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Abstract— A Low Power Pulse Triggered Flip Flop using 

Conditional Pulse Enhancement and Signal Feed through 

Scheme is presented in this paper. Proposed flip flop is used 

two techniques in combined form with three new 

modifications. Firstly, clock pulse generator is modified 

with better pulse enhancement scheme. Second, power 

supply connection is cutoff during discharging operation. 

And third, no. of transistors are reduced by removing some 

unnecessary transistors at intermediate and output nodes. So, 

proposed flip flop has improved performance in term of 

power, delay and area. Tanner EDA tool is used in the 

simulation of 90nm process technology at 500MHz clock 

frequency. Proposed flip flop has the minimum power delay 

product than conventional flip flops [3], [4]. 
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I. INTRODUCTION 

With the increasing demand of mobile electronic devices 

such as laptop computers, cellular phones, Bluetooth etc., 

requires the use of power efficient VLSI architectures [1]. 

Supply voltage (Vdd) has been scaled down continuously to 

minimize the power consumption and to increase the battery 

life time. But the main problem in designing a power 

efficient circuit is that we cannot design any circuit without 

scaling down the threshold voltage, because it increases the 

propagation delay. However the threshold voltage scaling 

results in substantial increase of sub-threshold leakage 

current, which increases the leakage or static power 

dissipation of the VLSI circuits. 

A significant amount (around 45- 50%) of the total 

power of the circuit in a Very Large Scale Integration 

(VLSI) systems is consumed by the flip-flops (FFs) and 

some other clock systems like clock distribution network 

and sequential elements [2]. For the improvements in the 

flip-flop (FF) design, area, power and delay of the flip-flops 

(FFs) should be smaller. In digital systems, mainly three 

types of flip-flop (FF) circuits are preferred (i.e. pulse 

triggered based, transmission gate based and master-slave 

based flip-flops (FFs)) and from all these flip-flops (FFs), 

pulse triggered based FFs are mostly preferred because of 

their single latch structure and better power efficiency. Pulse 

triggered flip-flops (FFs) are of two types, implicit type and 

explicit type [3] and in these two flip-flop (FFs) types, 

circuit changes its behavior in accordance with the 

generated pulse.  

II. LITERATURE OVERVIEW 

A. Conditional Pulse Enhancement Scheme FF 

In this section, some conventional explicit pulse triggered 

flip-flop (CEPT-FF) designs, which are used as the 

reference designs in later performance comparisons, are first 

analyzed. All these flip-flops (FFs) work as a Data flip-flop 

(D-FF) but with different techniques, when input data is 

changed output changes with respect to input in accordance 

with the occurrence of clock pulse. Fig. 1 (a) shows 

conditional pulse enhancement scheme flip-flop (CPE-FF) 

[4]. There are two measures employed to overcome the draw 

backs in the conventional designs. As we have seen, 

presence of the large number of transistors in the discharge 

path causes a high delay and because of that large amount 

power is consumed in power-up of the transistors. So there 

is a need of reducing the number of nMOS transistors in the 

discharging path and the pull down strength is also needed 

to be increased when the input data is equal to “1”. Here in 

this design, Transistor N4 and N5 are connected in parallel 

to form a two-input pass transistor logic based AND which 

controls the discharge of transistor NMOS1. 

 
(a) 

 
(b) 

Fig. 1: (a) Conditional pulse enhancement scheme flip-flop 

(b) Signal feed through scheme flip-flop 

The input to the AND logic is always 

complementary to each other because of that output node is 

kept at zero most of the time. There is a floating node when 

both input signals are equal to “0”, but that floating node 

doesn’t provide any harm to the circuit performance. The 

critical circumstance occurs only when there is rising edge 

at the clock pulse, nMOS transistors N4 and N5 are turned 
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ON together in this case to pass a weak logic high to node. 

This weak pulse strength is enhanced by switching ON the 

transistor N6 by a time span equal to the delay provided by 

inverter I1.The switching power at node can be reduced due 

to a diminished voltage swing.  

B. Signal Feed through Scheme FF 

Fig. 1 (b) shows signal feed through flip-flop (SFT-FF) [3] 

that uses a signal feed through (SFT) technique to amend the 

delay. For the removal of unnecessary switching at an 

internal node, a static latch structure and a conditional 

discharge scheme is used. There are two major differences 

that lead to a unique True Single Phase Clock (TSPC) latch 

structure, a pass transistor N4 controlled by the pulse clock 

and a pull-down network of the second stage inverter. This 

scheme authentically reduces the “0” to “1” delay and thus 

reduces the disparity between the elevate time and the fall 

time delays. 

III. PROPOSED FF DESIGN 

 
(a) 

 
(b) 

Fig. 2: (a) Proposed flip-flop design (b) Inverter I1 in 

proposed flip-flop 

In this proposed pulse triggered FF, we used two 

different techniques together but with some modifications 

for the lowest power dissipation at different switching 

activities and lowest Data-to-Q delay in comparison with 

conventional developed FFs. Firstly, we modified CLK 

pulse (CLK-P) generator which is used in conditional pulse 

enhancement scheme based FF [4]. Inverter I1 is shown in 

Fig. (b). Here, an extra NMOS N8 is used below inverter’s 

NMOS N7 to provide delay in discharging of CLKbar node. 

It will help in generation of CLK-P. Transistors N1 and N2 

are used as AND gate combination for CLK and CLKbar 

signals. When CLK is “0” then CLKbar is “1”. But when 

rising edge of CLK occurs, it means CLK goes from “0” to 

“1” logic, then for few Pico seconds, CLK and CLKbar is at 

logic “1” due to delay created by NMOS N8. It generates 

CLK-P only at rising edge of the CLK which further used at 

3 transistors P1, N5 and N6 to trigger the FF at different 

conditions. When CLK-P is “0” then it switches ON PMOS 

P1 and it will charge node X to “1”. Let us assume output Q 

has “0” previous value that makes Qbar “1” and it switches 

ON transistor N4. If Data is “1”, then at the rising edge of 

the CLK, CLK-P switches ON the transistor N5 and 

switches OFF PMOS P1. It will discharge node X to ground 

and it switches ON transistor P2 which charges the output 

node Q to “1”. Along with this, transistor N6 also helps in 

charging process at the occurrence of CLK-P for few Pico 

seconds. This process reduces the delay in charging of 

output node Q.  

When Data becomes “0”, then node “X” remains at 

logic “1”. But at the occurrence of CLK-P, transistor N6 

switches ON and it discharges node Q through input Data 

source quickly because transistor N6 is ON only for few 

Pico seconds which also prevents damage of input source 

due to output. This technique of quickly charging and 

discharging through one pass transistor connecting output 

and input is signal feed through technique [3]. Both 

techniques with some modification results high performance 

in term of power and delay and also in no. of transistors.  

IV. SIMULATION RESULTS 

Conventional FFs have been covered in the second section – 

Literature Overview. Here, all simulations are performed 

using 90nm process technology at 500MHz CLK frequency 

and 1V power supply. 15fF load capacitance has been taken 

for proper simulation purpose. All FFs are optimized for the 

power delay product (PDP). Simulation waveform of the 

proposed FF is shown in Fig. 3. Table I shows the 

comparison of proposed FF with some conventional FF 

design at different switching activities such as 100%, 50%, 

25% and 0% activities. It is observed from this table that 

proposed FF has lowest Data-to-Q delay and PDP at 

different switching activity.  Fig. 4 shows the graph of the 

comparison of power dissipation of various FFs at different 

switching activities. 

 
Fig. 3: Schematic of proposed FF in Tanner EDA tool. 

 
Fig. 4: Simulation waveform of proposed FF. 
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Flip Flops Conditional pulse enhancement FF Signal feed through FF Proposed FF 

No. of Transistors 19 24 15 

D-to-Q delay (ps) 123.56 103.21 90.89 

Power at 100% switching activity (uW) 25.38 22.13 16.99 

Power at 50% switching activity (uW) 21.24 18.01 11.97 

Power at 25% switching activity (uW) 16.38 14.67 8.53 

Power at 0% - all 1 (uW) 12.07 9.45 6.99 

Power at 0% - all 0 (uW) 9.44 5.97 3.79 

PDP at 50% 2.62 1.85 1.08 

Table 1: Comparison of various FF designs at different switching activities. 

 
Fig. 4: Graph of power dissipation comparison 

V. CONCLUSION 

A low power pulse triggered FF using conditional pulse 

enhancement and signal feed through scheme is presented in 

this paper. Proposed FF is simulated at 90nm process 

technology that is a part of sub-micron technologies which 

makes this design useful in modern integrated chips. It is 

observed from the results that proposed FF has lowest Data-

to-Q delay and also the minimum PDP. Proposed FF has 

58.77% better PDP than conditional pulse enhancement FF 

[4] and 41.62% better PDP than signal feed through FF 

designs. 
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