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Abstract: MOS devices are playing main role key in semiconductor industries. But The future limits on scaling of device is affected on
MOS device. FInFET is most proposed device for nano scale industry. This technology is used beyond 50nm technology to reduce Short
channel effect in MOS devices. It is designed with non-planner structure. Because of non-planar structure of FinFET parasitic
capacitances (Gate oxide capacitance, overlap capacitance and fringe capacitance) makes adverse effect such as lower switching speed
of device , making effect on access time, delay and lon and loff of device. In this paper we proposed FinFET methodology to reduce
parasitic fringe capacitance and overlap capacitance by optimizing gate side wall with low k dielectric spacer thickness and increase lon
to improve device driving capability. Threshold voltage also having impact of above parameters So device threshold voltage is reduced
with low k spacer material i.e at least count of 0.0786v. The poly gate is used for front gate and back gate having work function of 4.65
to controls threshold voltage . Due to high k material leakage current increased but it is maintain using shorted dual gate technology.
Our optimization in spacer material results in reducing total gate capacitance (123nF, 131nF and 123nF) and increases turn on time of
device. Here 3d 20nm FinFET is design using TCAD tool (Silvaco) with monto Carlo technique.
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1. Introduction

MOSFET and CMOS technology is most suitable to design
digital electronic circuits. CMOS is very much interactive
device for low power applications. It is having higher
transconductance factor and power factor as compared to
other transistors. MOS and CMOS having satisfactory
performances but problem of scaling is occurred. Scaling of
device is increased day by day. In VLSI industries device
size is shrink and reached up to 20nm. With 20nm device and
beyond structure of device is very complex. Distance
between source and drain is so small that effect occurred
such as short channel effect. FinFET is developed to predict
and reduce problems of short channel effect, drain induce
barrier lowering e.t.c. After year of 2008 FinFET is likely
device in nano industries. Large parasitic capacitance is main
problem in FinFET. [1]. Parasitic makes effect on threshold
voltage. Because of high parasitic capacitance threshold
voltage is also high. Speed of device is directly affected by
threshold voltage. As threshold voltage increased device
required more time to turn on so tha propagation delay of
device also increased [1,8]. To reduce threshold voltage and
make device more and more faster parasitic capacitance must
reduced.

Parasitic capacitances also having adverse effects on
parameters such as On current (lon), Off current (loff) e.t.c.
Higher ratio of lon and loff increases speed of device. Higher
lon not only trigger device in short time but also reduce short
channel effect [2].Large parasitic capacitance decreases On
current of device. Thus purposed different FINFET design
technique to improve parasitic capacitances, speed and delay
for digital applications.[13]
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Figure 1(a): shows simple single gate FINFET structure

FinFET is fabricated with different structures such as
shorted gate, Independent gate ,all around gate e,t,c.Fig.1(a)
shows simple FinFET with single gate. Here tall Fin is
fabricated on silicon substrate .Tall Fin increases mobility of
device [4]. Fin is wrapped with three sided Gate structure
thus having higher control on drain current. But using single
gate FinFET structure, device required higher threshold
voltage to turn on. To fabricate Drain, source and gate poly
silicon material is used. Here gate oxide thickness also
affects on threshold voltage. For low threshold voltage, hard
mask is used as gate oxide. To improve threshold voltage
independent gate structure is proposed[9].
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Figurel(b): Shows Dual gate(Front gate — Back
gate)FinFET structure

Figl(b) shows dual gate FINFET having two gates front gate
and back gate. Structure of DG Gate and single gate is same
only different in structure of gate. Back gate biasing
providing low threshold voltage required very small turn on
time [2]. Dual gate provide higher lon to improve speed of
device and Short channel effect.

In this paper three types of parasitic capacitances are studied
that are gate capacitance which is form due to oxide between
gate to substrate. Overlap capacitance which is form due to
overlap between drain and gate or source and gate. And
finally fringe capacitance is capacitance between two
electrode which is not parallel, separated by insulator[1,3,5].
Fringe capacitance increased with high k permittivity
dielectric material. High k dielectric material decrease
switching speed and delay. In proposed device design
FinFET is design with dual low k spacer technique. In this
technique The vacant region between gate metal and
source/drain region is filled with passivating oxide [5]. Here
passivating oxide such as AIR,SI02 and SI3N4 is used which
are low k materials. In this paper symmetric two low k
martial is used to reduce these parasitic capacitances. But it
increases leakage current of device .Leakage current worsen
battery lift. By changing physical characteristic of device,
Optimization of device is taken place. Diffusion area makes
effect on contact resistance [6].Cross section area and large
length of fin increases source to drain resistance than
conventional MOS device. Hence increase in FIN peach
decrease in gate capacitance and increase in Hfin increase
mobility of device [10]. Study of three parasitic capacitances:
fringe capacitance [1], [,3], [5] gate capacitance[l] and
overlap capacitance[3] taken place and technique is
implemented on 20 nm FinFET technology to develop new
transistor . N-type FinFET device structure is fabricated
using victory device process TCAD simulation and parasitic
find through extraction commands.

This paper is organised as follows. In section I.B Effect Of
Permittivity, Length And Thickness On Parasitic
Capacitances where effect of parasitic capacitance is studied
using different characteristics, Il Proposed design and
Fabrication Procedure where low k spacer DG-FIinFET is
design with Fabrication procedure and studied its set
parameters. Section, 111 Result and discussion, comparison of

different design FinFET is taken place. And finally section
IV and V Conclusion and References respectively.

1.1 Effect of Permittivity, Length and Thickness on

Parasitic Capacitances
N

/4: N Fringing

Fringin /
G % ce Capacitance

‘[j[[ O;arlap Capaci!an% \\\\

source source

Poly - Gate

Silicon Substrate

Figure2: Shows different parasitic capacitance of device

Performance of FinFET is govern by Threshold voltage, lon,
loff, Gate Capacitance (Cg) Drain Capacitance. And these
capacitances depend on permittivity of dielectric material,
length and thickness of spacer material. Let see Simple

mathematical description of components has been
summarised below:
L
C=6— e, (1)
D

Where, & represent the relative permittivity of dielectric
material and it is important to change characteristics of
capacitances. L represents plate length and d is distance
between two plates. In this basic formulae, permittivity is
decrease from 3.9 and below and distance between two plates
means oxide thickness increase thus parasitic capacitance
decrease with respect to & and D. In this paper study of total
gate is analyzed with respective spacer and gate oxide
thickness Total gate capacitance is given as

Cgtotal=Cox+CoV+Cfr ......ccevvviriennnns (2
Where

LgwW
Cox = eox( g ) is the oxide capacitance, .......... (3)

Tox

LovW
Cov = gox( )
Tox

is the gate drain overlap capacitance and............ 4

£0X tpol
Cfr=—1In(1+ M) where o = 2 s gate side wall
a tox 2

fringe capacitance
In eq.5 fringe capacitance is calculated with reference [12].

Fringe capacitance is theoretical calculated by changing
material permittivity and Tox.

2. Proposed Design and Fabrication procedure

2.1 Proposed DG FinFET

In This section proposed device design and their parasitic
performance has been analyzed through TCAD simulation
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tool. Proposed structure inherently effect on parasitic
component and FinFET characteristics.

In this paper three type of capacitances is reduced. The
structure of optimized dual Gate FIinFET is shown in
Fig.3(a),Fig.4(a) and fig5(a). The proposed structures having
some differences than conventional FinFET w.r.t Structure
design. In this DG-FInFET structure symmetric dual k low
spacer is implemented to reduce parasitic capacitances. To
design the n type FIinFET all device parameter is properly
selected as shown in table 1.

Table 1: Set Device Parameters

Sr. No Device Parameter Symbol Value(N-
FinFET)
1 Fin Height Hfin 50nm
2 Fin width Wrfin 30nm
3 Fin Length Lfin 70nm
4 Gate Length Lg 20nm
5 Gate Height Hgate 50nm
6 Gate Work function 7,9 4.65
7 Oxide Thickness Tox 1.6nm
8 Supply Voltage Vdd 0.3v
9 Spacer-1 Length Lspl 150nm
10 Spacer-1Width Wspl 40nm
11 Spacer-1 Thickness Tspl 70nm
12 Spacer-2Length Lsp2 150nm
13 Spacer-2Width Wsp2 20nm
14 Spacer-2 Thickness Tsp2 70nm

2.2 Fabrication Procedure

Fig 3 (a) shows 3D DG FinFET device having two symmetric
spacer with different permittivity materials. Here bulk silicon
is taken as substrate at orientation of(110). Here device is
fabricated with different spacer materials on same substrate
wafer. Next vertical tall fin is fabricated with electron beam
lithography. Device channel is form in parallel to (110)
direction with active masking and etching process. Thickness
of fin is 50nm which increases mobility of device. Here Dual
gate structure is fabricated with SI3N4 as gate oxide. Gate
oxide is form using selective etching process with thickness
of 1.6nm. Then parallel to drain and source terminals two
spacer is form having symmetric to each other with thickness
of 70nm.

Next contacts are form with poly silicon and geometrically
etch is performed to remove unwanted material from
contacts. After gate and spacer designing, impanation process
is started. first boron having dose of 1e13 is deposited with
tilt0 ion implantation. Then barrier is deposited to protect
channel from implantation of arsenic doses on channel. Then
arsenic dose is imposed on device with concentration of
2el4. After ion implementation, thermal annealing performed
at 1024 oC temperature for 2second to active impurities
when device biased. So that device having higher
conductivity and large number of ions are deposited on
device. After ion implantation, barrier on top of device is
removed by geometric etching. Thus barrier area is used to
protect channel. Next electrode of device is implied to
provide biasing of device.

2.3 Dual Gate FinFet with SI3N4-S102 low k spacer
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Figure 3 (a): The 3-D view of structure of double gate
FinFet with low k spacer(SI3N4+SI102)

As per shown in Fig.3(a) with two different materials having
low permittivity dielectric constant is used. First high k-
material (SI3N4) used having permittivity of 7.5 and second
material SIO2 having permittivity of 3.9. Both materials are
symmetric and gate oxide as SI3N4 is used. Fin is sufficient
large so that mobility of device is increased.
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otioca... | = [Toryplot] i

Fig 3(b). shows IV characteristic of designed double low k
spacer FINFET having very low threshold voltage which is
0.1589v to trigger device. Device is saturated at 0.3v.Spacer
material also effects on threshold voltage. Low k material
having very low threshold voltage as compared to high k
material. Hence speed of device also improved which mostly
advantageous for digital applications such as SRAM.
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Figure 3(c): shows gate capacitance with
spacer(SI3N4+S102)
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Figure 3(d): shows overlap capacitance with
spacer(SI3N4+S102)

Above fig3(c) Shows effect of oxide material on gate
capacitance. To increase driving capability of device gate
oxide must be thinner for short channel up to 20nm. Hence
SI3N4 is used as gate oxide. Due to high k material with thin
layer leakage current is also reduced. Here fgate—substrate
oxide capacitance is higher as compared to Bgate-substrate
oxide capacitance. Overlap is basic building block of
parasitic capacitance in small scale device. To increase speed
of device and reduce overlap capacitance overlap between
gate-drain and gate-source should be minimum. For that
spacer technique is used with low k material. Low k material
effects on charging and discharging of capacitance hence
device parasitic is reduced. As compared with above two
characteristics as shown in fig3(d) the effect of low k
permittivity material on device capacitance. Increase in
spacer length reduction in overlap capacitance of device.

Here overlap capacitance Fgate-source and Bgate-source is
very much smaller as compared to Fgate-drain and Bgate-
drain.

2.4 Dual Gate FinFet with SI3N4+AIR low k spacer
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Figure 4(a): The 3-D view of structure of double gate FinFet
with low k spacer(SI3N4+AIR)

As per shown in Fig.4(a) with two different materials having
high k and low k permittivity dielectric constant is used. First
material (SI3N4) used having permittivity of 7.5 and second
material AIR having permittivity of 1. Both material used are
symmetric. Second material is AIR which is very low k
material provides low parasitic capacitance effect rather than
previous method used. Because of used AIR as dielectric,
permittivity is very low thus problem of leakage current is
increased in some range but capacitance reduce drastically.
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Fig 4(b). shows IV characteristic of designed spacer
device(SI3N4-AIR) FinFET having very low threshold
voltage which is 0.0959v to trigger device as compared to
spacer device(SI3N4-SI02). Device is saturated at
0.24v.Effect of spacer also seen on threshold voltage. For
high k and very low k spacer device having very small
threshold voltage so that device trigger in short time.
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spacer(SI3N4+AIR)
A pications Paces syzen § & 7 N 0 RE wedrebio 1106m ront
] Tonyplot K
e Edit Pot Tools Help
48R 080 GRS
VIETORY
Dat o 2
w7 —
y —
3 B
] ” R e
o= ORISR
al # e
3 .’.' /
|
&
T T T T T T
' [ u“ “ o I
e
fuoriocaiest:- Desktop Tonyplat 3846 © Shvaco 2016
3 |rootfocalhast:... | ™ [NOFILE] 3 [rot@locathost... | 7 [>finin] [ 1 [ root@locatiost:.. | Tomypht ]

Figure 4(d): shows overlap capacitance with
spacer(SI3N4+AIR)

Above fig4(c) Shows effect of oxide material on gate
capacitance. As compared to SI3N4-SIO2 spacer device this
device having higher Fgate-substrate capacitance. Thus
controllability of device is increased. This effect helps to
reduce leakage current of device.

Fig4(d). Shows effect of SI3N4-AIR spacer device on
overlap capacitance .Overlap capacitance is drastically
decreased with used of wvery low k material. Overlap
capacitance of SI3N4-S102 device is much more larger than
SI3N4-AIR.Both capacitance i.e both gates-drain and both
gates-source is reduced which is much more beneficial.

2.5 Dual Gate FinFET with SIO2+AIR low k spacer

This is most proposed structure having very small parasitic
capacitance as compared to above both. As per shown in
Fig.5(a) with two different materials having low permittivity
dielectric constant is used. First material (S102) used having
permittivity of 3.9 and second material AIR having
permittivity of 1. Both low k material used are symmetric.
Here permittivity of SIO2 is smaller than SI3N4 hence
parasitic capacitance is smaller than both above device
designed.
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Figure 5(a): The 3-D view of structure of double gate FinFet
with low k spacer(SI02+AIR)
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Figure 5(b): shows IV characteristic of FinFET with
threshold voltage(vth)= 0.07856v
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Fig5(b). shows IV characteristic of designed spacer
device(SIO2-AIR) FinFET having least threshold voltage
which is 0.0785v to trigger device as compared to spacer
device(SI3N4-S102) and(SI3N4-AIR). Device is saturated at

Volume 5 Issue 4, April 2016
WWW.ijsr.net

Paper ID: NOV162813

Licensed Under Creative Commons Attribution CC BY

1564




International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2015): 6.391

0.24v.Effect of spacer also seen on threshold voltage. For
very low k spacer device having very small threshold voltage
so that device trigger in short time and required very small
access time. In this paper this device having almost least
parasitic capacitances and mainly approach to use in SRAM

design.
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Figure 5(c): shows gate capacitance with spacer(SIO2+AIR)
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Figure 5(d): shows ov'e'r'l“ap capacitance with
spacer(SI0O2+AIR)

Above fig5(c) Shows effect of oxide material on gate
capacitance. Oxide capacitance of SIO2-AIR spacer device
having same characteristic as compared with SI3N4-AIR
spacer device.

Fig5(d). Shows effect of SIO2-AIR spacer device on overlap
capacitance .Overlap capacitance is drastically decreased
with used of very low k material. Overlap capacitance of
SI3N4-SI02 and S102-AlIR device is much more larger than

SIO2-AlRspacer device. Both gates-drain and both gates-
source is reduced which is required for high speed SRAM.

2.6 Impact of Fringe Capacitance.

Fringe capacitance is parasitic capacitance which is occurred
at corner of device. Effect of fringe capacitance is dependent
on dielectric material. Performance of device is decrease
because of high dielectric.
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Figure 6: shows fringe capacitance and total gate
capacitance

Here in fig.6 shows drastically changes in total gate
capacitance because of fringe capacitance. There are two
types of fringe capacitance first inner fringe capacitance and
second outer fringe capacitance. In this paper inner fringe
capacitance is studied. Here impact of SI3N4,SI02and AIR
on fringe components are studied. Total gate capacitance
very much higher than fringe capacitance. As shown in figure
Impact of fringe is very much higher in SI3N4-SI02 spacer
structure and vise versa for SIO2-Air Spacer structure.

For digital application the device performance is dependent
on delay which is rate of change of lon. And lon is affected
by fringe capacitance. So that lon/off ratio must be high for
high speed digital application.

3. Result and discussion

Table 2: Shows comparison of gate capacitance between
(SI3N4+AIR) and (SI3N4+SI02) Spacers

Sr. | Parasitic Dual Dual spacer | Dual spacer
No |capacitance |spacer(Oxide+Air) | (Nitride+Air) | (Nitride+
Oxide)
1 | fgate-sub 1.567e-17 1.31e-17 | 1.3055e-18
2 | bgate-sub 1.9852e-18 1.28e-18 3.3e-19

Table 3:.shows comparison of Overlap capacitance between
(SI3N4+AIR) and (SI3N4+SI02) Spacers
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Sr. | Parasitic |Dual spacer | Dual spacer | Dual spacer

No | capacitance |(Oxide+Air) |(Nitride+Air) |(Nitride+Oxide)

1 |fgate-source | 3.2545e-18 | 3.9727e-18 8.426e-18

2 |bgate-source | 1.2259e-17 1.3e-17 1.302e-17

3 | fgate-drain | 3.547e-18 | 4.644e-18 7.47¢-18

4 | bgate-drain | 2.4587e-18 | 5.5732e-18 6.784e-18
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Table no. 2 shows comparison of gate capacitance with
different spacer technique. Here gate capacitance is increased
because SI3N4 is used as gate oxide. Main reason behind
using SI3N4 as gate oxide is that it having higher permittivity
than SI102 thus at thinner layer driving capability of device is
increased. So that at thinner layer problem of tunnelling is
not occurred.

Table no 3 shows overlap capacitance. Overlap capacitance
form because of amount of area which is in between gate to
drain and gate to source. With low k permittivity material
overlap capacitance is decreased. Here with SIO2-AIR
spacer device having least overlap capacitance.

4. Conclusion

Double gate with low k spacer material is designed to reduce
parasitic capacitance i.e total gate capacitance. Here FINFET
designed and analyzed on 20nm technology with silvaco tcad
tool. High k material makes adverse effect on parasitic
capacitance. MOS devices are affected by scaling of
technology because of short channel effect and higher
parasitic capacitance. Thus results in large threshold voltage
to turn on device. Threshold voltage is affected by different
material such as high k(SI3N4)material, low k(S102)material
and very low k(Air)material. With passivating oxide as AIR
is mostly used to reduce threshold voltage. In this paper
threshold voltage is very low i.e 0.7856v. In this paper we
proposed dual gate low k spacer technique for FinFET design
to reduce parasitic capacitances and improve threshold
voltage to enhance speed of device In this approach
symmetric spacer thickness with two different material is
used to improve performance of device. The proposed
technique also improved lon of device. Device lon current
improves speed, driving capability and short channel effect.
Hence it is proved that using low k spacer technique with
different material minimize effect of parasitic very
efficiently. In future low k material (Florin, Teflon e.t.c)
implantation will be advantageous for parasitic capacitance
reduction and making less trade of between speed of device
and leakage current

5. Acknowledgment

The authors would like to thank M/S Micro Chitronix
Systems, Lucknow(India) for their valuable support of
Silvaco TCAD Software.

References

[1] Aditya Bansal, Student Member, IEEE, Saibal
Mukhopadhyay, Member, IEEE, and Kaushik Roy,
Fellow, IEEE. “Device-Optimization Technique for
Robust and Low-Power FIinFET SRAM Design in
NanoScale Era” IEEE transaction, 6 June 2007.

[2] Raveendra, 1 Flavia Princess Nesama, RijoP.C, Dr. V
Lakshmi Prabhh”Raised Source Drain Metal Diffusion
in  Finfet”  Geethanjali ~ Karunya  University,
Coimbatore.,ICCPCT-2013,2013.

[3] Silvestre Salas Rodriguez, Julio C. Tinoco, Member,
IEEE, Andrea G. Martinez-Lopez, Member, IEEE,

Joaquin Alvarado, Member, IEEE, and Jean-Pierre
Raskin, Senior Member, IEEE. “Parasitic Gate
Capacitance Model for Triple-Gate FinFETs”IEEE
Transction,11 November 2013.

[4] Tetsuro Hayashida, Kazuhiko Endo, Member, IEEE,
Yongxun Liu, Member, IEEE, Shin-Ichi O’uchi,
Member, |EEE, Takashi Matsukawa, Wataru
Mizubayashi, Shinji Migita, Yukinori Morita, Hiroyuki
Ota, Member, IEEE, Hiroki Hashiguchi, Daisuke
Kosemura, Takahiro Kamei, Junichi Tsukada, Yuki
Ishikawa, Hiromi Yamauchi, Atsushi Ogura, and
Meishoku Masahara, Member, IEEE. ”Fin-Height Effect
on Poly-Si/PVD-TiN Stacked-Gate FinFET
Performance” IEEE Transection,3 March 2013.

[5] C.R. Manoj, Angada B. Sachid, Student Member, IEEE,
Feng Yuan, Chang-Yun Chang, and V. Ramgopal Rao,
Senior Member, IEEE. “Impact of Fringe Capacitance
on the Performance of Nanoscale FinFETs” IEEE
Transaction,1 January 2010.

[6] Kuangya Zhail, Qingqing Zhangl,2, Li Li3, Wenjian
Yul 1Tsinghua “A 3-D Parasitic Extraction Flow for the
Modeling and Timing Analysis of FINFET Structures”
National Laboratory for Information Science and
Technology, Department of Computer Science and
Technology, Tsinghua University, Beijing 100084,
China 2College of Information Science and Technology,
Beijing Normal University, Beijing 100875, China
3Synopsys Inc., Shanghai 200050, China.2013.

[71 Vandna Sikarwar, Saurabh Khandelwal, Shyam Akashe
Research Scholar, ECED ITM University Gwalior,
India. “Optimization of Leakage Current in SRAM Cell
Using Shorted Gate DG FinFET” [ICACCCT
journal,2013.

[8] Donghu Kim, Yesung Kang, Myunghwan Ryu, and
Youngmin Kim “Simple and Accurate Capacitance
Modeling of 32nm Multi-fin FinFET” ,School of
Electrical and Computer Engineering, Ulsan National
Institute of Science and Technology (UNIST) Ulsan,
689-798, Republic of Korea {kalmarion, yeskang,
arshall .

[9] Kevin J. Yang and Chenming Hu. “MOS Capacitance
Measurements for High-Leakage Thin Dielectrics”.

[10] Sumeet Kumar Gupta and Kaushik Roy. “Device-Circuit
Co-Optimization for Robust Design of FinFET-Based
SRAMs” .

[11] Clever parasitic extraction user guide by SILVACO.

[12] Victory process user guide by silvaco.

[13]Pankaj Kumar Pal, Student Member, IEEE, Brajesh
Kumar Kaushik, Senior Member, IEEE, and Sudeb
Dasgupta, Member, IEEE”Design Metrics Improvement
for SRAMs Using Symmetric Dual-k Spacer (SymD-k)
FinFETs” IEEE Transaction.

Author Profile

Tushar Nitin Band received B.E degree in Electronics
and telecommunication Engineering from Sant Gadge
Baba Amravati University Maharashtra, India in
2013 and currently pursuing his M.Tech degree in
VLSI from G.H.Raisoni College of Engineering
Nagpur , His area of interests include VVLSI design, microelectronic.

Volume 5 Issue 4, April 2016
WWW.ijsr.net

Paper ID: NOV162813

Licensed Under Creative Commons Attribution CC BY

1566




International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2015): 6.391

S Dr. Dinesh V. Padole received B.E degree in
Electronics Engineering from Nagpur University
Mabharashtra, India in 2001and M.Tech in Electronics
Design Technology from Dr. B.A.M. University
Aurangabad. He joined the Department of Electronics
Engineering; G. H. Raisoni College of Engineering

Nagpur in 2003. He completed his Ph.D. from Rashtrasant Tukadoji

Maharaj Nagpur University, Nagpur in 2011. In 2011, he was

promoted as Professor and is serving the institute till date. His area

of interests includesEmbedded System Digital signal processing.

Volume 5 Issue 4, April 2016

_ WWW.ijsr.net
Paper ID: NOV162813 Licensed Under Creative Commons Attribution CC BY 1567






