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ABSTRACT In this article, we propose a compact model for Negative Capacitance Nanosheet Field Effect

Transistor (NC-NSFET) including quasi-ballistic transport for sub-7nm technology node. The model

captures the electrical characteristics of NC-NSFET for different ferroelectric thicknesses. Further, it

captures the reverse short channel effects of NCFET for different channel lengths with a single set of

parameters. Also, we build a model for terminal charges of NC-NSFET using the core model and the

earlier developed inner fringing charge model. Using our physics-based model, we find that quasi ballistic

transport worsens the capacitance matching in NCFET compared to drift-diffusion only case. We validate

the compact model for the drain current and the terminal charges with the TCAD results. The proposed

compact model is computationally efficient and implemented in the Verilog-A code to enable SPICE

circuit simulations. Finally, we demonstrate this by applying our model for NC-NSFET based CMOS

inverter and SRAM circuit implementations in SPICE.

INDEX TERMS Negative capacitance, MFIS, ferroelectric, nanosheet, FinFET, nanowire, quasi-ballistic

transport, short channel effects.

I. INTRODUCTION

Beyond 7nm technology node, owing to significantly large

short channel effects (SCEs), the state-of-the-art FinFET

devices may have to be eventually replaced by the geometries

with a superior gate controllability such as nanosheet and

nano-wire FETs [1]–[3]. Moreover, the recent discovery of

negative capacitance effect originating from the ferroelectric

layer present in the gate stack of NCFET can further augment

the subthreshold integrity and even provide a larger ON state

current than the conventional FETs [4]–[7]. The fringing field

effect in a short channel NCFET has been found to signifi-

cantly lower the steady-state leakage of the device, which can

help in continuing Dennard’s scaling for the CMOS devices,

i.e., increasing the frequency of the processor with every new

technology node [8]–[10]. Thus, ferroelectric NC based gate

all around FET is expected to be a suitable candidate for

futuristic ultra-scaled channel devices. To enable large-scale

circuit design with such devices, a computationally efficient

compact model is essential to evaluate the design quality

and circuit performance. In this work, we develop a Verilog-

A implementable compact model for sub-7nm NC-NSFET

using the Landau-Khalatnikov (L-K) equation for the fer-

roelectric layer. We include the drift diffusive as well as

ballistic transport in our model, which is inevitable at such

small dimensions [11]. In addition to our previous work [12],

we develop a terminal charge model in this article using the
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TABLE 1. Device design parameters of NSFET and NC-NSFET.

core model and inner fringing charge model, which is based

on the capacitive network approach [8].

The paper is organized as follows. In Section II, we discuss

the framework for the simulation of NC-NSFET, which we

later require for the validation of our compact model in

Section III. In Section III, we explain the compact modeling

flow and its validation with the TCAD results. In Section IV,

we study the static noise margin of CMOS inverter and 6-T

SRAM circuits. Finally, we conclude this work in Section V.

II. TCAD SIMULATION FRAMEWORK

To validate the compact model, we simulate a sub-7nm NC-

NSFET in the Sentaurus 3D TCAD simulator [13]. The

simulated structure of NC-NSFET is shown in Fig. 1(a).

the cross section of the NC-NSFET is shown in Fig. 1(b),

which describes the doping profile in the channel. For the

device simulation, we incorporate the Fermi Dirac statistics,

ballistic mobility model, quantum confinement effect, SRH,

and Auger recombination models. The baseline Nanosheet

FET (NSFET) in the Sentaurus TCAD with gate length (LG)

of 12nm is first calibrated with the experimental data [3] for

both Vds = 50mV and Vds = 0.7V, as shown in Fig. 2. The

other device parameters for the NSFET are shown in black

color in Table 1. For the simulation of NC-NSFET, we keep

the geometry and the metal gate work function same as the

calibrated NSFET, with an additional ferroelectric layer of

thickness TFE on the top of the interfacial oxide layer of

the baseline NSFET. For the ferroelectric layer, we use the

L-K equation with the parameters shown in purple color in

Table 1.

III. MODEL DEVELOPMENT AND VALIDATION
A. SURFACE POTENTIAL

To accurately model the potential in the channel, we need to

solve 2-D Poisson’s equation for an undoped channel which

is given by

∂2V(x, y)

∂x2
+

∂2V(x, y)

∂y2
=

q

εs
n(x, y) (1)

FIGURE 1. (a) Simulated 3D device structure of Negative Capacitance
Nanosheet Field Effect Transistor (NC-NSFET) in Sentaurus TCAD. The
device parameters of baseline NSFET and NC-NSFET are listed in Table 1.
(b) Cross section of NC-NSFET along the x-axis, which shows the doping
profile in the channel.

FIGURE 2. The calibration of Ids − Vgs characteristics of baseline NSFET
for both Vds = 50mV and Vds = 0.7V with experimental results [3] in
Sentaurus 3D TCAD tool.

where V is the potential in the channel, x is a direction along

the channel, and y is a direction that is perpendicular to the

channel, as shown in Fig. 1(a), q is the electronic charge, εs is

the permittivity of the silicon material, and n is carrier density

in the channel. However, it is very challenging to solve 2-D

Poisson’s equation to get potential profile while developing

a computationally efficient compact model. Therefore, to
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simplify the 2-D Poisson’s equation given in (1), we assume

a parabolic potential in the y-direction [11] which is given as

V(y) = Ay2
+ B (2)

where, the coefficients A and B are evaluated by apply-

ing potential boundary conditions in the y-direction of the

channel. The procedure to obtain reduced form of Poisson’s

equation is given in [11]. Therefore, using (2) in (1), we

will get the reduced form of the Poisson’s equation along

the channel (i.e., only in the x-direction) for NC-NSFET as

given in

1

κ

∂2ψC

∂2x
+
Vgs + Vfb + VFE − ψC

ζ
=

q

εs
n(x) (3)

where ψC is the center potential, Vgs is the applied gate

voltage with respect to the source terminal, Vfb is the flat

band voltage, κ = 1 + εinsTNS/4εsTins is an intermediate

parameter, εins is a permittivity of the interfacial oxide

layer, TNS is a body thickness of the nanosheet, Tins is the

interfacial oxide thickness, ζ = εsTinsTNSκ/2εins is another

intermediate parameter, and VFE is voltage drop across the

ferroelectric layer which can be expressed in terms of gate

charge density (Q) using Landau-Devonshire theory [16] as,

VFE = αfQ+ βfQ
3 (4)

where, αf = 2aTFE and βf = 4bTFE are the Landau

coefficients of the ferroelectric material. The values of a

and b are listed in Table 1.

To get the charge density in the channel, we sum the

carrier densities injected from the source side and the drain

side [17] as

n(x) = ns−d(x) + nd−s(x) (5)

where, ns−d(x) is the carrier density at any position x in

the channel, which is injected from the source side towards

the drain side [11]. The source side injected carrier den-

sity (ns−d(x)) is calculated as the sum of carriers injected

ballistically (nb−s) and through the drift-diffusive transport

(ndd−s), which is given as

ns−d(x) = nb−s(x) + ndd−s(x) (6)

Similarly, the carrier density injected from drain side is

expressed as,

nd−s(x) = nb−d(x) + ndd−d(x) (7)

where nb−d is the ballistic carrier density injected from drain

side and ndd−d is the drift-diffusive carrier density injected

from the drain side.

Now, we derive the expressions for nb−s/d(x) and

ndd−s/d(x) in terms of S and λ from [17] as

nb−s = ns(1 − S)L/λ (8)

ndd−s(x) = ns
S

1 − S
γ x/λ = n0sγ

x/λ (9)

nb−d = nd(1 − S)L/λ (10)

FIGURE 3. Validation of Ids − Vgs characteristics for different ferroelectric
thickness (TFE) at Vds = 0.7V. NC-NSFET shows better SS and higher
threshold voltage as we increase the TFE.

ndd−d(x) = nd
S

1 − S
γ (L−x)/λ

= n0dγ
−x/λ (11)

where, γ = 1 − S and S denotes the charge density getting

scattered at every λ interval in the channel. Note that each

charge density component is expressed in terms of ns and

nd, the charge density available at source and drain end,

respectively. The ns and nd are calculated from the core

model of our previous double gate-NCFET model [18].

Now, to obtain the potential profile in the channel, we

solve the reduced Poisson’s equation (3) in conjugation with

the current continuity as

nb−s/dvb
︸ ︷︷ ︸

Ballistic

+µndd−s/d
∂ψC

∂x
︸ ︷︷ ︸

Drift

+µφt
∂ndd−s/d

∂x
︸ ︷︷ ︸

Diffusion

= Const. (12)

where vb is the ballistic velocity of the carrier, µ is the

mobility of the carrier in drift-diffusive transport, and φt is

the thermal voltage.

After differentiating (12) with respect to x, we will get

µ
∂ndd−s/d

∂x

∂ψC

∂x
+ µndd−s/d

∂2ψC

∂x2
+ µφt

∂2ndd−s/d

∂x2
= 0(13)

We have assumed continuity for each component, i.e.,

ns−d(x) and nd−s(x) separately to get potential profile due

to injection from the carrier density from source to drain

and drain to source, respectively.

Now, using (1), (6), and (13), we solve for the potential

profile ψC1 due to the injection of carriers from the source

side.

α
∂ψC1

∂x
+

∂2ψC1

∂x2
+ φtα

2
= 0 (14)

where, α = ln(γ )/λ is an intermediate parameter, and ψC1

is expressed as

ψC1 =
M1s

κ ′
−
N1sγ

3x/λ

3α + κ ′
−
N2sγ

2x/λ

2α + κ ′
−
N3sγ

x/λ

α + κ ′
+ C1e

−κ ′x (15)
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FIGURE 4. (a) Comparison and validation of Ids − Vgs of both NSFET and
NC-NSFET (TFE = 5nm) for both Vds = 50mV and Vds = 0.7V with the TCAD
results. NC-NSFET exhibits N-DIBL, steep SS, and higher ION than NSFET.
(b) Comparison and validation of gm of both NSFET and NC-NSFET for both
Vds = 50mV and Vds = 0.7V with the TCAD results. Due to NC effect,
NC-NSFET shows higher gm than NSFET.

where, C1 is an integration constant and κ ′
= κ/αζ is

another intermediate parameter and

M1s = −κ ′
(

Vgs − Vfb
)

+
κ

α

(
q

εs
+

αf

ζ

)

nb−s

− κ ′βf (nb−s)
3
− φtα (16)

N1s = κ ′βf n
3

0s (17)

N2s = 3κ ′βf nb−sn
2

0s (18)

N3s = n0s

(

3κ ′βf n
2

b−s +
κ

α

(
q

εs
+

αf

ζ

))

(19)

Similarly, to get expression for potential profile (ψC2 ) due

to the drain side charge injection, we solve (1), (7) and (13),

simultaneously, as

α
∂ψC2

∂x
+

∂2ψC2

∂x2
− φtα

2
= 0 (20)

ψC2 = −
M1d

κ ′
−
N1dγ

−3x/λ

3α + κ ′
−
N2dγ

−2x/λ

2α + κ ′
−
N3dγ

−x/λ

α + κ ′
+ C2e

κ ′x (21)

FIGURE 5. (a) Comparison and validation of Id − Vd of both NSFET and
NC-NSFET at different Vgs with the TCAD results. NC-NSFET possesses NDR
effect due to N-DIBL effect. (b) Validation of gds of both NSFET and
NC-NSFET with the TCAD results. Due to NDR effect negative gds is
observed in NC-NSFET.

where C2 is an integration constant and

M1d = −κ ′
(

Vgs − Vfb
)

+
κ

α

(
q

εs
+

αf

ζ

)

nb−d

− κ ′βf (nb−d)
3
+ φtα (22)

N1d = κ ′βf n
3

0d (23)

N2d = 3κ ′βf nb−dn
2

0d (24)

N3d = n0d

(

3κ ′βf n
2

b−d +
κ

α

(
q

εs
+

αf

ζ

))

(25)

The final center potential profile ψC is obtained through

the superposition of ψC1 and ψC2 as given by

ψC = ψC1 + ψC2 (26)

Now, using the boundary conditions along the y -direction,

we get the surface potential (ψ ) in terms of ψC and applied

gate bias (Vgs) which is expressed as

ψ =
ψC + (κ − 1)

(

Vgs − Vfb − αf n(x) − βf n(x)
3
)

κ
(27)
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FIGURE 6. (a) Validation of Ids − Vgs of NC-NSFET for different channel lengths at Vds = 50mV with the TCAD results. SS and Vt - roll up effect is captured
using single set of parameters. (b) Validation of Ids − Vgs of NC-NSFET for different channel lengths at Vds = 0.7V with the TCAD results. N-DIBL is
captured using single set of parameters. (c) Validation of threshold voltage shift for different channel lengths at Vds = 50mV and Vds = 0.7V. The Vt -roll
up and N-DIBL effect are clearly observed in NC-NSFET.

The C1 and C2 are the integration constants which are solved

using the boundary conditions, i.e., ψ(x = 0) = 0 and

ψ(x = L) = Vds.

B. DRAIN CURRENT

Now, to obtain the total current, we sum the current due to

the ballistic transport(Ib) and current caused by drift-diffusive

transport(Idd) which can be written as

Itotal = Ib + Idd (28)

The ballistic current (Ib) can be expressed as given in [11]

Ib = qTNSWNS

(

nb−svb(x=0) − nb−dvb(x=L)

)

⎡

⎣
1 − e

P
Vds
φt

1 + e
−P

Vds
φt

⎤

⎦

(29)

where, WNS is the nanosheet width, P is parameter, and vb(x)
is ballistic velocity of the carrier which is given in [11] as

vb(x) =

√

qφt + 2qψ(x)

meff
(30)

where meff is the effective mass of the carrier.

The drift-diffusive current in terms of surface potential and

effective drift-diffusive carrier density (ndd,eff(x)) is given by

Idd =
qµeffTNSW

L

∫ L

0

ndd,eff(x)
dψ(x)

dx
dx (31)

where, ndd,eff(x) = ndd−s(x) − ndd−d(x).

Now, the short channel effects (SCE) arising due to the

fringing electric field in NCFET such as negative DIBL

(N-DIBL ), Vt-roll up and the sub-threshold slope improve-

ment with a reduction in channel length [8]–[10] are captured

using the capacitive network approach which we earlier

developed for the double gate NCFET [8]. The model

for confinement effect is essential for the sub-7nm tech-

nology node which we have incorporated in our compact

model using same set of equations which are available in

BSIM-CMG code [19].

Next, we have validated the obtained drain current from

our model with the TCAD data. We have validated our

model for different ferroelectric thicknesses (TFE) as shown

in Fig. 3. The model accurately captures the drain current

characteristics. With increase in the TFE, negative capaci-

tance effect improves sub-threshold slope (SS) and the ON

current ION due to the better capacitance matching effect.

However, we observe a hysteresis in Ids-Vgs characteristics

for TFE > 6 nm (not shown in Fig. 3).

Next, we have validated the Ids-Vgs characteristics obtained

for both NC-NSFET (TFE = 5nm) and NSFET at Vds =

50 mV and Vds = 0.7 V as shown in Fig. 4(a). In contrast to

the baseline NSFET, NC-NSFET exhibits steep sub-threshold

slope (SS), high ON current, and N-DIBL, which can be

clearly observed in Fig. 4(a). The Ids-Vgs calculated from

the proposed compact model agrees well with the TCAD

data as shown in Fig. 4(a). The model is further validated

with the derivative of the drain current (gm) as shown in

Fig. 4(b)).

In Fig. 5(a), we compare and validate the Ids-Vds character-

istics for both NSFET and NC-NSFET. Due to the N -DIBL

effect, the Negative differential resistance (NDR) effect is

observed in the TCAD data and is very well captured by

our model for the NC-NSFET. Further, the model is vali-

dated with the derivative of the Ids-Vds characteristics (gds),

where the negative gds is captured in the NDR region for

NC-NSFET in Fig. 5(b).

The Ids-Vgs characteristics for different channel lengths for

NC-NSFET at Vds = 50 mV are shown in Fig. 6(a). Drain

current for different channel lengths are accurately captured

by our model with a single global set of parameters. The

increase in threshold voltage with a decrease in channel

length (Vt - roll up effect) can be observed from L = 40 nm

to L = 30nm in Fig. 6(c). However, the conventional SCEs

start to dominate at very short channel lengths [8]. We

have modeled these conventional SCEs using the same set

1172 VOLUME 8, 2020
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FIGURE 7. (a) Comparison and validation of gate terminal charge QG for
both NSFET and NC-NSFET (TFE = 5nm) at Vds = 0V. The amplification
effect in NC-NSFET on fringing charges and channel charge density leads
to more negative and more positive QG at low Vgs and high Vgs regime,
respectively. (b) Comparison and validation of gate terminal charge QG for
both NSFET and NC-NSFET (TFE = 5nm) at Vds = 0.7V. The dominance of
fringing charge near drain end due to the high drain for all Vgs regime and
amplification effect over the fringing charge in NC-NSFET leads to more
negative QG than the NSFET.

equations which are available in the BSIM-CMG [19] model.

Further, Id-Vg characteristics for different L at Vds = 0.7 V

is shown in Fig. 6(b). The threshold voltage dependent on

the drain voltage (N-DIBL) is also captured through a single

set of parameters as shown in Fig. 6(c).

C. TERMINAL CHARGES

The gate terminal charge (QG) is obtained by integrating

the carriers present (n(x)) in the channel over the channel

length (L) as

QG = qW

∫ L

0

n(x)dx (32)

where, W = 2 × (WNS +TNS) and n(x) = ns−d(x)+nd−s(x).

After solving integration, we get the QG as

QG = qW

(

n0s

(
γ L/λ

α
−

1

α

)

+ nb−sL

− n0d

(
γ −L/λ

α
−

1

α

)

+ nb−dL

)

(33)

FIGURE 8. (a) Comparison and validation of gate terminal charge QS and
QD for both NSFET and NC-NSFET (TFE = 5nm) at Vds = 0V. The
amplification effect in NC-NSFET on fringing charges and channel charge
density leads to more positive and more negative QS/QD at low Vgs and
high Vgs regime, respectively. (b) Comparison and validation of gate
terminal charge QS and QD for both NSFET and NC-NSFET (TFE = 5nm) at
Vds = 0.7V. The dominance of fringing charge near drain end due to the
high drain for all Vgs regime and amplification effect over the fringing
charge in NC-NSFET leads to more positive QD than the NSFET. However,
the behaviour for QS is same as the earlier case, since the source terminal
is still at zero potential.

The drain terminal charge density (QD) can be obtained

from the carrier density injected from the drain side into the

channel. The expression for QD is written as

QD = −qW

∫ L

0

nd−s(x)dx (34)

After solving above equation, we get

QD = −qW

(

nb−dL− n0d

(
γ −L/λ

α
−

1

α

))

(35)

Similarly, the source terminal charge density is obtained from

the carrier density injected from the source into the channel.

The expression for QS is written as

QS = −qW

∫ L

0

ns−d(x)dx (36)
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FIGURE 9. Gate capacitance (CGG) of the NC-NSFET for drift-diffusive and
quasi-ballistic transport case. The matching effect becomes poor for
quasi-ballistic case.

After solving above equation, we get

QS = −qW

(

nb−sL+ n0s

(
γ L/λ

α
−

1

α

))

(37)

The fringing charge plays an important role in advanced

technology node devices. Therefore, we need to model this

accurately at such advanced technology node. To obtain these

fringing charges, we use the capacitive network approach [8].

We have validated the terminal charges with the TCAD

results as shown in Fig. 7 and Fig. 8. In Fig. 7(a), the model

for QG is validated with TCAD result at Vds = 0V for both

NSFET and NC-NSFET. The higher QG is observed at high

Vgs in NC-NSFET due to the NC effect as compared to the

baseline NSFET. However, the fringing charge is dominant in

NC-NSFET at low Vgs regime, due to the amplification effect

as compared to the baseline NSFET as shown in Fig. 7(a).

In Fig. 7(b), we have validated the QG at Vds = 0.7V. At

high Vds = 0.7V, the fringing charge significantly dominates

near at drain side due to high drain bias and therefore, more

negative gate charge is observed in NC-NSFET compared

to NSFET for all Vgs regime.

Next, we have validated the source and drain terminal

charges as shown in Fig. 8. Fig. 8(a) shows the validation

of QS and QD for both NSFET and NC-NSFET at Vds =

0V. From the capacitive network [8], we have modeled the

fringing charge for source terminal as

Qsfr = Cfc(Vbi − ψC) + Cfs(Vbi − ψS) (38)

Similarly, the fringing charge for drain terminal is given by

Qdfr = Cfc(Vbi + Vds − ψC) + Cfs(Vbi + Vds − ψS) (39)

To obtain total source and drain terminal charge, we add (38)

to (37) and (39) to (35), respectively. The source and drain

terminals contribute the same charges, since both terminals

are at the same potential. At Vds = 0V, the amplification

on fringing charge in the sub-threshold regime increases the

QS and QD in NC-NSFET than the NSFET. Similarly, the

FIGURE 10. (a) CMOS Inverter VTC for both NSFET and NC-NSFET (forward
and reverse sweep) case for different VDD obtained from the compact
model. The hysteresis width of the VTC reduces for lower VDD. (b) Hold
SNM butterfly curve for 6T-SRAM cell VDD = 0.7V and VDD = 0.3V obtained
from the compact model. The hold SNM is better for NC-NSFET for both
VDD cases.

amplification effect on the channel charge density in NC-

NSFET contributes more charges in the channel than the

NSFET. Fig. 8(b) shows the validation of QS and QD at

Vds = 0.7V. the similar behaviour for QS is observed, since

the source terminal is still at zero potential. However, due to

the high drain bias, the fringing contributes to the channel for

all Vgs regime and the amplification on fringing charges near

the drain side leads to more contribution of drain terminal

charges compared to the baseline NSFET.

Fig. 9 shows the gate capacitance (CGG) for drift diffusive

and quasi-ballistic transport cases at source side. The channel

charge density is higher in the case of drift-diffusive trans-

port compared to the quasi-ballistic transport, since to carry

same amount of current quasi-ballistic transport requires less

amount of charges at same bias condition [11]. Therefore,

the gate capacitance in quasi-ballistic case is lower than the

drift-diffusive case which worsens the capacitance match-

ing and in turn reduces the voltage amplification effect of

the NC.
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FIGURE 11. (a) Noise curve for NSFET and NC-NSFET obtained from the
compact model to determine read stability and write ability of SRAM cell
at VDD = 0.7 V, which is better in case of NC-NSFET. (b) Noise curve to
determine the read stability and write ability of SRAM cell at VDD = 0.3 V
obtained from the compact model. The read stability and write ability are
improved in iso-IOFF case of NC-NSFET.

IV. CMOS INVERTER AND 6-T SRAM CIRCUIT
SIMULATIONS

The model is implemented in Verilog-A and is used to sim-

ulate circuits in the SPICE simulator. The voltage transfer

characteristics (VTC) of the inverter for different VDD for

both NSFET and NC-NSFET, are shown in Fig. 10(a). Due

to the negative differential resistance (NDR) present in Ids-

Vds characteristics (see Fig. 5(a)), a hysteresis is observed in

the inverter VTC of NC-NSFET [20] for forward and reverse

sweeps. The steep inverter VTC of NC-NSFET also result in

improved noise margins for forward and reverse sweeps. The

hysteresis width of inverter VTC of NC-NSFET decreases as

VDD is reduced as shown in Fig. 10(a) and gets completely

diminished for VDD = 0.3 V. Further, the improved noise

margins of the NC-NSFET based CMOS inverter reflect in

6-T SRAM operations too due to the back to back con-

nected inverters. The hold static noise margin (SNM) of

SRAM cell for both NSFET and NC-NSFET are compared

for VDD = 0.3 V and VDD = 0.7 V in Fig. 10(b). The but-

terfly curve shows NC-NSFET based SRAM has a higher

HOLD SNM in both forward and reverse sweep than the

NSFET case.

Fig. 11 show noise-curve (n-curve) to determine SRAM

cell stability (read stability and write ability), which provides

both current and voltage information for read and write oper-

ations. Fig. 11(a) shows n-curve for VDD = 0.7 V. The node

current shows hysteresis due to the NDR effect. The static

voltage noise margin (SVNM) of NC-NSFET is better in

forward as well as in reverse sweep than the NSFET case.

Further, the maximum current conducted by the cell before

flipping its state, i.e., static current noise margin (SINM)

is larger in the case of NC-NSFET. Therefore, read sta-

bility in case of the NC-NSFET is improved. Further, the

improved maximum negative current, i.e., write trip current

(WTI) for NC-NSFET shows a better write ability of the

cell. Fig. 11(b) shows n-curve for VDD = 0.3 V where the

node current in NC-NSFET case is lower than the NSFET

case which is due to a lower drain current of NC-NSFET

than the NSFET in this case (see Fig. 4(a)). This degrades

the read stability of NC-NSFET compared with the NSFET

as shown by dotted line. However, if the OFF currents of

NC-NSFET and NSFET are matched by work function tun-

ing (iso-IOFF case), the NC-NSFET exhibits a higher drain

current which improves the read stability than the NSFET

case at VDD = 0.3 V.

V. CONCLUSION

We have developed a compact model for NC-NSFET

including quasi ballistic transport for sub-7nm technol-

ogy node using the L-K model of ferroelectric material.

We have demonstrated that the quasi-ballistic transport can

reduce the voltage amplification effect in very short channel

NCFETs. Further, we have modeled the terminal charges

for NC-NSFET. Finally, we have implemented our model

in Verilog-A to simulate inverter and SRAM circuits and

compared their static noise margin in conventional SPICE

simulator.
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