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Abstract—Scaling is the prime thrust for 
development of CMOS circuits, which 
increases in the number of faults and leakage 
current in manometer scale in ultra-low 
power circuit design. FinFET is the popular 
method to suppress the shorter channel effect 
and controls the leakage current. In this 
Paper we have analyse the behaviour of 
FinFET technology in digital circuit design 
and measure all the electrical characteristics 
for developments of EDA tool and Projects in 
different gates and benchmark circuit at 
different temperature. In this paper we 
examine the behaviour of different gate by 
using FinFET technology by using SP and LP 
mode of FinFET. 
 
Index Terms—FinFET, Power consumption, 
PDP, Multigate and Fins.  

I. INTRODUCTION 

As device size reduces to increase the integration 
of digital circuit in conventional MOSFET has 
been mitigated significantly in last decade. With 
the dramatic increase in chip complexity ULSI 
(Ultra Large Scale Integration), number of 
transistors and power consumption are growing 
rapidly. Nano technology trends show that 
circuit propagation delay is scaling down by 
30%, transistor density doubled and the 
transistor’s threshold voltage (Vth) reduced by 
15% in every generation. As we scale down the 
technology in nanometer scale sever shorter  
 
 
 
 

channel effect (SCE) come into existence like 
DIBL (Drain Induced Barrier Lowering), Vth roll 
off and increase the leakage current[1]. FinNET 
is the multi gate three dimensional transistors in 
which gate is wrapped over the thin silicon fin.  
The two electrically coupled gates and thin 
silicon fin body suppress the shorted channel 
effect in sub 22nm and beyond [2-4]. Enhance 
the control over the to mitigate the shorter 
channel effect, suppress the leakage current like 
sub-threshold and gate oxide leakage current 
will reduces the overall power consumption and 
improve the performance significantly. The fin 
body of a double-gate device is typically 
undoped or lightly doped, therefore 
enhancement of the carrier mobility and the 
device variations due to doping fluctuations are 
reduced in a double-gate FinFET as compared to 
a single-gate MOSFET. The main difference 
exists between FinFET and bulk-CMOS appears 
when larger device are required. 

II. FINFET TECHNOLOGY 

Many challenges face by FinFET technology as 
we scale in nanometer regime like random 
dopant fluctuation (RDF), geometry of the 
device, capacitance, wrapping of the gate device 
and many more parameters [5-6]. The main 
object of the FinFEt technology is to increase the 
ION current and mitigate IOFF current for maintain 
the electrical characteristics in the development 
of projects and EDA tools for FinFET 
technology. 
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Fig.1. FinFET/Multigate structure  

 
In Fig.1 L represents the length of the FinFET 
which is similar to the planar FET, the device 
width W is quite different. W is the width it can 
be defined as[7]  

finfin THW  2  

where Hfin and Tfin are the fin height and 
thickness respectively. Fig.2. represent the top 
view of the FinFET which shows front gate and 
back gate of the FinFET. On the surface, this 
freedom in the vertical direction (of increasing 
Hfin) is a much desired capability since it lets one 
increase the device width W without increasing 
the planar layout area! (Increasing W increases 
the Ion, a desirable feature) [8-10]. 

 
Fig.2. Top View of FinFET 

 
Table .1. Device Technology Parameters [11] 

Parameter Value 
Channel length(L) 32nm 45nm 
Effective channel 
length(Leff) 

25.6nm 26.4nm 

Fin thickness(tsi) 8nm 8.4nm 
Fin height(Hfin) 32nm 45nm 

Oxide thickness(tox) 1.6nm 1.5nm 
Source/drain 
doping (N-type and 
P-type FinFETs) 

2x10-20 

cm-3 
2x10-16 

cm-3 

Supply 
voltage(VDD) 

0.8 V   1.0 V  

 
III. Conventional Gates 

In this paper we analyze the behavior of different 
gate in CMOS and FinFET technology we 
calculate the average power and delay of the 
gates. Two input NAND gate depend upon the 
input vector if either input is zero output is one 
[12]. This logic gate is used to implement other 
gates in CMOS and FinFET technology. Fig.3, 
4, 5, 6, 7 and 8 shows the FinFET based NAND, 
NOR, AND, XOR and XNOR gate in SP and LP 
mode of FinFET technology. 
 

 
Fig.4. Two input NAND gate 

 

 
Fig.5. Basic NOR Gate 
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Fig.6. Basic AND Gate 

 
Fig.7. Basic XOR Gate 

 
 

 
Fig.8. Basic XNOR Gate 

 
IV. Results and discussion 

In this section we will discuss the comparison of 
all the gates in CMOS and FinFET technology 
and analyse the power and delay calculation. All 
simulation is performed using HSPICE 
simulator at 32nm technology with supply 
voltage of 1V at 250C and 1100C with operating 
frequency of 10MHZ at CL= 1pf in SP and LP 
modes of FinFET technology.   
Table II. Comparison of Dynamic Power, 
Delay and Static Power in SP mode of 
FinFET 

  SP Mode 
  Averag

e Power
Del
ay 

PDP Stati
c 
Pow
er 

NOT 250C 0.226 2.12
9 

0.25
5 

8.96
8 

1100

C 
0.820 1.75

7 
1.43
5 

98.7
1 

NOR 250C 0.241 3.58
6 

0.85
9 

16.8
2 

1100

C 
0.734 3.47

2 
2.54
6 

194.
6 

AND 250C 0.454 5.83
2 

2.64
7 

14.8
0 

1100

C 
1.875 9.75

5 
18.2
9 

383.
1 

NAN
D 

250C 0.253 6.51
6 

1.64
8 

0.64
0 

1100

C 
1.134 6.83

7 
7.75
3 

9.96
6 

EXO
R 

250C 0.381 9.41
4 

3.58
6 

16.6
5 

1100

C 
1.489 8.94

6 
13.3
2 

189.
6 

EXN
OR 

250C 0.372 8.69
4 

3.23
4 

17.6
7 

1100

C 
1.384 8.53

6 
11.8
1 

188.
5 

 
Table III. Comparison of Dynamic Power, 
Delay and Static Power in LP mode of 
FinFET 

  LP Mode 
  Avera

ge 
Power 

Dela
y 

PD
P 

Static 
Powe
r 

NOT 250C 0.0391 2.52
9 

0.098 2.741 

1100

C 
0.1992 2.43

2 
4.844 38.85 

NOR 250C 0.1325 11.8
7 

1.572 4.380 

1100

C 
0.3426 10.2

5 
3.511 51.46 

AND 250C 0.3143 15.1 4.774 0.478 
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9 
1100

C 
0.6940 14.8

3 
10.29 20.84 

NAND 250C 0.2127 12.9
2 

2.748 0.158 

1100

C 
0.4687 12.8

2 
6.008 3.973 

EXOR 250C 0.2750 19.8
1 

5.274 4.323 

1100

C 
0.5590 18.8

8 
10.55 5.964 

EXNO
R 

250C 0.2714 18.3
4 

4.977 4.386 

1100

C 
0.5598 17.4

9 
9.790 49.92 

 
 

V. Conclusion 
 In this paper we reviewed the limitation of 
CMOS circuit; in different basing gates we 
observe that ultra thin silicon fin of the FinFET 
drastically suppress the shorter channel effect. 
FinFET circuits lower optimal energy 
consumption compared to CMOS circuits and 
drastic saving of the power consumption and 
delay. Comparison of CMOS technology 
FinFET device show drastic improvement in 
power reduction by 49.38% achieved 
respectively.  From the paper we have concluded 
that the FinFET-based circuit designs are much 
lower leakage power consumption and robust 
than the bulk CMOS counterparts. 
 

References 
[1]  E. Nowak, et al., Turning silicon on its edge, 
IEEE Circuits & Device Magazine, pp.20–31, 
2004 
[2] Sherif A.Tawfika, , VolkanKursun. “FinFET 
domino logic with independent gate 
keepers”ELSVIER 2009 MICRO 
ELECTRONICS JOURNAL, pp 1-10, 2009 
[3]  Digh Hisamoto, Wen-Chin Lee, Jakub 
Kedzierski, Hideki Takeuchi, Kazuya Asano, 
Charles Kuo, Erik Anderson, Tsu-Jae King, 
Jeffrey Bokor, Chenming Hu. “FinFET—A 
Self-Aligned Double-Gate MOSFET Scalable to 
20 nm” IEEE TRANSACTIONS ON 
ELECTRON DEVICES, VOL.47, NO. 12, 
DECEMBER, pp 2320-2325, 2000. 

[4] Ajay N. Bhoj, Niraj K. Jha. “Design of Logic 
Gates and Flip-Flops in High- performance 
FinFET Technology”IEEE TRANSACTIONS 
ON VERY LARGE SCALE INTEGRATION 
(VLSI) SYSTEMS. This article has been 
accepted for inclusion in a future issue of this 
journal, pp 1-13, 2013. 
[5] Seid Hadi Rasouli, Hamed F. Dadgour, 
Kazuhiko Endo, Hanpei Koike and Kaustav 
Banerjee,“Design Optimization of FinFET 
Domino Logic Considering the Width 
Quantization Property” IEEE 
TRANSACTIONS ON ELECTRON DEVICES, 
VOL.57, NO. 11, NOVEMBEZ, pp. 2934-2943, 
2010.  
[6] Prateek Mishra, Anish Muttreja, and Niraj K. 
Jha. “FinFET Circuit Design”SPRINGER, 
2011. 
[7] Wen Wu, Mansun Chan, “Analysis of 
Geometry-Dependent Parasitics in Multifin 
Double-Gate FinFETs” IEEE 
TRANSACTIONS ON ELECTRON DEVICES, 
VOL. 54, NO. 4, APRIL, pp. 692-698, 2007  
[8] H.P. Wong “Nanoscale CMOS” IEEE 
Proceeding VOL. 87.No.4 , April 1999 pp. 
537-570.  
[9] M.W. Allah, M.H. Anis and M.I. Elmasry, 
“High speed dynamic logic circuits for 
scaled-Down CMOS and MTCMOS 
technologies”, in Proc. IEEE Inter. Symp. Low 
Power Electronics Design, July 2000. 
[10] F. Frustaci, P. Corsonello, S. Perri, and G. 
Cocorullo, “High-performance noise- tolerant 
circuit techniques for CMOS dynamic logic”, 
IET Circuits Devices Syst., vol. 2, no. 6, pp. 
537–548, Jun. 2008. 
[11] LIAO Nan, CUI XiaoXin_, LIAO Kai, MA 
KaiSheng, WU Di, WEI Wei, LI Rui & YU 
DunShan “Low power adiabatic logic based on 
FinFETs” Science China, Vol.57, Issn. 
022402:1–022402:13, Feb 2014. 
 [12] A. Peiravi, M. Asyaei “Robust low leakage 
controlled keeper by current-comparison 
domino for wide fan-in gates,” Integration, the 
VLSI journal Vol.45, pp. 22-32, 2012. 


