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1 Draw the logic diagram for the following modes of Shift Register: 

(a) SISO, (b) SIPO, (c) PISO, (d) PIPO 
2.5x4=10 C 

O3 

L2 

2 With neat logic diagram explain the operation of Universal shift register with Mode control 
table. 

10 CO3 L2 

3 Analyze the operation of Ring Counter (MOD-4 or 4 bit) with logic diagram, truth table, 

timing diagram and state diagram. 
10 CO3 L4 

4 Design a synchronous counter with counting sequence 0, 2, 3, 6, 5, 1, 0… using D Flip-flop. 10 CO3 L6 

5 Design a Synchronous MOD-6 counter using T flip-flop. 10 CO3 L6 

6 Design a MOD-10 (BCD) Asynchronous counter with logic diagram, timing diagram and 

state diagram. 

10 CO3 L6 

7 Explain the working of 3-bit Asynchronous down counter configured using JK flip-flop with 

logic diagram, timing diagram and state diagram. 

10 CO3 L2 

 

 

1)  Draw the logic diagram for the following modes of Shift Register: (a) SISO, (b) SIPO, (c) PISO, (d) 

PIPO. 
 

Ans: Basically shift registers are four types as (I) SISO, (II) SIPO, (III) PISO, (IV) PIPO which are explained below one by 

one. 

(I) SISO (Serial in Serial out Shift Register):- SISO is two types as (a) SISO right shift and (b) SISO left shift registers. 

(a) SISO right shift register: This type of shift register accepts data serially i.e. one bit at a time and also outputs data 

serially by shifting every output data of individual flip-flops (FFs) in right directon. Fig.1 is showing the logic diagram of a 

4-bit serial in serial out right shit regiater for storing 4 bit where 4 numbers of FFs are connected together and the output of 
one flip-flop is connected to the input of next FF. Here we are using D flip-flop using negative edge triggered clock pulse. 

When serial data is transferred to the second register, each new bit is clocked into the first FF at the negative-edge of each 

clock pulse. The bit that was previously stored by the first FF is transferred to the second FF. The bit that was stored by the 
last FF is shifted out.                                                                                                                                                                                                                                                                                                                                                                                                                                                     

 
Fig.1. Logic diagram of a 4-bit SISO right shift register 

(b) SISO left shift register:This type of shift register accepts data serially i.e. one bit at a time and also outputs data serially 

by shifting every output data of individual flip-flops (FFs) in left directon. Fig.1 is showing the logic diagram of 4-bit serial 

in serial out left shift register for storing 4 bit where 4 numbers of flip-flops are connected together and the output of one 

flip-flop is connected to the input of next flip-flop. Here we are using D fli-flop using negative edge triggered clock pulse. 



 

When serial data is transferred to the second register, each new bit is clocked into the first FF at the negative-edge 

of each clock pulse. The bit that was previously stored by the first FF is transferred to the second FF. The bit that was 

stored by the last FF is shifted out. 

 
Fig.2. Logic diagram 4-bit SISO left shift register 

(II) Serial in Parallel out shift Register (SIPO): This type of shift register accepts data serially i.e. one bit at a time and 

outputs data parallely. Fig.1 is showing the logic diagram of 4-bit serial in parallel out shift register for storing 4 bit data. 
This circuit consists of four D flip-flops, which are cascaded. That means, output of one D flip-flop is connected as the 

input of next D flip-flop. All these flip-flops are synchronous with each other since, the same clock signal is applied to each 

one. Here we are using D flip-flop by considering negative edge triggered clock pulse. 

 
Fig.3. Logic diagram 4-bit SIPO shift register 

 (III) PISO Parallel in Serial out shift Register (PISO): This type of shift register accepts data parallely and outputs data 
serially. Fig.1 is showing the logic diagram of 4-bit parallel in serial out shift register for storing 4 bit data where 4 numbers 

of flip-flops are connected together by a common clock pulse. The output of one flip-flop is connected to the input of next 

flip-flop by using some combinational logic circuit. Here we are using D flip-flop using negative edge triggered clock 

pulse. 

 
Fig.4. Logic diagram 4-bit PISO shift register 

Two modes of operations are done in this logic diagram circuit as (a) Loading Mode, (b) Shifting Mode.  



 

(a) Loading Mode: When M=0, then Load mode is activated.Then points a, b, c are 1 (activated) and d, e, f are 0 

(deactivated). So AND gates 1, 3, 5 will give zero output and AND gates 2, 4, 6 will give B, C, D respectively. So, outputs 

of OR gates 1, 2, 3 will be respectively B, C, D. So ultimately each flip-flop is loading and storing input data. 
(b) Shifting Mode: When M=1, then shift mode is activated.Then points a, b, c are 0 (deactivated) and d, e, f are 1 

(activated). So AND gates 1, 3, 5 will give Q1, Q2, Q3 outputs respectively and AND gates 2, 4, 6 will give zero. So, 

outputs of OR gates 1, 2, 3 will be respectively Q1, Q2, Q3. So ultimately each flip-flop is shifting input data. Let us 
consider, Din=1011, so when M=0, then four flip-flops will store 1011 as input data is parallely loaded 

ABCD=D1D2D3D4=1011. And when M=1, then data are shifted right from one flip-flop to next flip-flop. 

 

(IV) Parallel in Parallel out shift Register (PIPO): This type of shift register accepts data parallely and outputs 

data parallely. Fig.1 is showing the logic diagram of 4-bit parallel in parallel out shift register for storing 4 bit 

data where 4 numbers of flip-flops are connected together by using a common clock input pulse. Here we are 

using D fli-flop. 

 
Fig.5. Logic diagram 4-bit PIPO shift register 

 

2. With neat logic diagram explain the operation of Universal shift register with Mode 

control table. 
 

 

Fig. 4-bit Universal ShifftRegister 

 

 



 

 

 
 

Q3. Analyze the operation of Ring Counter (MOD-4 or 4 bit) with logic diagram, truth table, timing diagram and state diagram. 

 

Ans. 

 
 



 

 
 

 
 

4) Design a synchronous counter with counting sequence 0, 2, 3, 6, 5, 1, 0… using D Flip-flop. 

Ans. 

 



 

 
5) Design a Synchronous MOD-6 counter using T flip-flop. 

 

Ans.

 

 



 

 
 

6) Design a MOD-10 (BCD) Asynchronous counter with logic diagram, timing diagram and state diagram. 

Ans. 

 No. of valid states: 10 (0-9). At 10th clock pulse output will be temporarily 1010 but immediately every 

flip-flops will be cleared to zero and clear input will be activated (1). 11
th
-15

th
states will be invalid.  

 No. of flip-flops: 2
n
>=N,  

 if n=4, then the condition, 16>=10 (N=10) will be valid. 

 No. of sequence states total: 16 (0-15). 

 No. of clock pulse: 16. 

 

 

 



 

7) Explain the working of 3-bit Asynchronous down counter configured using JK flip-flop with logic 

diagram, timing diagram and state diagram. 

 

Ans. Asynchronous down counter will count downward from maximum count to zero. 

 

 

 

 

 


