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Abstract. This paper presents an analytical model 1. Introduction

for intrinsic short-circuit admittance (Y) parameters
of DH-DD-TM-SG MOSFET. Y parameters have been
modeled using different small-signal equivalent circuit
parameter which is used to find the Scattering param-
eters. These Y parameters have further been employed
for computing S-parameters. These parameters are
further used to investigate the microwave performance
parameters of the proposed device. The Unilateral
Power Gain and the mazximum oscillation frequency
s determined to evaluatethe microwave performance.
The proposed device shows a higher cut-off frequency
(fr) and mazimum oscillation frequency as to TM-SG
MOSFET. The proposed device exhibits a 4.2 % im-
provement in Ur, 2.81 % in G,,s and 6.9 % improve-
ment in Gyrpa as compared to TMSG. The analytical
result of DH-DD-TM-SG MOSFET is in accordance
with the simulated results.

Keywords

Admittance parameter, cut-off frequency, halo
implantation, scattering parameter, triple ma-
terial.

The communication market has been drastically chang-
ing every year with the advancement in technology by
developing improved radio frequency circuits. This re-
quired replacement of bulky and costly microwave de-
vices with compact, low-power and economical devices.
MOSFET is a better choice for wireless communica-
tion and microwave applications to enhance the Ra-
dio Frequency (RF) performance. But the performance
of conventional MOSFET deteriorates due to the ex-
istence of inadmissible short channel effects during
miniaturization [I] and [2]. The whole semiconduc-
tor industry is looking for an alternative device that
can be further scaled aggressively. Multigate MOSFET
is the best candidate for achieving the desired perfor-
mance. It provides better controllability and scalabil-
ity. The driving current provided by these advanced
structures is very high. These structures show huge
potential against SCEs. The cylindrical structure con-
sists of large width even in the same occupied area
which enhances the packaging density. Furthermore,
the advancement in gate and oxide material has the ad-
vantage to make the device suitable for microwave ap-
plications.

The DH-DD-TM-SG MOSFET is a potential can-
didate for future generation devices whose perfor-
mance remains at an acceptable level after scaling [3].
S-parameters are very common in microwave measure-
ments. These parameters are used to find out the var-
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ious imperative gains of a device. The appropriate
method for analysing the MOSFET at high frequency
is the estimation of the S-parameter [4] and [5].

The equivalent circuit model of the proposed device
is presented. Y-parameters are extracted which fur-
ther is used to calculate the S-parameter. The real
and imaginary parts of the Y-parameter are considered
for finding the S-parameter. The various microwave
performance parameters are calculated. The Unilat-
eral Power Gain, maximum stable gain, Stern stabil-
ity factor and maximum transducer power gain have
been investigated for the proposed device. The large
value of various gain is desirable for maximum power
transfer.  The numerous gains are extracted us-
ing S-parameters. The analytical outcomes are well
correlated with simulated outcomes which validate
the model. The performance parameters are compared
and the result reveals that DH-DD-TM-SG MOSFET
has superior gain over their counterparts.

2.  Analytical Model

The proposed device exhibits excellent control
on the channel by the gates which allow continu-
ous scaling. Figure [T] depicts the cross-sectional view
of DH-DD-TM-SG MOSFET. In the Gate electrode,
three materials are incorporated with different metal
work functions which improve carrier transportation
efficiency: The gate electrode with the work functions
Oy = 48 eV (Au), Py = 4.6 eV (Mo)
and @3 = 4.4 eV (Ti), respectively are used. The gate
structure has been formed by considering Molybde-
num (Mo) as gate material due to variation in Na
implant changes its work function. Gate stack con-
sists of two dielectric materials SiOo and HfO5 which
mitigate the leakage current. Halo doping improves
the device behavior in terms of reduction in SCEs.
The uniform doping profile is used with a doping
concentration in halo and channel regions are 10%*
and 10%23.m~3, respectively. The resultant width is
more in the case of surrounding gate MOSFET which
enhances the packaging density [6] and [7].

Source n*

Fig. 1: A cross-sectional view of DH-DD-TM-SG MOSFET.

Figure depicts the two-port equivalent circuit
of the proposed device. The input port is correspond-
ing to the gate-source terminal having voltage and cur-
rent as V; and I;. The output port is represented by
a drain-source terminal having voltage and current as
V, and I,. Y-parameters are calculated using a small
signal equivalent circuit [§] and [9]. A one-dimensional
charge-control-based model is used to find out the in-
trinsic elements of the circuit. S-parameters are eval-
uated from Y-parameter to access the device per-
formance in terms of maximum oscillation frequency
and unilateral power gain.

Ry
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Vi Vo
Cgs__ gmexp('jw‘[) l
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Fig. 2: Small signal equivalent circuit of DH-DD-TM-SG MOS-
FET.

Circuit theory is used to calculate the expression for
admittance parameters.

e Input Admittance Yi1:

Y11 is the ratio of the current to the voltage
at the input port when V, = 0.

yi— B @R
Vi V=0 Hy (1)
w2C?% R,y C C
9d~9 iw [ 298 4 Z9d
+ iy +Jw(Hl+H2>,

where Hy = 14+w?CZ R}, and Hy = 1+wQCg2dR§d.
e Reverse Transfer Admittance Yia:

Y12 is the ratio of the input current to the output
voltage when V; = 0.

v, I; WQngRgd
12= =
oo M @)
. Cgs Ogd
]w<H1 + T, )

e Forward transfer Admittance Ya;:

Y51 is the ratio of the output current to the input
voltage when V, = 0.

I, gme T :
Yo, = — =—— —jwC,y. (3
2! Vilv,=o 1+ JjwCysRin JCga- (3)
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e Output Admittance Yos:

Y59 is the ratio of the output current to the output
voltage when V; = 0.

I w?C?,Rya Cou
Yag = 2| =g+ —L 4t (4
2=y Vo gd + I, Jw T, (4)

The S-parameters are evaluated from Y-parameters
using direct conversion which is given as:

S11 represents the input reflection coefficient. It is
the ratio of the signal reflected to the incident at the in-
put port with the output port truncated at Z,. It is
associated with matching of the input port to source
impedance in the LNA design.

(1= Z,Y11)(1 + Z,Ya2) + (Z2Y12Y21)

S = A . (9

S12 represents the reverse transmission coefficient.
It is the ratio of the signal transmitted at the input
to the signal incident at the output port with the in-
put port truncated at Z,. The feedback from output
to the input of an amplifier is given by S12 which affects
stability. .

—2Z,Y11
Sip=—3— (6)

So1 represents the forward transmission coefficient.
It is the ratio of the signal transmitted at the out-
put port to the signal incident at the input port
with the output port truncated at Z,. Ss; is related
to the maximum power gain of an amplifier. So, more
value of S2; produces more gain and the device can be
operated at a higher frequency range.

—22,Y;
S = 22002, ™)

Soo represents the output reflection coefficient. It
is the ratio of the signal reflected to the incident
at the output port with the input port truncated
at Z,. It is associated with matching of the output
port to load impedance in the amplifier design.

(1+ ZoY11)(1 — Z,Yao) + (Z2Y12Y21)
% )
A=+ Z,Y11)(1+ Z,Ya) — Z2Y12Yo1.

Sag = (8)

(9)
Zy =50 Q.

A charge-based model is used to calculate Clgq
and ng [10]

3. Results & Discussion

Figure |3| illustrates the change in overall gate ca-
pacitance, Cy; = (Cys + Cyq) for DH-DD-TM-SG

and TMSG MOSFET with the change in gate voltage.
It can be noticed in the Fig. [3] that DH-DD-TM-SG
MOSFET has a higher value of capacitance as com-
pared to TMSG MOSFET. This is owing to the high
dielectric constant present in the device. Furthermore,
large carriers are available for current conduction due
to halo doping. The device frequency does not deteri-
orate with an increase in capacitance in DH-DD-TM-
SG MOSFET in comparison to TMSG MOSFET be-
cause of former has a higher value of transconductance.
The frequency behavior of the device is mainly related
to the capacitive nature of the device. The switching
speed of a device is highly related to cut-off frequency

(fr) given as [11]:

fo=2m

21Cyq (10)
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Fig. 3: Total Gate Capacitance versus Gate voltage for DH-
DD-TM-SG and TM-SG MOSFET.

Figure [ depicts and analyzes the S-parameters
of the proposed device and TM-SG MOSFET with
toe = 2nm, L =30 nm, Vs = 0.2 Vand V4o =0.1 V.
The input and output reflection coefficients are repre-
sented by S1; and S5,. Ideally, the matching between
two ports should be maximum with zero reflection co-
efficients. Figure and Fig. depict the varia-
tion in Sp; and Sio with the change in frequency; S11
and Sso show a very small variation with the frequency.

As can be seen from the Fig. [l] the proposed struc-
ture exhibits a lower value of reflection coefficients
than TM-SG MOSFET. S;; and Ss; decrease with
an increase in frequency. The existence of gate stack
and triple metals at the gate enhances the gate con-
trol over the channel which improves the transconduc-
tance and current. Thus, diminishing the reflection
coeflicients and improving the matching between input
and output ports.

Figure and Fig. highlight the variation

in S12 and So; with the change in frequency. The leak-
age factor from input to outport is represented by re-

verse transmission parameter Sis. It is also known
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Fig. 4: S-parameter analysis of imaginary parts of DH-DD-TM-SG and TM-SG MOSFET.

as reverse voltage gain and its value should be higher
because it contributes to the stability of a MOS-
FET. The signal power transferred from input to out-
put port is known as forward voltage gain i.e. Soj.
The larger value of Sio gives a larger gain of the de-
vice. The DH-DD-TM-SG MOSFET exhibits more
value of Sp; and Sio as to TM-SG MOSFET because
of reduced SCEs and enhanced device performance.

Figure illustrates  the imaginary  part
of the S-parameter analysis. The imaginary parts
of S17 and Sy exhibita lower value for the proposed
device as compared to TM-SG due to better elec-
trostatic control of the gate. The imaginary part
of DH-DD-TM-SG MOSFET shows more value of Si2
and Sy as to TM-SG MOSFET due to high current
driving capability.

The power gain is a very imperative parameter
for designing an amplifier for microwave applications.
The two-port device is said to be active when Ur is
more than 1 otherwise device is treated as passive.
The maximum frequency of oscillation is the frequency
at which the unilateral power gain becomes unity.

Figure [6] shows the Ur as a function of frequency
at L = 30 nm. The Ur reduces exponentially with

an increase in frequency as shown in Fig. [f] By
further plotting the Ur curve, we obtained fpax as
850 GHz. The simulated results are in good agreement
with the analytical results [12].

Figure[7]shows the maximum stable power gain with
a change in frequency. This gain is extracted be-
fore the existence of instability in the device. With
the significant increase in frequency, the maximum
stable power gain decreases because of the reduction
in the mismatch between two ports. The Ur exhibits
an exponential decrease from the peak value of 36.7 dB
to 12.17 dB for the proposed device and 33.24 dB
to 5.19 dB for TM-SG MOSFET when frequency varies
from 5 GHz to 100 GHz. There is a 4.2 % improvement
in Ur as compared to TMSG and 5.1 % in comparison
to a Dual Metal Gate (DMG) and 7.4 % in contrast
to Double-Gate (DG) MOSFET.

The unilateral power gain and maximum stable
gain is expressed using S-parameters. These gain
parameters are essential for designing an amplifier
at microwave frequencies. The simultaneous match-
ing of two ports without any internal feedback gives
the Urp. The Unilateral Power Gain in terms
of the S-parameters is expressed as [I3] and [14]:
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Fig. 5: S-parameter analysis of imaginary parts of DH-DD-TM-SG and TM-SG MOSFET.
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where 6 is the stability factor. It is related to the stabil-
ity factor and finds out the frequency to make the am-

plifier stable.

The reduction in G,,s with frequency takes place
at a slower pace and the value is always more than
0 dB even for higher frequency. It implies better sta-
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bility of the device which makes it appropriate for mi-
crowave applications. The resistive load in the network
is considered to minimize the mismatch between two
ports which gives G5 when 6 = 1 [15] and [16].

|82

Gms - b)
|S12]

(14)

Figure [7] depicts the deviation in G, with
the change in frequency at L = 30 nm. It is the main
parameter for designing a Low Noise Amplifier (LNA).
The highest value of G,,s is 14.3 dB as observed
from the figure. G,,s has a value above 0 dB at a higher
frequency range which is mainly due to improved
matching between two ports. There is a 2.81 % im-
provement in G,,s as compared to TMSG.

The stern stability factor is a measure of the absolute
stability of the device. The stern stability factor is
plotted up to the frequency of 100 GHz. The DH-
DD-TM-SG MOSFET anticipates stern stability factor
equal to unity as depicted in Fig.|8 It indicates a stable
high-frequency behavior which makes it is suitable for
an oscillator.
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Fig. 8: Stern Stability Factor with variation in Frequency.

Figure[9 depictsthe change in Gprpe with variation
in frequency. The maximum gain which is achieved by
an active port is Gyrpe. It is the highest gain among
all other gains in microwave amplifiers and its value is
also mentioned in the datasheet by the manufacturer.
GuTpag is given as:

Gurpc = |521|2
(1 —[S11]2)(1 — [S22[?)

(15)

G rrpc has a value above 0 dB at a higher frequency
range which is mainly due to improved matching be-
tween input and output ports. There is a 6.9 % im-
provement in G prpa as compared to TMSG.

Figure [L0] anticipates the fluctuation in current gain
with frequency. G depends upon transconductance

and gate-capacitances. There is a significant increase
in transconductance for the proposed structure as com-
pared to the existing MOSFET due to better gate con-
trol and enhanced carrier transport efficiency. Thus,
G is higher for the proposed device in as to TM-SG
MOSFET. There is a 3.2 % improvement in current
gain as compared to TMSG. It is analyzed from differ-
ent gains that the proposed structure reveals more gain
as to TM-SG MOSFET owing to superior gate control.
So, DH-DD-TM-SG MOSFET is a fruitful device for
microwave applications.
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4. Conclusion

An intrinsic model for the proposed device has been
presented in this paper. The scattering parameters
are extracted from admittance parameters. The differ-
ent gain parameters have been estimated. A DH-DD-
TM-SG MOSFET exhibits mitigates in Sy; and Sos
and enhancement in S75 and S; which makes it suit-
able for RF amplifiers. The results were compared with
the TM-SG MOSFET. It has been noticed that DH-
DD-TM-SG MOSFET shows better performance than
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their counterparts MOSFET due to better gate control.
The proper design of the device makes it suitable for
high-frequency applications. The results indicate su-
perior performance in the microwave range by the DH-
DD-TM-SG MOSFET in terms of gains and scattering
parameters.
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