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Abstract— In this paper, a pass-transistor based low power 

pulse triggered flip-flop design is conferred. In this 

configuration, the clock pulse is generated with two input 

AND gate circuitry for reducing the discharging path 

improve the speed, and reduce the circuit complexity. In the 

proposed design the architecture is simplified by removing 

the   feedback along with pseudo NMOS. As compared to the 

self-driven pulse triggered flip-flop, the proposed pulse 

triggered flip-flop design features are best power, minimum 

delay and Power-Delay-Product (PDP) performance along 

with minimum number of transistors. This is designed and 

simulated in Xmanager 4 with 3.5 V supply voltage and 350 

Nanometer technologies. 
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I. INTRODUCTION 

Flip-flops (FFs) are fundamental building blocks of any 

digital style. Flip-flop or latch is a circuit that has two stable 

states and can be used to store state information. The circuit 

can be made to change state by signals applied to one or 

more control inputs and will have one or two outputs. It is 

the basic storage element in sequential logic. Flip-flops and 

latches are fundamental building blocks of digital 

electronics systems used in computers, communications, and 

many other types of systems.  Specially, digital styles today 

adopt pipelining techniques, which requires number of flip-

flops. It is also appraise that in many integrated systems, the 

ability of consumption of clock distribution networks and 

storage components is concerning half of overall system 

power [2]. Pulse Triggered Flip-Flop (PTFF) designs are 

alternate approach to the master-slave configuration based 

Flip-Flops, which is used in high-speed applications [6] - 

[9]. Pulse triggered flip-flop have single latch as compared 

to two latches in standard pulse triggered flip-flop. Beside 

these advantage pulse triggered flip-flops gives better speed 

and power performance. Based on the strategy of pulse 

generation flip-flop designs are two types, Implicit and 

Explicit [5]. In an implicit flip-flop design latch is used for 

generating data signals and pulse generation circuit is used 

for generating control signals are on the same block. Where 

as in explicit both are separate. 

The remaining part of this paper is described as 

follows. Section II describes the conventional flip flops, in 

the III section the proposed architecture is introduced, the 

simulation results are show in section IV and finally the 

results are concluded in section V.  

II. CONVENTIONAL ARCHITECTURE OF PULSE TRIGGERED 

FLIP FLOP 

As reference styles for performance comparisons, 

conventional implicit pulse triggered flip-flops are used, 

Fig1(a)  shows Implicit Pulse-triggered flip-flop Data Close 

to Output (IP-DCO) [3]. It consists of semi dynamic latch 

and AND configuration based pulse originator, the output 

node data can be stored in latch design of I5, I6 inverters. 

Complemented and delay skewed version of clock pulse is 

originated due to I1-I3 inverters. Two major limitations first, 

during 0 to 1 transition, N2 & N3 transistors are activated 

and if input data is high, node X will be discharged on every 

0 to 1 transition of the clock signal resulting into large 

switching power, and second the node X drives two larger 

transistors , exist in this design. It reduces power and delay 

performance of IP-DCO design. To avoid unwanted 

discharging condition a Modified Hybrid Low power 

implicit pulse triggered Flip-Flop (MHLFF) [4] is designed. 

This is shown in Fig. 1(b). In this design, pull up transistor 

is controlled by the pulsed flip-flop output node Q, which is 

used to maintain the node X is at high when output node Q 

is low. In this design there is no discharging at node X. but it 

experiences a long delay from D to Q because there is no 

discharging at node X. To avoid the delay and unwanted 

discharging problem a flip-flop known as Low Power 

Pulsed Flip-flop (LPPF) [1] with self-controllable pass 

transistor logic is shown in Fig. 1(c).It consists of pulse 

generation structure and latch structure, pseudo NMOS logic 

is used in the first stage. In this design the pulse generation 

structure can be implemented by using Pass Transistor 

Logic (PTL) developed with parallel connection of N2,N3 

transistors, which is controlled by CLK and inverted CLK 

signals. To generate the pulse train parallel AND gate based 

circuitry is used. A pass transistor N6 driven by the clock 

pulse and the input data can drive to output node Q directly, 

which is called as self-controllable or self-driven pass 

transistor. The functions of self-controllable pass transistor 

are driving to node Q during 0 to 1 transition and 

discharging node Q during 1 to 0 transitions while clock 

during 0 to 1 transition. In this design, when clock pulse 

arrives the input and outputs are at the same level, there is 

no data transition in between input and the output node Q 

i.e. no current passes through the pass transistor N6. At the 

same time assuming input data and Q_fdbk are at 

complementary levels, the pull-down path of node X is off. 

If data transition from 0 to 1 occurs, node X is discharged to 

turn on transistor P2, which pulls the node Q high. When 

data transition from 1 to 0 occurs, transistor is turned on by 

the clock pulse and node Q is discharged through the pass 

transistor N6. Now the pass transistor N6 is turned on only 

for a short duration. 

 
Fig. 1(a): Implicit Pulse-triggered flip-flop Data Close to 

Output (IP-DCO) 
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Fig. 1(b): Modified Hybrid Low power implicit pulse 

triggered Flip-Flop (MHLFF) 

 
Fig. 1(c): Low Power self-driven Pulsed Flip-flop (LPPF) 

By using self-driven pass-transistor based low-

power pulse triggered flip-flop design [1]. First we can 

reduce the transistor count along the discharging path. 

Second, reduce the transition delay from Data to node Q. As 

compared to the other pulsed flip flop, the self-driven pulsed 

flip-flop design features are best in speed, power and Power-

Delay-Product (PDP) performance. 

III. PROPOSED IMPLICIT PULSE TRIGGERED FLIP FLOP 

The proposed pulsed triggered flip flop with a pass transistor 

and AND gate based circuitry for pulse generation is shown 

in figure 2 in which number of transistors are reduced along 

with power and delay as compared to conventional 

architectures.  

 
Fig. 2: Pulse triggered pass transistor based flip flop. 

In the proposed design the pulse generation 

structure can be implemented by using parallel connection 

of N1, N2 transistors as shown in Fig.2, which is controlled 

by CLK and inverted delayed CLK signals. The parallel 

connection of N1, N2 transistors forms a two input AND 

gate style, which is used to generate the pulse train. A pass 

transistor (N4) is driven by the clock pulse and the input 

data can drive to output node q directly. During 0 to 1 clock 

transition N1 is on and N2 is also on for the time equal to 

the delay of the inverter I1 i.e. when z is high pass transistor 

N4 is on and the data is directly pass on to the output q. 

During 1 to 0 transitions N1 is off and z is logic zero, due to 

AND gate based circuitry of N1 and N2 and the output q 

holds the previous value. 

The pass transistor cannot provide full swing so, 

we can replace the pass transistor of the proposed design 

with the transmission gate as shown in figure 3. 

 
Fig. 3: Pulse triggered transmission gate based flip flop. 

In this proposed design a transmission gate is 

driven by the clock pulse and the input data can drive to 

output node q directly. During 0 to 1 clock transition N1 is 

on and N2 is also on for the time equal to the delay of the 

inverter I1 i.e. when z is high N4 is on and N5 is off and the 

data is directly pass on to the output q. During 1 to 0 

transitions N1 is off and due to AND gate based circuitry of 

N1 and N2 the value of z is zero, N4 is off and N5 is on and 

the TG is off and the output q holds the previous value.  

IV. SIMULATION RESULTS 

The simulation results of conventional architectures of Self 

driven Flip Flop is shown in figure 4. 

 
Fig. 4: Simulated waveforms of Self Driven flip flop 

The simulation results of proposed architecture 

pass transistor based and transmission gate based is shown 

in figure 5(a), 5(b) respectively. 

 
Fig. 5(a): Simulated waveforms of pass transistor based flip 

flop 
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Fig. 5(b): Simulated waveforms of transmission gate based 

flip flop 

It is shown from the output waveforms of the 

conventional and proposed architectures that the data can be 

reflected directly on the positive edge and the same data is 

retained until next clock pulse. 

 
Self-

Driven 

TG 

based 

Pass Transistor 

based 

Power(pW) 93 107.27 67.41 

Delay(ns) 1990 ns 199.97ns 0.00411ns 

Power delay 

product 
185070 21450.78 0.277055 

Num. of 

transistors 
16 9 6 

Table 1: Performance comparison of all Flip Flops 

These comparisons are based on the input data 

1100, designed and simulated in Xmanager 4 with 3.5 V 

supply voltage and 350 Nanometer technologies. 

V. CONCLUSION 

In this paper, Pass transistor based and TG based flip flop is 

Designed and Implemented. The proposed design based on 

transmission gate consumes more power and has less delay 

than Self driven Flip Flop but the power delay product is 

less for TG based flip flop with less numbers of transistors. 

By using TG we can obtain full swing which is not possible 

if we use pass transistor. So we can use this configuration 

where full swing output is required, while the proposed 

design based on pass transistor consumes less power and 

delay with minimum number of transistors and minimum 

power delay product as compared to conventional as well as 

TG based architecture. 

REFERENCES 

[1] O. Anjaneyulu A. Veena CH. Shravan C. V. Krishna 

Reddy, “Self Driven Pass-Transistor based Low-Power 

Pulse Triggered Flip-Flop Design”, in IEEE sponsored 

SPACES-2015. 

[2] [2] T. Sakurai, H. Kawaguchi, “A reduced clock-swing 

flip-flop (RCSFF) for 63% power reduction,” IEEE 

Journal of Solid-State Circuits, volume 33, no. 5, pages 

807-811, May 1998. 

[3] [3] Z. Chen, J. Tschanz, S. Borkar, S. Narendra, V. De, 

and M. Sachdev, “Comparative delay and energy of 

single edge-triggered and dual edge triggered pulsed 

flip-flops for high-performance microprocessors,” in 

Proceedings ISPLED, 2001 

[4] M. Nourani, A. Afzali-Kusha, A. Khademzadeh, and S. 

H. Rasouli, “Lowpower single- and double-edge-

triggered flip-flops for high speed applications,” 

Proceedings Institute of Electrical Engineering—

Circuits Devices System volume 152, no. 2, pages. 

118–122, April 2005. 

[5] Ming-Hwa Sheu, Jin-Fa Lin, Yin-Tsung Hwang, “Low 

Power Pulse Triggered Flip-Flop Design With 

Conditional Pulse Enhancement Scheme”, IEEE 

Transaction on VLSI.,volume 20, No. 2, pages 361- 

366, February 2012. 

[6] D. De Caro, E. Napoli, N. Petra, and A. G. M. Strollo, 

“A novel high speed sense-amplifier-based flip-flop,” 

IEEE Transaction on VLSI Systems, volume 13, no. 11, 

pages 1266–1274, November 2005. 

[7] L. DiGregorio U. Salim, F.Weber, R. Burd, D. Draper, 

and, H. Partovi, “Flow-through latch and edge-triggered 

flip-flop hybrid elements,” in IEEE Technical Digist. 

ISSCC, 1996, pages 138–139. 

[8] R. Heald, F. Klass, C. Amir, K. Aingaran, A. Das, C. 

Truong, G.Yee, A. Mehta, and R.Wang, “A newfamily 

of semi-dynamic and dynamic flip flops with embedded 

logic for high-performance processors,” IEEE Journal 

of Solid-State Circuits, volume 34, no. 5, pages 712–

716, May 1999. 

[9] T. Grutkowski, R. Riedlinger, T. Fischer, T. J. Sullivan, 

S. D. Naffziger, and G. Colon-Bonet, “The 

implementation of the Itanium 2 microprocessor,” IEEE 

Journal of Solid-State Circuits, volume 37, no. 11, 

pages 1448–1460, November 2002.  


