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Introduction

** Verilog is one of the hardware description languages
(HDL) available in the industry for hardware designing.

» It allows designers to design at Behavior Level, Register
Transfer Level (RTL), Gate level and at switch level.

» Parallel not serial (Not like C language).

“* Verilog can describe everything from single gate to full
computer system.
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Why use HDL ?

¢ Digital systems are highly complex;
millions of transistors.

*» For large digital systems, gate-level
design is very difficult to achieve In
a short time.

“* Verilog allows hardware designers
to express their designs with

behavioral constructs. deferring the
| I | vi ] [ ] LI | ] ) Awiwill o

ng th

details of implementation to a later © Intel P4 Processor

stage in the final design. Introduced in 2000
40 Million Transistors

*» Computer-aided design tools aid in

) 1.5GHz Clock
the design process.
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Definition of Module

» The <module name> is an
identifier that uniguely
names the module.

“* The <port list> is a list of
Input, inout and output ports
which are used to connect
to other modules.

A/
0‘0

Interface:

nort and
rl\.ll W GAI IT\A

parameter declaration

“+ Body: Internal part of
module

*» Add-ons (optional)

nort declarations
parameter declarations

module module_name | (port_list)| -

Interface

nclude directives

add-ons

endrmodule

tmacule cefinion
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The Module Interface ..

Port List

Il

I

Op=el Mode

b 4 ¥ |

Cln

COut —— ALU
Result Equal
module ALT [(Result, Cout, Equal, Inl, Inz,
—>» COpZel, CIn, HNode):
— output [3:0] EResult: £ operation result
output COont fFf marry out
output Equal: ff when 1, Inl = InZ
I - input [3:0] Inil: f4 first operand
POrt DeC aratlon — input [3:0] InZ: /4 =second operand
input [3:0] OpSel: A operation select
input CIn: AF carry in
input Mode ; A mode arithm logic:
s Ff arithm when 0
endmodule
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Introduction to Verilog

.. The Module Interface

Clock
Address
.
, Data .
Pecat PROCESSOR & >
Fead’\Tite

MEMORY

module Processor (Clock, Reset, Read Write, Data, Address):

input Clock:
input Reset:
output Read Write:

inout [15

:0] Data:

output [19:0] Addrezs:

endmodul e
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Gate Level Modeling

** Net-list description

<> built-in primitives gates

|N1___\
IN2 /X | > ouTL

module my gate(OUT1, IN1, IN2);
output OUT1;
input IN1, IN2;
wire X;
and (X, IN1, IN2);
not (OUT1, X);

endmodule

Internal Signal

Any internal net must be defined as wire
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Verilog Primitives

 Basic logic gates only
< and

or

not

buf
A Y A % v
XOr : :
e L Dufif ] en_ [ bufitd

nand

nor

Xnor A L A Y o
bufifl, bufifO e L NOtif] e[ notifd
notifl, notifO

R R R R SRS S
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Primitive Pins Are Expandable

N FA 0 v
o P Candohand (y, Inl,in2) ;
B

2 . . . .
e C gz hand (y, inl,in2, in3) ;

inl = g 12

- Y . . . .

o "., c )@ﬂ nand (y, In1, in2, In3, In4) ;
Farn
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A Half Adder

module hadd (S, C, X, Y);

input X, Y; -
output S, C; % D— S
xor (S, X, Y);

and (C, X, Y); 8
endmodule
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A Full Adder

module fadd (co, s, a, b, ¢);

Input a, b ,c;

output co, s ;

wire nl, n2, n3;
xor (nl, a, b) ;
xor (s, nl, c) ;
nand (n2, a, b) ;

nand (n3,nl, c¢) ;

nand (co, n3,n2) ;

endmodule
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Instantiation of Modules

module fadd (S, C, X, Y, 2);
input X, Y, Z;
output S, C;
wire wl, w2, w3;

hadd M1 (w1, w2, X, Y);

hadd M2 (S, w3, w1, Z); o S ; AD—E'

or (C, w2, w3); Z
endmodule

* Here we instantiate hadd twice. i.e., placing two hadd circuits and
connecting them.

¢ This full adder is built from two half adders and an OR gate.
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4-bit Adder

module add4 (s,cout,ci,a,b);

input [3:0] a,b; // port declarations
Input ci ;
output [3:0] s; I/ vector a[3] b[3]  a[2] b[2] a[1] b[1] a[0] b[O]

| | | | | | | |
output cout ; cout 4 33 82 a1l 30 ¢
wire [2:0] co ; | co2] | cor] | cofo] |

s[3] s[2] s[1] s[O]

fadd a0 (co[0], s[0], a[0], b[0], ci) ;

fadd al (co[1], s[1], a[1], b[1], co[O0]) ;
fadd a2 (co[2], s[2], a[2], b[2], co[1]) ;
fadd a3 (cout, s[3], a[3], b[3], co[2]) ;

endmodule

Introduction to Verilog COE 203 - Digital Design Lab — KFUPM slide 14



Continuous Assignments

*» Describe combinational logic
% Operands + operators

¢ Drive values to a net

<> assign out = a&b ; // and gate

< assign eq = (a==b) ; /| comparator

< wire #10 inv = ~in ; I/ inverter with delay
< wire [7:0] c =a+tb; // 8-bit adder

* Avoid logic loops
<- assigna=b+a;

<> asynchronous design
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Simple XOR Gate

module my xor(C, A, B);
output C;
Input A, B;

assign C=(A " B);

endmodule Operation | Operator
~ Bitwise NOT
& Bitwise AND
| Bitwise OR
A Bitwise XOR
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Full Adder

module fadd (S, Cout, A, B, Cin);

(?utput S, Cou.t; A .
iInput A, B, Cin; B Z F)E
Cin >
assign S=A "B " Cin); }
) —— Cout

assign Cout = (A & B) i

| (A & Cin) —

| (B & Cin) ;

endmodule
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Behavioral Description of an Adder

module adder4 ( S, Cout, A, B, Cin);
iInput [3:0] A, B;
Input Cin;
output 3] S i

output Cout;
{ Cout, S } is a5 bit bus:

_ . Cout S[3] S[2] S[1] S[0]
assign { Cout, S} =A +B + Cin;

/[ note: Verilog treats wires as ‘unsignhed’ numbers

endmodule
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Behavioral Description of an Adder

module adder (cout, sum, a, b, cin);
parameter width = 2;
Input cin;
input [width:0]  a, b;
output [width:0] sum;
output cout;
assign {cout, sum} =a + b + cin;

endmodule
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Verilog Operators

1}

+ I

%

> >=

concatenation
/

arithmetic

modulus

<=

relational

logical NOT

logical AND

logical OR

logical equality

logical inequality

conditional

>>

bit-wise NOT
bit-wise AND
bit-wise OR
bit-wise XOR
bit-wise XNOR
reduction AND
reduction OR
reduction NAND
reduction NOR
reduction XOR
reduction XNOR
shift left

shift right
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