Getting Started withVerilog

3 Verilog is used to describe hardwar e, not software
3 Verilog code is composed of a number of modules

3 Modules are like functions or methods: they
describe the interface of a component and its
Implementation

3 Components modeled by a module can be primitive
or complex objects

3 Models can be implemented behaviorally or
structurally

copyright(c) 2003 W. B. Ligon II1




A Verilog Module

A _‘

XOR GATE ] F

B L
ports

nodul e xor _gate (A, B, F);
| nput A, B;
out put F;
assign F = (A&B) | (A & ~B);
endnodul e
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Data Types

3 Many datatypesin Verilog, but we will use a
small subset:

Integer 1; [/ used for |oop indicies

reg rl;
reg [31:0]r2;

W re sigA sigB;
wre [31:0]sigC
tri bush

tri [31: 0] buskE;
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Literals

A General form IS[si ze][' radi x] val ue

0

10

'b10

''h10

4' b100

4" bx

8' b0100 1001
8' 0170
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Declarations

nmodul e mynod (i nbus, outbus);

paraneter bus wdth = 32;
paraneter rise _delay = 20;

| nput [31:0] 1 nbus;
out put [31:0] outbus;

reg [ 31:0] regA

W re sonesi g;

endnodul e
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Operators

3 Logica

A%&B Al|B 'A ~A A AB A-"B

A Reduction

8A ~&A |A  ~|A A=A ~"A

A Relational

=B Al=B A<B A<=B A>B A>=B  A=== Al ==
A Shift

A<<B A>>B

A Arithmetic
AtB A B A*B AB AW

3 Conditional, concatenate, replicate
A?B:C {A B} {A[(B}}
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Continuous Signal Assignment

3 Consists entirely of boolean equations
3 References only wire signals

3 Constantly re-evaluates whenever inputs
change

assign f = (a & ~b) OR (~a & b);
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Structural Models

3 Defines a module using components

3 Defines internal signals to connect
components

3 All basic gates are avallable

Wwre sl, s2;

nor(sl, s2, f);
and(a, b, sl1);
nor(a, b, s2);
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Example Structural M odel

nodul e conponentl (inl, in2, out);

| nput 1 nl, in2;

out put out;

assign out = (inl &in2) | (~1nl & in2);
endnodul e

nodul e mainnod (a, b, c, d, e);

input a, b, c, d;

out put e;

Wwre wl, wZ;

and(a, b, wl);

or(c, d, w2);

conponentl instl (wl, w2, e);
endnodul e
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al ways Statements

A Behavioral models

al ways @<sensitivity-1list>)
begi n

<pr ocedur al - st at nent s>

< f-else>

<case>

<whi l e, for, repeat>
end
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Sengitivity List
3 Sengitivity list tells smulator when to

evaluate the al ways block's code

3 When any signal inthe list changes its value,
the al ways block is executed

73 Special constructs posedge and negedge
allow edge-triggered (flip-flop) models
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al ways Example

[/

[/ an 8-bit 2-to-1 nmux

[/

W re control;

reg [7:0]a, [7:0]b, [7:0]c;

al ways @control or a or b)
begi n

I f (control == 1)
C <= b;

el se
C <= g;

end
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Example using case statement

[l

/[l an 8-bit 4-to-1 nux

[l

wre [1l:0]control;

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

al ways @control or a or b or ¢ or d)
begi n
case (control)
0: e <= aq;
1l: e <= b;
2. e <= c;
3: e <= d;
endcase
end
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| niti1 al Statements

A S mulation models - testbenches

Initial
begi n
procedural -statnents
| f-el se
case
while, for, repeat
end
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Statements

A All statements end with a semi-colon ;

3 Compound statements bracketed with
begin ... end

begi n
a
b

end

b + c;
b & d;
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Control Flow Statements

I f (<condition>)
<st at enent >

el se
<st at enent >

case (<expression>)

<val ue> : <statenent>

<val ue> : <statenent>

def aul t <st at enent >
endcase

for (<initial> <condition>
<st at enent >

<i ncrenent >)

copyright(c) 2003 W. B. Ligon II1

16




Combinational Logic

3 Use continuous assignments or ...

3 always block with inputs in the sengitivity list

nmodul e sone _logic (a, b, c, d, e);

| nput
out put

a, b, c, d;
e,

reg sli,;

assign e = sl | d;
always @a or b or c)

I f (a & ~b)
sl = c;
el se
sl = ~a;

endnodul e
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Assignment Statements

[/ conti nuous assi gnment
assign a = (b | c) & d;

always @b or c or d)

begi n
/ | procedural bl ocking assignnent
a=(b| c) &d;

/ | procedural non-Dbl ocki ng assi gnnent
a<=(b| c) &d,
end
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Non-Blocking Assignments

A Evauate at the time of execution

3 Complete (and update the variable) after all
events at the current time

3 Used only inside an al ways, and only to
assignaregori nt eger

3 Only assign agiven variable once

3 Used in implementing sequential logic
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Sequential Circuits - Simple FF
3 Use an always to control the inputs

module flip-flop (clk, d, q);
| nput cl k, d;
out put q;

always @clk or d)
i f (clk)
q <= d,

endnodul e
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Edge-Triggered FF

3 Use posedge to control the clock only

module flip-flop (clk, d, q);
| nput cl k, d;
out put q;

al ways @ posedge cl k)
q <= d,

endnodul e
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Asynchronous Reset or Preset

3 Use posedge to control the clock and reset

module flip-flop (clk, rst, d, q);
| nput clk, rst, d;
out put q;

al ways @ posedge cl k or posedge rst)
1 f (rst == 1)
q <= 0;
el se
q <= d

endnodul e
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A Simple Example
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clk

Example Circuit

Y QDD X

r<t

r<t
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nodul e exanple (clk, rst,
| nput clk, rst, x, vy,

out put z;
W re da, db;
reg ga, gb;
assign da =y ™ qgb;
assign db = x ™ qa;

assign z = qgb;
al ways @ posedge cl k or

1 f (rst == 1)
qa <= 0;
el se
ga <= da;
al ways &(posedge cl k or
1 f (rst == 1)
qb <= 0;
el se
gb <= db;

endnodul e

X, VY, Z);

posedge rst)

posedge rst)
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nodul e exanple (clk, rst,
| nput clk, rst, x, vy,
out put z;
reg ga, gb;
assign z = qgb;
al ways @ posedge cl k or
1 f (rst == 1)

qa <= 0;
el se
ga <=y " qgb;
al ways &( posedge cl k or
1 f (rst == 1)
qb <= 0;
el se
gb <= x " Qa;

endnodul e

X, VY, Z);

posedge rst)

posedge rst)
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nodul e exanple (clk, rst,
| nput clk, rst, x, vy,
out put z;
reg ga, gb;
assign z = qgb;
al ways @ posedge cl k or
1 f (rst == 1)

begi n
qa <= 0;
qb <= 0;
end
el se
begi n
qa <=y " gb;
gb <= x " qga;
end

endnodul e

X, VY, Z);

posedge rst)
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Registers

3 Registers are exactly like edge-triggered flip-
flipsbut ...

3 They usually have more than one bit

3 They have more complex logic in the body
al ways @ posedge cl k or negedge rst)

i f (rst == 0)
regi ster <= 0;
el se
begi n

<regi ster logic goes here>
end
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/| data register
al ways @ posedge cl k or negedge rst)
if (rst == 0)
dregi ster <= 0;
el se
I f (dload == 1)
dregi ster <= dreg_ i n;

[l shift register
al ways @ posedge cl k or negedge rst)
if (rst == 0)
sregi ster <= 0;
el se
case (scontrol)
1l . sregister <= sregister >> 1;
2 . Sregister <= sregister << 1;
3 . sregister <= sreg_in;
endcase
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/'l counter
al ways @ posedge cl k or negedge rst)

1 f (rst == 0)
counter <= O;
el se

I f (cload == 1)
counter <= cnt _in;

else if (count == 1)
counter <= counter + 1;

/[l dreg wth mux on i nput
al ways @ posedge cl k or negedge rst)
i f (rst == 0)
dregi ster <= 0;
el se
case (nctontrol)
O : dregister <= abus;
1 : dregister <= ~abus;
2 . dregister <= abus & bbus;
3 : dregister <= abux + bbus;
endcase
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Testbenches

3 Used to test adesign

3 Generates all external stimulus, including
clock and reset

3 Uses an initial block to sequence the test

3 May use many language constructs NOT used
In a hardware model
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Testbench Template

/[l no argunents here
nodul e t est bench;

wire <declare a wire for each output>;
reg <declare a reg for each input>;

I nitial
begi n

<t est sequence goes here>
end

[/ this 1s a 20s cl ock
al ways #10
clk <= ~cl k;

/'l here we declar an instance of the design
desi gn uut (<input/output signals go here>)
endnodul e
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Controlling Timein Verilog

3 Several statements can cause a process to walit

3 To walit for a specific period of time
#10; // waitsfor 10s
#param; // waits for the time specified by the parameter

3 To walit for a specific event to occur
@(<event-list>); //just like the always senstivity list
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Testbench Example

nodul e t est bench;

reg clk, rst, x, v,
wre z;
al ways #10
clk = ~cl k;
I nitial
begi n
X = 0;
y = 0;
rst = 0;
#5;
rst = 1;
#40;
rst = 0O;
@ posedge cl k) ;
x = 1;
@ posedge cl k) ;

X =

O;
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Testbench Example

1;

osedge cl k) ;
1;

osedge cl k) ;

osedge cl k);
O;

osedge cl k) ;
O;

osedge cl k) ;

osedge cl k) ;

osedge cl k) ;

S
1;

osedge cl k);
0
0

Q<A QAQAA*QA~QAQ*QT
S U INTIHIDT IHITDT DT HTDT 1T I

osedge cl k) ;
end
exanmple uut (clk, rst, x, vy, 2Z);

copyright(c; .2|005 W. B. Ligon Il

35




Testbench Example?

nodul e t est bench;

reg clk, rst, start;
reg [31:0]mul tiplier;
reg [31: 0] nul tiplicand;
wire [63: 0] product;
W re busy,
initial
begi n

clk = 0;
rst = 0;
start = 0;

mul tiplier = O;

mul tiplicand = O;

#10;

rst = 1;

#40;

rst = 0;

$di spl ay("reset done");

@ posedge cl k);

$di splay("starting nultiply");

multiplier = 8;

mul tiplicand = 22;

start = 1;

@ posedge busy);

$di spl ay("busy is high");

start = 0;

multiplier = 0;

mul tiplicand = O;

@ negedge busy);

$di splay("busy is low');

$f i ni sh;
end

al ways #10
clk = ~cl k;

mul tiplier uut (clk, rst, start, busy,

mul tiplier, multiplicand, product);
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State Machines in Verilog

reset
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nodul e noore_nmachi ne (cl Kk,
rst,

| nput cl k,
out put z;

reg [1: 0] state,
[1: 0] A=2'Db00, B=2'Db01l, C=2'bl1l;

par anet er

assign z = (state

al ways @ posedge cl k or

1 f (rst == 1)
state <= A
el se

rst, x, z);

X,

next state;

C; // Nbore output

posedge rst)

state <= next_stat e;

al wvays @ st at e,
case (state)

X)

A if (x ==

B: if (x ==

C if (x ==
endcase

endnodul e

1) next _state <= B el se next _state <= A
1) next _state <= A else next_state <= C
1) next _state <= A else next _state <= B;
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State Machines in Verilog

reset

W& X
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nodul e noore_nmachine (clk, rst, w, X, vy, 2z);
| nput clk, rst, w, x, vy;
out put z;
reg [1: 0] state, next state;
paranmeter [1:0] A=2'Db00, B=2'Db01l, C=2'Dblil,

assign z = (state == C); // Moore out put

al ways @ posedge cl k or posedge rst)

I f (rst == 1)
state <= A
el se

state <= next_stat e;

al ways @state, w, X, V)
case (state)
A if (X) next _state <= B else next_state <= A
B: if (x & y) next_state <= A else next_state <= C
C if (W& X) next _state <= A else next_state <= B;
endcase

endnodul e
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nodul e noore_nmachine (clk, rst, w, X, vy, 2z);
| nput clk, rst, w, x, vy;
out put z;
reg [2: 0] state, next state;
paranmeter [2:0] A=3'b001, B=3'b010, C=3'bl00;

assign z = state[?2]; // Mbore output

al ways @ posedge cl k or posedge rst)

I f (rst == 1)
state <= A
el se

state <= next_stat e;

al ways @state, w, X, V)
case (state)
A if (X) next _state <= B else next_state <= A
B: if (x & y) next_state <= A else next_state <= C
C if (W& X) next _state <= A else next_state <= B;
endcase

endnodul e
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