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Abstract:In this paper, a novel low-power pulse-triggered flip-flop (FF) AND CONDITIONAL BOOSTING design is 

presented. A modified clock pulse generator is used for better pulse width and height. Simulations have been carried 

out using CMOS 45nm process technology. In recent years the ultra-low power application can be possible using sub 

threshold technology. Using the advantage of this technology the power consumption of these flip flops is minimized. 

Sub threshold circuit consume less power than strong inversion circuit at the same frequency. Design is done using 

TANNER 45nm technology. Experimental results in a 45-nm CMOS process indicated that the proposed flip-flop 

provided up to 70% lower latency with 70% less performance variability due to process variation compared with 

conventional pre charged differential flip-flops. 

Recently, ultra-low power or energy systems are becoming more and more popular. These systems include 

implantable biomedical electronics, wireless sensor nodes, RFID tag, and many portable electronics. For these 

applications where minimal energy consumption is the primary design constraint, sub-threshold logic circuits are 

becoming increasingly accepted since they consume roughly an order of magnitude less power, compared with 

normal strong-inversion operation. 
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1. INTRODUCTION: 

Sub-threshold logic circuits are becoming 

increasingly accepted since they consume roughly an 

order of magnitude less power, compared with 

normal strong-inversion operation. 

The reason for a growing importance of sub-

threshold conduction is that the supply voltage has 

continually scaled down, both to reduce the dynamic 

power consumption of integrated and to keep electric 

fields inside small devices low, to maintain device 

reliability [7]. The amount of sub threshold 

conduction is set by the threshold voltage, which sits 

between ground and the supply voltage, and so has to 

be reduced along with the supply voltage. That 

reduction means less gate voltage swing below 

threshold to turn the device off, and as sub-threshold 

conduction varies exponentially with gate voltage. It 

becomes more and more significant as MOSFETs 

shrink in size.[2] 

Flip flops are major building blocks in 

digital VLSI system. The applications areas where 

flip flops are majorly used are in registers, pipelines, 

state machines for sequencing data. Flip flop have 

direct impact on power consumption and speed of 

VLSI system. Flip flop and latches consume more 

power because of redundant transitions & clocking 

system which is included in it. Thus our aim is to 

design high performance and power efficient flip flop 

[1]. One of the challenging methods to design low 

power flip flop is to use sub threshold technology. 

Power consumption of circuit depends on several 

factors such as data activity, frequency, supply 

voltage, capacitance leakage and short circuit 

current.[3]
 

Capacitive boosting can be a solution to 

overcome the problems caused by aggressive voltage 

scaling. It allows the gate source voltage of some 

MOS transistors to be boosted above the supply 

voltage or below the ground. The enhanced driving 

capability of transistors thus obtained can reduce the 

latency and its sensitivity to process variations. The 

bootstrapped CMOS driver presented in relies on this 

technique to drive heavy capacitive loads with 

substantially reduced latency [2]. However, since it is 

a static driver, every input transition causes the 

bootstrapping operation. So, if some of the transitions 

are redundant, a large amount of redundant power 

consumption may occur. The conditional-

bootstrapping latched CMOS driver proposes the 

concept of conditional bootstrapping to eliminate the 

redundant power consumption. As it is a latched 

driver, it can allow boosting only when the input and 

output logic values are different, resulting in no 

redundant boosting and improved energy efficiency, 

especially at low switching activity. Recently, 

differential CMOS logic family adapting the boosting 

technique has also been proposed for fast operation at 

the near-threshold voltage region [6]. 
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2. CONVENTIONAL FLIP-FLOPS 

Clock signal takes the complementary signal 

with a delay to generate a transparent window equal 

in size to delay via inverter I1-I3 (Fig. 1) [5]. 

Here, to make high performance and low 

powered flip-flop, conditional pulse enhancement 

scheme flip-flop have been changed in four different 

manners. First, clock pulse generator is changed 

because of better pulse width and height of CLK 

pulse (CLKP) which drives three transistors P1, N3 

and N8.CLKP is occurred only at the time of rising 

edge of the CLK otherwise it remains at logic “0”. 

Second, CLKP is applied in place of permanent 

ground at the gate of transistor P1 that lowers power 

dissipation during node X switching. Third, a signal 

feed through scheme is also applied at output side 

which directly connects output to input through 

transistor N3. This scheme helps in faster charging as 

well as discharging of output node Q through a pass 

transistor logic. And fourth, to make faster switching 

and low power dissipation at intermediate node X, a 

negative bias scheme (Deng and Mo; 2015) is applied 

at the substrate (or body) terminal of transistor N1 

and N2. All these changes make this flip flop a high 

performance and low powered flip flop device.[5]. 

 
Figure1:Conventational Flip-Flop Design 

 

Initially, output Q is supposed to be “0”. It 

makes Qbfb at logic “1”. When CLK is“0”, then node 

X charges. If Data is at “1” and CLKP occurs, then  

is discharged via transistors N1, N2 and N8. And it 

charges output node Q through P2 transistor. But at 

the same time, a pass transistor N3 is also ON, it 

helps in charging output node quickly. A negative 

bias helps in node X discharging faster that generates 

through transistors N4 and N5 due to high logic at 

input Data. Data equals to “0”, then output discharges 

through pass transistor N3 at the input Data terminal 

with the occurrence of CLKP. It means, signal feed 

through scheme helps in charging and discharging of 

output q quickly.[boosting 2]. 

 

3. PROPOSED CBFF DESIGN: 

For incorporating the conditional boosting 

into a pre charged differential flip-flop, four different 

scenarios 

regarding input data capture should be considered, 

which are determined by the logic states of the input 

and output.[6]  

These scenarios are as follows:  

1) For a low output data, a high input data should 

trigger boosting for a fast capture of incoming data. 

2) For a low output data, a low input data should 

trigger no boosting since the input need not be 

captured. 

3) For a high output data,   low input data should 

trigger boosting for a fast capture of incoming data.  

4) For a high output data, a high input data should 

trigger no boosting. 

These scenarios can be embodied into a circuit 

topology using a single boosting capacitor by a 

combination of two operation principles.  

Output dependent presetting:[2] 

The voltage presetting for the terminals of the 

boosting capacitor must be determined by the data 

stored at the output. 
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The preset voltages of capacitor terminals N 

and NB are made to be determined by outputs Q and 

QB as shown in Fig. 2(a). 

When Q=low, QB=high then MP7 is in on 

condition and MP6 is in off condition.MN8 is on. 

When Q=high, QB=low then MP7 is in off condition 

and MP6 is in on condition. So resulting in the 

capacitor presetting given in right diagram in Fig. 

1(a). 

Input-dependent boosting: The boosting operations 

must be conditional to the input data given to the flip-

flop.  

 

 
Figure 2 (a): output data-dependent presetting and (b) input data-dependent boosting. 

Here the non-inverting input (D) is coupled 

to NB through an nMOS transistor and the inverting 

input (DB) is coupled to N through another nMOS 

transistor, as shown in Fig. 2(b). Then, as one case in 

which a low data is stored in the flip-flop, resulting in 

the capacitor presetting given in the left diagram in 

Fig. 2(a), a high input allows NB to be pulled down to 

the ground, letting N being boosted toward –VDD 

due to capacitive coupling [upper left diagram in Fig. 

2(b)]. Meanwhile, a low input allows N to be 

connected to the ground, but since the node is already 

preset to VSS, there is no voltage change at NB, 

resulting in no boosting [lower left diagram in Fig. 

2(b)]. Meanwhile, a high input allows NB to be 

connected to the ground, but since the node is already 

preset to VSS, there is no voltage change at N, 

resulting in no boosting [upper right diagram in Fig. 

2(b)]. 

 

4. CIRCUIT IMPLEMENTATION: 

It is a combination of both pulse triggerd 

and symmetric latch circuit. 

Pulse trigger diagram: In this pulse 

generator we use four inverters I1, I2, I4, and one 

transmission gate which is nothing but parallel 

combination of PMOS and NMOS along with an 

inverter I3.[Figure:3(a)]. 

 
Figure:3(a) 

 

 

5. OPERATION OF PULSE 

GENERATOR: 

 

When clk pulse is low the pulse generator 

output is also low because transmission gate will act 

as closed switch[refer figure:3(a)] . 

 



International Journal of Research in Advent Technology, Special Issue, March 2019 

E-ISSN: 2321-9637 

International Conference on Technological Emerging Challenges (ICTEC-2019) 

Available online at www.ijrat.org 

358 

 

 
Figure:3(b) 

 

When clk pulse is high the pulse generator 

output is also high because the transmission gate is 

act as open switch and the width of pulse can be 

determined by the latency of inverters I1,I2,I4.[refer 

figure:3(b)]

 

 
      Figure:3(c) 

Figure 3(a):pulse generator ,3(b):pulse generator when clk=low, 3(c):pulse generator when clk=high 

Symmetric latch:  

 

MN5/MN6/MN7 with boosting capacitor 

CBOOT are used to perform the input-dependent 

boosting. MP8–MP13 andMN10–MN15 constitute 

the symmetric latch, as shown in Fig. 4.  

 
                                                                 Figure(4):  Symmetric Latch 

 

6. CIRCUIT IMPLEMENTATION:  

The structure of the proposed conditional-

boosting flip-flop (CBFF) based on the concepts 

described in the previous section is shown in 

Fig(5.1). It consists of a conditional-boosting 

differential stage, a symmetric latch, and an explicit 

brief pulse generator. In the conditional boosting 

differential stage shown in Fig.MP5/MP6/MP7and 

MN8/MN9 are used to perform the output-dependent 

presetting. Unlike conventional pulse generators, the 

proposed pulse generator has no pMOS keeper, 

resulting in higher speed and lower power due to no 

signal fighting during the pull down of PSB. The role 

of the keeper to maintain a high logic value of PSB is 

done by MP1 added in parallel with MN1, which also 

helps a fast pull-down of PSB. At the rising edge of 

CLK, PS Bis rapidly discharged by MN1, MP1, and 

I1.The Schematic diagram of proposed CBFF is as 

shown in the figure (5.2). 
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Fig:5.1 Circuit diagram of CBFF 

Schematic diagram: 

 

 
Fig: 5.2 Schematic Diagram for Proposed method using Tanner EDA 

 

Simulation Waveforms: 

 
Fig: 6 Simulation Waveforms 

 

 

Fig (6) shows the timing diagram of the 

proposed flip-flop. To explain the operation, let us 

assume that initially Q is low when 

CLK is low. Then, BNR is preset high due to the turn-

ON of MP5 asymmetric latchnd MP7, and BNL is 

preset low due to the turn-ON of MN8 (output 

dependent presetting). Now, when PS becomes high 

after the rising edge of CLK, BNL (BNR) will be 

connected to either SB (RB) or VSS depending on the 

input data. As shown in the first cycle in Fig. 3, since 

D is high (different from Q), BNR is pulled down to 

VSS through MN6 and MN7, and BNL, which is 
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connected to SB through MN1 and MN3, becomes 

lower than VSS by the capacitive coupling through 

CBOOT (input-dependent boosting). This operation 

results in an increased driving strength of MN1 and 

MN3 and a fast pull-down of SB. A slight forward 

body bias established by the negative voltage at BNL 

reduces the VTH and plays a role in further 

increasing the driving capability. Moreover, the 

negatively boosted voltage transferred to SB allows 

the PMOS transistor in I1 and MP8 in the symmetric 

latch to have an increased driving capability, 

resulting in a fast pull-up of Q. Although the boosted 

SB becomes briefly floating after the pull-down of 

PS, any possible rise of SB due to leakage never 

causes output flipping, because MP13 and MN14 in 

the symmetric latch are fully OFF. Due to this 

condition, the circuit may not be adequate for 

operations at extremely low frequency. At the  

 

 

following falling CLK edge, BNL is preset high 

through MP5 and MP6 because now QB is low, 

letting BNR be preset low through MN9 (output-

dependent presetting). SB is also pre charged high by 

MP3. Let us now see the operation in the second 

cycle in Fig. 3, where D is maintained to be high 

(equal to Q). When PS becomes high after the rising 

CLK edge, BNL is connected to SB, whereas BNR is 

connected to VSS. However, since BNL and BNR are 

already at high and low logic values, respectively, the 

boosting operation does not occur (input-dependent 

boosting), letting no output change. SB and RB are 

kept high by MP1 and MP2 to prevent any change by 

leakage. During the third cycle in Fig. 3 where Q is 

high and D is low, a negative boosting occurs at BNR 

to get a fast pull  down of Q. 

 

7. RESULTS: 

 

Simulation waveforms using Tanner EDA: 

 
Fig(7): Simulation wave forms 

 

 

Delay:which indicates that the DQ latencies of CBFF 

are highly insensitive to process variations at the 

near-threshold voltage region 
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8. CONCLUSION: 

  For aggressive voltage scaling down to the 

near threshold voltage region without severe 

performance degradation, a novel CBFF has been 

proposed. The evaluation in a 45-nm CMOS process 

indicates that the proposed  flip-flop has smaller DQ 

latency, lower EDP, and less sensitivity to process 

variation. 
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