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ABSTRACT 

 

As semiconductor technology progresses, the need for energy-efficient digital circuits continues to rise, 

especially in applications such as portable devices and data centers. FinFET (Fin Field Effect Transistor) 

technology has emerged as a revolutionary advancement, offering enhanced control over short-channel 

effects,therebyminimizingpowerleakageandimprovingoverallefficiency.Thispaperexploresthedesign 

andsimulationofcountersutilizingFinFET-basedDFlip-Flopsatthe10nmtechnologynode,implemented in LT- Spice, 

a popular circuit simulation tool. Compared to conventional CMOS designs, FinFET-based counters 

exhibit a remarkable reduction in power consumption and noise, with improvements of 57.13% and 46.02%, 

respectively. Additionally, asynchronous and Johnson counters implemented with FinFET technology 

outperform their CMOS counterparts in terms of speed and reliability. These findings affirm that FinFET 

technology is aviable solutionfor achieving high-speed,low-power digitalcircuits, making it an ideal choice for 

future semiconductor designs. 

Keywords: FinFETTechnology, CMOS Limitations, Short-ChannelEffects, D Flip-FlopDesign, LT- Spice 
Tool, Power Efficiency, Noise Reduction, Semiconductor Advancement. 

 

 

I. INTRODUCTION 

 

Counters are essential components in digital systems, 

extensively usedfor variousapplications suchasevent 

counting, frequencydivision, timingsignalgeneration, 

and control logic implementation in devices ranging 

from consumer electronics to high-performance 

computing systems. The performance and power 

efficiencyofthesecounters havea profoundimpact on 

the overall functionality of digital circuits, where 

minimizing power consumption and enhancing 

operating speed are critical design goals. 

 

With the continuous scaling of semiconductor 

technology, conventional CMOS technology 

encounters limitations such as increased leakage 

current, higher power dissipation, and degraded 

performance due to short-channel effects. These 

challenges havepromptedtheadoptionofFinFET (Fin 

Field Effect Transistor) technology, which offers 

superior electrostatic control, reduced leakage, and 

improvedenergyefficiency, makingitanidealsolution for 

designing high-speed, low-power digital counters. 

 

 

Researchershaveimplementedinnovativetechniquesto 

design power-efficient circuits using FinFET-based D- 

Latches and D Flip-Flops (DFFs). The True Single- 

 

PhaseClock(TSPC) DFlip-Flop, widelyused in high- 

speeddigitaldesigns, eliminatestheneedforsetuptime but 

introduces longer hold times, which can be 

mitigatedusinganarea-power-efficient shunt capacitor 

technique.Thistechniqueeffectivelyshortensholdtime 

with minimal impact on setup time, enhancing the 

overall performance of the DFF. 

 

Furthermore, Johnson Counters, a modified version of 

ring counters, utilize a feedback loop where the output 

ofthefinalflip-flopisconnectedtotheinput ofthefirst flip- 

flop. This feedback mechanism allows the counter 

togeneratea distinct sequenceof binarystates, making 

Johnson Counters more efficient for specific counting 

and sequencing tasks. Ripple counters, on the other 

hand, offer simplicity in design but suffer from 

propagationdelays, which limit their usein high-speed 

applications. 
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Thisstudyfocusesonthedesignandimplementationof 

high-speed, low-power CMOS D Flip-Flops and 

counters using Double Gate (DG) FinFET technology. 

Theimpact of fin width(Wfin) scalingbelow10nmon 

FinFET analog performance is extensively analyzed. 

Simulation results demonstrate that while reducing 

Wfinimprovesshort-channelcontrol,excessivescaling 

adverselyaffectsthedevicetransconductance(gm)  and 

output conductance(gds), resulting in degraded analog 

performance. Key parameters influencing these 

variations include source/drain resistance (RS/D), 

material resistivity (ρ), and operating temperature (T), 

which must be carefully optimized in sub-10nm 

FinFETs to achieve the desired performance. 

To validate the proposed design, 4-bit Johnson and 

Ripple counters were implemented using 45nm 

technology with a 1V supply voltage. The simulation 

results highlight a significant reduction in power 

consumption and propagation delay, making these 

designssuitableforlow-power,high-speedapplications. 

 

II. EXISTINGMETHOD 

 
The need for high-performance and energy-efficient digital 

circuits has increased dramatically as semiconductor 

technology develops. For many years, the foundation of 

VLSI design has been CMOS (Complementary Metal-

Oxide- Semiconductor) technology. However, CMOS 

encounters significant difficulties such as higher power 

consumption, short- channel effects, and decreased 

performance as devicedimensions decrease below20 nm. 

FinFET (FinField- Effect Transistor) technology has become 

a viable substitute for these problems, offering improved 

performance, scalability, and energy efficiency. 

 
Fig:1:CMOSINVERTER 

 

This paper examines the shortcomings of the 

currentCMOS system, the necessity of a new system, 

and FinFET's potential contribution to VLSI in the 

future. 

CMOS technology has dominated the semiconductor 

industry due to its low power consumption, ease of 

manufacturing, and maturity. It is widely used in 

designing logic gates, flip-flops, counters, and 

microprocessors. 

 

a. Short-Channel Effects (SCE):As transistors shrink, 

controlling the channel becomes difficult, leading to 

leakage currents and degraded performance. 

b. HighPowerDissipation:Leakagecurrentsinsmaller 

nodes result in increased static power consumption, 

which is critical for battery-powered and portable 

devices. 

c. Scaling Issues: Below 20nm, planar CMOS designs 

face physical and electrical limitations, making further 

miniaturization challenging. 

d. Increased Noise: Smaller dimensions reduce noise 

immunity, leading to stability concerns in digital 

circuits. 

e. Heat Generation: Increased leakagepower results in 

excessive heat, affecting circuit reliability. 

f. Higher Leakage Current: Traditional MOSFETs 

suffer from subthreshold leakage and gate leakage at 

smaller technology nodes. 

g. Performance Degradation at Small Nodes: Below 

20nm, CMOS technology becomes inefficient due to 

increased leakage and poor gate control. 

h. Increased Delay: CMOS-based sequential 

circuitsexperiencegreaterpropagationdelaysinhigh- 

frequency applications. 

 

1. ConventionalD Flip-FlopCMOS: 

 

Acommondesignthatusestwocross-coupledinverters 

toholddataistheconventionalCMOSDflip-flop.This 

design'sprimarybenefitisitssimplicity,whichleadsto a 

small footprint and low power usage. Nevertheless, 

therearemanydrawbackstotheconventionalCMOSD 

flip-flop, including its slow speed and high leakage 

current.Theflip-flopmayeventuallylosethedataithas 

saved due to the leakage current, which can be 

especially troublesome. 

 

2. DFlip-FlopbasedonFinFET: 

 

Double-gate MOSFET transistors are used in the 

DGMOS D flip-flop design to increase the flip-flop's 

speedandpowerconsumption.Highspeed,lowleakage 

current, and low power consumption are just a few 

benefits of double-gate MOSFET transistors. 
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3. CMOSDFlip-FlopStatic 

 

Two cross-coupled inverters are used in the static CMOS D 

flip-flop device to store data. This design's primarybenefit is 

its simplicity, whichleads toa small footprint andlowpower 

usage. Nevertheless, thestatic CMOS D flip-flop has many 

drawbacks, including a high leakage current and a restricted 

speed. The flip- flop 

mayeventuallylosethedataithassavedduetothe leakage 

current, which can be especially troublesome. 

 

4. DFlip-FlopDouble-GateMOSFET(DGMOS) 

 

Double-gate MOSFET transistors are used in the 

DGMOS D flip-flop design to increase the flip-flop's 

speedandpowerconsumption.Highspeed,lowleakage current, 

and low power consumption are just a few benefits of 

double-gate MOSFET transistors. 

 

5. CMOSDFlip-FlopStatic 

 

Two cross-coupled inverters are used in the static 

CMOSD flip-flop device to store data. This design's 

primarybenefit is its simplicity, whichleads toa small 

footprint andlowpower usage. Nevertheless, thestatic 

CMOS D flip-flop has many drawbacks, including a 

high leakage current and a restricted speed. The flip- 

flop mayeventuallylosethedataithassavedduetothe 

leakage current, which can be especially troublesome. 

 

6. CMOSDFlip-FlopDynamic 

 

ThedynamicCMOS Dflip-flop designusesa dynamic 

logic technique to increase the flip-flop's speed and 

power consumption while storing data using a pair of 

cross-coupled inverters. Among the many benefits of 

the dynamic CMOS D flip-flop are its high speed, low 

power consumption, and small size. However, 

compared to the conventional CMOS D flip-flop, the 

dynamic CMOS D flip-flop can be more difficult to 

develop and produce. 

 

III. PROPOSEDMETHOD 

 
a. D Flip-Flop:Compared to its CMOS equivalent, the 

Fin-FET-based D Flip-Flop will be more energy- 

efficient due to its substantially lower power 

consumption. Furthermore, Fin-FETs' improved gate 

control will guarantee quicker. 

enhanced noise immunity and faster switching speeds, 

which support system stability. 

b. Asynchronous Up and Down Counters: Fin-FETs 

will improveperformanceand lower power dissipation 

in asynchronous up and down counters. 

These counters will be able to function effectively at 

smallertechnologynodesthankstoFin-FETs'improved 

scalability. Furthermore, the counters will operate 

dependably in noisy settings thanks to the noise level 

reduction. 

 

c. ReducedPowerConsumption:AsCMOStechnology 

shrinks, leakage currents increase, leading to higher 

static 

powerdissipation.Incontrast,FinFETtechnology 

minimizestheseleakagecurrents,whichresultsinupto 57% 

lower power consumption compared to CMOS. 

Thisenergyefficiencyiscrucial forbattery-powered 

devicessuchas smartphonesandportableelectronics, 

where low powerconsumption isessential forlonger 

battery life. 

 

d. Improved Noise Immunity: One of the challenges 

withsmallerCMOStransistorsisreducednoiseimmunity, 

whichcanleadtoinstabilityincircuits, particularly at 

high speeds. The unique three- 

dimensionalstructureofFinFETsprovidessuperior 

noiseimmunitybyimprovinggatecontrolandreducing 

theimpactofnoise,ensuringthatdigitalcircuitsremain 

stable even in high-speed operations. 

 

e. Enhanced Scalability: Below 20nm, planar CMOS 

transistors experience several issues, including short- 

channel effects and difficulty in controlling the 

transistor channel.  FinFETs, however, maintain 

excellent scalability at these smaller nodes due to their 

three-dimensional structure. The ability to scale 

efficientlyallows FinFETstocontinueperformingwell 

assemiconductormanufacturingprogresses,addressing 

the challenges that CMOS faces in advanced process 

nodes. 

 

Fig:2Fin-FET 
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f. Higher Performance: The improved gate control in 

FinFET technology reduces short-channel effects, 

enhancing the overall performance of digital circuits. 

With faster switching speeds, FinFET-based circuits 

canoperateathigherfrequencies,supportingthedesign of 

high-speed, high-performance systems such as 

microprocessors and digital signal processors (DSPs). 

Additionally, this increased performance makes 

FinFETastrongcontender foruseinInternet ofThings 

(IoT) applications, where both speed and energy 

efficiency are critical. 

g. Reduced Leakage Current: The FinFET structure 

minimizes subthreshold leakage, gate leakage. 

h. Better Performance in High-Frequency 

Applications:TheFinFET-basedsystemensuresstable 

performance in GHz-range circuits. 

i. Faster, More Reliable, and More Energy-Efficient 

System: The proposed FinFET-based Flip-Flop and 

Counter design ensures high-speed operation, lower 

power usage, and improved reliability compared to 

conventional CMOS-based designs. 

 

Graph:1GrowthofFin-FETinFuture 
 

The above graph about the growth of Fin-FET in the 

past ,present and future also. Thegrowth of Fin-FET is 

high in 2032. 

Table1:TableofcomparisonbetweenCMOSandFin- 

FET : 

IV. RESULTSANDDISCUSSION 

 
Fig:3:Fin-FETbasedonAsynchronousdowncounter 

 

 

Anasynchronousdowncounterisatypeofcounter  

that decrements its count with each clock pulse. It is 

called "asynchronous" because the flip- flops that 

make up the counter do not all changestate at the 

same time—each flip-flop is triggered by the 

previous one's output rather than a common clock 

signal. 

 
Fig4:Asynchronousupcounter 

 

 

Anasynchronous up counter is a type of digital 

circuitthatcountsupwardsinbinary,incrementingits 

count with each clock pulse. 

 
Fig:5:Fin-FetBasedDFlip-Flop 

 

 

A FinFET D Flip-Flop is a sequential circuit 

designed using Fin Field-Effect Transistors 

(FinFETs) instead of traditional CMOS transistors. 

Parameter CMOS 

technology 

Fin-FET 

technology 

Structure Planar, Single 

GateMOSFET 

3DStructure, 

DoubleGatefor 

bettercontrol 

Short-Channel 

Effects(SCEs) 

Severe at 

advancednodes 

Strong 

suppressionof 

SCEs 

GateControl Weak(singlegate 

control) 

Strong(Do 

uble gate 

control) 

NoiseImmunity Lower, more 

susceptibleto 

noise 

Higher, better 

noisetolerance 
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Fig:6.Johnsoncounter 

 

 

A Johnson Counter, also known as a Twisted Ring Counter, is a 

type of shift register counter where the complemented output of 

the last flip-flop is fed back as input to the first flip-flop. 

 

V. CONCLUSION 

 

Traditional CMOS-based circuits encounter several 

difficulties as semiconductor technology continues to 

advance, such as high power consumption, elevated 

leakage currents, and short-channel effects. In order to show 

the superiority of Double Gate (DG) FinFET technology 

over traditional CMOS technology, this study investigated 

the design and implementation of high-speed, low-power 

CMOS D Flip-Flops and counters.Thepotentialof Fin-

FET for energy-efficient digital applications is 

demonstrated by the 57.13% reduction in power 

consumption and the 46.02% reduction in noise. Using 

Fin-FET technology to build True Single-Phase Clock 

(TSPC) D Flip- Flops, 

JohnsonCounters,andasynchronousup/downcounters showed 

that it is possible to achieve high- speed operations 

with low power dissipation. 

 

VI. REFERENCES 

 

[1] Parekh, P., Yuan, F., & Zhou, Y. (2020, 

August). Area/power efficient true- single-phase-clock D-

flipflops withimproved metastability. In2020 IEEE 

63rdInternationalMidwestSymposiumonCircuitsand Systems 

(MWSCAS) (pp. 182-185). IEEE. 

[2] Vallabhuni, R. R., Yamini, G., Vinitha, T., & 

Reddy, S.S. (2020,September). Performanceanalysis: D-

Latch modules designed using 18nm FinFET 

Technology.In2020InternationalConferenceonSmart 

Electronics and Communication (ICOSEC) (pp. 1169- 

1174). IEEE. 

[3] P. Saritha, J. Vinitha, S. Sravya, Vallabhuni Vijay, 

E. Mahesh, “4-Bit Vedic Multiplier with 18nm FinFET 

Technology,” Proceedings of the International conference on 

Electronics and Sustainable 

CommunicationSystems(ICESCS 2020),Coimbatore, 

India, July02-04,2020,pp.1079–1084 

[4] Sharma, N., & Kaundal, S. (2020, December). 

LowPowerDesignofVariousD-Flip-FlopTechniques using 

CNFET: A Comparative Study. In 2020 IEEE 

International Conference on Advances and 

Developments in Electrical and Electronics 

Engineering (ICADEE) (pp. 1-5). IEEE. 

[5] Joshi, P., Khandelwal, S., & Akashe, S. (2015, 

June). High Performance FinFET Based D Flip Flop 

Including Parameter Variation. In Advances in Optical 

Science and Engineering: Proceedings of the First 

International Conference, IEM OPTRONIX 2014 (pp. 239-

243). New Delhi: Springer India. 

[6] Angeli, N.,&Hofmann, K. (2018,December). A 

low-power and area-efficient digitally controlled shunt-

capacitordelayelementforhigh-resolutiondelay lines. In 2018 

25th IEEE International Conference on Electronics, Circuits 

and Systems (ICECS) (pp. 717- 720). IEEE. 

[7] Sharma, N., & Kaundal, S. (2020, December). 

LowPowerDesignofVariousD-Flip-FlopTechniques using 

CNFET: A Comparative Study. In 2020 IEEE 

International Conference on Advances and 

Developments inElectrical andElectronics Engineering 

(ICADEE) (pp. 1-5). IEEE. 

[8] Joshi, Pooja, Saurabh Khandelwal, and Shyam 

Akashe."HighPerformanceFinFETBasedDFlipFlop Including 

Parameter Variation." Advances in Optical Science and 

Engineering: Proceedings of the First 

InternationalConference, IEMOPTRONIX2014. New 

Delhi: Springer India, 2015. 



IRACST – International Journal of Computer Networks and Wireless Communications (IJCNWC), ISSN: 2250-3501 

Vol.15, Issue No 2, 2025 

 
 

 

595 

[9] Taghipour, S., & Asli, R. N. (2017). Aging 

comparativeanalysisofhigh-performanceFinFETand 

CMOSflip-flops.MicroelectronicsReliability,69,52- 

59. 

[10] Mahmoodi,E.,&Gholipour,M.(2020).Design space 

exploration of low- power flip-flops in FinFET technology. 

Integration, 75, 52-62. [11] Karlsson, I. (1988, June). True 

single phase clock dynamic CMOS circuit  technique.

 In 1988., IEEE International 

Symposium on Circuits and Systems (pp. 475-478). 

IEEE. 

[12]Narendar, V., Rai, S., & Mishra, R. A. (2012). Designof 

highperformancedigitallogiccircuits based on FinFET 

technology. International Journal of Computer 

Applications, 41(20). 


