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Abstract
This paper is investigated the low frequency noise behavior in subthreshold ime, of
gate-all-around silicon nanowire field effect transistors. Downscaling of multi ga ure
beyond 50 nm gate length describes the quantum confinement related model. current

model has been described for output characteristics of silicon nanqwi T that is
incorporated with velocity saturation effects and compact iﬁg of %se behavior is

analyzed for gate-all-around structure. Noise perform Il d transistor is
\ﬁeﬁ application and

investigated at high frequency band for radio fpéqu

consequently low frequency noise behavior can be % zed USINb current model. This
paper shows that noise is decreasing Wlth fr ncy Hi threshold, lower drain
induced barrier lowering DIBL, hlgher tlo ﬁ@her noise figure at lower
frequency is achieved by gate all around 0& ratlon mparison has been done with
double gate structure.

Flicker noise; Noise figure; E ent noisé nce; Subthreshold; DIBL

1. Introduction @ ’\\,Q
The continuous Y g of Gaft
FET as compar h single @

control ove struct [1]. GAA silicon nanowire FET is most promising
candidate fo re C sed electronic systems due to their gate controllability,
low leakage, high o ation and enhanced carrier transport property. Analytical

models of GAA fS arameter extraction of devices is described in [2] , most of
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All-Around silicon nanowire field effect transistor
and double gate FET shows better short channel

these models a models describe the effectiveness of ideal GAA structure with
quadruple _crpss ‘section were reported in this paper . [3] Gate-all-around (GAA)
Nanowire *ﬁhave been fabricated by top-down and bottom-up design [3], [4].Gate-
All-Arou GAA) nanowire  Field effect transistor has researched excellent
elegtr ic control over the channel surrounded by conducting gate and provides
?@ ransconductance [5].Gate all-around (GAA) MOSFETs have captivated
conSilerable observation as compared with double-gate and tri-gate [6], [7].Simulation
and analysis shows that gate-all-around GAA configuration provides excellent
performance owing to considerable effect of short channel as compared with other
structures [8]..DIBL suppression, and excellent subthreshold slope is advantage of GAA
devices. Downscaling of channel length to 45 nm of MOSFET s restricting factor of
static power consumption due to increase leakage in off state [9].In this paper
performance analysis of GAA nanowire CMOS configuration is estimated and
described [10]- [12]. High noise values in the subthreshold are the concerned factor that
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affects the normal behavior of switching and circuit performance of silicon nanowire
FET. Silicon nanowire have also been used as biochemical sensors [13]-[15].

This paper is divided into 4 sections. Section 2 describes the GAA silicon nanowire
description and corresponding current model. Section 3 shows the result and analysis about
noise of GAA configuration. Section 4 provides the concluded part of whole paper.

2. GAA Nanowire FET Design Concept And Simulation

Figure 1(a) describes the general schematic of GAA silicon nanowire fet and figure 1(b)
shows its cross sectional view and gate surrounded from all sides provide better electrostatic
control over double gate fet.

Substrate QQ

&S\Q 3
o) —Ouice

Figure XQ,LBasic Schematic of GAA Silicon Nanowire fet and 1(b). Cross
O Sectional view of GAA

2®ain Current Model

2.1.1. Poisson Equation

Schrédinger equation can be described in channel region is defined as follows.
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2
22+ Kkp=0 forx<0 (1)
‘;“’ Ke=0 for0<x<d )
‘c‘l—“’ Kp=0 forx>d (3)

Where

ki’=kq® = hz 4)
K,?= nZk? and 0
n? = w (5)

solution of the Schrddinger equation tunneling probability i n by ex@@
Zm(Eb Q
D(E) = e (6)

2.1.2. Drain current

GAA silicon nanowire having sho er qua5| -ballistic behavior is still
applicable to the nanowire fet so velo rsho t§ cted which has been described by
[16]. Average charge carrier’s e er stlmate obility function that is a function of
the temperature therefore elecQj lity de es with simple and normal energy-balance
process. Drain current transpo odel temperature which has been previously
described and it has been ied to do&c e MOSFETs is still applicable to GAA silicon
nanowire fet [ 17], Dral t can ke ribed in linear channel saturation region which is

shown by given eq

()Q 6@2 ; Wy 2 iy %

+( Lo )(Te(x)—To)>dx

9AwVsat

where Le is the @I length of the GAA fet, u,, is the electron mobility and it depend on
voltage applied acsoss gate, k is the Boltzmann constant and it value is fixed, Te is the
temperatur%ﬂectron charge and the energy-relaxation length is defined as A,,which one is
depended%e axation time , Tw and Vsat is the velocity that being saturated. Here W is the

wi FET and it depend on fingers numbers in the structure.

T uate charge density of GAA structure it must be integrate from charge at source end

that 1s QS and charge at drain end that is Qd and this is shown below in given equation [18]

\% sa
f(Vas, Vbss) = Jy *°* HnoQ(v)dV )
m KT (Qs Qd)  Q4+Qy ]
s = 2|25, - Qo)+ Lo, log[-2+& ]| (g
. (KTCox

Qo =4 (—q ) (10)
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The ultra-thin film mobility is not sensitive to the silicon thickness tsi and it is higher than
heavily doped bulk MOSFET devices at inversion densities that is large value in case of
floating body structure. Lower effective electric field is occurred ,but at lower inversion
densities the mobility is reduced with reduction of tsi [19]. Quantum well is developed
between oxide layers which is formed by thin silicon layer .Quantum well is reduced and this
reduction in the mobility is observed due to the scattering occur by surface roughness.
Previously described method for double gate MOSFET .We suggest using the method given
by [20]-[21], originally proposed for DG MOSFET devices. The effective mobility reduces
with the effective vertical field Eeff is given by [20]

Eqett = %V (11)

Ko

L 4
2
14— Yo (_Vpheouli 1) +oko )
Hph(bulk) \Mph(ts; Eefe) Wsr 0
Where u, and 6 are the parameters that depend on structur%ﬁon.
Schrodinger-Poisson equation is generally described the@\ ge densi odel therefore
a be

this drain current model which is operated at the low, ndc cribed by the same
poisson equation. This drain current model still ap e for @%ﬁucture as silmilar for
double gate configuration because of shape ei unction is=almost similar to double gate.
Drain current model can be described effegti@ electr6|\ erature profiling process.

Q@\T‘%ﬁ&%x(x) 13)

 J

Equation 7 can be defined u oundary; condition for Te=TO at room temperature

Hn (tsir Eeff) =

and electric field is describgéyas functi nel potential vary with the x. Field is found
to be linear at the sourb ain EK ore drain to source current can be described as

given by ¢
\\ ID?Q sl
O é@ Lot 22 [ V(e Aw dE

f(Ves,Vpss)  _ W f(Vas,Vpss) (14)
Le 1+ynVpss

Where

e 1

n- VsatLe (1+22/Le)

Vpss becom%ﬁ non saturated channels Vps and become similarly equal to saturated

channel V@
1+exp A(VDS—VDsat)/ ”
kT/q

O KkTIn
% Vbss = Vps — A (16)

Where A is the control parameter for transition between saturated and non saturated channel.
The current which has been described before at saturated channel region therefore Vpg can
be described by current that is shown below [22]-[23].

DSSAT

Ips = WQ(VDsat)Vsat,ns (17)
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And Overshoot velocity can be evaluated and described by given equation below
_ Heff
Vsat,ns - 1+(X(T(L)—T0) EX (18)

Where « is described as

2Kpn
0= — 19
dAwVsat ( )

Channel length saturation must be found for device operated in saturation region of the device
due to the channel length modulation which become an important factor and this effect is
shown below

AL = L —L¢ = Learcsinh (W) ?MO)
sattc

Where Lc is proportionally depended on A, and this is give by equati shown below
SN

A= (t—R +5 \ (21)
3. Results and Analysis

3.1. Subthreshold Regime s&

GAA nanowire thus operg@&e cumul mode FET generally p-transistors. V+
threshold voltage observed b to accumulation mode. Voltage supply
VDD of 1 Vis applled |mprov shold voltage and a better response of drain
current (Ipy versus ga urce v I (Vgs) Ib—Vas is obtained as given in figure 2
.Large p-FET on dwi rren rved that is higher than n-FET is achieved due to
high mobility o ers |n f two lateral gates orientation. Figure 2 shows
transfer gra -VGS FET Asymmetry is reported in p-FET and n-FET
configuratio pull-wglc is observed due to similar channel length of wire 45
nm [9].For Vps = 1.2 hreshold voltage for p-MQOS and n-MOS are -0.2 and 0.3 V.

Similarly for Vps 5 , V1 are 0.3 and 0.49 V.
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Figure 2. n-FET characteristics curve Ips versus ¥gs With Vps&=2 Vand 0.1 V

Figure 3 shows different output characteristicssemeve. Ip versus VggZturve shows high
drive current 23.26mA (PMOS) and 0.18 mA (NWMOS3) for gatessomrce voltage(Ves = 1

V).

25 5 e 1.0
de ()

Figtged3 . n-FET Ip-Vps curve for Vgs =1V and Vgs = 0.6 V

Channel garsent Is generally described by Fermi and silicon body potential.
dog(x
Ips = WuQ(x) et 22)

Chawnel length of 45 nm for both p-FET and n-FET is fixed. Leakage current
minimization occurs due to volume inversion of surrounding gate [13].As substrate is
used as back gate for gate-all-around structure that made to be grounded then there
some asymmetry observed in the output characteristics. Current intensity is low in the
direction of forward bias of drain.lp saturation current is observed 5.7mA for Vgs-1 V.
Figure 4 show the output characteristics of the 45 nm gate-all-around FET.A good and
better agreement can be seen between different and simulated model. Simulated model
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provides the high on-drive current capability and low off leakage without the effect of
velocity overshoot and quantum effects. Good subthrehold and lower DIBL is achieved
with simulated model. We have bipolar behavior in weak inversion shows that it is good
model.

MO(LOY, 144.8u8— ——————+
M1(1.0¥, 13

M2(1.0v, 125 6uay”

v, 17.06pA)

M2(1.0¥, 110.2 I.J.i‘-}'/!

dec (@

Figure 4. Different Current Models§,a$ Comparedwith Simulated Model

3.2. Low Frequency Noise Simulation

Noise is the considerable fac@Qy when &AA silicon nanowire fet has scope in
application like RF, low notsedamplifierNmixer therefore analysis of noise at high
frequency is just required#gr high pecfofmance and high reliability of device associated
with GAA structure. The§ate , Source agd drain resistance provide thermal noise which
can be calculated Dy, Biven equatiop. Channel resistance contribute channel induced
noise and gate rgsiStghce , 0%{de)gate capacitance contribute to gate induced noise.
Thermal noige~is\the most domifiant factor of noise analysis that is generated by the
resistor confiected at outputdidad. The RF input voltage source can be the noise source
which is shown below,Rigive 5 shows the equivalent noise resistance for GAA silicon
nanowire fet in band/of 1GHz-10GHz .The equivalent noise resistance Ry become
higher at low frgguencies and then continuously decreases with increase in frequency.
Equivalent resistancCe value of 2.168x1036 ohm is measured at low frequency due to
flicker noisg associated with channel.
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Figure 5. Equivalent noise resistance of GAA nanowire stryeturg

Figure 6 shows noise figure is higher at lower frequency, andedecregSes With increasing
frequency. This occurs due to flicker noise contribution at tQw frequencyhad gate induced
noise at higher frequency.

Bnoise figure

0 25 50 75 100 12.5 15.0 175
freq (Hz)

Pigure 6. Noise figure of GAA fet

Table 1. Nqjse\Parameters Comparison of Gate all Around and Double Gate in
Subthreshold Regime

Parametexs Gate-all-around silicon Double gate configuration
nanowire configuration

SubBreshold 93.5 mV/decade 78.67 mV/decade

DIBL 66 mV/V 82.6 mV/V

lon/lore 1.4x10’ 3.5x10*

Noise figure 58.01 dB 62.7 dB

Equivalent noise resistance | 2.168x10% ohm 5.43x10%
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Table 1 describes the noise comparison between gate-all-around and double gate
structure. It has been observed that noise figure is approximately equal to double gate

by minimum margin. More flicker noise is contributed by double gate configuration as
compared with GAA.

Table 2. Noise Figure and Equivalent Resistance at Different Voltage Supply

Voltage applied (V) Noise figure dB Equivalent noise resistance
0.8 61.5 3.76x10%"
1.0 58.01 2.168x10%°
45
1.2 53.98 6.937x10 N ¢

1.4 43.34 3.43x10°7 ?y

.
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Figure 7. Nai fgure C n}ﬁrison at Different Supply Voltages
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Figure 8. Equivalent Noise Resistance at Different Supply Voltages

N

4. Conclusion

In this paper result describe that drain current model is useful to evaluate output
characteristics for short gate length in silicon nanowire gate-all-around configuration. It
has been observed velocity overshoot increasing the transconductance and the noise
with increasing temperature. Noise figure of higher value at low frequency show that
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flicker noise contributes noise to the device at very low frequency and gate-all-around
structure cancel out the flicker noise by induced gate noise. This paper compares the
gate all around structure with double gate and it has been reported that GAA exhibit
lower flicker noise, channel noise but higher gate induced noise as compared with
double gate. GAA also provide the fhigher subthreshold regime, lower drain induced
barrier lowering and higher on-off ratio as compared with double gate related devices.
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