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Abstract 

Flip-flops are used as the basic storage element in digital 

designs. For high speed applications pulse-triggered flip-

flops are more popular than master-slave flip-flops. These 

flip-flops can be optimized in power, area, delay, and speed. 

In this paper a high speed and low voltage pulse triggered 

flip-flop using pulse generator is proposed. The proposed 

circuit is designed at 32nm CMOS technology for enhanced 

performance and low power consumption. Further, the 

proposed circuit is compared with the other existing circuits. 

Keywords: Pulse triggered flip-flop, low power, pulse 

generator. 

 

 

Introduction 

Today’s primary concern is about to area, power and speed 

because day by day the portable devices like computers, 

laptop, mobiles rapidly increased and they all need power 

consumption is reduced [6]. The enhancement in chip scale 

design is reducing area but increase power dissipation. When 

the power dissipation increased, it effect on the packing cost 

of the chip. 

Latches and flip-flops are the elementary elements in the 

designing of sequential circuits which acts as a basic storage 

element. Now-a-days, pulse-triggered flip-flop is preferred 

over master-slave flip-flop because it has simple circuit design 

and speed is also good [8]. Pulse-triggered flip-flop (PTFF) 

has pulse generators that control the pulse width and generate 

narrow pulse during the active edge that can be positive edge 

and negative edge of the clock and a latch is connected in 

PTFF that capture the data. Pulse generator (PG) act as a 

clock input for the latch. Due to narrow width of the pulse 

generated by PG circuit at the switching edges of the clock, 

this type of the latches behaves as edge triggered flip-flops 

[7]. The block diagram of PTFF shown in Figure1. 

 

Figure 1: Block diagram of PTFF 

 

PTFF has an advantage over master-slave flip-flop, it use 

single latch and single clock instead of clock and clock bar. 

PTFF performance is high i.e. there is only charging and 

discharging of the intermediate node that allows data to reach 

at the output compared to the data that propagates through of 

several stages in master-slave flip-flop. 

 

Literature overview 

Double- Edge Pulse-Triggered Flip-Flop 

 

Figure 2: Double Edge PTFF 
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Figure 2 shows the double edge pulse triggered flip-flop, it 

has a pulse generator that use transmission gate for double 

edge sampling [9, 10]. In the first latch stage the gate terminal 

of pull-up transistor P1 is connected to the ground. Transistor 

N3 and MNx is controlled by the pulse clock, transistor MNx 

is connected to input data that can drive the node Q directly 

through the MNx transistor [2]. When the pulse clock rises, 

transistor MNx is turned ON then the data input goes straight 

to the output node Q. When transistor MNx is turned OFF, the 

node X discharges through the discharging path. The output 

load capacitance of node X is reduced with this approach. 

 

Pulse-Triggered Flip-Flop using Explicit Pulse Generator 

Figure 3 shows the explicit PG circuit. When clock make a 

transition from 0 to 1 then clock input (CLK1) goes from 1 to 

0 after certain delay which is determined by the odd number 

of inverters that are connected in the cascade form. Thus with 

growing clock edge both the inputs of AND gate is logic-1 for 

a small duration of time generating a narrow pulse. The pulse 

size is determined by the delay of the inverters. 

 

Figure 3: Pulse generator 

 

This pulse generator is used in a latch design and makes a 

pulse-triggered flip-flop. The schematic diagram of PTFF 

using explicit pulse generator are shown in the Fig.4. Here 

pulse-clock (P_CLK) is used to drive the TN1 and TN4 

transistor. The node Q is hold by the cross coupled inverters 

I3 and I4. When P_CLK is arrive and the D=0 then the TN 1 

drives the strong “0” because of this TP1 is ON and the node 

X become charged to Vdd. Through TN5 and TN4 the node Q 

is become discharged [1]. 

 

Figure 4: PTFF using explicit pulse generator 

Pulse-Triggered Flip-Flop using Transmission Gate Pulse 

generator 

In Figure 5 the pulse generator is made by the transmission 

gate. It reduces the number of transistor i.e. only nine 

transistors are used [4]. Thus the power consumption is 

reduced due to reduced complexity. To design this circuit 

three CMOS inverters and a TG (transmission gate) are used. 

The input of transistor N1 is connected directly to the clock 

while and the P1 is fed by the delayed input by one inverter. If 

clock is at “logic 0” the output of the first inverter is “logic 1” 

forcing the transistor N1 and P1 to be turned OFF while the 

transistor N2 is turned ON allowing P_CLK to “logic 0”. 

When the clock changes from “logic 0” to “logic 1” the N1 

and P1 is turned ON and N2 is turned OFF, which allow the 

P_CLK to trail the output of the third inverter resulting in a 

short pulse at the growing edge of the clock “CLK” input. 

 

Figure 5: PTFF using Transmission Gate Pulse Generator 

 

In Figure 5 shows the PTFF. A short pulse is produced by the 

pulse generator at the growing edge [3]. When P_CLK is 

arriving at the MN3 and MNX is turned ON and the data is 

also HIGH then the data is directly captured at the node Q. 

When the data is LOW the discharge path is disabled. 

 

Proposed Circuit 

In Figure 6 shows the proposed circuit, which make by the 

EX-OR gate pulse generator and a latch design. A dual edge-

triggered clock pulse generator based on EX-OR gate is used 

for the generating the short pulse at the rising edge and the 

falling edge of the clock signal in the proposed circuit [5]. 

When the P_CLK is applied to the TN4 and TN1 transistor 

and the P_CLK is arrive and the data is LOW then the TP1 is 

turned ON and the node X is charged after that the node Q is 

discharged through the TN5 and TN4. This cause Q_FB to 

become logic “1”. When the data is HIGH then the TP1 is 
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turned OFF hence the node X is discharged through the TN2, 

TN3 and TN4. As soon as the node X goes low node Q is it 

pulled up to “logic 1” through TP2 and Q_FB becomes “logic 

0”. 

 

 

Figure 6: Proposed Circuit 

 

TP1 removes the static power consumption as it is not always 

turned ON thus no direct path is available from VDD to GND. 

When D makes a transition from 0 to 1 it reduces the power 

consumption. 

 

Simulation Results 

The proposed circuit performance is compared with that of the 

other available pulse triggered flip-flops. All results get from 

the Tanner EDA tool on 32nm CMOS technology with the 

applied voltage 1V. Determined all the parameters power 

consumption, rise time delay, fall time delay, power-delay 

product (PDP). The area of the circuit is compared with 

respect to number of transistors. In proposed design EX-OR 

gate based pulse generator is used that made by 10 transistors. 

In Table 1 show the difference between proposed design and 

the existing circuits. Figure 7 shows the waveform of the 

proposed circuit. 

 

 

 

 

Table-1 Result comparison of different flip-flop design 

Parameters Double 

Edge 

PTFF 

PTFF 

using 

Explicit 

PG 

PTFF 

using Trans- 

mission 

Gate based 

PG 

Proposed 

circuit 

Rise time- 20.72 1.10 0.25 0.64 

delay (ns)     

Fall time- 6.92 15.11 15.51 14.52 

delay (ns)     

Average 13.82 8.10 7.88 7.58 

Time-delay     

(ns)     

Power     

Consumed 1.00 0.68 0.66 0.65 

(uw)     

PDP (FJ) 13.82 5.50 5.19 4.92 

     

 

 

Figure 7: Waveform of Proposed Circuit 

 

Conclusion 

In this paper, the proposed design which is made by EX-OR 

gate based pulse generator and a latch that is compared with 

the other PTFF and get the better performance. EX-OR gate is 

made by the transmission gate and two CMOS inverters is 

used in pulse generator and reduce the chip area. By reducing 

chip area and delay get the better speed and performance. 
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