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ABSTRACT:

FinFETSs are the emerging 3D-transistor structures due to strong electrostatic control of active channel by gate from
more than one side which was not possible in conventional transistor. FINFET structures with rectangular and
trapezoidal shape have been excessively analyzed in literature. The main purpose of this work is to present a FinFET
structure with such a compact fin shape that the gate has high controllability over it; and thus reduced short channel
effects in comparison to existing structures. Here, FinFET with Broadwell-Y shape, proposed by Intel has been
designed and its short channel effects were analysed. Simulations of the designed FinFET have been performed in
Technology Computer Aided Design (TCAD) tool. Performance of broadwell-Y shaped FinFET was compared with
the existing rectangular and trapezoidal structures for the same input design parameters and it was noticed that
Broadwell-Y shaped FinFET outperformed the last two structures in terms of short channel effects. Then the
performance of the designed device was optimized using Moth Flame Optimization (MFO) after the network was
trained through Artificial Neural Network (ANN). Results obtained from MATLAB were in close agreement with
those obtained from TCAD simulations. Output parameters like leakage current (lore) of 2.407e-12A, On-Off current
ratio (lon/lorr) of 4.5e06, Subthreshold Swing (SS) of 65.4mV/dec and Drain Induced Barrier Lowering (DIBL) of
37.9mV/V were obtained after optimization. Short channel effects are improved for 20nm gate length as SS is close to
ideal value 60mV/dec and DIBL is below 100mV/V which makes this designed structure a good option for
applications at nanoscale.

KEYWORDS: FinFET, Moth-Flame Optimization (MFO), Artificial Neural Network (ANN), Drain Induced Barrier
Lowering (DIBL), Subthreshold Swing (SS), Leakage current, TCAD, MATLAB, Fin height, Gate length.

1. INTRODUCTION

To increase the density of transistors and minimize
the area requirements over the integrated chip,
downscaling of conventional transistors is essential [1].
Reducing the gate length in MOSFETS influences the
performance in adverse way as short channel effects
(SCEs) become dominant [2]. These SCEs are required
to be reduced in order to enhance device performance.
Variations in the design and material properties of basic
MOS transistor were suggested by researchers to
improve its performance in analog and digital circuits
for lower technology nodes [3-18]. Dual-gate MOS
transistors built on insulator substrate were the
successors to the existing single gate devices. These

devices were capable of controlling drain current in an
effective way and hence, lessening SCEs [3-5].

Then, device with single gate but covering the
channel from three sides was created to avoid
misalignment of multi-gates with respect to each other.
This self-aligned device, named as FinFET was
advantageous in terms of reduction of SCEs like
Threshold voltage (Vi) - roll off, DIBL and SS etc.
below 32nm technology node and also fabrication was
easy using conventional process technologies [6].
Process parameters like fin width, fin height, gate
length, gate oxide thickness, gate work function,
source/drain and fin doping etc. decide FIinFET
performance [7-10]. FinFET with rectangular fin shape
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is shown in Figure 1. Fin width has to be kept below
2/3 of gate length for reduced SCEs. Earlier used SiO-
gate dielectric was replaced by high-k materials like
HfO, and ZrO; because of the fact that high-k
dielectrics allow for increased gate capacitance and
simultaneously decreased gate tunneling leakage
current, thereby improving device performance
whereas low-k oxides have 100 times more leakage
current and comparatively reduced gate capacitance
[11]. Dopant atoms increase the mobility of charge
carriers, but excessive channel doping can cause
random dopant fluctuations (RDF) in the structure and
shifts the threshold voltage [12].

0.000

Fig. 1. Rectangular FinFET [13].

After the rectangular FinFET structures were
fabricated, Intel noticed from SEM view that
rectangular transistors are actually tapered in shape i.e.
have non-vertical sidewalls [14]. Lot of research has
been done on these tapered i.e. trapezoidal transistor
structures. Improvement in performance and reduction
in SCEs was investigated. Top fin width was dependent
on fin inclination angle [15-17]. Further, broadwell-Y
shaped transistors were suggested by Intel over
trapezoidal transistors because of sub-optimal output of
latter [18]. FInFET technology is being adopted by the
leading semiconductor companies like Intel, 1BM,
TSMC and Global Foundries for their latest processors
because of its numerous advantages. Therefore,
obtaining an optimum performance becomes
imperative for FINFETs [14], [19-21]. For optimized
performance, a number of swarm based algorithms
have been discussed in the literature like Particle
Swarm Optimization (PSO), Artificial Bee Colony
(ABC), Bat Algorithm (BA), Firefly Algorithm (FA),
Cuckoo Search (CS) algorithm etc. [22-26]. These
algorithms have been applied in various engineering
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fields [27-31]. One such algorithm has been applied in
this work; Moth-Flame Optimization (MFO). It was
proposed by Mirjalili in 2015 where moths take the
guidance from moonlight to fly in the straight line path.
In actual, these fancy insects get distracted from their
straight line path and follow spiral path as they try to
make fixed angle with artificial lights. The best
positions obtained by moths called flame is updated for
each moth after every iteration and moths sort
themselves to fly around the best flame, thus never lose
their best positions obtained so far and update their
fitness values. The unique feature of MFO is that the
adaptive convergence towards flame causes fast
exploitation about the flames and assigning separate
flame to every individual moth avoids trapping in local
minima. Thus, MFO is able to balance both exploration
and exploitation properties very well [32]. This specific
feature of MFO will help achieving accurate results for
the proposed design. Therefore, the performance of
designed broadwell-Y shaped transistor has been
optimized using MFO. The proposed FinFET structure
has been studied at 20nm gate length as device
performance at 20nm and below is affected by quantum
mechanical effects and scattering effects. Thus, the
analysis of such device becomes important from
research point of view. Section Il illustrates simulation
setup and methodology for the designed structure.
Section 11l presents the MFO optimization approach.
Last section of this paper concludes the proposed work.

2. SIMULATION SETUP AND METHODOLOGY

The 3D design of broadwell-Y shaped transistor has
been created on bulk silicon substrate in TCAD tool.
For 20nm gate length of transistor, thickness of HfO,
used as gate dielectric is 1nm. Fin height (Hsn) and
width (Wsn) are 20nm and 10nm respectively. Doping
concentration for channel, source/drain and substrate is
10%, 10% and 2x10%® cm? respectively. Tungsten
material used for gate avoids poly-depletion effects
[33]. Material composition for fin, source and drain is
silicon. Aluminium contacts are attached to source,
drain and gate to apply electrodes. Designed broadwell-
Y shaped transistor and fin shape has been shown in
Figure 2(a) and (b). Also, rectangular and trapezoidal
FinFETs were designed with the same input process
parameters. Designed devices were simulated for gate
to source voltage Vg = 0 - 1V and drain to source
voltage Vgs = 0.05V. Lombardi model for the inclusion
of various scattering effects which influence carrier
mobility has been used [34-35].
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Fig. 2. (a) Designed transistor structure showing gate,
source and drain regions (b) Broadwell-Y fin shape.

Density gradient quantum correction model has
been applied for carrier transport at nanoscale in order
to include quantum mechanical effects. An extra term
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of quantum potential has been added to determine the
charge carrier concentration which is defined in

M@E)):
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where S, and S, are electron and hole density
gradient coefficients, h is Planck’s constant, T, is
temperature, Eg, Ecerr, Everr represent fermi level,
conduction band (CB) edge, valence band (VB) edge
respectively. me" and my" are effective mass terms for e
and hole, K is Boltzmann’s constant, n and p define
charge carrier density, N and N, are effective density
of states in CB and VB respectively [36-37]. Transfer
characteristics corresponding to Vgs = 1V, drain
characteristics for Vg ranging from 0 to 1.2V and
transconductance curve are shown in Figure 3(a-c).

Equation (5) gives the relation  between
transconductance (gm) and drain current (lg).

Ald
Im = av for constant Vg (5)
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Fig. 3. (a) Transfer characteristics, (b) drain characteristics of designed broadwell-Y shaped transistor (c)
Transconductance curve w.r.t. gate-source voltage at Vs of 0.05V.
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Fig. 4. lon for designed rectangular, trapezoidal and broadwell-Y shaped FinFETS.
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Fig. 5. lorr for designed rectangular, trapezoidal and broadwell-Y shaped FinFETS.
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Fig. 7. SSfor designed rectangular, trapezoidal and broadwell-Y shaped FinFETS.
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Fig. 8. DIBL for designed rectangular, trapezoidal and broadwell-Y shaped FinFETS.
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On-current (lon), off/leakage current (lorg), on/off
ratio (lon/lore), Subthreshold Swing (SS) and Drain
Induced Barrier Lowering (DIBL) are the parameters
which have been evaluated to analyse the performance
of designed device and compared with those of existing
rectangular and trapezoidal structures as shown in
Figures 4 to 8. At Vg = 1V and 0V, lon and logr are
noticed respectively. SS is computed for decade change
in drain current as given in (6)

dv

gs
SS=
dlleO'd (6)

DIBL is estimated at Vgs = 0.02V and 1V for Iq =
Weit /Lg X 1077A where We is effective channel width =
2*Hgin + Whin. This Iq value is 2.5x107A obtained using
(7) and (8) [15].

a
Wein™Wfin 12\ Wiin,bot Wrin t O]

~Wiin bot "Wfin t
2Win t Wi bot

8

Where Wrint, Wrinpot represent the thickness of fin at
the top and bottom respectively.

After comparing three designed structures, it was
observed that lorr, lon/lorr, SS and DIBL are improved
for Broadwell-Y shaped FinFET at the expense of
reduced lon. Performance improvement of trapezoidal
over rectangular FIinFETSs in terms of leakage current,
on/off current ratio and DIBL is due to less top fin
width of former and overall lesser area than the latter
[15]. Also, the advantages of broadwell-Y shape over
trapezoidal fin shaped FinFETSs is due to the structure
of fins as claimed by Intel in the reports [18].
Performance of broadwell-Y shaped FIinFET was
further optimized using MFO. Training the network
through ANN is the first step towards the optimization
process. For this purpose, four output parameters lon,
lorr, SS and DIBL have been evaluated for a set of 56
samples of two input parameters [Wsin, Tox]. This
dataset is further given as input to artificial neural
network (ANN) to get trained output. This is because
ANN maps very well the multi-dimensional problems
for given (i) dataset of inputs and corresponding
targets, (ii) sufficient neurons in the hidden and output
layer [38]. Training network used is ‘feedforward’ with
learning rate of 0.03 and performance goal of 1e-05.
Trained net file is further fed to optimization technique.

3. OPTIMIZATION RESULTS

MFO technique deals with the convergence of
results imitating the concept of moths whose positions
are updated after they are guided by moonlight for
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straight line movement. In MATLAB, MFO is supplied
with the trained output network obtained from ANN
and the fitness function defined in (9). Number of
search agents and maximum numbers of generations in
the algorithm are 20 and 50 respectively. Lower and
upper bounds for inputs [Wrin, Tox] are [5,0.5] and [16,2]
respectively.

Minimizing the fitness function (ff) corresponds to
reduction in SCEs: SS, DIBL, lorr and increment in lon.

ff =SS + DIBL — lon *10° + lorr *10% €))

Procedural flow of MFO is:

¢ Random population of moths (search agents moving
around search space) is created and corresponding
fitness values are evaluated according to their
position.

e Position of each moth is updated with respect to the
flame (best position of moths obtained so far) given
as:

F (mothi, flamej) = di.e®.cos(2zt) + flame;  (10)
di =| flame; — mothi| (11)

Where ‘F’ is spiral function, ‘dy’ is distance
between ith moth and jth flame, ‘c’ is constant
indicating the shape of log spiral, ‘t” is random
number lying in the range of [-1,1].

e According to (10) and (11), movement of moths
around various flame positions leads to high
exploration rate, but exploitation rate is decreased.
Solution to this limitation was given by decreasing
the number of flames ‘flame_count” with the
increase in iteration ‘iter’ given in (12):

flame _count = round (Y —iter *(Y —1)/T) (12)

‘Y’ is maximum no. of flames and ‘7" is total no. of
iterations [32].

Two more optimization algorithms: Genetic
Algorithm (GA) and Particle Swarm optimization
(PSO) were used to optimize the performance of
designed device i.e. minimize ‘ff. Same population
size and number of iterations of 20 and 50 respectively
are used so as to compare the efficiency of three
optimization approaches. In GA, on the basis of
Darwin’s concept of “survival of the fittest”, selection,
crossover and mutation are applied to the fit population
[39]. In MATLAB, Selection function used is
stochastic uniform, crossover function and probability
is scattered and 0.8 respectively and mutation function
is constraint dependent.

PSO results in optimized solutions after the velocity
as well as position (local and global) of particles are
updated as per (13), (14) [40]:
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velt+1=w*velt+ci*rand *(loc _ post—curr _ post) +....

c2*rand *(glob _ post—curr _ post)
(13)
curr _ post+1= Vel +1+curr _ post (14)

Parameters of PSO are (i) inertia weight, ‘w’ set
between [0.2, 0.8], (ii) cognitive factors; ci, c2 as 2.
veli+1, vely is particle velocity at time ‘t+1° and ‘t’.
loc_pos:, curr_pos; and glob_pos: gives local best,
current best and global best position of particles
respectively at time ‘t’.

Optimum value of fitness function obtained from
GA, PSO and MFO was 101.5692 corresponding to
best value of input parameters [5.0542, 0.6843].
Convergence of fitness function is shown in Figure 9.
It was observed that MFO resulted in faster converged
performance than GA and PSO for the same optimum
fitness value of 101.5692. For optimum input
parameters obtained from optimization approach,
broadwell-Y shaped structure was designed in TCAD
and the output parameters obtained from simulated
device were in close agreement with those obtained
from MATLAB as shown in Table | with the tolerance
of approximate less than 7%.

Vol. 12, No. 1, March 2018

4. CONCLUSION

In this paper, broadwell-Y shaped transistor has
been designed at 20nm gate length, 20nm fin height
and 10nm fin thickness and simulated in TCAD tool
considering the effects of scattering on mobility. Also,
guantum mechanical effects were included in classical
drift-diffusion model. Performance of designed
transistor was optimized through ANN-MFO
technique. Fin thickness and gate oxide thickness were
the input parameters while training the neural network.
On current, off state current and short channel effects
have been analyzed. It was observed that MFO proved
its effectiveness in solving the proposed optimization
problem within very less time and with the deviation of
approximately 7% from the simulation results obtained
from TCAD. Leakage current and on-off current ratio
is of the order of 1012 A and 108 respectively and DIBL
is less than 40mV/V, which is reasonably improved
value. Ideally DIBL should be less than 100mV/V for
reduced SCEs. Thus, the designed device is much
suited for the applications where compact area, low
power and low leakage are essential and device has to
be operated at Nano-scale.

Convergence characteristic
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Fig. 9. Convergence curves of GA, PSO and MFO.
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Table 1. Comparison of results obtained from MATLAB and TCAD simulations.

Output Parameters MATLAB Results of TCAD Simulation Results % Error
ANN-GA, ANN-PSO
and ANN-MFO
lon (A) 1.0921e-05 1.083e-05 0.833%
lore (A) 2.3051e-12 2.407e-12 4.42%
lon/lorr 4.738e06 4.5e06 5.02%
SS (mV/dec) 64.7699 65.4 0.97%
DIBL (mV/V) 35.5863 37.9 6.5%
Fitness Function 101.5692 104.624 3%

50

67



Majlesi Journal of Electrical Engineering

ACKNOWLEDGMENT

This research work has been completed using
software procured wide grant received by institute
under TEQIP-II. The authors would like to thank
MHRD, Govt. of India for sanctioning TEQIP-II grant
to Guru Nanak Dev Engineering College, Ludhiana.
Also, the authors would like to express gratitude to
Dean RIC, I. K. Gujral Punjab Technical University,

Jalandhar

and Director, GNDEC, Ludhiana for

providing the necessary facilities to carry out this
research work.

REFERENCES

(1]
(2]

3]

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

68

R. R. Schaller, “Moore’s Law: Past, Present, And
Future,” IEEE Spectrum, Vol. 34, pp. 53-59, 1997.

T. Tsuchiya, Y. Sato, and M. Tomizawa, “Three
Mechanisms Determining Short-Channel Effects In
Fully-Depleted SOl MOSFETS,” IEEE Transactions
on Electron Devices, Vol. 45, pp. 1116-1121, 1998.

L. Chang, Y.K. Choi, D. Ha, P. Ranade, S. Xiong, J.
Bokor, C. Hu, and T.J. King, “Extremely Scaled
Silicon Nano-CMOS Devices,” in Proc.2003 IEEE,
Vol. 91, issue 11, pp. 1860-73.

T. Ernst, S. Cristoloveanu, G. Ghibaudo, T. Ouisse, S.
Horiguchi, Y. Ono, Y. Takahashi, and K. Murase,
“Ultimately Thin Double-Gate SOl MOSFETSs,”
IEEE Transactions on Electron Devices, Vol. 50, pp.
830-838, 2003.

L. Chang, S. Tang, T.J. King, J. Bokor, and C. Hu,
“Gate Length Scaling and Threshold Voltage
Control of Double-Gate MOSFETS,” International
Electron Devices Meeting. pp. 719-722.

D. Hisamoto, W.C.Lee, J. Kedzierski, H. Takeuchi, K.
Asano, C. Kuo, E.Anderson, T.J. King, and C. Hu,
“FiNFET-A Self- Aligned Double-Gate MOSFET
Scalable to 20 nm,”. IEEE Transactions on Electron
Devices. Vol. 47, pp. 2320-25, 2000.

J. Kawa, “The Use of FinFETs in IP Design”, Chip
Design  Magazine:  Tools, Technologies and
Methodologies, 2013.

A. Chandorkar, S. Mande, and H. Iwai, Estimation of
process variation impact on DG-FinFET device
performance using Plackett-Burman design of
experiment method, 2008, Retrieved from DSpace @
1T Bombay:
http://dspace.library.iitb.ac.in/jspui/handle/10054/593.
X. Wu, C.H. Philip Chan, A. Orozco, A. Vazquez, A.
Chaudhry, and J.P. Colinge, “Dose radiation effects
in FinFETSs,” Solid-State Electronics, Vol. 50, pp.
287-290, 2006.

S.K. Mohapatra, K.P. Pradhan, D. Singh, and
P.K.Sahu, “The Role of Geometry Parameters and
Fin Aspect Ratio of Sub-20nm SOI-FinFET: An
Analysis Towards Analog and RF Circuit Design,”
IEEE Transactions on Nanotechnology. Vol. 14, pp.
546-554, 2015.

L. Colombo, J.J. Chambers, and H. Niimi,(2007).
Gate Dielectric Process Technology for the Sub-1
nm Equivalent Oxide Thickness (EOT) Era. The
Electrochemical Society Interface, 16(3), 51-55.

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Vol. 12, No. 1, March 2018

Retrieved from
https://www.electrochem.org/dl/interface/fal/fal07/fall
07_p51-55.pdf.

D. Bhattacharya, and N.K.Jha, “FinFETs: From
Devices to Architectures,” Advances in Electronics.
Article ID 365689, 21 pages. 2014,
doi:10.1155/2014/365689

N. Kaur, M. Rattan, and S.S.Gill, “Performance
Analysis of Dual Material Gate (DMG) Symmetric
Dual-k Spacer (SDkS) Tri-Gate FinFET,” The
Institution of Engineers (India), Annual Technical
Volume, Vol. I, pp. 98-102, 2016.

EE Times. Intel’s FinFETs are less fin and more
triangle. (http://www.eetimes.com/electronics-
news/4373195/Intel-FinFETs-shape-revealed/).

A. Gaurav, S.S.Gill, and N. Kaur, “Performance
Analysis of Rectangular and Trapezoidal TG Bulk
FinFETs for 20 nm Gate Length,” Annual IEEE
India Conference (INDICON), New Delhi. pp. 1-5,
2015, doi: 10.1109/INDICON.2015.7443422

N. Fasarakis, T.A. Karatsori, A. Tsormpatzoglou, D.H.
Tassis, K. Papathanasiou, M. Bucher, G. Ghibaudo,
and C.A.Dimitriadis, “Compact Modeling of
Nanoscale Trapezoidal FinFETSs,” IEEE
Transactions on Electron Devices. Vol. 61, pp. 324-
32,2014,

N. Kaur, M. Rattan, and S.S. Gill, “Impact of Gate
Oxide Thickness and Aspect Ratio of Fin Height
And Fin Width On Nanoscale Tapered Finfets,”
IEEE International Conference on Recent Trends in
Electronics, Information &  Communication
Technology (RTEICT), Bangalore. pp. 1787-1791,
2016.

P. Clarke, Electronics 360. Intel Presents Broadwell
CPU, 14nm FinFET Process. [Online] Available:
http://electronics360.globalspec.com/article/4469/intel
-presents-broadwell-cpu-14nm-finfet-process/.
TSMC. Leading Edge Technology [Online] Available:
http://www.tsmc.com/english/dedicatedFoundry/techn
ology/16nm.htm

Semiconductor Engineering. 1BM, Intel and TSMC
Roll Out FinFETs [Online] Available:
http://semiengineering.com/ibm-intel-and-tsmc-roll-
out-finfets

Global Foundries. 7nm FinFET [Online] Available:
https://www.globalfoundries.com/technology-
solutions/cmos/performance

J. Kennedy, and R. Eberhart, “Particle Swarm
Optimization,” in Proc. IEEE International
Conference on Neural Networks, Perth, WA, vol. 4,
pp. 1942-48, 1995, doi: 10.1109/ICNN.1995.488968
D. Karaboga, and B. Basturk, (2008). “On the
performance of artificial bee colony (ABC)
algorithm,” Applied Soft Computing, Vol.8, pp.687—
697, 2008.

X.-S. Yang, and A.H. Gandomi, “Bat algorithm: a
novel approach  for global  engineering
optimization,” Engineering Computations, Vol.29,
pp.464-483, 2012.

X.-S. Yang, “Firefly Algorithms for Multimodal
Optimization.” In O. Watanabe, & T. Zeugmann
(Eds.), Stochastic Algorithms: Foundations and


http://www.eetimes.com/electronics-news/4373195/Intel-FinFETs-shape-revealed/
http://www.eetimes.com/electronics-news/4373195/Intel-FinFETs-shape-revealed/
http://electronics360.globalspec.com/article/4469/intel-presents-broadwell-cpu-14nm-finfet-process/
http://electronics360.globalspec.com/article/4469/intel-presents-broadwell-cpu-14nm-finfet-process/
http://www.tsmc.com/english/dedicatedFoundry/technology/16nm.htm
http://www.tsmc.com/english/dedicatedFoundry/technology/16nm.htm
http://semiengineering.com/ibm-intel-and-tsmc-roll-out-finfets
http://semiengineering.com/ibm-intel-and-tsmc-roll-out-finfets
https://doi.org/10.1109/ICNN.1995.488968
http://www.sciencedirect.com/science/article/pii/S1568494607000531
http://www.sciencedirect.com/science/article/pii/S1568494607000531
http://www.sciencedirect.com/science/journal/15684946
http://www.emeraldinsight.com/doi/abs/10.1108/02644401211235834
http://www.emeraldinsight.com/doi/abs/10.1108/02644401211235834
http://www.emeraldinsight.com/doi/abs/10.1108/02644401211235834

Majlesi Journal of Electrical Engineering

[26]

[27]

(28]

[29]

(30]

[31]

Applications (SAGA). Lecture Notes in Computer
Science, Berlin, Heidelberg: Springer. 5792, 169-178.
20009.

X-S.Yang, and S. Deb, “Cuckoo Search Via Levy
Flights,” World Congress on Nature & Biologically
Inspired Computing (NaBIC 2009), pp. 210-214,
2009.

N.S.Grewal, M. Rattan, and M.S.Patterh, (2014). “A
Linear Antenna Array Failure Correction with
Null Steering using Firefly Algorithm,” Defence
Science Journal, Vol. 64, pp. 136-142, 2014.
N.S.Grewal, M. Rattan, and M.S.Patterh, (2017) “A
Linear Antenna Array Failure Correction Using
Improved Bat Algorithm,” International Journal of
RF and Microwave Computer- Aided
Engineering. https://doi.org/10.1002/mmce.21119

R. Kaur, and M. Rattan, “Optimization of the Return
Loss of Differentially Fed Microstrip Patch
Antenna Using ANN and Firefly Algorithm,”
Wireless Personal Communications, Vol. 80, pp.
1547-1556, 2015.

B.S. Dhaliwal, .S. Pattnaik, “Performance
Comparison  Of  Bio-Inspired  Optimization
Algorithms For Sierpinski Gasket Fractal Antenna
Design,” Neural Computing and Applications, Vol.
27, pp. 585-592, 2016.

P. Ong, and S. Kohshelan, (2016). “Performances of
Adaptive Cuckoo Search Algorithm in Engineering
Optimization,” In P. Vasant, G. Weber, & V. Dieu
(Eds.), Handbook  of  Research on  Modern
Optimization ~ Algorithms and  Applications in
Engineering and Economics, Hershey, PA: 1GI Global,
pp. 676-699. doi:10.4018/978-1-4666-9644-0.ch026

[32]

[33]

[34]

[35]

[36]

(37]

[38]

(39]

[40]

Vol. 12, No. 1, March 2018

S. Mirjalili, “Moth-Flame Optimization Algorithm:
A Novel Nature-Inspired Heuristic Paradigm,”
Knowledge-Based Systems. Vol. 89. pp. 228-249,
2015.

Y. Taur, “Cmos Design Near The Limit Of
Scaling,” IBM Journal of Research and Development,
Vol. 46, pp. 213-222, 2002.

Cogenda  User’s  Guides [Online]
http://www.cogenda.com/article/downloads.
C. Lombardi, S. Manzini, A. Saporito, and M. Vanzi,
“A Physically Based Mobility Model For Numerical
Simulation Of Nonplanar Devices,” IEEE
Transactions on Computer-Aided Design of Integrated
Circuits and Systems. Vol. 7, pp. 116471, 1988.

3D FIinFET simulation with Density Gradient (DG)
quantum correction model [Online]. Available:
http://www.cogenda.com/article/examples#FinFET-
dg.

Y. Li, C.-H. Hwang, Nanoscale Transistors. In G.P.,
Wiederrecht (Eds.), Handbook of Nanoscale Optics
and Electronics, The Netherlands: Elsevier, pp. 167-
238, 2010.

A. Abraham, Artificial Neural Networks. In P.A. H.
Sydenham & R. Thorn (Eds.), Handbook of
Measuring System Design, US: John Wiley & Sons
Ltd., 2005.

J.H. Holland, Adaptation in Natural and Artificial
Systems: An Introductory Analysis with Applications
to Biology, Control and Artificial Intelligence, USA:
MIT Press Cambridge, 1992.

J. Kennedy, and R. Eberhart, “Particle Swarm
Optimization”, Proceedings of the IEEE
International Conference on Neural Networks, Vol. 4,
pp. 1942-1948, 1995.

Available:

69


https://doi.org/10.1002/mmce.21119
https://link.springer.com/journal/11277
http://link.springer.com/article/10.1007/s00521-015-1879-y
http://link.springer.com/article/10.1007/s00521-015-1879-y
http://link.springer.com/article/10.1007/s00521-015-1879-y
http://link.springer.com/article/10.1007/s00521-015-1879-y
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=43
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=43
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=43
http://www.cogenda.com/article/examples#FinFET-dg
http://www.cogenda.com/article/examples#FinFET-dg

