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Abstract
The paper proposed a new high performance and power efficient 
static single-edge triggered clocked storage element. In this work, 
comparative analysis of two existing flip-flop designs along with 
the proposed design is made. Among all flip-flops compared, the 
proposed flip-flop consumes the lowest power when input is idle 
having up to 70.44% improvement in average power consumption 
and the second lowest power for other data activities. The 
proposed flip-flop shows the shortest delay having up to 34.66% 
improvement in delay and the lowest PDP having up to 37.22% 
improvement in PDP. The proposed flip-flop also has the lowest 
number of clocked transistors. So, the proposed flip-flop is best 
suited for low power and high performance applications. 
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I. Introduction
With the widespread use of mobile devices in modern society, 
power efficiency and energy savings become extremely important 
issues for designers. Normally, high performance chips have high 
integration density and high clock frequency, which tend to dictate 
power consumption. Therefore, designs that can consume less 
power while maintaining comparable performance are needed [1]. 
As the demand for portable battery operated computing devices 
with longer battery life, low cost and high speed increases, there is 
a constant need of new circuit designs to fulfill these requirements. 
Since digital VLSI integrated circuits are considered to be a 
combination of interconnected logic gates and flip-flops, choosing 
appropriate flip flop topology is of fundamental importance [2]. 
Flip-flops are often used in computational circuits and are important 
circuit elements in highly pipelined synchronous very large-scale 
integrated chips, in which employing high-performance clocking 
system is a crucial need [3]. Therefore, it is imperative to carefully 
design flip-flops for minimum area, delay, power, and maximum 
reliability. In addition, some designs require a large number 
of transistors for implementation, resulting in a large area, not 
necessarily suitable for small, low-priced systems.
The paper is organized as follows. In section II, existing flip-flop 
architectures are presented and compared. A new high performance 
low power static single edge triggered flip flop design is proposed 
in section III and the simulation conditions is given in section 
IV. Section V compares the proposed flip-flop and existing flip 
flops for its differential characteristics, operation speed, power 
consumption and transistor count. Section VI has concluding 
remarks.

II. Conventional Single Edge Triggered Flip-Flops

A. Push Pull Flip-Flop
To improve the performance of a conventional Transmission Gate 
Flip-Flop (TGFF shown in Fig. 1 [4]), an inverter and transmission 
gate is added in Push Pull Flip-Flop (PPFF shown in Fig. 2) 
[5] between the output of master latch and the output of slave 

latch to accomplish a push–pull effect at the slave latch. This 
increased 4 transistors. To compensate this, two transmission gates 
are eliminated in the Push Pull Flip-Flop from the feedback paths 
of conventional TGFF.

Fig. 1: Conventional Transmission Gate Flip-Flop (TGFF)

Fig. 2: Push Pull Flip-Flop (PPFF)

B. Area Efficient Flip-Flop 
The Area Efficient Flip-Flop proposed by [6], is illustrated in 
Fig. 3. The flip-flop has lesser transistor count as compared to 
previously discussed flip-flops. The Flip-Flop was obtained by 
eliminating the feedback of Master latch and by having only a 
transmission gate at the feedback of slave section. When clock 
level is ‘HIGH’, master latch is functional and the inverse of the 
data is stored to an intermediate node N. When the clock goes 
to ‘LOW’ logic level, the slave latch becomes functional and 
produces data at the output Q (and complemented data at QB). 
This flip-flop is semi-static flip-flop.
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Fig. 3: Area Efficient Flip-Flop (AEFF)

III. Proposed Reduced Clocked Transistor Flip-Flop 
A new Single Edge Triggered flip-flop (SETFF) structure is 
proposed in this paper. The proposed Reduced Clocked Transistor 
Flip-Flop (RCTFF) is shown in Fig. 4. The main advantage of 
the proposed design is lesser power consumption, delay and PDP 
without using the large number of transistors. If there is reduction 
in the number of clocked transistors of design, the clock load 
capacitance is reduced, leading to low power consumption in the 
clock distribution network [7]. Thus by reducing the number of 
clocked transistors, the power dissipation of the proposed design, 
is reduced. There are eleven transistors in this flip-flop, in which 
three are clocked transistors. So the proposed flip-flop has the 
lowest number of clocked transistors. This improves the power 
efficiency of the proposed flip-flop. Area Efficient Flip-Flop has 
one transistor lesser than the proposed flip-flop, but the proposed 
flip-flop is static in nature while Area Efficient Flip-Flop is semi-
static flip-flop. Because of high sensitivity of dynamic circuits 
to noise and crosstalk, in real applications the employment of 
dynamic and semi-static flip-flop is always carefully verified 
and in almost all standard-cells designs dynamic design style 
is forbidden, so the proposed flip-flop is better suited for these 
conditions.

Fig. 4: Proposed Reduced Clocked Transistor Flip-Flop 
(RCTFF)

IV. Simulation Conditions
Simulation parameters used for comparison, are shown 
in table 1. Under nominal condition, a 16-cycle sequence 
(1111010110010000) is supplied at the input for average power 
measurements. Power consumption based on pseudorandom data 
sequence was considered as the real parameter for characterizing 
power dissipation of a flip-flop design.
The dynamic power consumption depends on switching activities, 
so to obtain a fair idea of power dissipation following four 
different data sequences have been adopted to compare the flip-
flop structures discussed in this paper:

1111111111111111 (0%)
0000000000000000 (0%)
1111010110010000 (50%)
1010101010101010 (100%)
The results are carried out for the period of 16 data sequences. 
All simulations are performed on TSpice using BSIM 3v3 level 
53 models in 130 nm process node. 

Table 1: CMOS Simulation Parameters
S. No. Particulars Value
1 CMOS Technology 130nm
2 Min. Gate Width 260 nm
3 Max. Gate Width 1.04 µm

4 MOSFET Model BSIM 3v3 level 
53

5 Nominal Supply Voltage 1.6V
6 Temperature 25° C
7 Duty Cycle                       50 %
8 Nominal Clock Frequency 400MHz
9 Sequence Length 16Data Cycles
10 Rise Time of Clock 100 ps
11 Fall Time of Clock 100 ps
12 Rise Time of Data 100 ps
13 Fall Time of Data 100 ps

There are various parameters to compare flip-flops. Generally, for 
low power portable systems, a PDP-based comparison is mostly 
used. In this paper, power consumption is selected as the main 
parameter for comparing different flip-flops. Additionally we also 
compared delay, PDP, transistor count and clocked transistors of 
the discussed flip-flops.

V. Result and Discussion 
Table 2 shows power consumption, delay and PDP for nominal 
conditions. Table shows that the proposed flip-flop shows the 
shortest delay among all flip-flops and has 34.66% and 11.95% 
shorter delay than existing flip-flops discussed in section II 
respectively. The proposed flip-flop has 28.70% lesser power 
consumption than AEFF. However PPFF consumes 12.55% lesser 
power than the proposed flip-flop. Table shows that the proposed 
flip-flop has the lowest PDP among all flip-flops discussed and 
has 25.28% and 37.22% improvement in PDP as compared to 
the existing flip-flops discussed in section II respectively. Fig. 5 
gives a consolidated graphical representation of delay (pS), power 
consumption (μW) and PDP (fJ). 

Table 2: Power Consumption, Delay and PDP at Nominal 
Condition

PPFF AEFF Proposed 
RCTFF

Delay (pS) 132.4 98.25 86.51

Power 
Consumption 
(µW) 

10.1 16.2 11.55

PDP (fJ) 1337.24 1591.65 999.19
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Fig. 5: Power Consumption, Delay and PDP at Nominal 
Condition

Power Consumption in µW as a function of data activity is shown 
in table 3. For 0% data activity (when all are 1’s), the proposed 
flip-flop shows the lowest power consumption having 9.14% and 
70.44% improvement over PPFF and AEFF respectively.  For 0% 
data activity (when all are 0’s), the proposed flip-flop shows the 
lowest power consumption having 4.68% and 1.88% improvement 
over PPFF and AEFF. For 50% data activity, the proposed flip-
flop has 28.79% lesser power consumption than AEFF. However 
PPFF consumes 12.55% lesser power than the proposed flip-flop. 
For 100% data activity, PPFF has the lowest power consumption. 
For this data activity, the proposed flip-flop has 7.70% lesser 
power consumption than AEFF. However PPFF consumes 20.64% 
lesser power than the proposed flip-flop. Area efficient FF has the 
highest power consumption for all data activities except 0% data 
activity (when all are 0’s), for this data activity PPFF consumes 
the highest power. Fig. 6 shows power consumption in µW as a 
function of data activity for 1.6V supply voltage and 400MHz 
clock frequency. Figure shows that 100% data activity exhibits 
the largest power consumption and 0% data activity exhibits the 
smallest power consumption.

Fig. 6: Power Consumption Dependence on Data Activity Rates

Table 3: Power Consumption in µW as a Function of Data 
Activity 
Data
Activity PPFF AEFF Proposed 

RCTFF
0% (all 1’s) 5.14 15.8 4.67
0% (all 0’s) 4.92 4.78 4.69
50% 10.1 16.22 11.55
100% 15.22 20.78 19.18

Table 4 shows the transistor count and clocked transistor count of 
all the flip-flops. Proposed flip-flop has 11 numbers of transistors 
in total and has the lowest number of clocked transistors. Fig. 7 
compares the same for all the flip-flops. The proposed RCTFF 
uses one more transistors in its implementation than Area Efficient 
Flip-Flop but simulation results show that the proposed FF has up 
to 70.44% improvement in average power consumption, 11.95% 
improvement in average delay and 37.22% improvement in PDP 
over this flip-flop.

Table 4: Transistor Count of Various Discussed Flip-Flops
Flip-Flop PPFF AEFF Proposed RCTFF

No of transistors 16 10 11

No of clocked 
transistors 6 4 3

Fig. 7: Transistor Count and Clocked Transistor Count of Discussed 
Flip-Flops

VI. Conclusion
A comparative analysis of single input single edge triggered flip-
flops has been done. Among discussed previously proposed flip-
flops, PPFF shows the lower power consumption and Area efficient 
FF shows the higher power consumption. A new flip-flop structure 
has been proposed in this paper. The proposed Reduced Clocked 
Transistor Flip-Flop (RCTFF) structure is compared on the basis 
of power, delay, PDP, transistor count and clocked transistor with 
the existing flip-flop structures. For 0% data activity (when all are 
1’s), the proposed FF shows the lowest power consumption having 
up to 70.44% improvement in power consumption as compared 
to existing flip-flops. For 0% data activity (when all are 0’s), the 
proposed FF shows the lowest power consumption having up to 
4.68% improvement in power consumption. For 50% data activity, 
the proposed flip-flop has the second lowest power consumption 
having up to 28.79% lesser power consumption. For 100% data 
activity, PPFF has the lowest power consumption. Area efficient 
FF has the highest power consumption for all data activities except 
0% data activity (when all are 0’s), for this data activity PPFF 
consumes the highest power.
The simulation results indicate that the proposed flip-flop shows 
the shortest delay among all flip-flops and has up to 34.66% shorter 
delay than discussed existing flip-flops. The proposed flip-flop has 
the lowest PDP having up to 37.22% improvement as compared to 
the existing flip-flops. Among all flip-flops compared, the proposed 
flip-flop consumes the lowest power when input is idle and the 
second lowest power consumption for other data activities. The 
proposed FF shows the shortest delay and the lowest PDP with 
lesser number of clocked transistors. So, the proposed flip-flop is 
best suited for low power and high performance applications.
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