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II Year B.Tech. — I Semester

(23HPC0404) DIGITAL CIRCUITS DESIGN

Course Objectives:
e Understand the properties of Boolean algebra, logic operations, and minimization of
Boolean functions.
e Analyze combinational and analyze sequential logic circuits.
e Understand the concepts of FSM and compare various Programmable logic devices.
e Model combinational and sequential circuits using HDLs.

Course Outcomes: After completing the course, the student should be able to:
Understand the properties of Boolean algebra, logic operations, concepts of FSM (L2)
Apply techniques for minimization of Boolean functions (L3)

Analyze combinational and Sequential logic circuits. (L4)

Compare various Programmable logic devices. (L4)

Design and Model combinational and sequential circuits using HDLs. (L5, L6)

UNIT I Boolean algebra, logic operations, and minimization of Boolean functions
Review of Number Systems and Codes, Representation of unsigned and signed integers,
Floating Point representation of real numbers, Laws of Boolean Algebra, Theorems of
Boolean Algebra, Realization of functions using logic gates, Canonical forms of Boolean
Functions, Minimization of Functions using Karnaugh Maps.

UNIT 1T Combinational Logic Circuits

Combinational circuits, Design with basic logic gates, design procedure, adders, subtractors,
4-bit binary adder/ subtractor circuit, BCD adder, carry look- a-head adder, binary multiplier,
magnitude comparator, data selectors, priority encoders, decoders, multiplexers,
demultiplexers.

UNIT 111 Hardware Description Language

Introduction to Verilog - structural specification of logic circuits, behavioral specification of
logic circuits, hierarchical Verilog Code, Verilog for combinational circuits - conditional
operator, if-else statement, case statement, for loop using sequential circuits with CAD tools.

UNIT IV Sequential Logic Circuits

Basic architectural distinction between combinational and sequential circuits, Design
procedure, latches, flip-flops, truth tables and excitation tables, timing and triggering
consideration, conversion of flip- flops, design of counters, ripple counters, synchronous
counters, ring counter, Johnson counter, registers, shift registers, universal shift register.

UNITV Finite State Machines and Programmable Logic Devices
Types of FSM, capabilities and limitations of FSM, state assignment, realization of FSM
using flip-flops, Mealy to Moore conversion and vice-versa, reduction of state tables using



B.Tech. — Electronics & Communication Engineering HM 23 Regulations AITS

partition technique, Design of sequence detector. Types of PLD’s: PROM, PAL, PLA, basic
structure of CPLD and FPGA, advantages of FPGAs.

Textbooks:
1. M. Morris Mano, “Digital Design”, 3rd Edition, PHI. (Unit I to IV)
2. Stephen Brown and ZvonkoVranesic, “Fundamentals of Digital Logic with Verilog
Design”, 3rd Edition, McGraw-Hill (Unit V)

Reference Books:
1. Charles H. Roth, Jr, “Fundamentals of Logic Design”, 4th Edition, Jaico Publishers.
2. ZviKohavi and NirajK.Jha, “Switching and Finite Automata Theory, 3rd Edition,
Cambridge University Press, 2010.
3. Samir Palnitkar, “Verilog HDL: A Guide to Digital Design and Synthesis”, 2™Edition,
Prentice Hall PTR.
4. D.P. Leach, A.P. Malvino, “Digital Principles and Applications”, TMH, 7th Edition.
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UNIT-III: HARDWARE DESCRIPTION LANGUAGE

Introduction to Verilog - structural specification of logic circuits, behavioral specification
of logic circuits, hierarchical Verilog Code, Verilog for combinational circuits - conditional
operator, if-clse statement, casc statement, for loop using storage clements with CAD

tools-using Verilog constructs for storage elements, flip-flop with clear capability, using

Verilog constructs for registers and counters.

INTRODUCTION TO VERILOG:

In the 1980s rapid advances in integrated circuit technology lead to efforts to

develop standard design practices for digital circuits. Verilog was produced as a part

of that effort. The original version of Verilog was developed by Gateway Design

Automation, which was later acquired by Cadence Design System.

In 1990 Verilog was put into the public domain, and it has since become the
most popular language for describing digital circuits. In 1995 Verilog was adopted as
an official IEEE Standard, called 1364-1995. An enhanced version of Verilog, called
Verilog 2001, was adopted as IEEE Standard 1364-2001 in 2001.

Verilog was originally intended for simulation and verification of digital
circuits. Subsequently, with the addition of synthesis capability, Verilog has also:
become popular for use in deszgn entry in CAD systems. The CAD touls are used to

synthemze the Verilog code into a hardware implementation of the described circuit.
Verilog is a complex, sophisticated language. Learning all of its features is a daunting
task. However, for use in synthesis only a subset of these features is important.
Verilog has a number of constructs similar to the C programming language. The one

who knows C will find Verilog easy to learn.

STRUCTURAL SPECIFICATION OF LOGIC CIRCUITS:

Vertlng includes a set of gate level primitives that correspond to commonly used logicgates.
‘A gate is represented by indicating its functional name, output, and inputs.

For example, a Iwo-input AND gate, with inputs x1 and x2 and output y, is denoted as
and (y, x1, x2);

A four-input OR gate is specified as
or (y, x1, x2, x3, x4);

(} Scanned with OKEN Scanner



The kcyw.nrds nand and nor arc used to define the NAND and NOR gates in the

/
same way.,

The NOT gate given by

nof (v, x);

implements y = x. The gate level primitives can be used to specify larger circuits. A

logic circuit is specified in the form of a module that contains the statements that
define the circuit. The module may have inputs and outputs, which are referred to as

its ports. The name port is a commonly used term that refers to an input or output

connection to an electronic circuit. Consider the circuit ' }

. Fig 5.1: Simple logic circuit

The first statement gives the module a name, Simple logic circuit, and indicates that

- ' 1
there are four port signals. The next two statements declare that x1, x2, and x3 are to be

treated as input signals, while f is the output. The actual structure of the circuit is

specified in the four statements that follow. The NOT gate gives k = ~x2.

The AND gates produce g = x1x2 and h = ~x2x3.

The outputs of AND gates are combined in the OR gate to form f=g+h=x1x2 +

- ~X2x3

"

The module ends with the endmodule statement.
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Verilog Syntax:
The names of modules and signals in Verilog code follow two simple rules:

The name must start with a letter and it can contain any letter or number plus the ©_"
underscore and $ characters. Verilog is case sensitive. Thus, the name k is not the
same as K and Examplel is not the same as examplel. The Verilog syntax does not

enforce a particular style of code. For example, multiple statements can appear on a

single line. White space characters, such as SPACE and TAB, and blank lines are

ignored. As a matter of good style, code should be

Verilog code for Fig 5.1:

module Simple logic circuit (x1, x2, x3, f);
input x1, x2, x3;
output f; and (g, xI, x2);
not (k, x2);
and (h, k, x3);
or (f, g, h);

endmodule

todi fov 940 U decoder -
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Example Verilog Structural modeling program for AND-OR-INVERTER
module and_or_inv(A, B, C, D, Y);
input A, B, C, D;
output Y,
wire wl, w2, w3;
and Al(wl, A, B); // AND gate instance Al for A and B
and A2(w2, C, D); // AND gate instance A2 for C and D
or Ol(w3, wl, w2); // OR gate instance Ol for the outputs of Al and A2
not NI1(Y,w3); //NOT gate instance N1 for the output of Ol

endmodule
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BEHAVIORAL SPECIFICATION OF LOGIC CIRCUITS

Using gate level primitives can be tedious when large circuits have to be designed. An

alternative is to use more abstract expressions and programming constructs to describe

the behavior of a digital circuit. One possibility is to define the circuit using logic

expressions. Figure 5.1 can be defined with the expression f = x1x2 + ~x2x3 The
AND and OR operations are indicated by the “&” and “|” signs, respectively. The
assign keyword provides a continuous assignment for the signal f . The word
continuous stems from the use of Verilog for simulation: whenever any signal on the
right-hand side changes its state, the value of f will be re-evaluated. Using logic

expressions makes it easier to write Verilog code. The circuit can be described in

words by saying that f=x1ifx2=1and f=x3 ifx2 = 0.

Note: In this behavioral modeling, the Verilog code is developed based on behavior of

the digital logic circuit. The Verilog code is written by considering the truth table of

the circuit and minimized Boolean expression of the output function.

Verilog code:
module Simple logic circuit (x1, x2, x3, f);
input x1, x2, x3;
output f;
assign = (x1 & x2) | (~x2 & x3);
endmodule

Describe all logic gates by using Verilog behavioral modeling.

AND Gate:
module AND_ex (A, B, Y);
input A, B;
output Y;

assign Y = A & B; // Perform AND operation on A and B
~ endmodule
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OR Gate:
module OR_ex (A, B, Y);
input A, B;
output Y;

assign Y = A | B; // Perform OR operation on A and B

endmodule

NOT Gate:

module NOT ex (A, Y);

input A;

output Y;

assign Y =~A 3 // Perform NOT operation on A and B
endmodule

NAND Gate:
module NAND ex (A, B, Y);
input A, B;
output Y;

assign Y = ~(A & B); // Perform NAND operation on A and B

endmodule
NOR Gate:
module NOR ex (A, B, Y);
input A, B;
output Y;
assign Y =~(A | B); // Perform NOR operation on A and B
endmodule
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EX-OR Gate:
module X-OR _ex (A, B, Y);

input A, B;

output Y;

assign Y = A * B; // Perform EX-OR operationon A and B

endmodule

EX-NOR Gate:
module X-NOR _ex (A, B, Y);

input A, B;

output Y

assign Y =~ (A ~ B); // Perform EX-NOR operation on Aand B

endmodule

Ix2 D¢ multiplexen

Demuxes (a4, Yo, Y1)
npur Ld.8) %

(s ),
Wwign Y, . (Sta):
€nd Modp ¢
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VERILOG FOR COMBINATIONAL CIRCUITS

Having presented a number of useful building block circuits, we will now consider
how such circuits can be described in Verilog. Rather than using gates or logic

expressions, we will specify the circuits in terms of their behavior.
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Example:

Aegh

a4y
il )

AgtB

i

Figure 6,26 A four-bit comporator circuit.

module Comparator_4bit (
input [3:0] A, // 4-bit input A
input [3:0] B, // 4-bitinput B
output reg AeqB, /A=B
output reg AltB, /A <B
output reg AgtB /A>DB

);

always @(*) begin
// Default values for output
AegB = 0;
AltB = 0;
AgtB = 0;

/{ Compare A and B
if (A =B)
AegB = 1;
else if (A <B)
AltB = 1;
else
AgtB = 1;
end

endmodule
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Describe all logic gates in Verilog HDL using behavioral constructs

AND Gate:

module AND ex (A, B, Y)
input A, B3,
output reg Y3

always @ (A or B) begin
if(A=1'bl && B ==1"'bl)
Y =1'bl;
clse
Y =1'b0;
end
endmodule

OR Gate:

module OR_ex (A, B, Y);
input A, B;
output reg Y;

always @ (A or B) begin
if(A=1'bl1||B=1'bl)
Y =1'bl:
clse
Y =1'b0;
end
endmodule

NOT Gate:

module NOT ex (A, Y);
input A;
output reg Y;

always @ (A) begin
if (A==1'bl)

Y =1'h0;
else
Y =1'bl;
end
endmodule

NAND Gate

module NAND ex (A, B, Y);
input A, I3;
output reg Y;

always @ (A or B) begin
ifM(A=1'bl && B==1'bl)
Y = 1'bl);
clse
Y=1'bl;
end
endmodul
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NOR Gate

module NOR ex (A, B, Y);
input A, B;
output reg Y;

always @ (A or B) begin
if (A=1'b0 && B = 1'b0)
Y =1'bl;
else
Y = 1'b0;
end
endmodule

X-OR Gate

module XOR ex (A, B, Y);
input A, B;
output reg Y;

always @ (A or B) begin
if (A !=B)
Y =1'bl;
else
Y =1'b0;
end
endmodule

X-NOR Gate

module XNOR _ex (A, B, Y);
input A, B;
output reg Y;

always @ (A or B) begin
if (A=B)
Y =1'bl;
else
Y =1'b0;
end
endmod
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module decoder3to8_assign (en, a, b, ¢, y);
input en, a, b, c;
output |7:0] y;

assign y[0] =en & ~a & ~b & ~¢: // 000
assign y[1] =en & ~a & ~b & ¢; // 001
assigny[2] =en & ~a & b & ~¢; // 010
assigny|3]=en&~a &b &c; /011
assigny[4] =en & a & ~b & ~c; // 100
assigny[S|=en& a & ~b & c; /101
assigny[6] =en& a &b & ~c; // 110
assigny[7]=en & a &b &c; //111
endmodule

THE CONDITIONAL OPERATOR

In a logic circuit it is often necessary to choose between several possible signals or

values based on the state of some condition. A typical example is a multiplexer circuit
in which the output is equal to the data input signal chosen by the valuation of the
select inputs. For simple implementation of such choices Verilog provifl?s a
conditional operator (?:) which assigns one of two values depending on a conditional

expression. It involves three operands used in the syntax

conditional expression ? true_expression : false_expression

If the conditional expression evaluates to 1 (true), then the value of true_expression is
chosen; otherwise, the value of false_expression is chosen. For example,

A=B<C)?(D+5):(D+2);

the statement means that if B is less than C, the value of A will be D + 5 or else A
will have the value D+2.

Verilog code for A 2-to-1 multiplexer specified using the conditional operator:
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Multiplexer
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S

module mux2tol (A, B, S, f);
input A, B, S;

output f;

assign f=S7 B : A;

endmodule
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4-Bit Comparator

A 4-bit comparator checks whether two 4-bit inputs (A and B) are equal. The output Y is | if A
equals B, and 0 otherwise.

module Comparator_4bit (A, B, Y);
input [3:0] A, B; |
output Y3

assign Y =(A ==B) ? 1'bl : 1'b0;
endmodule
<result> = (<condition>) ? <value_if true>: <value_if false>;

Priority Encoder (4-to-2)

A 4-to-2 priority encoder outputs the binary code of the highest priority input that is high (1). If
D[3] 1s high, it outputs 11, if D[2] is high and D[3] is low, it outputs 10, and so on.

module Priority Encoder 4to2 (D, Y);
input |3:0] D;
output [1:0] Y;

assign Y =(D|3] ==1'b1) ? 2'b11:
(D|2] ==1'b1) ? 2'b10 :
(D[1] ==1'b1) ? 2'b01 :
(D[0] ==1'b1) 7 2'b00 : 2'b00;

endmodule
Explanation:
« The conditional operator is used here to check which input D[3:0] is high.

« The highest priority input is selected first. For example, if D[3] is high, the output
Yis ll,

 If D[3] s low and D[2] is high, the output is 10, and so on.
« If none of the inputs are high, the output is 00.
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~«  THE IF-ELSE STATEMENT
It has the syntax

if (conditional_expression) statement;

else statement;

If the expression is evaluated to true then the first statement (or a block of statements
delineated by begin and end keywords) is executed or else the second statement (or a
block of statements) is executed.

Verilog code for A 2-to-1 multiplexer specified using The If-Else Statement:
module mux2tol (w0, wl, s, f);
input wi, wl, s:
output f;
reg f
always @(w0 or wl or s)
if (s =0) f=w0;
else f=wl;

endmodule

HIERARCHICAL VERILOG CODE:

Hierarchical Verilog code for a 16-to-1 MUX using 4X1multiplexer:

module mux16tol (W, S16, f);
input [0:15] W; // 16 input lines
input [3:0] S16;  // 4 select lines
output f; //'1 output line
wire [0:3] M; // Intermediate wires
// First level of 4-to-1 multiplexers
mux4tol Mux1 (W[0:3], S16[1:0], M[0]);
mux4tol Mux2 (W[4:7], S16[1:0], M[1]);
mux4tol Mux3 (W[8:11], S16[1:0], M[2]);

mux4tol Mux4 (W[12:15], S16[1:0], M[3]);
// Second level: a 4-to-1 multiplexer to select among the first four outputs -

mux4to]l Mux5 (M[0:3], S16[3:2], f);

endmodule
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Hierarchical Verilog code for a 8-to-1 MUX using 4x1 multiplexer :
module mux16tol (W, S, 1);
input [0:7] W, // 8 input lincs

input [2:0] S;  // 3 select lines
output f; // 1 output line
wire [0:1] M; // Intermediate wires
// First level of 4-to-1 multiplexers

mux4tol Mux1 (W[0:3], S[1:0], M[O0]);
mux4tol Mux2 (W[4:7], S[1:0], M[1]);

i // Second level: a 2-to-1 multiplexer to select among the first two outputs
Mux2tol Mux3 (M[0:1], S[2], D);

endmodule

Hierarchical Verilog code for a 8-to-1 MUX using 2x1 multiplexer :

module mux16tol (W, S, f);
input [0:7] W; // 8 input lines

input [2:0] S;  // 3 select lines-

nutpui i // 1 output line

wire [0:5] M; // Intermediate wires
// First level of 2-to-1 multiplexers
Mux2tol Mux1 (W[0:1], S[0], M[0]);
Mux2tol Mux2 (W[2:3], S[0], M[1]);
Mux2tol Mux3 (W[4:5], S[0], M[2]);
Mux2to]l Mux4 (W[6:7], S[0], M[3]);
//Second level of 2-to-1 multiplexers
Mux2tol Mux5 (M[0:1], S[1], M[4]);
Mux2tol Mux6 (M[2:3], S[1], M[5]);
// Third level: a 2-to-1 multiplexer to select among the two outputs

Mux2tol Mux7 (M[4:5], S[2], T);

endmodule
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CASE STATEMENT

The if-clse statement provides the means for choosing an alternative based on the
value of an expression. When there are many possible alternatives, the code based on
this statement may become awkward to read. Instead, it is often possible to use the
Verilog case statement which is defined as

case (expression)
alternativel: statement:

alternative2: statement;

alternativej: statement;
[default: statement; ]
endcase
Verilog code: A 4-to-1 multiplexer defined using the case statement.
module mux4tol (W, S, f);
input [0:3] W;

input [1:0] S;

output f;
reg f;
always @(W or S)
case (5)
0: f=WJ[0];
1: f=WI[I];
2: f=W][2],
3: f=W[3];
endcase
endmodule
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Verilog code: A 8-to-1 multiplexer defined using the case statement.
module mux8tol (W, S, 1);

input [7:0] W;

input |2:0] S;
output reg f;
always @(*)
case (S)
3'd0: f= W]|0];
3'dl: = W|l1];
3'd2: = W]2];
3'd3: f= W|3);
3'd4: f= W|4];
3'dS: f= W|5];
3'd6: f= W|6];

3'd7: f= W|[7];
default: f= 1'b0; // Optional but recommended
endcase
endmodule

Verilog code:A 4-to-1 multiplexer defined using the case statement.(Method-2)

module mux4tol (A, B, C, D, S1, S2, Y);
input A, B, C, D;
input S1, S2;
output reg Y; // Combined output and reg declaration

always @(*) begin
case ({S1, S2}) // Concatenated sclect lines
2'b00: Y = A;
2'b01: Y =B;
2'b10: Y =C;
2'bll: Y =D;
default: Y = 1'b0; // Ensures Y is defined for all cascs
endcase
end
endmodule
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THE FOR LOOP o |
circuit exhibits a certain regularity, it may be possible to

loop. The for loop has the syntax

increment) statement;

If the structure of a desired
define the circuit using a for

for (initial_index; terminal_index;
Verilog code for a priority encoder:
module priority (W, Y, 2);
input [3:0] W;
output [1:0] Y;
output z;
reg [1:0] Y,
reg z,
always @(W)
begin
z=1;
casex (W)
4’blxxx: Y =3;
4’b01Ixx: Y =2,
4’b001x: Y = I;
4’b0001: Y =0,
default: begin z = 0;
Y=2'bx,
end
endcase
end

endmodule
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module ripple_carry adder (
input [3:0] A, //4-bit input A
input [3:0] B, //4-bit input B
input Cin, // Input carry (Cin)
output [3:0] S, // 4-bit sum output
output Cout  // Carry out

);

/l Internal wire to store carry between bits
wire [4:0] C;

/I Assign the input carry Cin to the first carry wire
assign C|[0] = Cin;

/I 'Use a reg to store the result during the always block
reg [3:0] sum_reg;
reg carry_ouf_reg;

/I Combinational always block with a for loop

always @(*) begin
// Use a for loop to generate sum and carry for each bit
integer i;
for(i=0;i<4;i=1i+1) begin

{Cli+1], sum_reg[i]} = Ali] + B[i] + C[i]; // Add A, B, and the carry from

the previous bit
end

carry out reg = C[4]; // Last carry is the final carry-out
end

// Assign the results to the output
assign S = sum_reg;
assign Cout = carry_out_reg;

endmodule

Explanation of the Code
1. Inputs and Outputs:
o Inputs:
* A: A 4-bit input.
« B: A 4-bit input.
« Cin: Carry input,
o Outputs:
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« S: A 4-bit sum outpul.
« Cout: Final carry oulpul.

2. Carry Wires (C):

o A 5-bil wire array is uscd to store carry valucs between cach stage of the
addition (C[0] to C[4]), where C[0] is the input carry, and C[4] is the final
carry-out.

3. always @(*) Block:

o The block uses a for loop to perform the addition bit by bit.

o For each bit i, it adds the A[i], B[i], and the previous carry (C[1]),
generating the sum and the carry for the next stage (C[i+1]).

4. Assignments:

o The computed sum is stored in sum_reg, and the final carry (C[4]) 1S
stored in carry _out reg.

o Both are assigned to the outputs S and Cout.

FOR LOOP USING STORAGE ELEMENTS WITH CAD TOOLS
USING VERILOG CONSTRUCTS FOR STORAGE ELEMENTS ‘

Asimple way of specifying a storage element is by using the if-else statement to
describe the desired behavior responding to changes in the levels of data and clock
inputs. Consider the always block

always @(Control or B)
if (Control)
A=DB;

where A is a variable of reg type. This code specities that the value of A should be
‘made equal to the value of B when Control = 1. But the statement does not indicate an
action that should occur when Control = 0. In the absence of an assigned value, the
Verilog compiler assumes that the value of A caused by the il statement must be
maintained until the next time this if statement is evaluated. This notion of imphed
memory is realized by instantiating a latch in the circuit.

CODE FOR A GATED D LATCH:
module D latch (D, Clk, Q);

input D, Clk;
output Q;

reg Q;

always @(D or Clk)
if (Clk)

Q=D;

Endmodule
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CODE FOR A D FLIP-FLOP:
module flipflop (D, Clock, Q);
input D, Clock;
output Q;
reg Q:
always @(posedge Clock)
Q=D:

endmodule
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R CAPABILITY:

FLIP-FLOPS WITH CLEA
t and a specific style of if-else statement, it is

By using a particular sensitivity 1is _
possible to include clear (or preset) sl gnals on flip-flops.

ASYNCHRONOUS CLEAR Figure 7.45 gives a module that defines a D flip-flop
with an asynchronous active-low reset (clear) input. When Resetn, the reset input, is
equal to 0, the flip-flop’s Q output is set to 0. Note that the sensitivity list specifies the

negative edge of Resetn as an event trigger along with the positive edge of the clock.
We cannot omit the keyword negedge because the sensitivity list cannot have both

edge-triggered and level-sensitive signals.

SYNCHRONOUS CLEAR

on only when a positive clock edge arrives.

In this case the reset signal is acted up
the flip-flop’s D

Tl1is code generates the circuit which has an AND gate connected to
input.
VERILOG CODE: D flip-flop with asynchronous reset.

module flipflop (D, Clock, Resetn, Q);

input D, Clock, Resetn;
output Q;

reg Q;
always @(negedge Resetn or posedge Clock)

if (!Resetn) Q <=0;
else Q <=D;

endmodule

VERILOG CODE: D flip-flop with synchronous reset
module flipflop (D, Clock, Resetn, Q).

input D, Clock, Resetn;
output Q;

reg Q;
always @(posedge Clock)

if ({Resetn) Q <= 0;
else Q <= D;

endmodule
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USING VERILOG CONSTRUCTS FOR REGISTERS

AND COUNTERS.

USING REGISTERS AND COUNTERS WITH CAD TOOLS
AN N-BIT REGISTER

Since registers of different sizes are often needed in logic circuits, it is advantageous
to define a register module for which the number of flip-flops can be easily changed.
T!w code fﬂr an n-bit register is given below. The parameter n specifies the number of
thip-flops in the register. By changing this parameter, the code can represent a register

of any size.

Verilog Code :for an n-bit register with asynchronous clear

module regn (D, Clock, Resetn, Q);
parameter n = 16;
input [n—1:0] D;
input Clock, Resetn:
output [n—1:0] Q;
reg [n—1:0] Q;

always @ (negedge Resetn or posedge Clock)
if ('Resetn) |
Q <=0;

else
Q <=D;

endmodule

Alternative code:
module shiftn (R, L, w, Clock, Q):

parameter n = 16;

input R;

input L, w, Clock:

output Q;

reg Q,

integer k;

always @(posedge Clock)
if (L) Q <=R;
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else

begin

for (k=0;k<n I; k=k+1) Q[k] <= Q[k+I]
Qn 1] <=w;

end

¥

endmodule
A FOUR-BIT SHIFT REGISTER

C"ode deﬁne:s the four-bit shift register. The module Stage3 instantiates the leftmost
ﬂ}p-ﬂﬂp, which has the output Q3. and the module Stage0 instantiates the right-most
flip-flop, Q0. When L = 1, the register 1s loaded in parallel from the R input; and
when L = 0, shifting takes place in the left to right direction. Serial data is shifted into
the most-significant bit, Q3, from the w input

module shifi4 (R, L, w, Clock, Q);

input [3:0] R;

input L, w, Clock;

output [3:0] Q;

wire [3:0] Q;

muxdff Stage3 (w, R[3], L, Clock, Q[3));
muxd{f Stage2 (Q[3], R[2], L, Clock, Q[2]);
muxdif Stagel (Q[2], R[], L, Clock, Q[1]);
muxdff Stage0 (Q[ 1], R[0], L, Clock, Q[0]);

endmodule

alternative code:
module shift4 (R, L, w, Clock, Q);

input [3:0] R;
input L, w, Clock;
output [3:0] Q;
reg [3:0] Q;
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always (@(posedge Clock) if (L) Q <= R;
clse

begin

Q0] <= Q[1];
Q[1]<=Q[2];
Q2] <= QI[3};
Q3] <=w;

end
endmodule

4-BIT UP-COUNTER

Code represents a four-bit up-counter with a reset input, Resetn, and an enable input,
B, T{IE:‘ outputs of the flip-flops in the counter are represented by the vector named Q.
Tl“he I statement specifies an asynchronous reset of the counter if Resetn = 0. The else
iIf clause specifies that if E = 1 the count is incremented on the positive clock edge.

module upcount (Resetn, Clock, E, Q);

input Resetn, Clock, E;

output [3:0] Q;

reg [3:0] Q;

always @(negedge Resetn or posedge Clock)
if (!Resetn)

Q<=0

clse if (E)

Q<=Q+I;

endmodule

CODE FOR AN UP/DOWN COUNTER

Verilog code for an up/down counter It includes a control signal up_down that
governs the direction of counting. It also includes an integer variable named direction,
which is equal 10 | for up-count and equal to =1 for down-count.
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module updowncount (R, Clock, L, E, up_down,
Q);

parameter n = 8,

input [n -1:0] R;

input Clock, L, E, up_down;
output [n -1:0] Q;

reg [n-1:0] Q;

~ integer direction;

always @(posedge Clock)
begin

if (up_down)

direction = 1;

else

direction =—1;

if (L)

Q<=R;

else if (E)
Q <= Q + direction;

end

endmodule

DOWN-COUNTER WITH PARALLEL LOAD

the code for a down-counter named downcount. A down-counter is normally used by
loading it with some starting count and then decrementing it§ contents. The _starting
count is represented in the code by the vector R. On the positive _clﬂck edge, if L=1
the counter is loaded with the input R, and if L = 0 the count 1s decremented. The
counter also includes an enable input, E. Setting E = 0 prevents the contents of the

flip-flops from changing when an active clock edge occurs,
module downcount (R, Clock, E, L, Q);

parameter n = 8,
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Input [n -1:0) R;

Input Clock, L. E;

output [n -1:0]Q:;

reg [n -1:0]Q;

always @(posedge Clock)
if (L)

Q <=R;

else if (E)

Q<=0Q-1I:;

endmodule
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