIDON BT NN ONND real 19on - realtime
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wire-y reg »asn »5os

net
module

netl inout

input output
—_— — >

reg or net net reg or ne net

.net N reg ™Mp 1aNNNY DN NDNSY

192 >y qnTY port - N AWNI reg -

port - 1IN assign NTIPA >y GV POrt - N TN net -
23 module bw

.net yp P71 92nnnd 515> module nxoydy -

TN 992 net NON 1P 12NNNY 91 M- port :inout U

.net Mon P 1annnd a»n : module -5 noxo port U

.NET w REG  : 0109 onpy nnosy port U
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REG

VTR Py P XN REG O
.Procedural blocks-a »wn>win Data type -n 80 REG U
:REG 5y nnsn vona U

<reg_type> <[range L:R]> <reg name>;

:ARRAY »on REG Y%y ninsnvonme O

reg [msb:Isb] <memory_name> [first address: last address]

integer <array_name> [first address: last address]

¥ ARRAY — 2 NTTIA N0 DY NOWI MPY Y8ID 1) RO
.DMVPN

NP0 Sw vector n»nY %> REG A
X7 nx 20 : default - 2
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integer real & time
.(4€3) 727y IN (2.13) MWy 1900 A¥»Y ) real-a A
N1 AP TIW0 YN 1900 integer-5 real naxna U
22 =9 NOMTA.0OWN 19010

PPN 1Y NN AN Stime mrxpnan O

module reg_numbers;
//port list
//data types
real deltal,delta2;
integer i;
time simulation_time;

initial
begin
deltal=4e3;
delta2=2.13;
i=delta2;
end
initial simulation_time=$time;
endmodule

MNP0 0 XY time -y real *
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099017 NX»

.real W integer n1xa oxMaon H¥»Y ym Verilog -2 U
<size><base><number> ;7900 Yy NN vrMe 4

990192 NPON 190N NN PINNN INIVYY 1900 -size ®

MINDA-b  : DDV NNMY NIVON - base @
YOMNTNOPN - h
YHYVPIN -0
MIVY —-d

.DX022) TN TIHNN VNNBN 29D I9VN — number  ®

.32bit Y72 "WYY 19010 Hapy base- size BN NS DN
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Continuous Assignments

: Continuous assignment 5y mnsnvne O

assign <net name[range L:R]>=<assignment, assignment>;

o7 A

// example 1 - OR gate
wire line_out;
assign line_out=alb;

// example 2 — assignment with delay
wire[7:0] input_a;
assign #30 input_a=10;

// example 3
wire[7:0] sigl,sig2;
wire[7:0] sig3;
assign sig3[3:0]=sigl[7:4] & sig2[3:0],
sig3[7:4]=sigl[3:0] | sig2[7:4];
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wire-y reg »1asn 555

- module Flip Flop n1) @
module ff (d,q,clk,rst,en);

:NIN 19INI 12NNNY NI NPITAN NDIAD e

module TestFixture

reg or wire | input module fﬁ
o wire '

i !
_regorwire,; 1NPUt ___ output q !
T wire en - _
: ' input reg or wire; wire

' wire ¢k

i
i

A i

'

reg or wire ;i nput > !
' i

'

: DVITN reg wire - no NN e
module TestFixture;

reg d_Signal,clk_Signal,rst_Signal,en_Signal;
wire q_Signal;

ff Ul ( .d(d_Signal),
-q(q_Signal),
.clk(clk_Signal),
.rst(rst_Signal),
.en(en_Signal));

// Enter fixture code here
endmodule // TestFixture
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099012 NX»

:INDONT
Sized numbers :
4’1010  // 4 bit binary number;
16’hf01d  // 16 bit hexadecimal number;
12'07071 // 12 bit octal number;
16’d123 /1 16 bit decimal number;
8'b1100_0000 // equivalent of 8'b11000000

Unsized numbers :

450 /I 32 bit decimal number;
‘hed /I 32 bit hexadecimal number;
‘045 /I 32 bit octal number;

X,Z numbers :

12'hefx /I 12 bit hexadecimal number, lower
nibble is unknown;

16'bz / 16 bit high impedance;

7'hx /I 7 bit hexadecimal unknown;

4'h10?? /I equivalent of a 4'b10zz;

Negative numbers :

-8 /I negative integer number

-8'd3 // 8 bit 2's complement of 3;

Real numbers :

4e3 /I equals 4000;

4.56
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always Conditional Continuous Assignments

MY MW Oy NNvin nng avnalways U

STPONNN TINA (MN9ID) Wait IN @.# MNP 7Y NN
ONINI MYN2 NN v VM O

MNPWA PHNNY NDIN AN NN MW vy O assign <net names=(<conditionsy?
IMINAND TAND <true_expression>:<false_expression>;

WINN 1M D TY Y¥AM POINN N3y O TRUE - N T IN Z3pn NET - 1, 07pnn onn ox- U

MIYNIN NRIYIIY MMNIND THNI G0N MY DY P
ot 4

PN9IDN W 0 v SN yomn always U
// examplel — 3 state buffer

assign out_l1=(enable==1 ? in_1 : 1"bz);
:mnyod always man QO
mn»od yS N 1/ or-
assign out_1=('enable ? 1°’bz : in_1);
always @(<sensitivity list>)
begin :<block name> //block name is optional

<sequential statements> In 1 out_1
end =

enable
.P922 INX N9IWAN AN W IWNRD DXWATI end- begin #
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Blocking Assignments always
.REG - 9 nnwn mn Blocking Assignment U (MY NdWY DR always- nonT O

.(always, initial) Procedural block - 2 p7 nysan

. . //data type
(always) 71930 987 N NIy Blocking Assignment U reg[15:0] out;

L DTN DY

Synchronous
Structure

// procedural block -
always @(posedge clk or negedge rst)

if (Irst)

&9 TICK-n Tyma DELTA-2 nysyan Blocking nown U out<=0;
902 else
it (en)
out<=in;

N7 d

L1117 17777777777777777777777777777/77777/77/7//7/77/77/7777
reg b,c;

always @(posedge clk)

begin a F.F c
b=a; // data types
c=b; YP!

end reg value_out;

clk Combinatorial
endmodule
// procedural block Structure
always @(a or b or c or d)
reg b.c; /* all tl_we inputs must be in the sensitivity list Il */
always @(posedge clk) begln_
begin a)l FF b FF c it (a > Db)
c=b: value_out = c;
b:a: else value_out = d;
’ end
end clk clk
endmodule
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YINIOY NAIND

(Mx9IY01 O wHWN always) initial : NYxHIPIDS P2

begin end = >N7T0 - : MNOINIOD PO MAN
fork join =>>pn -

ANYI YT 1IN VININD MNYINT YWY NIY v
Aonaw Wait w event, @, # mmpon nnxa

: DMWY NIV KOY YN NINT

// simulation only
initial
clkl1l=0;

always
#5 clkl=~clkl;

initial #1000 $stop; //The $stop function stops the
simulation.
//$Finish finishes the simulation
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event, wait .#, @ *vawn
.P192N HY NIXAN IR MNYND ONND D IWINND

O Regular event control : @(<edge_of _signal>)
always
begin
@(clkl) out=b;
@(negedge b or posedge c) a=b;

.DYYIIY MMNDIN TN NPWD TY NNV 21920

O Level sensitive : wait(<signal>)
wait(d);

SNINN DYPY TY NNYY PI19an
NNVUNIN NPINDN NN NIY Y¥INND Wait - N vown
.NADN PNVYN NNRMPNN ND GO NNT NPYWA . DDINNND
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NON Blocking Assignments

.REG - 9 nnwn mn NON Blocking Assignment O
.(always, initial) Procedural block - 2 77 nyshan

) Pavan 987 NN NX 1R NON Blocking Assignment U
JMDA Ny (always

nnx TICK - 11 9192 my¥1an NON Blocking mnwn U
IV OINN

N7 A

reg b,c;

always @(posedge clk)
begin
b<=a; a
c<=b;

end
endmodule

reg b,c;

always @(posedge clk)
begin a FF b FF C
c<=b;
b<=a;

end clk clk
endmodule

MNYNN NN ITO0 MYNYN PN *
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890D NAIND

:P89OY always man U

I IIVIRID P2 e

always // no sensitivity list
begin
<timing control>
@ <statement> // wait for event
# <statement> // wait for time (incremental)
wait (<condition>)//level condition
named event
end

PN NIV DYOIMITO P e

always @(<sensitivity list>)
begin:<block name> //block name is optional
<sequential statements>
<timing control also available>
end

DD NIV DYOPAPN A e

always @(<sensitivity list>)
fork:<block name> //block name is optional
<parallel statements>
<timing control also available>
join

.P923 NNN NIYON INY ¥ IWND DwaT) end-) begin - e
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initial ,va

NN OYO y$Ian initial pyva O
.PN9IDYON DY 0 12 yxann initial pva A

79511 551 Monitoring ,0nwn SINNKS wown initial O
NN DY YSINNY NINY

:initial man Q4
initial
begin:<block name> //block name is optional
<sequential statements>
end

initial
fork:<block name> //block name is optional
<parallel statements>
join

2922 INK N2IWON NP W IWND DdvATI end-y begin @

-initial non7 Q
initial clk=1'b0;
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if else 1P

nonT 4
reg data_out;

//blocks
always @(enable or data_in)
begin
if (enable)
data_out=data_in;
else
data_out=1"b0;
end

//data types
wireslctl,slct2,slct3,d1,d2,d3,d4;
reg data_out;

//blocks
always @(slctl or slct2 or slct3 or dl1 or d2 or d3 or
d4)
begin
if (slctl)
data_out=dl;
else if (slct2)
data_out=d2;
else if (slctl3)
data_out=d3;
else data_out=d4;
end
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event, wait #, @ *vawn
O Named event :

SNIN MY event o Tan *
DORINN DPPY TY PIYaAN Liva NN Nnws event - n ¢

event last_value;
always @(last_value) a=1"b1l;

always @(posedge clk)
begin
iT (counter==8"d50)
->last_value ;
end

O Delay control : #<time delay>
#20 clk=!Iclk;

A - 1 INKD ATINN Y230 PNV NDION
vnxn delta-a nnwnn yia NN nnvan #0 NNV
timescale-a mAaTm # 5w v M

parameter -2 oy wnwn # NOLINN @
Instantiation o>yyanw> override
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if else anpo

N2 H2IPNRN ONNNINNN LIV

VIYNT YXIND NXIND DPPNN ON ONITO VIYN a
NN Y¥ID) DD DININ 71 T2Y MIVAN ¥ NURIN
D»PNN RO DX VIVN YNIY IN DMINKY DXVIWNN

INID DWW

S if nmpa Yy minsnvnne O

if (<condition>)
begin
<assignments>;
end

else
begin
<assignments>;
end

nuwnn N wwo owan begin end , if - n vawn TIna
NN
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case nnps

T P>apncase) xonT U4

wireslctl,slct2,slct3,d1,d2,d3,d4;
reg data_out;

//blocks
always @(slctl or slct2 or slct3 or dl1 or d2 or d3 or
d4)
begin
// data_out=d4;
case ({slctl,slct2,slct3})
3"b100 : data_out=dl;

37d2 : data_out=d2;

3"b001 : data_out=d3;

default : begin
data_out=d4;

$display (“'default assign');
$display ($time);
end
endcase
end
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LOOP mps

X2 N/NDN NNWS Y MNY DIV vy U
DYDY 190N NMIVIVIN

for nTIPe MY ©MoHN DINN by NP yxav i U
while RTIP9 MY MINN2 MOND XYY yxad O

NITYA NPXIVIN DY N3P 190105 NN yxav i U
.repeat NP

forever NP Nty MMDIN INY yxav I U

(W]

VN INNRD INDITN NN IV NIVaN disable nTpa
TPNONT INIVIND

21N MYIWON Y5 ,ANON TN mnnn prawnoy O
1NN YW TICK -2 mysann

;-

®
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case nNps

MY 9901 2 9712 MNYN YW TIY TWURD NPYVIDOY
PIVAN

.O”PNN NPIINDND DNN PI

NONT

case (selector)

3"b100 : data_out=dl;

37d2 : data_out=d2;

3"b001 : data_out=d3;

3"b011 : data_out=d4;

default : ;
endcase

NMAYONN 93 199 bit »inx bit nyxan case nows
ADPDAN POINT 1)) MY TN NPT MA1N

YW, Case Hv N1 LILIN 35 »wan begin end
NN NDYIN NP

.Case 7ina Case vy \nm)

Verilog Primer - © Sital Technology Ltd. All Rights Reserved

-33-

casex casez mmpa

Dy Case yy¥1y MIwaNn Casez, caseX mmpa
. Don’t care >29¥2 X,Z 7270 NPYIVON

P - DT NNYN MNIY NMIVIAN 1900 MN»PP DN
TN NN NIYRIN MIVIND

.Don’t care MMM ? N Z >3y CaSez NTpoa

.Don’t care ©MNN 1IN X ,Z 37y Casex NTpoa

I NONT

casex ({in_1,in_2,in_3})

"bxx1l : data_out=in_2;
3"bx1x : data_out=in_3;
3"blxx : data_out=in_1;
default: data_out=in_1;

endcase

\/

PR
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"Compiler Directives

MIVONRN (MP¥I1D°01 MNOD) 19»9mph mxnn U
NDOPN MNP YW NANIN

:0°%19) Compiler Directives U

‘define O

‘include O

“timescale U

‘ifdef  else endif U
‘resetall U

W
¢
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system tasks

TonY onm noaTn A

o  S$display
e  S$strobe
e  Pwrite
e $monitor
o955 0

e  Stime
e  $random

.Y Yy vy O
e  $finish
e  S$stop

.FILESy» 4
e  $readmemb, $readmemh
e  S$fopen, $fclose
o  Sfwrite, $fdisplay, $fmonitor, $fstrobe
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N7 - LOOP vawn

:1IPYTAN D20 NPY NPYY IR VIDOY

“define one 1"bl
“define zero 1"b0
module TF;

//port list

//data types
reg up,down;
integer i;

//blocks

always begin
up="zero;
down="zero;

for (i=1;i<=17;i=i+1) begin
#123 up="one;
#123 up="zero;

end

#200 ;

repeat (17) begin
#123 down="one;
#123 down="zero;
end
end

endmodule
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“Compiler Directives - cont

NTPIN ON Include file - N Y9N NN P>nyn - “include
.INCLUDE - n y¥an na

¢ NONOT
define_file.h
“define one 1"bl

module include;
“include "define_file.h"

wire down;
assign down="one;

endmodule

MUOION NIV NITINY WNHWN - “timescale
#5v Delay - 0 MMM

¢ NONOT
“include "define.v"
“timescale 10 ns / 1 ns // # units is 10ns
//simulation resolution is 1ns
module include;
reg down;
initial begin
#5 down="one;
#10 $printtimescale; // prints the module timescale
end
endmodule
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Nav1 0NV99IN

: TDTY 95 DINVINN VIV
{ }: concatenation , {{}}: Replication e
+,- unary e

* o+, -, % noonmIN MY e

1
1
1
1
1
1
1
1
1
1
|
1
| <<, >> mn e
1
1
E <, >, <= >= o e
|
1
| == l= === l==. MNY e
1
1
1
| ~,&,|,N,~"Nor M~ bitwise o
1
1
1 -
V&, ~& |, N, N or A~ Reduction e
1
1
i 1, &&, || NN MY e
1
v . "
?0 conditional e
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Comments
A2y manay nvwa myn :ns9 ym Verilog -2 0

Wi */ oy pbw TP yop oinnb v O

// this a one line comment
/* this a multiple

line
comment
*/
.MYN OYLP WYY Y 8o O
Strings
ASCIH »wn5on -7 v 7ina ana String O
TIY NPHRY\ PE¥NDIDI MYTIN NMYTY TEXT yop U
.ASCII
S NDIT

// string for example
$display (“ string for example “);
assign s="AB“;
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system tasks

:$display, $time, $random - 5 xnn7 U

reg[7:0] C;
integer A,B;
real D;

always @(posedge clk)

begin
A=$random(B);
C=$random;
D=$random;
$display (at rising time %t\t the integer

random_val is %h",$time,A);

$displayb (‘'the binary random value is ",C);
$display ("the real random value is %g",D);
$display (C'%M™);

end
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N9Ya DYNVI9IN
{ }: Concatenation , {{}}:Replication QO

290 5T Y9Ya oInwn NI : Concatenation e

reg[7:0] a,b; reg[15:0] e, f,g; reg c,d;

initial
begin
c=1"b1l; d=1"b0; a=8"hfa; b=8"h25;
e={a,b};
f={a[3:0]1,b[3:0],a[7:4],c,d,b[7:61};
g={a,c};
end

e=16hfa25, f=16"ha5f8, g=167h01f5 : NWIYN NINXIN

T 9930w : Replication e
reg[15:0] f,g.e;
reg c,d;

initial
begin
c=1"b1;
d=17b0;
={16{c}};
g={8{2"b10}};
e={{8{c}}.{8{d}}};// concatenate replicated
end

f=16"hffff, g=16"haaaa, e=16~hff00 : D19DWUN MNNIN
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module MODULE_NAME (Portl, Port2, Port3, Port4);
// PORT LIST

input Portl, Port2;

output [3:0] Port3;

inout Port4;

// DATA TYPES

reg reg_name,reg_name... ;
wire wire_name,wire_name... ;
parameter parameter_name,parameter_name... ;

// CONCURRENT STATEMENTS
assign outputl = Expression;

// PROCEDURAL BLOCKS
initial
begin
// Statements
end

always @(sensitivity list)
begin
// Statements
end

// MODULE INSTANCES...
COMP U1 (i1, i2);

COMP U2 (.Modulel(il), .Module2(i2));
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Case sensitivity
.Case sensitive naw xon Verilog 1

lower case - 2 mam> mMpan s> 4

;o7 A
reg[3:0] r,R;

DMV Ieg Nnvn 2 oMTNHN

Hierarchical names

9NN DIP>n2 0 Identifier Sy yasnb ynv Verilog -2 U
29w’ N Path - 1 m9 70 7y Design - 1 5w o702

2 ) 70 My nva A
ports N9 DN DN D) AN N2WI TPIIPNI DNP \INS e
NP NI PN NP Yy (if, case) NpayNay e

: 95770 DWY PATH by nyasn vno U

<top module name>.<instance name>.<instance name>. <data
type, block, function, task names>

snonT U

always @ (tf.uut.dut.counter)
if (tf.uut.dut.counter==5"d4)
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//TASKS AND FUNCTIONS

task task_name;
input pl;
inout p2;
output p3;
begin

// Statements

end

endtask

function [3:0] function_name;
input pl;
begin
// Statements;
end
endfunction

endmodule
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