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. HDL

= Hardware Description Languages
e Widely used in logic design
e Verilog and VHDL
= Describe hardware using code
e Document logic functions
e Simulate logic before building
e Synthesize code into gates and layout
Requires a library of standard cells
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g Verilog

= Verilog iIs one of the two major Hardware

= Description Languages(HDL) used by hardware
designers In industry and academia.

= VHDL is another one
= Verilog Is easier to learn and use than VHDL

= Verilog HDL allows a hardware designer to describer
designs at a high level of abstraction such as at the
architectural or behavioral level as well as the lower
Implementation levels (i.e., gate and switch levels).
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be
= A

/Why use Verilog HDL?

= Digital system are highly complex.

= Verilog language provides the digital designer a
software platform.

= Verilog allows user to express their design with

navioral constructs.

program tool can convert the Verilog

program to a description that was used to make
chip, like VLSI.
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4 N

// Verilog code for AND-OR-INVERT gate

o module AOI (input A, B, C, D, output F);
B —| . assign F = ~((A & B) | (C & D));
c endmodule

// end of Verilog code
o Alternatively

module AOI (A, B, C, D, F);
input A, B, C, D;
output F;
assign F = ~((A & B) | (C & D));
endmodule
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. exical Convention A

= Comment
// to the end of the line.
/* to */ across several lines
= Keywords are lower case letter.
the language is case sensitive
= Numbers are specified In the traditional form or below .

<slze><base format><number>

e Size: contains decimal digitals that specify the size of the constant in the
number of bits.

e Base format: is the single character * followed by one of the following
characters b(binary),d(decimal),o(octal),h(hex).

e Number: legal digital.

SUNY — New Paltz
Elect. & Comp. Eng. /




a . .
Example & Lexical Convention

= 347 /[ decimal number 347

= 3’d347 /] 3-digit decimal number 347

= 4’p101 // 4- bit binary number 0101

= 2’012 // 2-digit octal number

= 5’h87f7 /] 5-digit hex number 087f7

= String in double quotes: “ this is a introduction”

= Operator are one, two, or three characters and are used in the
expressions.

just like C++.

= ldentifier: specified by a letter or underscore followed by more
letter or digits, or signs.
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/Program Structure

Structure
module <module name> (< port list>);
< declares>
<module items>
endmodule
= Module name

an identifier that uniquely names the module.
= Port list

a list of input, inout and output ports which are referenced
In other modules.
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e

= Declares

section specifies data objects as registers, memories and wires
as well as procedural constructs such as functions and tasks.

= Module items
Initial constructs
always constructs
assignment
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Verilog wire

I/A Verilog wire represents an electrical connection.
//Verilog: Internal signals of an AOI gate module
I/ Verilog code for AND-OR-INVERT gate
module AOI (input A, B, C, D, output F);
wire F; // the default

wire AB, CD, O; // necessary t
assign AB = A & B; ;:
assign CD = C & D; o
assign O = AB | CD;
assign F = ~0O;

endmodule

I/ end of Verilog code
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4 A Design Hierarchy
I/ Verilog code for 2-input multiplexer
module INV (input A, output F); // An inverter
assign F = ~A;
endmodule

module AOI (input A, B, C, D, output F);
assign F = ~((A & B) | (C & D));
endmodule

module MUX2 (input SEL, A, B, output F); // 2:1 multiplexer

// wires SELB and FB are implicit

// Module instances...

INV G1 (SEL, SELB);

AOI G2 (SELB, A, SEL, B, FB);

INV G3 ((A(FB), .F(F)); // Named mapping; the wire FB is connected to the input port A
I/ of the INV instance.

endmodule, /L end of Verilog code
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module simplealu(a,b,c,opcode,result);

Input [3:0] a;

input [3:0] b;

input [3:0] c;

Input [2:0] opcode;
output [3:0] result;
reg [3:0] result;
//behaviour of ALU
//combinational ALU

always@(a or b or opcode)

begin
If(opcode==3'000)

result=a+b: //addition
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A simple ALU

If(opcode==3'n001)
result=a&b; //AND
If(opcode==3'n010)
result=al|b; //OR
if(opcode==3"'0011)
result=a”b;// XOR
If(opcode==3'n100)
result=~a; /I[COMPLEMENT
if(opcode==3'p110)
result=a-b;//SUBTRACT
else

result=4'b0000; /DEFAULT
end

endmodule




4 ™
An ALU

module alu(a,b,cin,alu,carry,zero,ctl); function [4:0] alu_out;

input [3:0] a,b; // port A,B Input [310_] a,b;
input cin ; // carry input from carry flag 'NPUtcin;;
register input [3:0] ctl ;
output [3:0] alu; // the result case (ctl )

3'n000: alu_out=a+4'b0001 ; // increment
output zero ; // zero output 3'b001: alu_out=b-4'b0001 ; // decrement

input [2:0] ctl ; // functionality control 3 P010: alu_out=a+Db; // ADD
for ALU 3'p011: alu_out=a-b ; // SUB

wire [4:0] result; // ALU result 3'b100: alu_out=a&b; // AND

3'0101: alu_out=a|b; // OR

3'b110: alu_out={b[3:0],1'b0}; // Shift Left
default : begin

alu_out=9"DXXXXXXXXX;

$display("lllegal CTL detected!!");

end

SUNY — New Paltz endcase // {...,...,...} Is for the concatenation.
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output carry; // carry output

assign result = alu_out(a,b,cin,ctl);
assign alu = result[3:0];

assign carry = result[4] ;

gon zero = z_flag(result) ;




e

function z_flag ;

input [4:0] a4 ;

begin

z_flag = *(a4[0]]a4[1]|a4[2]|a4[3])
end

endfunction

endmodule
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Two examples in Usage of function

function z_flag ;
input [4:0] a4 ;

begin
if (a4==4b0)

a flag=1b1;
else

a_flag = 1’b0;
end

endfunction

endmodule

™~




module Add_half (

Taste of Verilog

Module name

Input a, b; e ctaration of bort
eciaration or por
output sum, c_out; — oses g

wire c out bar; _ _
— — Declaration of internal
signal
XOor (SU m, a, b); Instantiation of primitive
// xor G1(sum, a, b‘W ates
nand (c_out _bar, a, b); St
not (c_out, c_out bar); b :)D sum

endmodule c out bjr
c_out

Verilog keywords



Three Modeling Styles in Verilog

= Structural modeling (Gate-level)

» Use predefined or user-defined
primitive gates.

= Dataflow modeling
» Use assignment statements (assign)

= Behavioral modeling

» Use procedural assignment
statements (a/ways)



s Structural model

//structural model of a NAND gate
// program nand2.v
module my_NAND(A, B, F);
iInput A, B;
output F;
nand G(F, A, B); // first parameter must be output.
endmodule



Example of gate NAND

Test bench module test _nand for the nandl.v

module test._ my_nand,;
// Test bench to test nand
reg A, B; wire F;
my_NAND test_my nand(A, B, F); // instantiate my_ NAND.
Initial
begin  // apply the stimulus, test data
A =1'b0; B = 1'b0;
#100 A = 1'b1; // delay one simulation cycle, then change A=>1.
#100 B = 1'b1;
#100 A = 1'b0;
end
initial #500 $finish;
begin // setup monitoring
//$monitor("Time=%0d a=%b b=%b outl=%b", $time, A, B, F);
//#500 $finish;
end
endmoduile



Structural Modeling

//Gate-level description of a 2-to-4-line decoder
/[Figure 4-19
module decoder_gl (input A,B,E, output [0:3] D);
wire Anot, Bnot, Enot;
not
nl (Anot, A),
n2 (Bnot, B),
n3 (Enot, E);
nand
n4 (D[0], Anot, Bnot, Enot),
n5 (D[1], Anot,B, Enot),
n6 (D[2], A, Bnot, Enot),
n7 (D[3], A, B, Enot);

endmodule



//Gate-level hierarchical description of 4-bit adder
/[ Description of half adder (see Fig 4-5b)
//module halfadder (S,C,x,y);
/Il input Xx,y;
/[ output S,C;
module halfadder (output S,C, input X,y);
/lInstantiate primitive gates
xor (S,x,y);
and (C,x,y);
endmodule
//Description of full adder (see Fig 4-8)
module fulladder (output S,C, input x,y,z);
wire S1,C1,C2; //Outputs of first XOR and two AND gates
halfadder HA1 (S1,C1,x,y), HA2 (S5,C2,51,z); //Instantiate the halfadder
or g1(C,C2,Cl);

endmodule



//Description of 4-bit adder (see Fig 4-9)
module ripple_carry_4bit_adder (output [3:0] S, output C4, input [3:0] A,B, input CO)
/[ input [3:0] A,B;
/l/input CO;
/loutput [3:0] S;
/loutput C4;
wire C1,C2,C3; //intermediate carries
/l/Instantiate the fulladder
fulladder FAO (S[0], C1, A[0], B[0], CO),
FA1 (S[1], C2, A[1], B[1], C1),
FA2 (S[2], C3, A[2], B[2], C2),
FA3 (S[3], C4, A[3], B[3], C3);

endmodule

The names are required!




Dataflow Modeling

//[HDL Example 4-3

/[Dataflow description of a 2-to-4-line decoder
//See Fig.4-19

module decoder_df (output [0:3] D, input A, B,
enable);

assign D[0] = ~(~A & ~B & ~ enable),
D[1] = ~(~A & B & ~ enable),

D[2] = ~(A & ~B & ~ enable),

D[3] =~(A & B & ~ enable);

endmodule



Dataflow Modeling

//[HDL Example 4-4

/[Dataflow description of 4-bit adder
module binary _adder (A, B, Cin, SUM, Cout);
input [3:0] A,B;
input Cin;
output [3:0] SUM,;
output Cout;
assign {Cout, SUM} = A + B + Cin;

endmodule

concatenation Binary addition




Dataflow Modeling

//[HDL Example 4-5

/[Dataflow description of a 4-bit comparator.
module magcomp (A,B,ALTB,AGTB,AEQB);
input [3:0] A,B;
output ALTB,AGTB,AEQB;
assign ALTB = (A < B),
AGTB = (A > B),
AEQB = (A == B);

endmodule



Dataflow Modeling

/[HDL Example 4-6

/[Dataflow description of 2-to-1-line multiplexer
module mux2x1_df (A, B, select, OUT);

input A,B,select;

output OUT,;

assign OUT =select ? A : B;

endmodule



Behavioral Description

module Add_half ( sum, c_out, a, b );
Input a, b; a
output sum, c_out;
reg,sum, c_out; b

sum

c_out

usive or
c out=a & b; // And
nd

odule Event control
expression
Must be of the azrsc;;ﬁ?nuerﬁt
‘req’ type
i statements
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