
 

 

1 

Reduced power shift register with clock gating 
 Mengwei Zhao 

                                                                         Auburn University 
 

 

Abstract— In this project, I simply use the 4-

bit shift register with clock gating to achieve the 

power reduction. First, I use VHDL code to 

generate the circuit, then transform it into 

Verilog netlist and also Spice netlist, then using 

the Spice to get the results. At last, I will 

compare the power before and after using the 

gate clock to show the power reduction. 
 

I. INTRODUCTION 

n digital logic circuit, a one-bit shift register can 

be built using J-K flip-flop or D flip-flop. “D” is 

the input data, clock is the enable signal of J-K or D 

flip-flop. After one clock cycle, the value of D is 

shifted out as output Q. Other signals can be used to 

enhance basic operation of the shift register. They 

are “reset” and “preset” signal and “p” as presetted 

value. This digital logic can be easily implemented 

in VHDL (very high-speed integrated circuit 

hardware description language) code and created as 

a component symbol.  

    We can use shift registers for serial to parallel 

conversion.  

    A basic four-bit shift register can be constructed 

using four D flip-flops. The operation of the circuit 

is as follows. The register is first cleared, forcing all 

four outputs to zero. The input data is then applied 

sequentially to the D input of the first flip-flop on 

the left (FF0). During each clock pulse, one bit is 

transmitted from left to right. Assume a data word 

to be 1001. The least significant bit of the data has 

to be shifted through the register from FF0 to FF3. 

    In order to get the data out of the register, they 

must be shifted out serially. This can be done 

destructively or non-destructively. For destructive 

readout, the original data is lost and at the end of the 

read cycle, all flip-flops are reset to zero.  

 

A. Serial-in and serial-out (SISO) 

     

 
 

    This is the simplest kind of shift registers. The 

data string is presented at 'Data In', and is shifted 

right one stage each time 'Data Advance' is 

brought high. At each advance, the bit on the far left 

(i.e. 'Data In') is shifted into the first flip-flop's 

output. The bit on the far right (i.e. 'Data Out') is 

shifted out and lost. 

 

B. Serial-in and parallel out (SIPO) 

 

     In this kind of shift registers,data is input serially 

which is the same as SISO.Once the data has been 

clocked in,it may be either read off at each output 

simultaneously,or it can be shifted out. 

     In cases where the parallel outputs should not 

change during the serial loading process, it is 

desirable to use a latched or buffered output. In a 

latched shift register  the serial data is first loaded 

into an internal buffer register, then upon receipt of 

a load signal the state of the buffer register is copied 

into a set of output registers. In general, the 

practical application of the serial-in/parallel-out 

shift register is to convert data from serial format on 

a single wire to parallel format on multiple wires.[1] 

 

C. Parallel-in and Serial-out (PISO) 

 

    In this kind of shift registers,data is output 

serially which is the same as SISO.The data can be 

read in parallel and shift out serially. 

 

D Parallel-in and Parallel-out (PIPO) 

  

   In this kind of shift registers, as soon as a negative 

clock edge is applied, the input binary bits will be 

loaded into the flip-flops simultaneously. The 

loaded bits will appear simultaneously to the output 

side. Only clock pulse is essential to load all the bits. 

 

   A construction of a four-bit serial in - parallel out 

register is shown below. 
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   The output of the flip-flop is connected to the D 

input of the next flip-flop. Each clock pulse shifts 

the contents of the register one bit position to the 

right. The serial input data lines what goes into the 

leftmost flip-flop during the shift. The serial output 

is taken from the output of the right most flip-flops. 

Sometimes it is necessary to control the shift so that 

it occurs only with certain pulses but not with the 

others. This can be done by inhibiting the clock 

from the input of register to prevent it from shifting. 

 

II. SHIFT REGISTER VERIFICATION 

   In order to verify the 4-bit serial-input parallel-

output shift register,I gave the test sequence to 

Modelsim and from the figure we can see that the 

waveform shifts at each clock cycle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III. CLOCK GATING 

In order to reduce the power consumption in a 

digital system.We can imply use the dynamic power 

management approach.When the logic circuits are 

not performing functional operations during a 

particular time frame,this approach can disable the 

circuits.To be specific,in this project,we can use 

gate clock to achieve this.It disables the clock of D 

flip-flops when the output Q is the same as input 

D.In other words, the flip-flop activates only when 

the input signal is different from the output signal. 

So,I add a NAND and XOR gate to control the 

clock of flip-flop.It realize the function that the flip-

flop activates only when the input signal is different 

from the output signal. 

 
  
 

 

 

 

 

 

 

 

 

 

 

 

 

   In the figure above,I used the PTM 45nm High 

Performance technology and with the clock 

frequency of 10ns. 

IV. SIMULATION RESULTS 

   To evaluate the power reduction after using the 
clock gating method in 4-bit shift register, I tested 
about 10 groups of random sequences.One of them 
has been decided to measure the maximum power. 
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 Without 
Clock 
Gating 

With 
Clock 
Gating 

Reduction 

Maximum 
Power 

4.5369 mW 3.7048 
mW 

18.34% 

Average 
Power 

0.8427 mW 0.7182 
mW 

14.77% 

 
From the simulation results, we can see that after 

using the clock gating approach , the power reduces 
more than 15%. 

V. CONCLUSION 

    The power can be reduced by using the clock 

gating approach but from the simulation results we 

can see that the reduction is not significant enough.I 

think this may due to the frequency I chose is too 

high.Next time I will choose a lower one to improve 

the results. 
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