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Abstract— Power Consumption has a major drawback in 

VLSI designs. A large part of chip power is consumed by 

clocking system consists of clock distribution network & 

flip-flops. The digital systems are required to operate at very 

low power & needs to be modified for the same. Various 

techniques are surveyed for this purpose. In this paper, we 

have use an effective method to reduce capacity of the clock 

load by minimizing a number of clocked transistors. For this 

purpose, we use to analyse  low power clock paired shared 

flip flop(CPSFF) for higher performance and design a 

modified version of CPSFF to further reduce the power 

consumption by reducing the clocked transistors by using 

signal feed through (SFT) technique in pull down network. 

The design has been simulated using Tanner tool with 

180nm & 90nm CMOS technology at different voltages for 

a capacitive load of 15 fF at its output and for no-load 

condition also. 
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I. INTRODUCTION 

In the previous time, the major factors affecting a VLSI 

design were its cost, area, performance and reliability but 

recently the power consumption factor [1,2]. Also limiting 

the integration of more transistors on a single chip (SOC) 

design or on multiple chips. In many VLSI chips, this power 

dissipation of the clocking system including clock 

distribution network and flip flops is often the largest 

portion of the total chip power consumption[1] so for power 

an efficient design and achieve high performance, we need 

to reduce power dissipation. 

 Unless power dissipation is reduced, the resulting 

heat will limit the feasible packing and performance of 

VLSI [1],[2] and systems & this power dissipation is a result 

of redundant unwanted switching activities and clocking 

network in a system or design. Clocked nodes have 

approximately 100% switching activities where as non-

clocked nodes have 0.1% switching activities. This paper 

surveys different low power designing techniques for clock 

networks in section- 2. Also explain technique for reduction 

of clock load capacity results in low power consumption in 

Section-3 and Section-4 presents modified designs further 

reducing power consumption with simulation results and 

Section-5 contains conclusion of this paper. 

II. SURVEY OF TECHNIQUES FOR LOW POWER VLSI DESIGNS 

The consumption of power is determined by various factors 

such as frequency (f), supply voltage (V), leakage and short 

circuit current, capacitance and data activity. So total power 

consumption is sum of dynamic power, short circuit power 

and leakage power. 

P= P dynamic + P short circuit + P leakage 

 Where, P dynamic is switching power which is 

mentioned by  

P dynamic = αCV
2
ƒ 

 P short circuit   is short circuit power which is due to 

finite rise and finite fall time of input signals, which „ON‟ 

the pull up network and pull down network for a short 

period of time. 

P short circuit =  I short circuit VDD 

 Pleakage   is the leakage power. By scaling down the 

supply voltage, the threshold voltage also decreases to 

maintain performance. This results in the exponential 

growth of the sub threshold leakage current which is a 

dominant leakage now.  

Pleakage   =  Ileakage VDD 

So different techniques to reduce power consumption bound 

on above factors are as follows: 

A. Method of Double Edge Triggering: 

Half of the power consumption on clock distribution 

network will save by using half frequency on clock 

distribution network. This method decreasing the power by 

reducing frequency f. However the flip flop must be able to 

be double clock edge triggered. For example- (CBS-ip 

DEFF) is double edge triggered flip flop [3]. 

B. Method of Using Low Swing Voltage: 

On clock distribution network using low swing voltage 

clocking power consumption can reduced up to mark since 

power is a quadratic function of voltage. This technique 

reduces the power consumption significantly as compared to 

conventional flip flops [1].A design based on this technique 

is LSDFF ( a low swing clock double edge triggered flip 

flop) avoids  unnecessary internal node transitions to reduce 

power consumptions. LSDFF uses a double edge triggered 

operation as well as a low swing clock [1]. 

C. Methods To Reduce The Switching Activities Are 

Conditional Operation And Clock Gating [4,5] 

1) Conditional Operation: 

For the flip flops, like semi dynamic flip flop [7] and hybrid 

latch flip flop [6] , there are redundant switching activities in 

the internal node when input stays at Logic 1, the internal 

node is kept charging and discharging without performing 

any useful computation. For example, in conditional 

discharge FF, a feedback transistor is inserted on the 

discharging path of first stage which will turn off the 

discharging path when Q keeps 1 .Internal node will not be 

kept discharging at every clock cycle. In CCFF, it uses a 

clocked NOR gate to control an MOS transistor in 

discharging path when Q keeps at logic 1. The redundant 

switching at internal node is removed in  both cases and also 

reduces power consumption by reducing data switching. But 

the drawback of CCFF is increased set up time for sampling 

zero (low level) and CDFF is that uses 15 clocked 

transistors and more clocked transistors results in more 

power dissipation in a flip flop.[9] 
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a) Clock Gating: 

When a certain block is ideal, we can disable the clock 

signal to that block for the purpose of saving power. This 

gated master slave flip flop was proposed in [8] .This 

method of clock gating reduces power consumption by 

reducing clock level capacity. Two above methods reduce 

power consumption by reducing clock load capacity. 

III. SURVEY OF LOW POWER CLOCKING SYSTEM BY 

MINIMIZING NUMBER OF CLOCKED TRANSISTORS 

As CDFF used 15 clocked transistors. In respect to this 

CDMFF {conditional data mapping flip flop} used only 7 

clocked transistor, which results in about 50% reduction in 

the number of clocked transistor load. So due to this 

CDMFF used less power than CCFF and CDFF. This result 

is illustrated by reducing clocked load numbers help to 

achieve low power. So CDMFF is better in performance 

than CCFF and CDFF in respect of  power consumption 

[10].AS CDMFF use less clocked transistors but it has a 

floating  node results in redundant switching as a drawback. 

So for efficient implementation of low power elements, a 

CPSFF is proposed [9]. 

A. CPSFF 

Earlier we used to have Clocked Data Mapping Flip flops 

(CDMFF) instead of Clocked Paired Shared Flip-flops 

(CPSFF) as these are improved versions of CDMFFs. It has 

total 19 transistors including 4 clocked transistors as shown 

in Figure. 1 

 
Fig. 1:  Clocked paired shared flip-flop (CPSFF) 

 The N3 and N4 are called clocked pair which is 

shared by first and second stage. The floating problem is 

avoided by the transistor P1 (always ON) which is used to 

charge the internal node X. This flip flop will operate, when 

clk and clk db is at logic „1‟. When D=1, Q=0, Qb_kpr=1, 

N5=OFF, N1=ON, the ground voltage will pass through 

N3,N4 and N1 then switch on the P2. That is Q output pulls 

up through P2. When D=0, Q=1, Qb_kpr=0, N5= ON, N1= 

OFF,Y=1, N2= ON, then Q output pulls down to zero 

through N2,N3 and N4.The flip flop output is depending 

upon the previous output Q and Qb_kpr in addition with 

clock and data input. So the initial condition should be like 

when D=1 the previous state of Q should be „0‟ and Qb_kpr 

should be „1‟. Similarly when D=0 the previous state of Q 

should be „1‟ and Qb_kpr should be „0‟. Whenever the D=1 

the transistor N5 is idle, whenever the D=0 input 

transmission gate is idle. 

B. Proposed -CPSFF 

This design is an improved schematic of CPSFF which 

results in low power consumption and used less clocked 

transistors as compared to CPSFF. It uses 16 transistors as 

shown in figure whereas CPSFF uses 19 transistors. This 

flip flop operates whenever clock pulse is applied. The 

schematic of P-CPSFF is shown in Fig-2 

 
Fig. 2: Proposed CPSFF 

 When CLK=0, then CLK_pulse is also "0" because 

in the CLK pulse generator, transistor N5 and N6 act as a 

pass transistor AND gate and its output (CLK_pulse) is "1" 

only when CLK and CLK_bar is "1". When the rising edge 

of the CLK occurs, then a CLK_pulse is generated due to 

some delay provided by the inverter I1.  

 Let us assume that Q=0 previously, so Qb=1. It 

makes transmission gate (N1 & P1) ON. If D=1, then D1 is 

also "1". Node X is charged due to CLK=0. When rising 

edge of the CLK occurs, then CLK_pulse is generated that 

discharged the node X through N3 and N7.  

 It makes transistor P3 ON, and output node Q is 

going to charge.But at the same time, CLK_pulse switched 

ON the transistorN4. 

 Due to this, some voltage is transferred from D to 

Q. It will charge the node Q quickly which reduces the 

delay. When input D=0 and Q=1 (from previous case),it 

makes transmission gate OFF and switch ON the transistor 

N2 to make D1 grounded  (logic 0).At the rising edge of the 

CLK or when CLK_pulse occurs, then transistor N4 is ON 

that discharged output Q to "0" through input D quickly 

because signal feed through technique solved the long 

discharging path problems. And it also lowers the power 

dissipation due to all operations (charging and discharging) 

controlled by the CLK_pulse. 

 This schematic works when clock pulse is applied 

which is generated through pull down network using an 
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inverter and one pair of pass transistors. This Signal feed 

through technique is basically used to solve the long 

discharging path problem. This technique is explained PFF 

designs, which will remove the disadvantages of CDFF and 

CCFF and will give improved parameters [11].  

 With the signal feed through scheme, a boost can 

be obtained from the input source via the pass transistor and 

the delay can be greatly shortened. Although this seems to 

burden the input source with direct charging and discharging 

responsibility, which is a common pitfall of all pass 

transistor logic. The scenario in this case is different because 

this pass transistor conduct only for a very short period. The 

time delay in the clock unit can be reduced by minimizing 

the transistor count[12] and it also affects the power 

dissipation effectively which can be achieved by using this 

approach of SFT. 

IV. SIMULATION RESULTS 

The simulation results for the flip flop were obtained for 

both technology i.e CMOS 180nm technology as well as 

CMOS 90nm technology using TANNER EDA Tool and 

with the following specifications: 

Technology: 180nm and 90nm 

Power Supply: 1.8V and 1V 

Load: 15fF capacitor at output Q 

Frequency: 250MHz 

Parameters 
CPSFF 

(180nm) 

CPSFF 

(90nm) 

Proposed 

FF 

(180nm) 

Proposed 

FF 

(90nm) 

No. of 

Transistors 
19 19 16 16 

D-to-Q 

delay 

(1.8V) ps 

132.26 107.82 105.38 103.14 

D-to-Q 

delay 

(1V)ps 

96.77 66.58 89.43 45.21 

D-to-Q 

delay (1V 

and with 

load 15fF) 

ps 

105.5 107.82 110.29 103.14 

Power 

with 100% 

switching 

(1.8V) uW 

73.53 30.28 33.37 17.35 

Power 

with 100% 

switching 

(1V and no 

load)uW 

8.62 7.49 5.65 4.15 

Power 

with 100% 

switching 

(1V and 

with load 

15fF) uW 

29.20 18.66 20.05 8.001 

Table 1: Comparison table of CPSFF and Proposed CPSFF 

using CMOS 180nm & CMOS 90nm technology at 15fF 

load & no load conditions using different supply voltage 

 
Fig. 3 Comparison Chart of Power Dissipation and Delay 

for the CPSFF and Proposed CPSFF for CMOS 180nm 

technology 

 
Fig. 4: Comparison Chart of Power Dissipation and Delay 

for the CPSFF and Proposed CPSFF for CMOS 90nm 

technology 

 
Fig. 5 CPSFF 90nm waveforms 1V with load 15fF 

 
Fig. 6 Proposed-Cpsff 90nm waveforms with 100 switching 

and 1.8V 
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Fig. 7: Proposed Cpsff 90nm waveforms with 100 switching 

and 1V with load 15fF 

 
Fig. 8: New Cpsff 90nm waveforms with 100 switching and 

1V 

 
Fig. 9: Proposed Cpsff 90nm waveforms with one switching 

 
Fig. 10: Cpsff 90nm waveforms with one switching 

 
Fig. 11: Setup used for simulation 

V. CONCLUSION 

In this paper, SFT (Signal Feed through), an effective 

approach is applied to CPSFF which results in less power 

consumption and also reduces the number of clocked 

transistors in CPSFF. We have presented a survey and 

evaluation of low power flip flop circuits. Our experimental 

results enable us to identify the power and performance 

trade offs of the flip flop designs. In CPSFF clock load is 

minimized. CPSFF achieves the 23% reduction in power 

consumption but  our proposed system has 60% reduction  

as well as it is having a very less delay which will lead to 

improvement in the case implementation in future in various 

digital devices. Also, there is a reduction in no. of 

transistors. We have use only 16 transistors unlike the 

CPSFF as it uses 19 transistors. So there is a reduction of  3 

transistors in our proposed flip flop .Hence, the product of 

power consumption and delay is also reduced  as compared 

to CPSFF. Due to reduced number of transistors, area 

constraints also reduced .Proposed design of CPSFF provide 

better results by using 90nm CMOS technology as 

compared to 180 CMOS technology in terms of power 

consumption and delay. We have obtain results for the 

different voltages using both technology,  so the results 

demonstrate the feasibility and effectiveness of recovery 

clocking scheme in reducing total power consumption. 
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