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ABSTRACT Analog/RF performances of 5-nm node bulk fin-shaped field-effect transistors (FinFETs)
and nanosheet FETs (NSFETs) were investigated and compared thoroughly using fully-calibrated TCAD.
NSFETs have greater current drivability and gate-to-channel controllability than FinFETs under the same
footprint, thus achieving larger intrinsic gain. But the cutoff frequencies (Ft ) of FinFETs and NSFETs are
comparable due to larger gate capacitances (Cgg) of NSFETs compensating DC performance improvements.
Gate resistances (Rg) of NSFETs are larger because of their metal gate (MG) configuration surrounding the
channels, longer MG height by the top-most NS spacing region, and the bottom transistor, thus degrading
maximum oscillation frequency (Fmax). Device design guidelines of FinFETs and NSFETs are also studied
for better intrinsic gain, Ft , and Fmax . Intrinsic gain is improved by better electrostatics, whereas Ft increases
by greater current drivability over Cgg. For larger Fmax , careful device design is required to compensate
between Rg, Cgg, output resistance, and Ft . Overall, NSFETs outperform FinFETs in terms of intrinsic gain,
Ft , and Fmax , thus NSFETs are promising for analog/RF applications.

INDEX TERMS 5-nm node, FinFETs, NSFETs, nanosheet, intrinsic gain, cutoff frequency, maximum
oscillation frequency, analog, RF, gate resistance.

I. INTRODUCTION
Si fin-shaped field-effect transistors (FinFETs) have been
scaled down to 10-nm node through higher aspect ratio and
layout optimization [1]. FinFETs started to substitute pla-
nar MOSFETs through design-technology co-optimization
in terms of performance, power, and area for system-on-
chip applications [2]. However, there are several technical
concerns to be considered for further scaling. Thinner fin is
required to maintain good electrostatics, but instead degrades
carrier mobility and induces larger threshold voltage (Vth)
variation [3]–[5]. Fin depopulation lowers layout design flex-
ibility by quantizing the drive current [3].

Meanwhile, Si nanosheet FETs (NSFETs) have been intro-
duced to increase the channel effective widths (Weff) for
greater current drivability under the same footprint while
maintaining superior electrostatics through gate-all-around
(GAA) structure [6]. In addition, NSFETs can adjust the
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drain currents (Ids) by changing the NS width (WNS), which
enables CMOS-compatible layout design [3], [7], [8].

Currently, FinFETs have substituted planar MOSFETs for
analog/RF applications due to better electrostatics achieving
high intrinsic gain (GmRo) and volume inversion lowering 1/f
noise [9]–[11]. But large gate resistance (Rg) from complex
fin array structure and parasitic capacitance (Cpara) limits the
performance boosts of cutoff frequency (Ft ) and maximum
oscillation frequency (Fmax) in the following technology
node [12], [13]. Analog/RF performances of NSFETs have
been investigated in terms of NS channel thickness (TNS) and
WNS for better analog/RF figure-of-merits (FoM) (GmRo, Ft ,
Fmax) [14]. But there are no qualitative analyses of analog/RF
FoM and no explanations comparing to FinFETs.

Thus, the analog/RF performances of FinFETs and
NSFETs were investigated thoroughly using fully-calibrated
TCAD. After structural analyses of FinFETs and NSFETs,
device design guidelines for best analog/RF FoM were pre-
sented. Also, the small-signal equivalent circuits of FinFETs
and NSFETs, validated by matching all the Y parameters,
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FIGURE 1. 3-D schematic diagrams of bulk FinFETs and NSFETs.
Geometrical parameters and materials are specified.

were analyzed and provided for the further study of non-linear
and noise equivalent circuit models.

II. DEVICE STRUCTURE AND SIMULATION METHOD
All the bulk FinFETs and NSFETs were simulated using
Sentaurus TCAD [15]. Drift-diffusion transport model was
self-consistently calculated along with Poisson and carrier
continuity equations. Density-gradient model was used to
consider the quantum confinement effects within the chan-
nels. Slotboom bandgap narrowing model was used for the
doping-dependent bandgap changes. Quasi-ballistic effect
was considered by including low-field ballistic model.Mobil-
ity and generation-recombination models, and stress-induced
modifications of bandgap, effective mass, and mobility were
equivalent as in [16], [17].

Fig. 1 shows the 3-D schematic diagrams of FinFETs and
NSFETs. Geometrical parameters and materials are speci-
fied, and their values are given in Table 1. NS pitch (NP) is
equivalent to two times of fin pitch (FP) as the WNS is 40 nm,
which is the reference value in this work. Their process flows
are equivalent to [16], [17]. Source/drain (S/D) height (Hsd),
gate height (Hg), and M0 height (HM0) are referred from
several TEM images [7], [11]. All the devices have the S/D
doping of 2 × 1020 cm−3 and the punch through stopper
(PTS) doping of 2 × 1018 cm−3 to minimize the leakage
currents flowing below the gate. Contact resistivity at the S/D
epi/silicide interface is fixed to 1× 10−9� · cm2.
As shown in Fig. 2, TCAD parameters were calibrated by

fitting the Ids of the 10-nm node FinFETs [1]. Subthreshold
swing and drain-induced barrier lowering were fitted first
by changing S/D doping profiles. Then, Monte Carlo sim-
ulation was performed to fit ballistic coefficient and satura-
tion velocity. Finally, mobility parameters related to surface
roughness scattering were tuned to fit the Ids in the

TABLE 1. Geometrical Parameters of The Bulk FinFETs and NSFETs.
Reference Values are underlined.

FIGURE 2. Bulk FinFETs calibrated to Intel [1].

linear region. Equivalent oxide thickness is 1.0 nm, consisting
of SiO2 (0.7 nm) and HfO2 (1.7 nm). Metal gate resistivity
(ρMG) is 2000�·µm,which is the same as TiAl, n-type work-
function metal [18], [19], and low-k dielectric constant is 9.0.
Operation voltage (VDD) is fixed to 0.7 V.

III. RESULTS AND DISCUSSION
Fig. 3 shows the analog/RF performances between FinFETs
and NSFETs. Equivalent circuit parameters between Fin-
FETs and NSFETs are analyzed in appendix. Intrinsic gain
is obtained by multiplying transconductance (Gm) with out-
put resistance (Ro), whereas Ft and Fmax are extracted at
the frequency where the current gain (|h21|) and the power
gain (MUG) curves are unity through the linear extrapolation
at 10 GHz. NSFETs have lerger GmRo than FinFETs because
NSFETs have better electrostatics and larger Weff than Fin-
FETs under the same footprint. There is a cross-over ofGmRo
between NSFETs and FinFETs at small Ids near 10−7 A/µm
because NSFETs have larger dopant penetration into the
channel, which decreases the Ro. Larger dopant penetration
is induced by Ge intermixing which assists more phosphorus
dopants diffusing into the channels [20]–[22]. On the other
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FIGURE 3. (a) GmRo, (b) Ft , Fmax of FinFETs and NSFETs.

hand, NSFETs have almost similar Ft but smaller Fmax than
FinFETs.

Since DC parameters were well calibrated, GmRo of Fin-
FETs and NSFETs were reasonable within the measured
data [10], [11], [23]–[25]. Ft and Fmax were slightly larger
than the measured data [10], [11], [23]–[25] because the par-
asitic RC components of metal interconnects are not included
in this TCAD work. But FinFETs and NSFETs would have
the same metal-line configurations under the same CPP. Thus
it is valid to compare the analog/RF performances quantita-
tively between FinFETs and NSFETs even in the front-end-
of-line level.

Fig. 4 shows maximum Gm (Gm,max), gate capacitance
(Cgg), and Rg of 2-fin FinFETs and single three-stacked
NSFETs under the same footprint.Gm was extracted from the
derivative of Ids-Vgs curve where Vgs is gate-source voltage,
and Cgg was extracted from Cgg-Vgs curve at a specific Vgs
point. Ft is proportional toGm/Cgg, whereas Fmax is inversely
proportional to Rg. Although Gm,max increases by 28.5 %
from fin to NS, Cgg increases as well because the NSFET
has larger Weff by large WNS of 40 nm inducing greater
overlap (Cov) and outer-fringing (Cof ) capacitances between
gate and S/D [16]. Rg was obtained using Y parameters at the
drain voltage (Vds) of 0 V as Re(Y12)/(Im(Y11)Im(Y12)) [26].
There is other method to extract Rg as Re(Y11)/Im(Y11)2 [27],
but these two methods give almost the same Rg values (not
shown). NSFETs have greater Rg than FinFETs due to their
complex metal gate (MG) configuration encircling around

FIGURE 4. (a) Maximum Gm (Gm,max ) and Cgg at the Gm,max point and
(b) gate resistance (Rg) of 2-fin FinFETs and NSFETs under the same
footprint.

the channel. Also, top-most NS spacing region lengthens the
MG height and increases the Rg. In addition, as shown in
the insets of Fig. 4b, NSFETs have additional turn-on of the
bottom transistor at high gate voltage (Vgs), thus increasing
the Rg further.

Fig. 5 shows GmRo, Ft , and Fmax of FinFETs having dif-
ferent fin width (Wfin) and fin height (Hfin).Gm decreases but
Ro increases much as the Weff (=Wfin+ 2×Hfin) decreases,
so GmRo increases. Especially, smaller Wfin reduces the cur-
rent drivability, which is related to the Gm, but also decreases
the short-channel effects (SCEs), rising Ro greatly. Model
equations of Ft and Fmax are simply given by [14]

Ft =
Gm

2πCgg
(1)

Fmax =
Ft√

4Rg,int (Gds + 2πFtCgd )
(2)

where Rg,int is the intrinsic gate resistance decomposed from
the S/D resistance (Rsd ), Gds is output conductance (= 1/Ro),
and Cgd is gate-drain capacitance. Rg,int consists of MG
resistance and intrinsic channel resistance. Simulation and
model results of Ft are Fmax are well matched for all the
Wfin and Hfin splits (Fig. 5). Rsd is extracted using Y -function
method [28], and Rg,int is calculated as

Rg,int = Rg −
1
4
Rsd . (3)

The detailed derivation of Rg,int is shown in appendix.
Larger Weff increases Gm rather than Cgg and thus

increases Ft (left of Fig. 6). But Hfin shifts Cgg greatly while
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FIGURE 5. Analog/RF FoM of FinFETs having different (a) Wfin and
(b) Hfin splits.

FIGURE 6. Gm and Cgg at the maximum Ft point (left) and intrinsic gate
resistance (Rg,int ) decomposed from Rsd (right).

Wfin does not, thus Ft increase is not as large as that for the
Wfin splits. For larger Wfin, larger Cov but smaller inversion
capacitance due to Vth results in constant Cgg. This trend
is different depending on the S/D doping profile; FinFETs
having smaller junction gradients increase Cpara and Cgg as
the Wfin increases [29], [30]. Cpara includes the Cof between
gate and S/D epi and extension, theCov related to the junction
gradients within the channel, and the contact capacitance
between gate and S/D metal-lines [29]. Phosphorus from S/D
is segregated at the channel/oxide interface much as the Wfin
decreases [31].Fmax is almost similar irrespective of theWfin,
whereas Fmax decreases greatly as the Hfin increases. The
only difference of Fmax between Wfin and Hfin splits comes
from the Rg,int (right of Fig. 6). As the Hfin increases, longer
MG height increases the Rg,int and thus reduces the Fmax .

FIGURE 7. GmRo, Ft , Fmax of NSFETs having different (a) TNS, (b) NNS,
and (c) WNS splits. Maximum error of Fmax is below 10 %.

But as the Wfin increases, larger Ft compensates larger Rg,int
by thinner MG height and thus the Fmax is almost the same.

Fig. 7 shows GmRo, Ft , and Fmax of NSFETs having
different NS thickness (TNS), the number of NS channels
(NNS), and WNS. Similar to FinFETs, thinner TNS and WNS
increase the GmRo by enhancing the gate-to-channel control-
lability and by increasing the Ro much. On the other hand,
greater NNS at the WNS of 40 nm maintains the SCEs while
increasing Gm greatly rather than Ro decrease, which arises
to larger GmRo. Although simulation and model results of Ft
are equivalent, Fmax is not because the Rg,int contains the
bottom transistor which, however, does not affect DC/AC
performances of NSFETs greatly as the S/D over-etching is
not severe [32]. To match simulation and model results of
Fmax , Rg,int value excluding the bottom transistor is required.
Ft trends as a function of TNS, NNS, andWNS are explained

as follows. Larger TNS and WNS increase Gm rather than
Cgg, thus increase Ft . Greater NNS also increases Gm due
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FIGURE 8. 2-D schematic views of NSFETs with TNS of 5 and 9 nm at the
middle of channel (left) and Cgd and Rg,int of NSFETs with different TNS
(right).

FIGURE 9. Rg,int , Cgd , and Gds of NSFETs with different WNS.

to larger Weff but increases Cpara of the NS spacing regions
and thus Cgg critically. Increasing rate of the Ids (and Gm) is
smaller than increasing rate of the Cgg as the NNS increases
because longer carrier paths are needed to flow the bottom-
side NS channels [17]. Fig. 8 explains the Fmax trends as a
function of TNS. As the TNS changes from 5 to 9 nm, greater
Weff (= 2× (WNS+ TNS)× NNS) increases Cgd and longer
MG height increases Rg,int and Cgd , thus decreasing Fmax .
Significant decrease of Fmax for greater NNS can be explained
by larger Rg,int and Cgd from longer MG height.
Fig. 9 shows Rg,int , Cgd , andGds of NSFETs with different

WNS. WNS does not change the MG height but increases the
NS spacing width (the inset of Fig. 9). There is a compensa-
tion of Rg,int between wider NP and longer NS spacing width,
so the Rg,int does not decrease above the WNS of 30 nm.
On the other hand, both Cgd and Gds increase linearly as
the WNS increases. Consequently, the Fmax increases as the
WNS changes from 7 to 30 nm, and then decreases due to the
constantRg,int alongwith the continuous increases ofCgd and
Gds as the WNS increases above 30 nm.

Thinner NS spacing thickness (Tsp) decreases the S/D epi
size, but the channel stresses are not varied much; 0.78 GPa
to 0.70 GPa as the Tsp changes from 16 to 8 nm. Since the

FIGURE 10. Rg,int , Cgg, Cgd , Ft , and Fmax of NSFETs with different Tsp.

TABLE 2. Device Design Guideline for Best GmRo, Ft , and Fmax .

Rsd is affected dominantly by the S/D extension rather than
the S/D epi [33], the S/D epi size does not affect the Ids. Thus,
theDC performancemetrics (Gm,Ro, andGds) of theNSFETs
are almost the same. Fig. 10 shows analog/RF parameters
including Ft and Fmax of NSFETs with different Tsp. Rg,int ,
Cgd , and Cgg decreases linearly as the Tsp decreases due to
the shorter MG height. This results in the increases of Ft and
Fmax . Thinner Tsp may increase the Rg,int by increasing the
ρMG [34], so there may be a Fmax bottleneck at a certain Tsp
in reality, which is beyond the scope of this article.

Table 2 summarizes the device design guideline to attain
the best GmRo, Ft , and Fmax of FinFETs and NSFETs. For
FinFETs, best GmRo is obtained by reducing Wfin for better
gate-to-channel controllability and also by reducing Hfin for
larger Ro rather than smaller Gm. Best Ft is achieved when
bothWfin and Hfin increase for larger current drivability. Best
Fmax is at shorter Hfin when shorter MG height is formed for
smaller Cgg and Rg,int .

NSFETs have similar device design guidelines as FinFETs
for best GmRo, Ft , and Fmax . For all the cases, Tsp should
decrease to reduce Cgg and Rg,int while maintaining the same
DC performances. Thinner TNS and WNS increase Gm much
compared to Ro decrease, which is thus preferable to increase
the GmRo, but at the NNS of 2. Best Ft is obtained when both
TNS and WNS increase for larger current drivability, but at
the NNS of 3. Greater NNS increases Gm as well as Cgg but
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FIGURE 11. |h21| and MUG of FinFETs and NSFETs for the extraction of Ft
and Fmax .

the increasing rate of Gm becomes smaller as NNS increases,
so there is an optimal point for the best Ft (NNS = 3). For the
best Fmax , theWNS of 40 nm is optimal by balancing between
Rg,int and Ft at the TNS and NNS of 5 nm and 1, respectively,
where the Rg,int is small. Maximum values of GmRo, Ft , and
Fmax for FinFETs and NSFETs are also provided in Table 2.
Overall, NSFETs outperform FinFETs through proper device
design, which are expectable for analog/RF applications.

IV. CONCLUSION
Analog/RF performances of FinFETs and NSFETs were
thoroughly analyzed using fully-calibrated TCAD. NSFETs
have larger GmRo than FinFETs due to the GAA struc-
ture enhancing the gate-to-channel controllability and larger
Weff increasing current drivability under the same footprint.
But large Rg,int including top-most NS spacing and bot-
tom regions degrades the Fmax of NSFETs over FinFETs.
There are several modifications of geometrical parameters to
improveGmRo,Ft , andFmax .GmRo is maximized by decreas-
ing Wfin and Hfin for FinFETs (TNS and WNS for NSFETs),
whereas Ft is maximized when the devices have large current
drivability by increasing Wfin and Hfin for FinFETs (TNS and
WNS for NSFETs). More NNS over 3 increases the Ids but
degrades analog/RF performances due to much larger Cgg.
Maximum Fmax is obtained by decreasing Rg,int , achieved
by smaller Hfin for FinFETs (NNS for NSFETs), but without
decreasing Ft much. Overall, NSFETs have larger GmRo,
Ft , and Fmax than FinFETs, which is thus promising for
analog/RF applications.

APPENDIX
Fig. 11 shows the frequency-dependent |h21| and MUG from
1 to 200 GHz of FinFETs and NSFETs. Through linear
extrapolation in the semi-log plots of |h21| and MUG near
10 GHz, Ft and Fmax were obtained at 0 dB, respectively.
All the Ft and Fmax values of FinFETs and NSFETs were
extracted using this method.
Rg is calculated as Re(Y12)/(Im(Y11)Im(Y12)), and imag-

inary parts of Y11 and Y12 are simply ωCgg and – ωCgd ,
respectively [20], [21]. Real part of Y12 is obtained by using

FIGURE 12. Equivalent circuits of FinFETs and NSFETs (a) in general case
and (b) for Y12 (= I1/V2) when the Vds is zero. Two-port configuration
was applied; node G and D are connected to port 1 and 2, respectively,
and the node S and B are grounded.

KCL at four nodes (X, Y, Z, A) of Fig. 12b as

VX
(
1/Rd + jωCgd + jωCjd

)
+ I1jωRg,intCgd − V2/Rd

= VY jωCjd (4)

VX jωCjd − VY
(
jωCjs+jωCjd + jωCgb + 1/Rsub

)
+VZ jωCjs = I1jωRg,intCgb (5)

VZ
(
1/Rs + jωCjs + jωCgs

)
+ I1jωRg,intCgs = VY jωCjs (6)

VX jωCgd + VY jωCgb + VZ jωCgs

= −I1
(
1+ jωRg,intCgg

)
(7)

where Cjs and Cjd are the junction capacitances at source and
drain, respectively, Cgb is gate-to-bulk capacitance, Rsub is
substrate resistance, and Cgs is gate-to-source capacitance.
Since there are four equations and five variables (VX , VY ,
VZ , V2, I1), we can make this into one equation in terms of
V2 and I1 as (assuming that the second-order terms (ω2) in
the denominator and the higher-order terms (ω3, ω4, ω5) are
negligible at low frequency)

Y12 ≡
I1
V2

∣∣∣∣
V1=0

∼=− jωCgd + ω
2RsubCjdCgb

−ω2Rg,intCggCgd − ω
2RdCgd

(
Cgd + Cjd

)
(8)

and the real part of Y12 is expressed as

Re (Y12) = ω2RsubCjdCgb − ω2Rg,intCggCgd
−ω2RdCgd

(
Cgd + Cjd

)
. (9)

Using Im(Y11), Im(Y12), and eq. (9), Rg is calculated as

Rg = Rg,int +
Cjd + Cgd

Cgg
Rd −

CjdCgb

CggCgd
Rsub. (10)

Because Fmax is extracted at high Vgs, Cgb and Cjd can be
ruled out. And at the Vds of 0 V, Rd and Cgg can be approx-
imated as Rsd /2 and Cgg/2, respectively. Finally, Rg can be
simplified as

Rg = Rg,int +
1
4
Rsd . (11)
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FIGURE 13. Equivalent circuits of FinFETs and NSFETs after de-embedding
Rs and Rd (a) at off state and (b) on state. Two-port configuration was
applied; node G and D are connected to port 1 and 2, respectively, and
the node S and B are grounded.

Fig. 13 shows the equivalent circuits of FinFETs and
NSFETs after de-embedding Rs and Rd extracted from
Y -function method [22]. This de-embedding was done as[
Z11 Z12
Z21 Z22

]
−

[
Rs Rs
Rs Rs + Rd

]
=

[
Y int11 Y int12
Y int21 Y int22

]
(12)

where Z parameters are converted from Y parameters and Y int

parameters are the Y parameters after de-embedding Rs and
Rd [35]. Parameters were extracted first at off state (Vgs =
0 V) where inversion channel was not formed and thus its
components were negligible. Y int parameters at off state are
obtained by using KCL at one node (X) of Fig. 13a as

VX
Rsub
+ (VX − V2) · jωCjd + VX · jωCjs

+ (VX − V1) · jωCgb = 0. (13)

This equation can be represented as VX in terms of V1 and
V2. The currents flowing into G and D nodes are given by

I1 = (V1−V2)·jωCgd0+V1 · jωCgs0+(V1 − VX ) · jωCgb0
(14)

I2 = (V2 − VY ) · jωCgd0 + (V2 − VX ) · jωCjd (15)

where Cgs0, Cgd0, and Cgb0 are the parasitic components of
Cgs, Cgd , and Cgb at off state, respectively. Eqs. (14) and (15)
can be formed in the matrix form as[

I1
I2

]
=

[
Y int11 Y int12
Y int21 Y int22

] [
V1
V2

]
. (16)

Assuming the second-order terms (ω2) in the denominator
and the higher-order terms (ω3, ω4, ω5) are negligible at
low frequency, real and imaginary parts of Y int to extract the
parameters in Fig. 13a are

Im
(
Y int11

)
≈ ω

(
Cgd0 + Cgs0 + Cgb0

)
(17)

Im
(
Y int12

)
≈ −ωCgd0 (18)

Im
(
Y int22

)
≈ ω

(
Cjd + Cgd0

)
(19)

Re
(
Y int22

)
≈ ω2RsubC2

jd . (20)

These components are equivalent to those for conventional
MOSFETs at off state [27]. Cgd0 and Cjd are extracted

TABLE 3. Extracted parameters of 2-fin FinFETs and NSFETs under the
same footprint at the Vds of 0.7 V.

first using eqs. (18) and (19), respectively. Cgs0 and Cjs are
extracted using Im(Yint12 ) and Im(Y

int
22 ) at the Vds of 0 V. Then,

Cgb0 is extracted using eq. (17). At last,Rsub is extracted using
eq. (20).

Next, all other parameters are extracted at on state
in Fig. 13b. Using the same assumptions above, All the Y int

components are simplified as
Y11 ≈ jωCgg + ω2Rg,intC2

gg (21)

Y12 ≈ −jωCgd − ω2Rg,intCgdCgg (22)

Y21 ≈ gm − jω
(
gmτm + Cgd + Rg,intCgggm

)
−ω2Rg,intCgg

(
gmτm + Cgd

)
(23)

Y22 ≈ gds + jω
(
Cgd+Cjd+Csdx−Ldsg2ds+gmRg,intCgd

)
+ω2(RgC

2
gd + gmτmRg,intCgd

+ gmR2g,intCggCgd + RsubC
2
jd ) (24)

where Lds and τm are the drain-source inductance and the time
constant which represent the inertia of the inversion carriers
as the Vgs change fast [36], and Csdx is the source-drain
capacitance due to drain-induced barrier lowering effect [35].
Each parameters except Rg,int , Rsub, and Cjd can be given by

gds ≈ Re (Y22)|ω=0 (25)

gm ≈ Re (Y21)|ω=0 (26)

Cgd ≈ −
Im (Y12)
ω

(27)

Cgs ≈ −
Im (Y12)
ω

∣∣∣∣
Vds=0V

(28)

Cgb ≈ −
Im (Y11)
ω

− Cgd − Cgs (29)

τm ≈ −
1
gm

(
Im (Y21)
ω

− Cgd

)
− Rg,intCgd (30)

Lds ≈
τm

gds
(31)

Csdx ≈
Im (Y22)
ω

− Cgd−Cjd+Ldsg2ds−gmRg,intCgd . (32)
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FIGURE 14. Y int parameters between model (lines) and TCAD (symbols)
at the Vgs and Vds of 0.70 V.

Table 3 summarizes all the parameters extracted at the Vds
of 0.7 V. Rg,int changes as a function of Vds because the
inversion channel shrinks by larger Vds, so the Rg,int values
in Table 3 are smaller than those in Figs 6 and 8. All the
Cgg components (Cgs,Cgd ,Cgb) andCpara components (Cgs0,
Cgd0, Cgb0) of NSFETs are greater than those of FinFETs
because the NSFETs have larger Weff of 282 nm inducing
larger inversion capacitance andCof than the FinFETs having
the Weff of 198 nm under the same footprint. Also, NSFETs
have greater Cjs and Cjd due to larger S/D epi area adjoining
to the PTS layer. Larger Lds and τm for NSFETs indicate that
the devices respond to the Vgs much slowly than FinFETs.
Fig. 14 compares the Y int parameters between model (lines)
and TCAD (symbols), validating that the equivalent circuits
proposed in Fig. 13 are applied well to FinFETs and NSFETs
up to 200 GHz. Slight deviation at high frequency is because
the second-order terms (ω2) in the denominator and the
higher-order terms (ω3, ω4, ω5) are not negligible.
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