
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

DIGITAL SYSTEM DESIGN USING VERILOG 
VTU EXAMINATION 2025-2026 
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MODULE 1 

Q1. a) Define the following: 

i) Canonical SOP 

An expression where each product term (minterm) contains all variables either in 

complemented or uncomplemented form and outputs are ORed. 

Example: 

F(A,B)=A′B+AB′  

ii) Canonical POS 

An expression where each sum term (maxterm) contains all variables, and all such terms are 

ANDed. 

Example: 

F(A,B)=(A+B′)(A′+B) 

iii) Essential Prime Implicant (EPI) 

A prime implicant that covers at least one minterm not covered by any other PI. 

iv) Prime Implicant (PI) 

A product term that cannot be further combined with another term using Karnaugh map 

grouping. 

v) Minterm and Maxterm (2-variable) 

A B Minterm Maxterm 

0 0 m₀=A'B' M₀=A+B 

0 1 m₁=A'B M₁=A+B' 

1 0 m₂=AB' M₂=A'+B 

1 1 m₃=AB M₃=A'+B' 

 



 
 
 
 
 
 
 
 
 

  

 



 
 
 
 
 
 
 
 
 

 

 

Q2. a)Explain procedure to convert to canonical form & convert: 

i). T=f(a,b,c)=(a+b′)(b+c)  

Expand: 

T =(ab+ac+b′b+b′c)  

Since b′b=0: 

=ab+ac+b′c  



 
 
 
 
 
 
 
 
 

Convert to canonical SOP: 

T= ab(c+c′)+ac(b+b′)+b′c(a+a′) 

  =abc+abc′+abc+ab′c+a′b′c 

 T=Σ(1,3,6,7) 

ii). G=f(w,x,y,z)=wx+yz′  

 

Convert to canonical SOP: 

wx(y+y′)(z+z′)+yz′(w+w′)(x+x′) =Σ(12,13,14,15,2,6,10,14) 

 

 



 
 
 
 
 
 
 
 
 

 



 
 
 
 
 
 
 
 
 

MODULE 2 
 

Q3. a) f(x,y,z)=Σ(0,2,3,5) Use 4×1 MUX, select lines = y,z 

 

 yz 

 

 

 

Output 

00 1 

01 x 

10 1 

11 x' 

 Implementation using data inputs: 

D₀=1, D₁=x, D₂=1, D₃=x' 

 



 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 



 
 
 
 
 
 
 
 
 

i) f(w,x,y,z)=Σ(0,1,5,6,7,9,12,15)  

Use 8×1 MUX, select = x,y,z, Data inputs obtained by evaluating w. 

 



 
 
 
 
 
 
 
 
 

 

 

 

3.b Carry Looakahead Adder. 



 
 
 
 
 
 
 
 
 

 



 
 
 
 
 
 
 
 
 

 



 
 
 
 
 
 
 
 
 

 

 



 
 
 
 
 
 
 
 
 

 



 
 
 
 
 
 
 
 
 

 

  

 

 

 

 

 

 



 
 
 
 
 
 
 
 
 

 

Q4. a) Decimal digit in 8421 → BCD adder 

 

 



 
 
 
 
 
 
 
 
 

 

 



 
 
 
 
 
 
 
 
 

 



 
 
 
 
 
 
 
 
 

 

 

 Q4. b) i) P=Σ(1,4,8,13),Q=Σ(2,7,13,14) , Using 3:8 decoder, connect OR gates to 

respective outputs. 



 
 
 
 
 
 
 
 
 

 



 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 



 
 
 
 
 
 
 
 
 

ii) A=π(0,1,3,5)⇒Σ(2,4,6,7) B=Σ(1,4,5,7) , use decoder and OR corresponding 

minterms. 

 



 
 
 
 
 
 
 
 
 

 

 

 

MODULE 3 

Q5. a) Master-Slave JK Flip-Flop 

 



 
 
 
 
 
 
 
 
 

When J = K = 1 and the clock stays high, a JK flip-flop output toggles continuously, causing the 

race around condition. Using short clock pulses led to the Master-Slave JK Flip-Flop to ensure 

stable operation. 

The Master-Slave JK Flip-Flop consists of two JK flip-flops in series, with one as the master and 

the other as the slave. The master output feeds the slave input, and the slave output is fed back 

to the master. An inverter provides the inverted clock to the slave, so only one flip-flop is active 

at a time. This ensures stable and predictable output. 

• The Master-Slave JK Flip-Flop is made of two JK flip-flops in series. 

• One flip-flop acts as the master, the other as the slave. 

• Master output → Slave inputs, and slave output → Master inputs. 

• An inverter provides the inverted clock pulse to the slave. 

1. If CP = 1 for master, CP = 0 for slave. 

2. If CP = 0 for master, CP = 1 for slave 

1. When the clock pulse goes to 1, the slave is isolated; J and K inputs may affect the state 

of the system. The slave flip-flop is isolated until the CP goes to 0. When the CP goes 

back to 0, information is passed from the master flip-flop to the slave and output is 

obtained. 

2. Firstly the master flip flop is positive level triggered and the slave flip flop is negative 

level triggered, so the master responds before the slave. 

3. If J=0 and K=1, the high Q’ output of the master goes to the K input of the slave and 

the clock forces the slave to reset, thus the slave copies the master. 

4. If J=1 and K=0, the high Q output of the master goes to the J input of the slave and the 

Negative transition of the clock sets the slave, copying the master. 

5. If J=1 and K=1, it toggles on the positive transition of the clock and thus the slave 

toggles on the negative transition of the clock. 

6. If J=0 and K=0, the flip flop is disabled and Q remains unchanged. 

The Master-Slave JK Flip-Flop is a memory element widely used in digital systems. If you want 

to dive deeper into digital logic and master the flip-flop mechanisms, the GATE CS Self-Paced 

https://www.geeksforgeeks.org/courses/category/gate


 
 
 
 
 
 
 
 
 

Course offers detailed explanations and examples to help you understand this important 

concept. 

Timing Diagram of a Master Slave flip flop -

 

 

1. When the Clock pulse is high the output of master is high and remains high till the 

clock is low because the state is stored. 

2. Now the output of master becomes low when the clock pulse becomes high again and 

remains low until the clock becomes high again. 

3. Thus toggling takes place for a clock cycle. 

4. When the clock pulse is high, the master is operational but not the slave thus the 

output of the slave remains low till the clock remains high. 

5. When the clock is low, the slave becomes operational and remains high until the clock 

again becomes low. 

6. Toggling takes place during the whole process since the output is changing once in a 

cycle. 

https://www.geeksforgeeks.org/courses/category/gate


 
 
 
 
 
 
 
 
 

This makes the Master-Slave J-K flip flop a Synchronous device as it only passes data with the 

timing of the clock signal 

Q5. b) Synchronous Mod-6 Counter (0→2→3→6→5→1→0) 

State table: 

PS NS 

000 010 

010 011 

011 110 

110 101 

101 001 

001 000 

Derive JK inputs using excitation table and K-maps → final logic equations. 

 



 
 
 
 
 
 
 
 
 

Q. 6A). 4-BIT RIPPLE COUNTER: 

A 4-bit Binary Ripple Counter is a specialized digital counting mechanism comprising a 

chain of flip-flops, often of the J-K or D type. These flip-flops are arranged such that the output 

of one serves as the clock signal for its successor. In a typical 4-bit layout, four flip-flops enable 

the counter to cycle through binary numbers from 0000 to 1111 or 0 to 15 in decimal terms. Each 

flip-flop changes its state during its operation in response to an incoming clock pulse. Because 

every flip-flop is clocked by the output of its predecessor (except the first, which is triggered by 

an external clock), changes propagate—or "ripple"—from the least significant bit (LSB) to the 

most significant bit (MSB), which is the reason behind the term "ripple" counter. 

 

4-bit Binary Up/Down Counter: 

A 4-bit Binary Up/Down Counter is a specialized digital tallying device designed to 

increase or decrease its numerical value. This is typically executed through an array of linked 

flip-flops, most commonly of the J-K variety. In its 4-bit form, the counter incorporates four such 

flip-flops, representing binary values from 0000 up to 1111, corresponding to the decimal range 

of 0 to 15. This counter's distinct feature is its bidirectional counting capability, governed by 

external inputs commonly marked as 'UP' and 'DOWN.' With the 'UP' input activated, the counter 

progresses from 0000 to 1111. On the other hand, when the 'DOWN' input is enabled and the 

'UP' is not, it counts in reverse from 1111 back to 0000. This dual-mode operation renders it 

highly adaptable for scenarios demanding forward and reverse counting. 

4-bit Binary Up Counter: 

A 4-bit Binary Up Counter is a distinct digital counter engineered to increase its 

numerical value. It's typically built from an assembly of four linked flip-flops, commonly of 

either J-K or D variety. In its 4-bit configuration, the counter can represent binary figures 

spanning from 0000 to 1111, which equates to a decimal range of 0 through 15. Functioning on 

a 'UP' input directive, the counter escalates its count sequentially from 0000 to 1111. With its 



 
 
 
 
 
 
 
 
 

exclusive orientation towards upward progression, it is optimally designed for use cases 

necessitating one-way, incremental tallying. 

 

 

4-bit Binary Down Counter 

A 4-bit Binary Down Counter is a specialized digital counting device designed explicitly 

to decrease its numeric count. Generally constructed using a series of four linked flip-flops, often 

of either the J-K or D type, this 4-bit counter can represent binary values ranging from 1111 down 

to 0000. This translates to a decimal span from 15 to 0. Activated by a 'DOWN' input, the counter 

descends through its sequence from 1111 to 0000. Its sole orientation towards decrementing 

makes it exceptionally suitable for scenarios that demand one-way, decremental tallying. 

Q6. b) i) Ring Counter: 

A ring counter is a typical application of the Shift register. The ring counter is almost the 

same as the shift counter. The only change is that the output of the last flip-flop is connected to 

the input of the first flip-flop in the case of the ring counter but in the case of the shift register it 

is taken as output. Except for this, all the other things are the same. 

Ring Counter 

It is a type of digital counter used in circuits, typically built with flip-flops. It works by shifting 

a 1 through a series of flip-flops, one at a time, in a loop. It’s called a ring counter because the 1 

loops back to the start once it reaches the end, forming a cycle.  

No. of states in Ring counter = No. of flip-flop used 



 
 
 
 
 
 
 
 
 

Key Characteristics of a Ring Counter 

• Single bit '1': Only one bit in the counter is set to 1 at any given time. 

• Cyclic Behavior: The pattern of the bits follows a cyclic behavior and repeats after a 

fixed number of steps. 

• No Reset: The ring counter doesn't automatically reset to zero. Instead, it starts at a 

defined state and then continues cycling. 

Working Of Ring Counter 

• A Ring Counter is typically built using flip-flops (D, T, or JK flip-flops). 

• It consists of n flip-flops, where n is the number of states in the counter. The number of 

flip-flops determines the number of unique states the counter will cycle through. 

• One bit in the counter is set to 1, and the rest of the bits are set to 0. In each clock cycle, 

the 1 bit shifts through the flip-flops, and the pattern repeats. 

• The output of the last flip-flop is fed back into the first flip-flop, forming a loop, hence 

the name Ring Counter. 

Example of a 4-bit Ring Counter 

Let’s consider a 4-bit Ring Counter: For 4-bit: 

1000 → 0100 → 0010 → 0001 → 1000 

 

https://www.geeksforgeeks.org/digital-logic/flip-flop-types-their-conversion-and-applications/


 
 
 
 
 
 
 
 
 

ii) Mod-8 Twisted Ring (Johnson Counter) 

Sequence: 

0000 → 1000 → 1100 → 1110 → 1111 → 0111 → 0011 → 0001 → 0000 

 

 

                                                     Module 4 

7a) What are the different data typesin Verilog. Explain with examples 

   

 



 
 
 
 
 
 
 
 
 

 

 



 
 
 
 
 
 
 
 
 

 

 

7b i) Develop a Verilog program to implement 2x1 multiplexer using 

conditional operator. Also write truth  table for 2x1 multiplexer 

Solution  



 
 
 
 
 
 
 
 
 

 

 

 

iii) design a 2x1 multiplexer using data flow Verilog description draw a logic 

diagram and logic gate circuit for it 

Solution : 

 



 
 
 
 
 
 
 
 
 

 

8a) Discuss in detail different description styles in verilog 



 
 
 
 
 
 
 
 
 

 

 



 
 
 
 
 
 
 
 
 

 

 



 
 
 
 
 
 
 
 
 

 

 

i) d= &A (Reduction AND) 

Reduction AND means AND all bits of A: 

A = 1 1 0 1 1 

1 & 1 & 0 & 1 & 1 = 0 

                  ii) ii) e = A ~^ 4'b1011 (Bitwise XNOR) 

First match bit widths. 

4'b1011 → zero-extended to 5 bits: 

4'b1011 → 5'b01011 

Now perform bitwise XNOR: 

     11011 

~^ 01011 

    --------- 

     01111 

e = 5'b01111 

iii) f = ~(A & (~B)) 

Step 1: Invert B 

B      = 10101 

~B     = 01010 

Step 2: AND with A 

     11011 

&  01010 



 
 
 
 
 
 
 
 
 

  --------- 

   01010 

Step 3: Invert result 

~01010 = 10101 

     f = 5'b10101 

iv) g = A || B (Logical OR) 

Logical OR checks if operands are non-zero. 

• A ≠ 0 

• B ≠ 0 

So result is 1. 

     g = 1'b1 

 

v) b = 3 ** 2 (Exponentiation) 

3² = 9 

     b = 9 

 

vi) i = {2{A}} (Replication Operator) 

Repeat A two times: 

A = 11011 

 

i = 11011 11011 

     i = 10'b1101111011 



 
 
 
 
 
 
 
 
 

 

     Final Answers 

Expression Result 

d 1'b0 

e 5'b01111 

f 5'b10101 

g 1'b1 

b 9 

i 10'b1101111011 

 

 

 

  

                                                             Module – 5 

 9a) Design a 4 bit counter with synchronous hold using verilog. Also draw the 

simulation waveform. 

 

 



 
 
 
 
 
 
 
 
 

Expression Result 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 
 
 
 
 
 
 

 

9b)  

 

 



 
 
 
 
 
 
 
 
 

 

10a) 

 

 



 
 
 
 
 
 
 
 
 

 

 

 

 

 



 
 
 
 
 
 
 
 
 

 

 

 

// 3-bit Binary Up Counter - Behavioral Model 

module up_counter_3bit ( 
    input wire clk,       // Clock input 
    input wire reset_n,   // Active-low asynchronous reset 
    output reg [2:0] q    // 3-bit counter output 
); 
  // Asynchronous reset, count increments on rising clock edge 
    always @(posedge clk or negedge reset_n) begin 
        if (!reset_n) 
            q <= 3'b000;           // Reset counter to 0 
        else 
            q <= q + 1'b1;         // Increment counter 
    end 
 
endmodule 



 
 
 
 
 
 
 
 
 

Testbench 
Verilog 
`timescale 1ns/1ps 
module tb_up_counter_3bit; 
    reg clk; 
    reg reset_n; 
    wire [2:0] q; 
 
    // Instantiate the counter 
    up_counter_3bit uut ( 
        .clk(clk), 
        .reset_n(reset_n), 
        .q(q) 
    ); 
 
    // Clock generation: 10ns period 
    initial begin 
        clk = 0; 
        forever #5 clk = ~clk; 
    end 
 
    // Test sequence 
    initial begin 
        // Initialize 
        reset_n = 0; 
        #12;               // Hold reset for some time 
        reset_n = 1;       // Release reset 
 
 

 

// D Latch with Enable and Asynchronous Reset 
module d_latch ( 
    input  wire D,       // Data input 
    input  wire EN,      // Enable signal 
    input  wire RSTn,    // Active-low asynchronous reset 
    output reg  Q        // Output 
); 



 
 
 
 
 
 
 
 
 

 
    // Behavioral description 
    always @ (D or EN or RSTn) begin 
        if (!RSTn)         // Reset active (low) 
            Q <= 1'b0; 
        else if (EN)       // Latch is transparent when EN=1 
            Q <= D; 
        // else: Q holds its previous value 
    end 
 
endmodule 
Testbench for D Latch 
Verilog 
Copy code 
`timescale 1ns/1ps 
module tb_d_latch; 
    reg D; 
    reg EN; 
    reg RSTn; 
    wire Q; 
    // Instantiate the D latch 
    d_latch uut ( 
        .D(D), 
        .EN(EN), 
        .RSTn(RSTn), 
        .Q(Q) 
    ); 
 
    initial begin 
        // Initialize signals 
        D = 0; EN = 0; RSTn = 0; 
 
        // Apply reset 
        #5 RSTn = 1;  // Release reset 
 
        // Test sequence 
        #5 D = 1; EN = 1;  // Latch should capture D=1 
        #5 EN = 0; D = 0;  // Output should hold previous value 
        #5 EN = 1;         // Latch should capture D=0 
        #5 D = 1;          // Latch should capture D=1 
        #5 RSTn = 0;       // Reset output to 0 



 
 
 
 
 
 
 
 
 

        #5 RSTn = 1; EN = 1; D = 1; // Capture again after reset 
 
        #10 $finish; 
    end 
 

 

 

 

 

 

 

 

 

    


