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Abstract 

A fundamental part of computerized frameworks is the efficiency of flip-flops (FFs). By enhancing 

the efficiency of flip-flops (FFs), computerized frameworks can be fundamentally weakened. The 

paper proposes a true single-stage-timed (TSPC) FF which is sustainable and retentive. The 

introduced TSPC FF charges only when necessary, through the work of an information mindful 

recharge conspire. Moreover, wandering pivot tests in addition to semiconductor neck and neck 

development remain exploited towards furthermore assurance of the HIGH umph efficiency of the 

FF with no overall expansion of the area. utilize45-nm Complementary Metal Oxide 

Semiconductor(Complementary-MOS) technology, the introduced FF has a power consumption that 

is up to 84.37% lesser than that of an ordinary transmission-door flip-flop (TGFF) at 10% signal 

accomplishment, according to reproducibility tests. 
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Introduction 

Flip-flops (FFs) are crucial components that can drastically reduce the force of complex structures. 

An - effective, retentive true single-stage timed TSPC) FF is suggested in this paper. With the help 

of the data pre-charge design, the suggested TSPC FF pre-charges only when necessary. 

Additionally, to guarantee the 1 energy efficiency of the FF without really enlarging the area, drift 

hub evaluation and semiconductors level augmentation are used. Estimation results of 10 test chips 

show the introduced FF's amazing energy savings. The CK-to-Q deferral of the introduced FF is also 

26.18% smaller than that of TGFF at a stock voltage of 1 V. With the advancement of the cycle, the 

display of the computerized framework is significantly upgraded, in addition, the influence 

ingesting is changing into a significant restriction of advanced frameworks. Similar to how the 

Internet of Things (IoT) is developing quickly, IoT diplomacies remain being used across a wide 

range. In these battery-operated or self-powered diplomacies, low-power setup alters the main topic 

of interest. Flip-flops (FFs) are important components of computerized systems, and as such, their 

power consumption parts are aimed at a significant portion of the influence of these organizations. 

As a result, reducing FF power consumption will also suggestively decrease the energy of more 

sophisticated schemes. In directive to attain the energy reimbursements of the voltage-scaling 

method, it is crucial to project Flaflop’s proficiency in working on mutual and nearer source energy. 

The voltage-scaling procedure has arisen as a tempting method towards decrease the energy 

ingesting of electronic systems. The most frequently castoff FF in modern advanced frameworks is 

the transmission-door flip-flop (TGFF). Fig. shows the TGFF schematic. 1. The TGFF remains a 

decent-free FF aimed at close-limit action. The organization is TGFF's main drawback. Regardless 

of the information, the inner hubs CKN and CKI flip, in addition, the hubs CKN in addition CKI 

control a greater amount of semiconductors. In this way, even if data action remains modest, 

TGFF's power consumption is still very 1. The use of correlative clock signs needs to be advanced 

to reduce the power consumption of FF. Some low-power single-stage timed FFs have been 

introduced in past works But there remain still a few issues that influence the power utilization of 

these FFS. For instance, a portion of the FFs falls flat at low stockpile voltage, and some experience 
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the ill effects of huge recharge power In request to take care of these issues, a 0 power genuine 

single-stage timed (TSPC) FF is introduced in this article. The FF is sans conflict and reasonable for 

wide inventory voltage activity. Moreover, repetitive activity is completely taken out in the 

introduced FF and the power utilization is additionally improved contrasted and past 0-power 

FFs.Flip Flop (FF) contributes as a significant component in power utilization as its lock structure 

goes through several excess changes and option charging and releasing in the interior hub. 0 power 

flip failure configuration is a lot of fundamental for a proficient plan of 0-power computerized 

frameworks since it is the essential stockpiling component of major computerized plans. 

Flip flops and latches consume a large amount of power due to superfluous transitions and clocking 

systems. The Clock (Clk) distribution network and flip flops together contribute 30% to 60% of 

total power dissipation in a system. A flipflop with low performance and power efficiency is 

possible only with a better design. The power consumption should be reduced considerably or the 

resulting heat will limit the feasible package and performance of VLSI systems (Rasouli et al. 

2005). Flip flops are the critical timing elements that have a massive impact on the circuit area, 

power consumption, and speed (Mahmoodi et al. 2009). An efficient method to reduce power is to 

reduce the switching activity by eliminating redundant data in transition. Pulsed flip flops which 

have a single-latch structure and less redundant switching activity is more admired than 

conventional Transmission Gate (TG) and master slave-based flip flops in low-power and high-

speed applications (Jin Fa lin 2013). Gate Diffusion Input (GDI) based flip flops are preferred 

(Arkaidy et al. 2009) for the reduced area and power consumption. The energy used by the clock 

distribution network is steadily stepping up and has become a superior fraction of the integrated 

circuit power (Jin fa Lin 2013). Power Consumption is calculated by multiple factors like 

frequency, supply voltage, capacitance, leakage current, data activity, and short circuit current. It is 

given by the expression 

 

P= Pdynamic + Pshort circuit + Pleakage 

 

In the equation, Dynamic is power due to switching activities. P short circuit is the short circuit 

power resulting from finite rise and fall time of input signals leading to pull up and pull down the 

network to be ON for a short period.A short circuit = I short circuit * Vdd Pleakage is the leakage 

power. The reduction in supply voltage leads to a decrease in the threshold voltage to maintain 

performance. However, this gives rise to the exponential growth of the subthreshold leakage current 

Pleakage current = Ileakage current * Vdd 

The flip flop is an electronic circuit that stores logical-level data input signals corresponding to the 

clock pulse. The main disparity between latches and flip flops is that the output of the latches will 

be constantly affected by the input as long as the enable pin is active. In the case of flip flops, the 

information change only at the entrance of the helpful or negative edge of the timepiece. The FF 

gratified leftovers unchanged even at the change in the input after rising or falling edThereHere 

remain 4 kinds of flipflops. They are i) S.R(Set Reset) flip flop) D (Delay or Data) flip flopiii) JK 

(Jack Kilby) flip flopiv) T (Toggle) flip flops Characteristic equation, truth table, excitation table, 

and logic dia are presented in the following section.1.1.1 S.R Flip Flop SR flip flops are useful in 

control applications where the set or reset of the data bit plays a key role. However, SR FF 

alternates their stored values only at the level of the clock signal. The main drawback of SR FF is 

that it enters into an indeterminate condition when together contributions remain made high 

concurrently. The structure of the S.R flip flop is given in Figure 1.1 

The state dia, Characteristic equation, and symbol of the SR flip flop are represented in Figure 1.2 

State dia and symbol of the SR Flipflop truth table of the SR flip flop are tabulated in table. It The 
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flip flop enters into the indeterminate state when S=1 and R=1.1.1.2 D Flip Flop Data-Flip flops are 

the fundamental building blocks of major VLSI systems because of their ability to capture data 

concerning the clock signal. The information will be retained in the flip-flop until the arrival of the 

next clock and other input changes will be ignored. D-flip flops are called data flip flops owing to 

their chewability to latch and recall information. Data-Flip flops are also termed as delay flip flop 

flops use of the above- mentioned latching and remembering task help in creating delto to process 

the data in 1-level architectures. 

D-flip flops are the modification of SR flip flops with an additional inverter to avoid the 

indeterminate state produced by the SR flip flops. The S and R inputs of the SR flip flop are 

replaced by a single input 

D. The structure of the D flip flop is given in Figure 1.3 The state dia, Characteristic equation, and 

symbol of D flip flops represented in Figure 1.4.1.3 JK Flip FlopJK flip flops circuit design is 

similar to that of S.R flipflops. The J contribution remains the same as the S contribution as it sets 

the FF. Likewise, the K contribution is the same as the R contribution which rearranges the FF. The 

major alteration remains when both contributions are complete 1, the next stage of the JK flip flop 

is inverse of the current whereas SR 

Figure 1.3 Structure of D flip flop 

 

2. Literature Review 

Flip flops can mainly be divided into two categories based on how they are triggered: level 

triggered and edge triggered. While level-activated FF only fetches information at the entrance of 

optimistic or damaging levels, edge-activated FFs typically only fetch information at the advent of 

optimistic or damaging edges. They are chosen for sequential architecture based on the design 

requirements. Based on their clocking modes, power-reduction strategies, area-reduction strategies, 

and delay-reduction strategies, various flip flops are analyzed. According to the survey, there were 

discrepancies in factors including the number of transistors, the typical power consumption, the 

delay, the area, as well as the delay and the power product. These surveys inspired the development 

of 0-power, small-footprint edge- triggered flip floputilizingze the MGDI and FSGDI techniques. 

These surveys also guided the design of single architecture sequential design for a universal shift 

register/counter with a memory unit and FSM for ALU and automotive applications. 

To create an effective flip flopflip-flope. This is donutilizingze pulse generator circuits and 

clock distribution channels. A flip flop that employs both double-edge triggered operation and a 0 

swing clock was introduced by Yuyin Sung and Robert Chang in 2004. The design also 

incorporates 0 threshold voltage timed transistors to prevent leakage current. Simulation findings 

from the Hewlett Simulation Program with Integrated Circuit Emphasis (HSPICE) demonstrate a 

28% reduced power dissipation and a 50% reduction in power delay product (PDP). 

Liu Zewei & Xie Mei (2008) introduced the first in first out design with multiple asynchronous 

clocks for Application Specific Integrated Circuit(ASIC) designs. Clock rates of 256 MHz and 329 

MHz are chosen and implemented in the Altera Cyclone device. Vishwanath Tirumala hetty & 

HamidMahmoodi (2007) introduced a clock gating technique for energy recovery flip-flops. The 

traditional square clock is replaced by a sinusoidal clock in energy recovery flip flops that recycle 

energy from clock network capacitance. About 47% power reduction is achieved through the clock 

gating technique, applied to a system with 1000 flip flops with 50% data switching activity. 

Peiyi Zhao et al. (2008) introduced a dual-edge triggered flip flop with an h-clock branch shared 

scheming to reduce the number of clocked transistors. This method employs both conditional 

discharges and split path technology to reduce short-circuit currents. This method shows a 20% and 

12.4%improvement in terms of power consumption and PDP, respectively. Simulations were 



Dogo Rangsang Research Journal                                                         UGC Care Group I Journal 

ISSN : 2347-7180                                                                      Vol-13, Issue-1, No. 3, January 2023 

Page | 65                                                                                            Copyright @ 2023 Authors 

performed utilizeHSPICE with 0.18 m Complementary Metal Oxide Semiconductor 

(COMPLEMENTARY-MOS) technology. 

Jitendra Kumar Das & K. K. Mahapatra(2008) introduced a 0-power latch with dual edge triggered 

techniques utilize10 transistors for hearing aid applications. Power saving of up to 65% is 

achieved in the Finite Impulse Response (FIR) filteutilizingze the introduced latch. Jin Fa Lin et al. 

(2010) introduced a flip flop with pass transistor logic with a dual-mode pulse generator to avoid 

threshold voltage loss problems. The introduced circuit with 25 transistors works both as a single as 

well as double-edge triggered flip flop. 

Xiaowen Wang & William H. Robinson (2010)introduced a dual edge flip flop based on 

Transmission Gate (TG) logic and d new clock gating technique comprising TG. The switching 

activity parameter which is the ratio of data frequency to clock frequency is assigned as 0 to 0.4. 

Simulations were performed ututilizeariouss clock frequencies such as 25 MHz,50 MHz, and 100 

MHz utilizeSpectre a simulation tool. The introduced method shows s 97.85% improvement in 

power compared to traditional single-edge triggered flip flops. 

Sangmin Kim et al. (2011) introduced a clock gating technique named pulser gating for pulsed latch 

circuits. Pulser gating synthesis is done by extracting the gating function of each latch from the 

gate- level netlist to obtain better gating probability. The heuristic algorithm is introduced to obtain 

better parameters and utilize 45 nm technology. Sudeep Balan & Sanil K Daniel (2012) introduced 

a sense amplifier-based dual edge-triggered flip flop. The design comprises three stages, namely the 

pulse generator, the sensing stage, and the latching stage. The design requires half the frequency of 

single-edge triggered flip flops to maintain the same throughput. 

Seyed E. Esmaeili et al. (2012) introduced a 0 swing sine waveform clock flip flop for further 

power consumption reduction clock distribution networks. The simulations are performed 

utilizeHSPICE and the functionality is verified in dual mode Multiply and Accumulate unit 

(MAC)with Taiwan Semiconductor Manufacturing Company (TSMC) 90nm 

COMPLEMENTARY-MOStechnology.Yin Tsung Hwang et al. (2012) introduced a conditional 

pulse enhancement-based pulse-triggered flip flop. The Pass Transistor Logic (PTL)based AND 

gate and conditional pulse enhancement is the spotlight of this work. This reduces the number of 

stacked transistors in the discharging path. Simulations were done based on COMPLEMENTARY-

MOS 90nm technology and produced 38.4%better results than TG- based flip flops. 

Imran Ahmed Khan et al. (2012) introduced a 2 GHz dual edge triggered flip flop based on TG. The 

introduced dual-edge triggered flip flop is simulated to d utilize clock frequencies ranging from 

400MHz to 2GHz in 65nm COMPLEMENTARY-MOS technology for efficiency in Energy 

DelayProduct (EDP). Farshad Moradi et al. (2012) introduced a pulsed sense amplifier flipflop and 

pulsed transmission gate flip floutilizeea novel pulsed generator. The simulation is donutilizingze 

cadence and Synopsys tools with IBM 65nmtechnology. Simulation results show a 20% 

improvement in power consumption compared to traditional single-edge triggered flip flops. 

Jia Song et al.(2012) introduced a hybrid latch clock-controlled flip flop with static and TGbased 

latch structures. Kalarikkal, Abel, et al. (2013) introduced a dual dynamic hybrid flip flop with a 

pulse generatoutilizingze embedded logic in 90nm COMPLEMENTARY-MOS models. The 

specialty of the design is the presence of split dynamic nodes to drive pull-up and pull-down 

transistors, respectively. Simulation results in a 37% and 30% improvement in power reduction at 

25% and 50% in data switching activities, respectively. The introduced design is also implemented 

in four bits of Johnson's up-down counter. 
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Fig. 1: Structure of a basic gate diffusion input (GDI) cell with inputs G, P, and N. 

I. Proposed system 

The TSPC FF pre-charges when fundamental. What's more, drifting hub investigation and 

semiconductor level improvement are utilized to additionally guarantee the 1 energy effectiveness 

of the FF without fundamentally expanding the region. The recreations in light of 45-nm 

COMPLEMENTARY-MOS innovation show that at a stock voltage of 1 V, the power utilization of 

the introduced FF is normally 60% 0er than that of a regular transmission-entryway flip-flop 

(TGFF) at 10% information action. 

Positive edge triggered MTSPC DFF 

Aimed at the periods when hub B has a way towards pulverization, hub B continuously pre- charges 

to 1 when the time (clock) remains LIT, in addition,ion will get back to 0 when the clock (clock) is 

1. In this way, hub B undergoes ceaseless reversals every time information D maintains a steady 0 for 

quite some time. Such superfluous conduct represents enormous power utilization as well as a 

wellspring of commotion on the resulting hub, Q, brought about by wrong errors that arise each 

time Clock progresses from 0 to 1. progress. To solve this problem, the introduced MTSPC Data FF 

design suggests that pre-charging hub B should be suspended whenever the path to the ground is ON 

to avoid flipping. A modest solution that makes in this situation remains to include a P-CHANNEL 

MOS semiconductor that avoids the pre-charging stage from occurring and g deprived of changing 

the flip-overall flop's state. Consider Fig. above to illustrate this point. The standing optimistic edge 

set off TSPC Data-FF in addition to the suggested optimistic edge set off MTSPC DFF is introduced 

in this segment. In addition to using less power than TSPC DFF, the suggested MTSPC Data-FF has 

a greater most extreme recurrence of wavering and PDP, as we will see in a moment. The present 

TSPC D Flip-operation Flop's In the current optimistic edge- activated TSPC D-FF in Figure., 

information is restricted from the result Qb when the clock signal Timepiece remains little because 

the hub B is pre-charged towards 1, in addition, ion Qb upholds its 1er worth. 

Hub B won't be affected at the time when the clock is 1. The information is thus separated from the 

outcome when the clock remains unchanging at moreover a 1 or a 0 value. When Clock switches 

from a 0-to-1 state, the Qb will hook the information supplement, and Q will send the contribution to 

the outcome. When the preset information (RESET) is 0, the preset P-CHANNEL MOS will be ON, 

and QB will maintain its value of 1 for as long as RESET is 0. The suggested MTSPC DFFA analysis 

of hub B's behavior reveals that, in situations where there is a path to ground, hub B will always be 

pre-charged to 1 while the clock (Clock) is 0 and will return to 0 when the clock (Clock) is 1. As a 

result, hub B experiences persistent flipping whenever information D is at a constant 0 regarding the 

clock over an extended period. This wasteful behavior indicates 1 power consumption as well as a 

source of disturbance on the resulting hub, Q, brought on by accidental misfires that occur each time 

Clock progresses from 0 to 1. To tackle this issue, the introduced MTSPC DFF design uncovers that 

at whatever point the way to the ground is ON, pre-charging hub B ought to be suspended to forestall 
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flipping. A simple solution that works in this situation is to include a P-CHANNEL MOS 

semiconductor that blocks the pre-charging stage without affecting the flip-overall flop's 

performance. 

Consider the accompanying figures to provide evidence for this assertion. 3. If Clock and D are both 

0, hub B and subsequently hub Qb maintain their prior characteristics. If D switches to 1 and node B 

pre-charges to 1, the result is unaltered once again. 

Presently, if the Clock produces a 0-to-1 shift, Hub B keeps up with its charge (1), and the hub 

goes out to be 0. From that point on, whether D turns out to be 0 again won't have an impact on the 

outcome. When D is 0 and Clk transitions from 0 to 1, hub B releases, hub Qb becomes 1, and hub Q 

becomes 0. When the preset data (RESET) is 0, the preset P-CHANNEL MOS will be ON in 

addition the hub Qb will keep up with 1. The reenactment aftereffects of this preset-capable MTSPC 

Data flip-flop are exposed in Figure. 4. To do this, we cast off a CADENCE Virtuoso 45nm 

COMPLEMENTARY-MOS innovation device with a clock recurrence of 1GHz and recreation 

seasons of 10nS. 

The MTSPC D flip-flop uses 11.83 W.C. of power. Switch mode To evaluate the flip method of 

activity, Qb is connected to the D flip-flop contribution from the TSPC and MTSPC. The 

reproduction consequences of switch manner TSPC DFF with clock recurrence of 2 GHz in addition 

to recreation season of 10 nanoseconds are exposed in Fig.5 in addition the reproduction 

consequences of switch mode MTSPC D flip-flop through timepiece recurrence of four GHz and a 

recreation season of 10 ns are displayed in Figure. 

 

II. Results 

CADENCE simulations were performed in light of 45nm improvements to analyze the suggested 

circuit's presentation, and its display was compared to that of the other DFFs. value of circuit power 

use. This is possible because of the many different possible information combinations and a few 

cycles. Obviously, of all the variable inventory voltages, the DFF has the 0est power use. The 

COMPLEMENTARY-MOS has, by far, the least postponement at 0er supply voltages, it is 

abundantly obvious. 

Fig: Schematic of the introduced DFF                Fig: Test bench of the introduced DFF 

Fig: Simulation results of DFF 
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Table: Performance  Comparison 

Parameters TSPC This work 

Input clock frequency 1Mz 10Mz 

Clock-to-Q delay (0 to- 1) 92ps 51ps 

Clock-to-Q delay (1 to 0) 143ps 113ps 

Average Clock-to-Q Delay 118ps 81ps 

Average power consumption 75uw 20uw 

III. Conclusion 

This paper suggests a brand-new modified true single-phase clocked (MTSPC) Data flip-flop 

utilizing GDI technology. The method makes use of clocked dynamic logic. in contrast to a 

TSPC D flip-flop. The presentable TSPC Data flip-flop has increased output noise, which not only 

affects the output but also uses a significant amount of influence. The introduced preset-able 

MTSPC D flip-flop uses relatively little power because there is very little output noise. The 

introduced presentable MTSPC Data flip-flop can be used in a quick, energy-conservation 

electronics world. Using the method described above, A DFF is created using 4nm 

COMPLEMENTARY-MOS technology following the method described in the novel. The design 

reaches a maximum operating frequency of 10 MHz consumption is reduced from 20 uW 
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