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Abstract

Quantum drift diffusion corrections, models for the one- and two-dimensionaldensity of states, a non-local model for
source-to-drain tunneling, and a simple ballistic mobility model are jointly used to simulateIDVGS-characteristics of
scaled III-V-channel nFETs. The sub-threshold swing of double-gate ultra-thin-body and gate-all-around nanowire
geometries are extracted for different gate lengths, and the semi-classical results are compared with those from the
quantum transport simulator QTx. The low-dimensional density of states in combination with the ballistic mobility
yields an overall good agreement with the QTx transfer curves after the onset of inversion and decreasesION by two
orders of magnitude in comparison to the simulation with a large diffusive mobility. It is shown that source-to-drain
tunneling sets a limit to scaling at a gate length of about 10 nm due to the degradation of the sub-threshold swing.
Simulating this effect with a low-dimensional density of states reveals inconsistencies. They are attributed to the
tunneling model, which had been derived for a three-dimensional electron gas.

1. Introduction

The high electron mobility and injection velocity
of III-V-compounds-based FETs make them promising
candidates to replace n-type strained Si MOSFETs at
future technology nodes with gate lengths shorter than5

20 nm [1]. The aggressive scaling causes quantum ef-
fects which have a critical influence on the device per-
formance. For instance, geometrical quantum confine-
ment in the body with thickness (tbody) below 12 nm
leads to a shift in the threshold voltage [2]. Moreover,10

at gate lengths shorter than 20 nm, the potential barrier
between source and drain becomes thin enough, so that
source-to-drain tunneling (STDT) deteriorates or even
determines the sub-threshold swing (SS) [3]. Quan-
tum transport (QT) simulators start to find their way15

into industrial environments, however, they are compu-
tational expensive for large and complex 2D and 3D de-
vices [4]. In this paper, it is systematically shown how
quantum drift diffusion (QDD) tools [5] in combination
with a TCAD-friendly ballistic mobility model [6, 7]20

can be used to simulate the described quantum effects.
A reasonable agreement with QT simulation results is
achieved forSS, but ION is still too high in the linear
regime.

Table 1: Dimensions of the GAA NW FETs according to future tech-
nology nodes as described in [12].

Node LG [nm] tox [nm] tbody [nm] me/m0 αnp

A 15 3.75 7 0.0642 1.2

B 10.4 3.25 5.5 0.0674 1.1

2. Simulation Approaches25

First, 2D simulations of the double-gate ultra-thin-
body (DG UTB) transistor shown in Fig. 1 (a) were
performed using the quantum transport code QTx [8].
The same geometry withtbody = 7 nm was simulated for
differentLG ranging from 10 nm to 25 nm. Next, 3D30

simulations using QTx were done for gate-all-around
nanowire (GAA NW) FETs. Their design parameters
are the same as for the DG UTB FETs. The dimen-
sions are given in Tabel 1. TheIDVGS-characteristics
simulated with QTx were used as reference to calibrate35

the QDD simulation setup of the commercial simula-
tor Sentaurus-Device (S-Device) [9]. Effective masses
were calculated from a full-band version of the QT code
[10]. QTx itself is an effective-mass version, which
takes advantage of a calibrated non-parabolicity param-40

eter to best reproduce the real band structure [8].
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Figure 1: Schematic of (a) In0.53Ga0.47As double-gate ultra-thin-
body (DG UTB) FET and (b) In0.53Ga0.47As gate-all-around nanowire
(GAA NW) FET.

2.1. Geometrical Confinement and Source-to-drain
Tunneling

To simulate the effect of confinement perpendicular
to the transport direction in the 2D and 3D structures45

two models can be used:
(i) The Density Gradient (DG) Model, which adds a

quantum potential (Λ) in the computation of the carrier
density (n). This model depends on∇n, me and a fitting
parameterγ. The latter can be found by a Schrödinger-50

Poisson solver [4] using the 1D electron density profile
along a vertical cut in the middle of the device.

In the 3D simulations of the GAA NWs we applied
the anisotropic DG model which uses an attenuation
matrix with diagonal elementsαl , αv in order to scaleΛ55

in longitudinal and vertical direction, respectively. The
elementαv serves to reproduce the confinement effect
perpendicular to the transport direction, whereas theαl-
value smoothens the energy barrier between source and
drain. The fitting parameterγ for both transverse direc-60

tions (x and y) was calibrated using the 1D density pro-
file in the center of the GAA NW along the y-direction
in the middle yz-plane (compare Fig. 1). The QTx elec-
tron density profile along the same line was taken as
reference. By matching the densities at zero drain bias65

over the entireVGS-range, the electrostatics can be fit-
ted independently of the mobility model used. Note that
in TCAD simulations of MOSFETs the work function
(WF) is always considered as adjustable parameter.

(ii) The Modified Local Density Approximation70

(MLDA), without any fitting parameter [15].
For the simulation of STDT there are two options:
(i) The Nonlocal Tunneling (NLT) model [5] in com-

bination with the MLDA and the anisotropic DG model
(applied to the transverse direction), respectively. In the75

latter caseαl = 0 has to be chosen. The tunneling mass
has to be set to a proper value extracted from the QT
solver. The NLT model computes the semi-classical
barrier tunneling current using distribution functions
with local quasi-Fermi potentials (QFPs) at the classi-80

cal turning points [9]. The formula has been derived for
a 3D electron gas (3DEG).

(ii) The anisotropic DG model applied to the transport
direction. FETs with ultra-short gates also have steep
density gradients along the channel. The computed85

quantum correction smoothens the source-to-drain po-
tential barrier and induces an additional drift-diffusion
current which mimics the tunnel current.

2.2. Density of States and Fermi Correction to the Cur-
rent Density90

The default DOS model in S-Device is that for a
3DEG:

N3D
c =

1
√

2

(

mckBT
π~2

)3/2

. (1)

Here,mc is the DOS effective mass andkB the Boltz-
mann constant. For the simulation of low-dimensional
devices also 2DEG/1DEG DOS models are available
[9, 17] which can be used in combination with Fermi
statistics. In the devices under study, side valleys are95

negligible [18], only theΓ-valley is populated. The sim-
ulator provides a ‘Multivalley’ option, i.e. the 3DEG
can be distributed over multiple valleys. Here, we use
this framework for the sub-bands (subscripti) that are
generated by size quantization of the 3DEG in theΓ-100

valley. The corresponding three-dimensional electron
densities (in units cm−3) are computed with the expres-
sions
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∑
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(
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Here,Fp

(

η, ǫi , αnp,i

)

is the generalized Fermi integral

Fp

(

η, ǫi , αnp,i

)

= (4)
∫ ∞

0
dǫ

[ǫ(1+ kBTαnp,iǫ)]p(1+ 2kBTαnp,iǫ)

1+ exp(ǫ + ǫi − η)

with η = (EF,n − Ec)/kBT and ǫi = ∆En,i/kBT. The105

latter is the normalized sub-band energy referenced to
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the bulk band edgeEc. The mass parametersm2D,1D
i are

derived from the actual quantization massesm2D,1D
qu,i by

the transformations

m2D
i =
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They ensure that the prefactors in Eqs. (2) and (3)110

yield correct effective densities of states whenN3D
c from

Eq. (1) is used. The parameterαnp,i accounts for the
non-parabolicity of each sub-band.

The condition that the drift-diffusion current must
vanish at equilibrium also when Fermi statistics is re-
quired leads to a Fermi correction term in the equation
for the current density [9]:

jFS = −µnnkBT∇ ln(γn) γn = n/nB , (7)

wheren is one of the densities Eq. (2) or Eq. (3) andnB

their Boltzmann limit. The correction term is negative,115

hence at highVGS the current density is reduced when
the quasi-Fermi level moves into the first sub-band. The
term has, therefore, the same effect as a ballistic mo-
bility correction. Before one can make any statements
about the latter, a careful calibration of the DOS is nec-120

essary.
There are two possibilities to fit the 2DEG/1DEG

DOS in S-Device. The first one is to extract the sub-
band energies∆En,i , the quantization massesm1D,2D

qu,i ,
and the non-parabolicity parametersαnp,i of the popu-125

lated sub-bands from the QTx dispersion curves. From
the quantization masses needed for the input file the
mass parametersm1D,2D

i are computed internally. The
second possibility is to fit the DOS by matching the
QVGS-curves of QTx and S-Device in the inversion130

regime. Naturally, one can only fitoneparameter. The
best way is to take the sub-band energies∆En,i and the
non-parabolicity parameterαnp from QTx (only a single
αnp is needed to fit the QTx effective-mass band struc-
ture to the real band structure) and to calibrate a mass135

parameter〈m1D,2D
qu 〉which is then used for all sub-bands.

It represents a certain average over allm1D,2D
qu,i obtainable

from QTx.

2.2.1. 2DEG DOS
To determine the work function and the input param-140

eter 〈m2D
qu 〉 for the 2DEG DOS, the DG UTB FET of

Fig. 1(a) was simulated atVDS= 0 V both with QTx and
S-Device, including 4 sub-bands.

Figure 2: 2D electron density at the center of the channel vs.gate
voltage in the DG UTB FET withtbody = 7 nm andLG = 40 nm at
VDS = 0 mV. The threshold voltage was fitted including 4 sub-bands
with 〈m2D

qu 〉 = 0.038 m0 andαnp = 1.17 eV−1 which gives a value of
4.78 eV for the WF.

Figure 3: 2D electron density at the center of the channel vs.gate
voltage in the DG UTB FET withtbody = 7 nm andLG = 15 nm at
VDS = 0 mV. Parameters:〈m2D

qu 〉 = 0.027 m0, αnp = 1.17 eV−1, WF=
4.78 eV,γ = 0.7, and (αl , αv) = (0.8, 0).

First, to minimize the effect of quantum-mechanical
charge penetration into the source-to-drain potential145

barrier and to make the fitting of the WF feasible, a long
gate withLG = 40 nm was chosen. The good match of
the twoQVGS-curves in the sub-threshold and inversion
regimes is shown in Fig. 2.

Next, we used the values of the WF and〈m2D
qu 〉150

obtained from the previous calibration and simulated
QVGS-curves for shorter gate lengths. Because STDT
determines theS Sat those gate length, the correspond-
ing charge penetration into the barrier at equilibrium
(VDS = 0) also changes the slope of theQVGS-curves155

in the sub-threshold range. Fig. 3 presents the case of
LG = 15 nm. It shows that the slope of the QTx-curve
cannot be reproduced without a quantum correction in
S-Device. Since the NLT model is only active when
VDS > 0, the only way is to apply the anisotropic DG160

model in transport direction and to fit the value ofαl .
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2.2.2. 1DEG DOS
To determine the work function and the input param-

eter 〈m1D
qu 〉 for the 1DEG DOS, the GAA NW FET of

Fig. 1(a) was simulated atVDS = 0 V both with QTx165

and S-Device including 5 sub-bands. In order to min-
imize the effect of quantum-mechanical charge pene-
tration into the source-to-drain potential barrier and to
make the fitting of the WF feasible, a gate length of
LG = 30 nm is sufficient here (stronger source-to-drain170

barrier due to GAA architecture). A good agreement
between the twoQVGS-curves is achieved as shown in
Fig. 5. Fig. 4 shows the extracted QTx band diagram at

Figure 4: Band diagram calculated at a point in the heavily doped
source of the 3D GAA NW FET withtbody = 7 nm. The dashed red
line shows the position of the Fermi level.

a point in the heavily doped source of the 3D GAA NW
used for calibration. In the simulations with S-Device 6175

sub-bands were included, with∆En,i set to the value of
the minimum of theith sub-band.

Figure 5: 1D electron density at the center of the channel vs.gate
voltage in the GAA NW FET withtbody = 7 nm andLG = 30 nm at
VDS = 0 mV. Parameters:〈m1D

qu 〉 = 0.07 m0, WF= 4.77 eV, andαnp =

1.2 eV−1.

Fig. 6 presents the results forLG = 15 nm. As in the
2DEG case, the slope of the QTx-curve cannot be repro-
duced without a quantum correction in S-Device. The180

anisotropic DG model in transport direction was applied

Figure 6: 1D electron density at the center of the channel vs.gate
voltage in the GAA NW FET withtbody = 7 nm andLG = 15 nm at
VDS = 0 mV. Parameters:〈m1D

qu 〉 = 0.09 m0, γ = 0.77, (αl , αv) = (1, 0),
WF= 4.8 eV, andαnp = 1.2 eV−1.

with a fittedαl value.

2.3. Ballistic Mobility Model

In a first instance, to mimic the ballistic QTx case, a
constant and artificially high diffusive mobility (µd) of
2.3×104 cm2/Vs was used in the simulations of the DG
UTB FETs. In the analysis of the GAA NW FETs we
applied a ballistic mobility modelµb [7] which substi-
tutes for the missing inertia term in the current equation
[11]. It reduces the current in ultra-short channel FETs
thus improving the agreement with the QTx character-
istics. In 1D it has the form

µb(x) =
vb(x)
ψ′n(x)

, (8)

where the gradient of the QFPψ′n(x) is the driving force
of the carriers in the channel andvb(x) their mean ve-185

locity given by

vb(x) = vth

√

tanh2

(

qVDS

2kBT

)

+
2qψn(x)

kBT

≈ vth

√

1+
2qψn(x)

kBT
. (9)

Here, ψn(x) = φ(x) − kBT
q ln(n) is the QFP,vth =√

kBT/mc the 1D mean thermal velocity, andq the el-
ementary charge. The second line in Eq. (9) turns out as
soon as the source-drain voltage exceeds a fewkBT/q190

which makesµb parameter-free. In S-Device this form
(with 1 replaced by a fitting parameter) is available
as Kinetic Velocity Model (KVM) [9]. Details of its
derivation are given in Ref. [6].
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Figure 7: IDVGS-characteristics obtained from the combination of
DG + NLT for a DG UTB FET with tbody = 7 nm and different
gate lengths. Parameters:VDS = 0.05 V, mc = 0.0516 m0, µd =

2.3× 104 cm2/Vs, γ = 0.7, (αl , αv) = (0,1), and WF= 4.8 eV.

3. Results195

3.1. 3DEG DOS

Fig. 7 shows the fittedIDVGS-characteristics of the
DG UTB FETs for three gate lengths computed with the
combination of anisotropic DG model and NLT. Note
that the 3DEG DOS model and Boltzmann statistics200

were used here, and that the mobility was set to a con-
stant and large value to mimic the ballistic case.
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Figure 8: IDVGS-characteristics obtained from the combination of
MLDA + NLT for a DG UTB FET with tbody = 7 nm and differ-
ent gate lengths. Parameters:VDS = 0.05 V, mc = 0.0516 m0, µd =

2.3× 104 cm2/Vs, and WF= 4.8 eV.

Neglecting Fermi statistics in the current equation,
i.e. the term given in Eq. (7), as well as omitting the bal-
listic mobility correction Eq. (8) lead to a tremendous205

overestimation of the current density after the onset of
inversion. This proves that both effects are essential to
reproduce the on-current of the studied devices.

TheSSof the transistor with the shortestLG (where
the effect of STDT is strongest) is best reproduced by210

the anisotropic DG model. Fig. 8 presents theIDVGS-
characteristics for the DG UTB FETs using the com-
bination MLDA + NLT. The slopes are similar to the
previous case.

(b)(a)

Figure 9:IDVGS-characteristics obtained from the combination of DG
+NLT, MLDA + NLT andµb for a GAA NW FET withtbody=7 nm at
(a) VDS = 0.05 V and (b)VDS = 0.63 V. Parameters:mc = 0.0642 m0,
γ = 1.0, (αl , αv) = (0,1), and WF= 4.93 eV.

(b)(a)

Figure 10: IDVGS-characteristics obtained from the combination of
DG + NLT, MLDA + NLT andµb for a GAA NW FET with tbody =

5.5 nm at (a)VDS = 0.05 V and (b)VDS = 0.63 V. Parameters:VDS =

0.05 V,mc = 0.0674 m0, γ = 1.0, (αl , αv) = (0,1), and WF= 4.98 eV.

Figs. 9 and 10 present the transfer curves of the GAA215

NW FETs from node A and B, respectively, in the lin-
ear regime (VDS = 50 mV) and in the saturation regime
(VDS = 0.63 V). Again, the combinations DG+ NLT
and MLDA + NLT with a constant high mobility were
used, but now also NLT in combination with the ballis-220

tic mobility Eq. (8). The following remarks have to be
made: (i) Using the ballistic mobility together with the
DG model never converges. Therefore, the electrostat-
ics was corrected by a simple shift of the work function
in this case. (ii) The apparent misfits in the threshold225

voltages between the DG and the QTx curves in Fig. 9
are not caused by the electrostatics, but due to the uncor-
rected constant mobility. (iii) The corresponding misfits
in Fig. 10 are also due to a real difference between the
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threshold voltages of DG and QTx curves, since the ad-230

justedγ-value fortbody= 5.5 nm (γ = 2) prevented con-
vergence, andγ = 1 was used instead.

The DG curves in Figs. 9 - 10 exhibit a pronounced
bump around the onset of inversion. The strength of
this effect increases with decreasing cross section of235

the GAA NW and increasing source-drain bias. It is
attributed to the breakdown of the DG method when
the channel quantization fades out and only geometri-
cal confinement remains. The DG model had been de-
veloped for the former case, but is unable to cover the240

latter correctly. One can even observe the artifact that in
the case of extremely thin bodies a huge quantum poten-
tial is computed in the flat-band regions of the semicon-
ductor (also whenαl = 0). An empirical workaround
to mitigate this effect is to remove the gate oxide in245

small parts near the source/drain contacts [16] which
eliminates the ”density gradient” between insulator and
semiconductor there. However, this was not done in the
present study.

Applying the NLT model for STDT and the ballistic250

mobility model Eq. (8) in combination with a proper
WF removes the bumps and yields an overall better
agreement with the QTx transfer curves, except for the
inversion range, and here especially in the linear regime.
From the extractedSSvalues in Figs. 9 - 10 one ob-255

serves that despite the superior electrostatic control in
the GAA NWs, a significant leakage current caused by
STDT persists. The best way to illustrate its effect is
by showing the spectral current distribution in compari-
son to the shape of the lowest CB edge. This is done in260

Fig. 11 for the off-state and the on-state, respectively,
comparing the gate lengths 15 nm and 10.5 nm. The
on-current is basically thermionic current in both cases,
i.e. STDT has no effect here. The off-current is domi-
nated by STDT - almost completely in the case ofLG =265

10.5 nm. Therefore, a gate length of 10 nm can be con-
sidered as the end of scaling for III-V-channel FETs.
Further scaling will also not significantly improve the
on-current.

3.2. 2DEG and 1DEG DOS270

In the previous subsection the default S-Device DOS
model of a 3DEG and Boltzmann statistics were used.
In this subsection, Fermi statistics and the DOS mod-
els for a 2DEG/1DEG are applied. As discussed above,
Fermi statistics is needed since the quasi-Fermi level275

is way higher than the lowest sub-band energy in the
studied transistors. The Fermi correction term in the
current equation (7) reduces the current in the inver-
sion regime significantly. This effect increases with
decreasing dimensionality, i.e. it is stronger for a280
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Figure 11: Distribution of spectral currents and lowest conduction
band edge for GAA NW FETs from node (A) and (B) at VDS= 0.63 V.
(a) Off-state,LG = 15 nm at VGS = 0.026 V. (b) On-state,LG = 15 nm
at VGS = 0.48 V. (c) Off-state,LG = 10.4 nm at VGS = 0.03 V. (d)
On-state,LG = 10.4 nm at VGS= 0.48 V.

1DEG than for a 2DEG [17]. Fig. 12 shows the fitted
IDVGS-characteristics of DG UTB FETs for three gate
lengths computed with the combination of anisotropic
DG model and a 2DEG DOS with the fitting parameters
obtained from Figs. 2 and 3. As in the previous sub-285

section, the mobility is constant and large here, without
any ballistic correction. Anisotropic DG with fittedαl is
able to reproduce the slopes of the QTx-characteristics
very well. The same can be achieved with the NLT
model. The ballistic mobility correction would scale290

all currents down. However, the combination ballistic
mobility + anisotropic DG does not converge.

Fig. 14 presents the transfer curves in the linear
regime for a GAA NW from node A with a sufficient
gate length (LG = 30 nm) to avoid STDT. The combi-295

nation 1DEG DOS+ µb accounts both for the Fermi
and mobility correction and reproduces the QTx curve
reasonably well. The remaining difference in the on-
current atVDS = 0.05 V has its origin in the KVM-form
Eq. (9) [7] and requires an empirical extension of the300

ballistic mobility model [6].
When working in the single-valley mode of S-Device,

the STDT sub-threshold current obtained from QTx can
always be reproduced with S-Device by a proper fit of

6



LG=15nm

LG=40nm

LG=25nm

Figure 12: IDVGS-characteristics obtained from the combination of
2DEG DOS+ the anisotropic DG for a DG UTB FET withtbody =

7 nm and different gate lengths. Parameters:VDS = 0.05 V,µd = 2.3×
104 cm2/Vs,γ = 0.77, and (αl , αv) = (1,0). The mass parameter〈m2D

qu 〉
reduces from 0.038 m0 for LG = 40 nm to 0.027 m0 for LG = 15 nm.

L
G

=15nm

L
G

=25nm

L
G

=40nm

Figure 13: IDVGS-characteristics obtained from the combination of
2DEG DOS+NLT for a DG UTB FET withtbody= 7 nm and different
gate lengths. All other parameters are the same as in Fig. 12.

the tunneling massmc. In the ‘Multivalley’ mode the305

same statement (‘Multivalley’) can also be used for the
NLT model. Then the STDT current becomes the sum
of the tunneling currents of all sub-bands included in the
simulation, with the specified effective massesm1D,2D

qu,i as
tunneling masses. This has been done in Fig. 15 and310

Fig. 16, which show the transfer curves in the linear
and saturation regime of GAA NWs from node A and
B, respectively. Again, the combinations 1DEG DOS
and 1DEG DOS+ NLT with a constant high mobility
were used, but now also 1DEG DOS in combination315

with the ballistic mobility Eq. (8). The tunneling mass
mc used for each sub-band is exactly the same〈m1D

qu 〉
as obtained before by fitting the electrostatics (compare
Fig. 6). This value is too large to have a noticeable
effect on the SS as can be seen by the comparison of320

the dashed green and the solid black curves. On the
other hand, since the value is still smaller than the ac-
tual quantization massesm1D

qu,i close to the Fermi level,
we attribute the discrepancy to the analytical form of the

(a) (b)

Figure 14: IDVGS-characteristics obtained from the combination of
DG+ 1DEG DOS, andµb + 1D DOS for a GAA NW FET withtbody
=7 nm andLG =30 nm. Parameters:〈m1D

qu 〉 = 0.07 m0, WF= 4.77 eV,

andαnp = 1.2 eV−1.

(a) (b)

Figure 15: IDVGS-characteristics obtained from the combinations
1DEG DOS, 1DEG DOS+ µb, and 1DEG DOS+ NLT + µd for a
GAA NW FET with tbody=7 nm (node A) at (a)VDS = 0.05 V and (b)
VDS = 0.63 V. Parameters:αnp = 1.2 eV−1, mc = 〈m1D

qu 〉 = 0.09m0,
and WF= 4.8 eV.

NLT model in S-Device which was derived for a 3DEG.325

Tables 2 and 3 summarize the results and show how
the use of a large diffusive mobility without ballistic
correction overestimates the on-current drastically and
how the combination 1DEG DOS+ µb from Eq. (8) im-
proves the situation. Also in the 1DEG case, the on-330

current is much better reproduced in the saturation than
in the linear regime. The reasons for this are discussed
elsewhere [7].

4. Conclusion

With a 3DEG DOS, the NLT model used in combi-335

nation with the anisotropic DG model, applied to the
vertical direction, can fairly reproduce the referenceSS
of the DG UTB FETs in the case of strong STDT. Also
with a 2DEG DOS, the anisotropic DG model (applied
to the transport direction) and the NLT model yield sim-340

ilar slopes as obtained from QTx. In GAA NW FETs
7



(a) (b)

Figure 16: IDVGS-characteristics obtained from the combinations
1DEG DOS, 1DEG DOS+ µb, and 1DEG DOS+ NLT + µd for a
GAA NW FET with tbody =5.5 nm (node B) at (a)VDS = 0.05 V and
(b) VDS = 0.63 V. Parameters:αnp = 1.1 eV−1, mc = 〈m1D

qu 〉 = 0.08m0,
and WF= 4.77 eV.

Table 2: Extracted on-currentION at VGS = 0.5 V andVDS = 0.05 V.
All current densities are in units of A/µm.

Node ION(QTx) ION(µb) ION(µb) + DOS ION(DG+NLT)

A 1.7× 10−4 1.56× 10−3 5.2× 10−4 1.7× 10−2

B 1.7× 10−4 1.8× 10−3 3.3× 10−4 1.8× 10−2

the excellent gate electrostatic control reducesSSsignif-
icantly compared to the DG UTB FETs with the same
LG [12]. Application of a ballistic mobility model in
combination with the 1DEG DOS yields an overall good345

agreement with the QTx transfer curves after the onset
of inversion and decreasesION by two orders of mag-
nitude in comparison to the simulation with a large dif-
fusive mobility. However, the SS degradation due to
STDT can not be reproduced with the same quantization350

mass that fits the electrostatics. To better understand the
reasons it is necessary to revisit the NLT model for a
1DEG.
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