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Abstract— In the present work, Low Power Conditional 

Pulse Control Flip-Flop using Signal Feed through scheme 

is proposed. The proposed design removes the long 

discharging path problem with intermediate nodes using the 

pulse generation control (which facilitates a faster discharge 

operation). Transmission gate and three inverters are used to 

control the clock circuit to reduce the power dissipation 

along the critical path. As a result, very low power 

dissipation occurs when there is no switching. Tanner EDA 

tool 14.1 is used for the simulation purposes. All simulation 

results are based on using CMOS 90-nm technology at 

500MHz clock frequency. Its maximum power saving 

compared to PT-FF with Pulse Enhancement Scheme FF 

design[1][2] is up to 26.84% and 14.72% than PT-FF with 

Pulse Enhancement Scheme FF design [1]. 
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I. INTRODUCTION 

Flip-flops (FFs) are the main storage used in digital circuits. 

In particular, digital designs nowadays often adopt intensive 

pipelining techniques and employ many FF-affluent 

modules such as register files, FIFO, counters and shift 

registers [1], [2].  The performance of the Flip-Flop is an 

important element to determine the performance of the 

whole circuit. FFs are not only responsible for the 

functionality, correct timing and performance of the entire 

chip, but also these and other clock systems, which consist 

of the clock distribution network and sequential elements 

(latches), consume a significant portion (around 45-50%) of 

the total power of the circuit in a Very Large Scale 

Integration (VLSI) systems. Power dissipation of FFs is 

determined by factors such as clock frequency, power 

supply, switching activity, load capacitance, short circuit 

power and leakage power [3]. For the improvements in the 

FF design, delay, power and area of the FFs should be 

smaller. 

There are mainly three types of flip-flop circuits 

used in digital systems, first is the pulse triggered based, 

second is the transmission gate based and third is the 

master-slave based FFs. From all these FFs, pulse triggered 

based FFs are mostly preferred due to their single latch 

structure and better power efficiency. These pulse triggered 

FFs are of two types, one is implicit type (pulse generator is 

the part of latch) and other is explicit type (pulse generator 

and latch are separate) FFs [4]. In these FFs, pulse is 

generated by the clock circuitry at the rising or falling edge 

of the clock. So, circuit changes its behavior in accordance 

with the generated pulse. Some other approaches are also 

used to design the FFs such as semi dynamic, sense 

amplifier based and hybrid latch based [5]-[12]. In the 

present work, alow power conditional pulse control flip-flop 

using signal feed through scheme is proposed. 

II. PREVIOUS FF DESIGNS 

In the Fig.1 (a), PT-FF with Pulse Enhancement Scheme FF 

design[1],[2] design is presented. Here, the longest 

discharging path is formed when input data is “1” while the 

Qb output is “1.” To enhance the discharging under this 

condition, an extra transistor P3 is added at the top. This 

transistor is normally turned off because node X is pulled 

high most of the time. After the rising edge of the clock, the 

clock delay inverter drives output node back to zero but with 

little delay. This generates the clock pulse and the generated 

clock pulse is taller in height, which enhances the pull-down 

strength of lower N6 transistor which is responsible for the 

discharging.  After the clock has reached to logic 1, then 

lower N6 is turn off due to no clock pulse. 

 

Fig. 1: (a) PT-FF with Pulse Enhancement Scheme 

 

Fig. 1: (b) PT-FF with Modified Pulse Enhancement 

Scheme 
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Then voltage level of node X rises and turns off upper 

transistor P3 eventually. With the help of extra P3 transistor, 

the width of the generated discharging pulse is stretched out. 

This creates a pulse with sufficient width for correct data 

requirement, a bulky delay inverter design, which comprises 

most of the power consumption in pulse generation logic, is 

no longer required. It should be noted that this conditional 

pulse enhancement technique takes effects only when FF 

output is subject to a data change from 0 to 1. This leads to 

low power consumption in the FF circuit. This also reduces 

the leakage power due to shrunken transistors in the 

discharging path. 

Fig. 1 (b) shows PT-FF with Pulse Modified 

Enhancement Scheme FF design [1].This FF design, with 

the new clock pulse generator which has the modified 

conditional pulse with enhancement scheme, is described. In 

this clock pulse generator, two pass transistors are used as a 

AND gate to generate a clock pulse (CP) at the rising edge 

of the clock signal that drive transistor N6 which is 

responsible for the discharging operation. Inverter I1 is 

designed in such a way that delay is created in CP due to 

extra transistor N8 at the rising edge of the CLK. So it 

reduces the power consumption and delay in this flip-flop. 

In the previous design, transistor P1 is always ON due to 

ground applied at the gate terminal. So, it dissipates more 

power during the switching of the node X. But in new 

design, transistor P1 is almost OFF during the discharging 

of the node X that lowers the power dissipation in the FF. 

III. PROPOSED FF DESIGN 

Fig. 2 shows proposed FF design circuit. In proposed 

design, clock is controlled by the transmission gates 

(parallel combination of the NMOS and PMOS) which 

lower the power dissipation when there is no switching. It 

results in low leakage power. This design is the combination 

of TSPC and transmission gate structure to implement low 

power and faster D-FF. This uses conditional discharge 

approach for reducing internal switching activity [6]-[10]. In 

the new clock pulse generator, three inverters, one 

transmission gate and a NMOS are responsible for the clock 

pulse generation at the rising edge of the clock. When the 

clock is “0” then output of the 1st and 3rd inverter is “1”. So 

due to this, transmission gate transistors N4 and P3 are OFF 

and transistor N5 is ON that makes node CP is “0”. And 

when the clock is “1” then output of the 1st and 3rd inverter 

is “0” that makes transmission gate ON for the third inverter 

output “0” to reach to node CP. Here, clock pulse is 

generated only in one case, when clock goes from “0” to “1” 

means at the rising edge of the clock. When clock is “0” 

then 3rd inverter output is “1” and transmission gate is OFF, 

but when clock goes to “1” then transmission gate becomes 

ON that transfer the output of 3rd inverter “1” to node CP 

which becomes “0” with some delay created by three 

inverters. It creates the clock pulse at the node CP when 

clock rising edge occur. This generated clock pulse is 

connected to the three transistors P1, N3 and N6. When 

clock is “0” or “1” then clock pulse at CP is also “0” that 

makes transistor P1 ON almost all time except rising edge of 

the clock. It means node X is almost always charged. Here, 

initially we assume that output Q is “0”, so Qb is “1”. Due 

to this, transistor N1 is ON. When input Data is “1” and 

clock pulse occur, then transistors N2 are ON that discharge 

node X to ground. It makes transistor P2 ON that charges 

the output Q to “1”. But here, transistor N3 is also connected 

to the input Data (with signal feed through technique [4]) 

which also gives a push to the output Q through N3 to make 

it faster when the clock pulse occur at the node CP. It lowers 

the D-to-Q delay. 

 
Fig. 2: Proposed FF design 

When input Data becomes “0” and assuming Q is 

“1” from previous case then with the clock pulse, transistor 

N3 becomes ON which discharge the output Q through input 

Data source rapidly. It makes discharging of the output 

faster. Due to its discharging controlled by transmission 

gates and signal feed through technique, this proposed FF 

has very low leakage power in standby mode and low 

average power dissipation in active mode. Here, inverters I4 

and I5 are used to maintain the level of output. Inverter I6 is 

used to get Qbar (inverted output of Q) at the same time. 

IV. SIMULATION RESULTS 

Simulations are performed using 90nm CMOS process 

technology and assume clock frequency as 500MHz at 1V 

power supply. Here, each FF is individually optimized for 

the PDP (Power and D-to-Q delay product). For the rise and 

fall time delays, buffers are used at the input of Data and 

Clock. Here, buffers are used to create a delay 100ps in both 

the signals. A load capacitance of 20fF has been assumed at 

the output of all FFs. All designs are optimized for the 

power-delay product.  Fig. 3 shows the setup of the 

simulation model. Since width of the clock pulse is the 

crucial part for the circuit operation and power consumption, 

so we first designed the explicit clock pulse generator for 

proper functioning. 

 
Fig. 3: Simulation waveform of proposed FF 
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Flip-Flops 

PT-FF with 

Pulse 

Enhancemen

t Scheme 

PT-FF with 

modified 

Pulse 

Enhancemen

t Scheme 

Proposed 

Conditiona

l Pulse 

Control FF 

using 

Signal Feed 

through 

Scheme 

No. of 

Transistor

s 

19 19 21 

D-to-Q 

delay 
148.45 124.53 108.26 

Power 

(100% 

Switching 

activity) 

25.18 19.15 18.42 

Power 

(50% 

Switching 

activity) 

21.09 18.13 16.58 

Power 

(25% 

Switching 

activity) 

19.43 17.25 14.71 

PDP (50% 

Switching 

activity) 

3.13 2.25 1.79 

Table I: Comparison of different parameters of different FFs 

Table I shows comparison of different FFs. Fig. 4 

shows the graph of power dissipation at different switching 

activities. It is clear from Fig. 4 that proposed design 

consumes minimum power at 100%, 50% and 25% activity 

compared to other designs. 

 
Fig. 4: Graph of power dissipation at different switching 

activities. 

V. CONCLUSION 

A low power conditional pulse control flip-flop based on 

signal feed through scheme is proposed in the present work. 

Proposed design is simulated using CMOS 90nm process 

technology. Obtained results show that proposed design has 

low D-to-Q delay compared to the other designs. Also the 

proposed design dissipates lesser leakage power compared 

to the other designs. In addition, the average power 

consumption of the proposed design is 26.84% lesser than 

PT-FF with Pulse Enhancement SchemeFF design and 

14.72% than PT-FF with Pulse Enhancement Scheme FF 

design. 
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