
IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 63, NO. 5, MAY 2016 2169

Methods to Enhance the Performance of
InGaAs/InP Heterojunction Tunnel FETs

Saurabh Sant and Andreas Schenk

Abstract— This paper presents a simulation study of
In0.53Ga0.47As/InP heterojunction gate-overlapped-source
tunnel FETs (GoS-TFETs) with pocket counter-doping. The
effect of channel quantization on the line tunneling is considered
in the semiclassical simulations using a new model that modifies
the band edge in the inversion layer. The small bandgap of the
source material In0.53Ga0.47As results in an improved tunnel
rate, while the wide bandgap of the channel/drain material
InP reduces ambipolar leakage. The simulations show that, for
the case of perfectly aligned p-n-junction and heterojunction, the
type-I band alignment and the large band offsets delay suppress
lateral (point) tunneling relative to vertical (line) tunneling
which improves the subthreshold swing (SS). The counter-doped
pocket in the source region advances the onset of line tunneling
relative to point tunneling which also assists in mitigating the
effects of point tunneling. In this way, both large band offset
and counter-doped pocket improve the subthreshold behavior
of the TFET. Placing the p-n-junction inside the InP region
makes the vertical tunneling even more dominant and, thus,
reduces the SS. The suggested modifications might be useful to
improve the device performance beyond that of the conventional
GoS-TFETs.

Index Terms— Heterojunction, InGaAs-InP, line tunneling,
pocket counter-doping, point tunneling, tunnel FET (TFET).

I. INTRODUCTION

IN A tunnel FET (TFET), the geometric alignment of the
p-n-junction with the gate oxide/semiconductor interface

has a profound effect on the band-to-band tunnel (BTBT)
direction and the tunnel rate. For example, in a device with
the p-n-junction parallel to the gate, the tunneling occurs via
vertical (the so-called line) BTBT paths [Fig. 1(a)] [1], [2].
On the contrary, when the p-n-junction is perpendicular to the
gate oxide/semiconductor interface and the source is perfectly
aligned with the gate, the BTBT occurs via tunnel paths
parallel to the gate (the so-called point tunneling) [Fig. 1(b)].
If the heavily doped source in the latter case has a large portion
overlapped with the gate [Fig. 1(c)], the vertically and laterally
oriented tunneling paths exist at the same time [3], [4].
A simulation study has shown that in a homojunction gate-
overlapped-source TFET (GoS-TFET), the onset of lateral
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Fig. 1. (a) In a vertical TFET, a narrow n-doped layer beneath the gate ensures
that the tunneling is predominantly vertical. (b) When the orientation of the
p-n-junction is normal to the gate and the source is aligned with the gate, the
lateral tunneling dominates. A slight misalignment would significantly alter
the characteristics of the TFET. (c) When the p-n-junction is not aligned with
the gate, both vertical and lateral tunneling take place. This device geometry
shows low variability to the placement of the p-n-junction.

tunneling occurs earlier than that of the vertical tunneling
when the gate voltage is ramped up [5]. Thus, the subthreshold
swing (SS) of the device is determined by the lateral tunneling
rather than by the vertical tunneling. The transfer character-
istics for such a case are schematically shown in Fig. 2(a).
As the transfer characteristics (ID–VGS) originating from
lateral tunneling are less steep compared with those deter-
mined by vertical tunneling, the SS value of a homojunction
GoS-TFETs is high.

Introduction of a heterojunction at the p-n-junction improves
the performance of the GoS-TFET in many ways. On one
hand, a small-direct-gap material in the source region improves
the ON-current. On the other hand, a wide-gap material in
the channel and drain region reduces the OFF-state leakage
by lowering the Shockley–Read–Hall (SRH) generation and
by reducing the tunneling at the channel–drain interface.
In addition to that, a favorable band offset at the heterojunction
improves the SS by suppressing and delaying the lateral
tunneling [5], as shown schematically in Fig. 2(b). Thus,
a heterojunction GoS-TFET exhibits superior performance
compared with a homojunction GoS-TFET.

The material system intended for the heterojunction
GoS-TFETs must satisfy certain criteria. It must consist
of a small-direct-gap and a wide-gap material. In order to
suppress the lateral tunneling in TFETs, the material system
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Fig. 2. Schematics showing the contributions of lateral and vertical tunneling
in the ID–VGS plots of (a) homojunction GoS-TFET and (b) heterojunction
GoS-TFET.

should exhibit type-I band alignment at the heterojunction.
The lattice-matched In0.53Ga0.47As/InP heterosystem is well
suited for a heterojunction GoS-TFET. The In0.53Ga0.47As
alloy is a direct gap semiconductor with a bandgap of 0.74 eV
at 300 K, while InP has a relatively large gap of 1.34 eV
at room temperature. In addition, the alloy system exhibits
type-I band alignment at the interface. As the alloy system
is lattice-matched, the defect concentration at the interface
is expected to be low, which implies the reduction of trap-
assisted tunneling leakage.

In this paper, the In0.53Ga0.47As/InP alloy system is
analyzed for the application in heterojunction GoS-TFETs.
The device geometry, the band structure parameters required
to model BTBT, and the simulation setup used in this paper
are explained in Section II. Validity of these parameters is
confirmed by comparing the simulated transfer characteristics
of a vertical TFET with the experimental data. The effects
of conduction band (CB) and valence band (VB) offsets, the
counter-doped pocket, and the separation between p-n-junction
and heterojunction are presented in Section III. The simulation
study is concluded in Section IV.

II. SIMULATION SETUP

A double-gate GoS-TFET with In0.53Ga0.47As as
a source material and InP as a channel material
(See Fig. 5) was simulated using the commercial
TCAD simulator Sentaurus-Device [6]. In an n-type
TFET, the source is p+ doped and the channel is
n− doped, while in a p-type TFET, the source is n+
doped and the channel is p− doped. Only the n-type TFET
is analyzed in this paper.

SRH generation was activated in the simulations to consider
the thermal leakage in the OFF-state. In order to include the
effect of the thermionic band-offset barrier, in which the car-
riers must overcome when flowing across the heterojunction,
the thermionic emission model [6] was also activated. The
effect of quantization in the channel region was accommodated
semiclassically using a new approach which can model the
increase in the effective bandgap due to the subband formation
in the channel. The approach is outlined below. The tunneling
of electrons between the VB and the CB was modeled by

TABLE I

VALUES OF BAND STRUCTURE PARAMETERS
REQUIRED FOR KANE MODEL

the dynamic nonlocal path BTBT model in Sentaurus-Device.
It is based on Kane’s two-band theory of BTBT [7] and
involves integration over the imaginary dispersion along all
possible tunnel paths. The model requires the direct CB and
light hole (LH) effective masses, the direct bandgap, and the
degeneracy factor to simulate BTBT between the �-valley
and the LH band. The degeneracy factor is given by
g = 2 × gC × gV which is equal to 2 for BTBT between the
�-valley and the LH band. As the heavy hole (HH) effective
mass is an order of magnitude larger than that of the LH effec-
tive mass, the tunneling between HH band and CB is negligible
compared with that between LH band and CB. Therefore, the
tunneling between the �-valley and the HH band is ignored
in the simulations.

The bandgaps of In0.53Ga0.47As and InP were set to
0.74 and 1.34 eV, respectively [8]. The experimental values
of the CB offset at the In0.53Ga0.47As/InP interface
reported in the literature spread over the range from
0.2 to 0.3 eV [9]–[12]. The CB offset of 0.27 eV, which was
obtained by density functional theory calculations [12], was
used in the simulation. The resulting VB offset is then equal
to 0.34 eV. The effective masses of �-valley and LH band were
taken from [8]. All the band structure parameters required to
model the TFET are listed in Table I. The gate work function
was set to 4.75 eV.

A. Modeling the Effect of Channel Quantization on BTBT

Increasing the gate bias results in the formation of an
inversion layer in the source region underneath the gate.
Confinement of the wave functions in the triangular-shaped
potential well of the channel results in the formation of
subbands. The alignment of the ground-state subband level
with the VB edge in the inner marks the onset of line
tunneling. A simple method to model the quantization effect
within the semiclassical framework has been proposed in [14].
Tunnel paths with an energy above the lowest subband level
are accepted, while those with a lower energy are rejected,
as shown in Fig. 3. As the implementation of this technique
requires substantial effort, a much simpler way was followed
here which makes use of the quantum potential correction
available in Sentaurus-Device. It is possible to find a quantum
potential that mimics the quantization effect by creating an
effective bandgap in the inversion layer. In our implementa-
tion using the so-called physical model interface, the value
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Fig. 3. (a) Representative vertical cross section in the GoS region along
with the line tunnel path. (b) Schematic band diagram along the cross section
adjacent to the gate oxide.

of the quantum potential adjacent to the gate dielectric is
calculated as

EQM =

⎧
⎪⎨

⎪⎩

(
q2 · F2 · h̄2

2me

)(1/3)

∗ |a1| − dox · F, if EQM > 0,

0 otherwise

(1)

where a1 is the first zero of the Airy function, q is the mag-
nitude of the elementary charge, me is the electron effective
mass, F(x, y) is the local electric field perpendicular to the
nearest oxide interface, and dox is the distance from the oxide
interface. The quantum potential is set to zero when its value is
negative. The quantum potential is then added to the CB edge,
which results in an effective CB edge

Eeff
CB = ECB + EQM. (2)

It is obvious that the almost horizontal effective CB edge is
equivalent to an explicit rejection of all energy levels below
the lowest subband energy. As the contributions of higher
subbands are small because of their weak population, they are
neglected. In the case of a constant electric field, this approach
is exactly the same as the technique suggested in [14]. In real
devices, the vertical component of the electric field is never
constant in the channel region. Hence, a moderate variation of
the CB edge profile near the gate oxide interface is observed.
Nevertheless, the above model can correctly account for the
delay in the onset of line tunneling due to channel quantization
and is, therefore, employed in the following simulations.

The impact of the above-described model on the transfer
characteristics of a GoS-TFET without counter-doped pocket
is captured in Fig. 4. When channel quantization model is
deactivated, the line and the point tunneling begin at nearly
the same gate bias point owing to delay in the point tunneling
due to the high CB offset as noted earlier. When the model
is active, the line tunneling gets delayed due to channel
quantization. The high CB offset is not sufficient to push the
onset of point tunneling beyond that of line tunneling which
degrades the transfer characteristics of the TFET. Therefore,
pocket counter-doping is necessary in addition to the high
CB offset as described below and in the subsequent section.

A counter-doped layer under the gate (Fig. 5) creates a
p-n-junction parallel to the gate and changes the shape of the

Fig. 4. Transfer characteristics of the GoS TFET of Fig. 5(a) without pocket
counter-doping. Blue line: when the channel quantization model is deactivated.
Red line: when the model is active. In the absence of channel quantization,
line tunneling and point tunneling begin nearly at the same gate bias. When
the model is activated, the onset of line tunneling (dotted red line) is delayed
due to the inclusion of channel quantization.

Fig. 5. (a) Device geometry of the n-type GoS-TFET simulated in this
paper. (b) Subthreshold characteristics are determined by the alignment of
p-n-junction and heterojunction and their placement normal to the gate. The
device properties discussed in this paper will be the same for any TFET with
such a general arrangement.

Fig. 6. Band diagram along a vertical cross section [see Fig. 3(a)]. The
effective CB edge is obtained by adding electron quantum potential (EQM)
to the CB edge. Due to variations in the vertical electric field, the effective
CB edge in the channel region is slightly tilted.

band edge. Under strong inversion condition, the CB edge is
almost linear in the channel region even in the presence of
a counter-doped pocket. As the line tunneling starts at strong
inversion, the above model can be applied in the presence
of a counter-doped pocket below the gate. Fig. 6 shows the
simulated band edge profile at the onset of line tunneling along
a vertical cross section of an nTFET with a counter-doped



2172 IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 63, NO. 5, MAY 2016

Fig. 7. (Color online) (a) Vertical cross section of the device structure simulated with the simulation setup. (b) Color-mapped electron and hole BTB
generation rates at the gate bias at which the kink appears in the ID–VGS plot. The diagram shows that the electron generation is happening primarily in
the graded layer at this bias and is beginning to expand in the In0.53Ga0.47As layer. (c) Band diagram along the cut-line is plotted versus the distance along
the cut-line for the gate-bias before the kink and one after the kink. For low bias, InP→In0.53Ga0.47As tunneling is absent due to the lack of direct tunnel
path between the VB of InP and the CB of In0.53Ga0.47As. At a higher gate bias, a direct InP→In0.53Ga0.47As tunnel path opens and the tunneling begins.
(d) A comparison of the simulated and experimental transfer characteristics of the vertical TFET. A good match in the subthreshold region is achieved with
the given set of band structure parameters.

pocket of 5-nm thickness. It confirms the applicability of the
above model in the presence of a counter-doped pocket below
the gate.

In the simulations presented in the following, the quantiza-
tion model was activated in the source region only, whereas in
the channel and drain regions, the classical CB edge was kept
unmodified because of the absence of confinement in these
regions.

B. Verification of Model Parameters

In order to verify the chosen parameter values, an exper-
imental TFET is simulated first, using the above setup. The
calculated transfer characteristics are then compared with the
measured ones.

An n-type In0.53Ga0.47As/InP heterojunction TFET with
mesalike fabrication process was reported in [2]. The geometry
of the vertical cross section near the edge of the mesa
structure is shown in Fig. 7(a) along with the composition
and the thickness of the various layers. The active region
in the mesa structure is located near the edge. The device
geometry is categorically similar to that given in Fig. 1(a)
and supports vertical tunneling. Since the TFET has a 15-nm-
thick counter-doped region adjacent to the gate, the effects
of channel quantization, as explained earlier, will not arise
in this device. Therefore, no channel quantization model was
activated. The simulated transfer characteristics are shown in
Fig. 7(c) in comparison with the experimental data [2]. The
thickness of the In0.53Ga0.47As layer under the gate undercut
was not measured and could show a small deviation from
the target value. In order to analyze this effect, the simulated
characteristics for a few values of the undercut thickness are
presented. The simulations agree well with the experimental
characteristics in the subthreshold region for the device with
an undercut thickness of 7 nm. In the above simulations, the

graded In1→0.53GaAs layer was assumed to be fully relaxed.
The strain in the graded layer would change the bandgap of the
material, which in turn would affect the transfer characteristics.
The simulated transfer characteristics of the device for the
case of a strained graded layer (i.e., without relaxation) are
also shown in Fig. 7 for comparison. The band structure
parameters of the strained layer were obtained by empirical
pseudopotential calculations [13].

A kink is observed in the simulated transfer characteristics
of the device. The simulations reveal that the kink is a result
of the expansion of the electron generation region from the
In1.0→0.53GaAs graded layer to the In0.53Ga0.47As layer. When
the BTBT path starting in InP ends in the graded layer, it is
at least 9-nm away from the gate, and the SS degrades due
to reduced gate control. The SS improves as this point moves
closer to the oxide interface with the increasing gate voltage.

The difference between the simulated and experimental
characteristics at high gate voltages may be attributed to the
omission of the doping dependence of the mobility and the
contact resistance from the simulation setup. In the subthresh-
old regime, the drain current is primarily determined by BTBT.
At high drain current levels, the voltage drop at the contacts
would reduce the effective VDS across the active region leading
to a lower drain current than predicted by the simulations.

It can be concluded that the simulation setup, the
BTBT model, and the parameter values listed in Table I
provide a good match with the experimental data in the
subthreshold range. Since the device characteristics in the sub-
threshold region of operation are of main interest in this paper,
the simulation setup can be used to analyze In0.53Ga0.47As/InP
heterojunction TFETs. It may be noted that the values of
the BTBT model parameters were obtained from measured
band structure parameters. No fitting was performed with the
experimental transfer characteristics.
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III. SIMULATION RESULTS AND DISCUSSION

Having confidence in the validity of the parameters, a
simulation-based analysis of the n-type GoS-TFET (Fig. 5)
is performed to study the influence of source doping, band
offsets, and misalignment between p-n-junction and hetero-
junction on its performance.

The operation of the n-type GoS-TFET is explained in detail
in [5] and [15]. As the gate voltage increases, an inversion
layer begins to form at the source/gate oxide interface. The
lightly n-doped region overlapped with the gate does not
form an inversion layer at high VGS. At sufficiently high gate
bias, electrons tunnel from the inner source region (with bulk
properties) to the inversion layer, which marks the onset of
vertical tunneling. Increasing the source doping reduces the
width of this tunnel barrier, and thus increasing the tunnel
rate and the ON-current. In this way, the SS becomes smaller
with higher source doping. However, above a certain value, the
effect of barrier thinning saturates and other effects, such as
channel quantization and reduced gate control, due to stronger
screening begin to surface which in turn degrade the SS.
As in [15], the optimum value of the source doping was found
to be 8 × 1018 cm−3. This value was used for the simulations
reported in the subsequent sections.

A. Effect of Counter-Doped Pocket

In a GoS-TFET, the onset of line tunneling occurs after
(i.e., at a higher gate voltage) that of point tunneling.
As a result, the SS of the TFET degrades [5]. The SS can
be improved by advancing the onset of line tunneling before
(i.e., at a lower gate voltage) that of point tunneling. This can
be achieved by a pocket counter-doping below the fraction
of the gate which overlaps with the source [16], [17]. Pocket
counter-doping creates a p-n-junction parallel to the gate in
the GoS region. The depletion layer is formed and band
bending occurs even at zero bias. Therefore, a smaller gate
bias is sufficient to start line tunneling. In this way, the pocket
counter-doping advances the line tunneling relative to the point
tunneling. This effect is shown in Fig. 8. As shown in Fig. 8,
the onset of line tunneling moves to a smaller gate bias with
the increasing pocket thickness (for a fixed pocket doping),
whereas the onset of point tunneling remains fixed at a certain
gate bias.

However, a thick counter-doped pocket results in a shift of
the p-n-junction away from the gate, which reduces the gate
control over line tunneling, and the SS degrades. Therefore,
the pocket must be thin. As observed in Fig. 8, the line
tunneling begins before point tunneling for a pocket thickness
of 5 nm. In other words, 5 nm is the minimum pocket
thickness required to let the line tunneling start before the
point tunneling. Therefore, the pocket thickness is fixed at
5 nm in the subsequent simulations. It may be noted that for
the above simulations, the CB offset was set to 0.27 eV, as
mentioned earlier.

B. Effect of the Band Offset

When the heterojunction in a TFET coincides with the
p-n-junction, the CB offset at the interface is capable of

Fig. 8. (Color online) Transfer characteristics of an nTFET for different
values of counter-doped pocket thickness. Solid lines: ID–VGS plots which
include the contribution of both line and point tunneling. Dashed lines:
contribution of only line tunneling.

Fig. 9. (Color online) Transfer characteristics for different values of the CB
offset between In0.53Ga0.47As and InP. As the exact values of the band offsets
are not established yet, this plot shows how the characteristics would change
with the changing CB offset. The average SS degrades due to the early onset
of lateral tunneling.

suppressing and delaying the lateral tunneling, as shown
in Fig. 2. This results in an improved SS since vertical
tunneling becomes dominant. The simulated ID–VGS charac-
teristics in Fig. 9 demonstrate this effect. These plots were
obtained by changing the electron affinity of InP artificially
to generate the desired CB offsets. At low gate bias, a bulge
is observed in the ID–VGS curve for zero band offset due
to the early onset of point tunneling. This feature starts
to disappear with the increasing CB offset and completely
vanishes for �EC > 0.32 eV. The transfer characteristics for
�EC = 0.24 eV, marked in bold, seem to be optimal.

Introduction of the heterojunction at the p-n-junction results
in a steplike band edge profile at the p-n-junction. It may
be argued that this steplike profile would cause blockade of
electrons drifting from the inversion layer toward the drain
contact when they cross the heterointerface [see Fig. 10(a)].
The CB offset would act as a steplike potential barrier with
height �EC which would force the electrons to cross the
interface by thermionic emission and thereby reduce the drain
current. However, this feature is not observed in the transfer
characteristics even for the large values of the band offset
(see Fig. 9). Instead, the transfer characteristics of the TFET
for different values of �EC converge to a single curve. This
is the result of channel quantization, which is activated in
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Fig. 10. (a) Color-mapped plot of the electron and hole current densities.
Blue arrows: predominant flow lines of electrons and holes. A black dotted line
running horizontally adjacent to the lower gate is the cut-line 1-nm away from
the gate oxide along which the band diagram in (b) is plotted. (b) Extracted
band diagram at the onset of line tunneling. Effective CB edge in the band
diagram does not exhibit any steplike behavior despite the high band offset
at the heterointerface.

the simulation. A band edge profile along the channel adjacent
to the gate oxide is shown in Fig. 10(b). Fig. 10(b) shows
that the effective CB edge, which includes the effect of
channel quantization, does not exhibit a steplike profile at
the heterointerface. Thus, the electrons traveling across the
heterointerface are not hampered by a thermionic barrier.

In short, the band offsets delay the point tunneling relative
to the line tunneling and suppress it, whereas the counter-
doped pocket advances the line tunneling relative to the point
tunneling. Thus, both the band offset and pocket counter-
doping have the same effect on the TFET characteristics. This
can be utilized to obtain an optimum value of the counter-
doped pocket thickness for a given band offset such that the
line tunneling begins prior to the point tunneling as the gate
bias is ramped up.

C. Separation Between p-n-Junction and Heterojunction

Both the p-n-junction and the heterojunction were placed
at the same position in the GoS TFET in the simulations
until now. However, the p-n-junction can be displaced from
the heterojunction and the distance between them can be used
as an additional variable to tune the performance of the TFET.

Fig. 11. (Color online) Transfer characteristics of the TFET with the
p-n-junction shifted into the wide-gap material (InP). Solid lines: character-
istics of the device with pocket counter-doping. Dashed lines: characteristics
of the device without pocket counter-doping. It is observed that shifting
the p-n-junction improves the SS significantly. Dashed curves: SS even
improves without pocket counter-doping. However, the onset voltage increases
drastically.

The impact of this distance on the TFET characteristics is
explained below.

The variation of the transfer characteristics due to the
separation of p-n-junction and heterojunction is presented in
Fig. 11. It is observed that the ID–VGS characteristics are
steeper when the p-n-junction is located in the wide-gap
material (InP). The SS degrades as the p-n-junction moves
toward the heterointerface (i.e., when the separation becomes
zero). The case where the p-n-junction is located inside the
narrow-gap material (InGaAs) is not considered, as this only
further degrades the transfer characteristics.

The above-described effect is due to the suppression of
point tunneling when the p-n-junction is located in the wide-
gap material. This can be observed in colored contours of
the BTB generation rates in the GoS-TFET (Fig. 12). When
the p-n-junction is in the wide-gap material (InP), the onset
of point tunneling at the p-n-junction is significantly delayed
due to the large bandgap. Point tunneling at the heterointerface
is prevented because of insufficient band bending in the
horizontal direction in the absence of the p-n-junction. Thus,
only the vertical tunneling takes place inside InGaAs, as shown
in Fig. 12(a), which results in a very steep onset. When the
p-n-junction and heterojunction coincide, the large CB offset
(0.27 eV in this case) suppresses the point tunneling. Some
lateral tunneling occurs nonetheless as a result of strong band
bending in the horizontal direction due to the p-n-junction,
as shown in Fig. 12(b). This tunneling along point tunnel
paths degrades the SS. In this way, positioning the
p-n-junction inside the wide-gap material significantly
enhances the vertical tunneling and improves the SS in the
case of an In0.53Ga0.47As/InP hetero-TFET.

As observed in Fig. 11, the effect of the displaced
p-n-junction is so strong that the transfer characteristics
of the TFET without a counter-doped pocket become as
steep as those with pocket and aligned junctions. Thus,
a proper separation of the junctions eliminates the necessity
of a counter-doped pocket. However, in the absence of
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Fig. 12. Color-mapped diagram showing the electron and hole generation
rates in the TFET with p-n-junction and heterojunction separated by a distance
of (a) 0 and (b) 10 nm. The CB offset was set to 0.27 eV. The TFET was
simulated without a counter-doped pocket.

a counter-doped pocket, the onset voltage is shifted by ∼1 V.
This huge shift would have to be compensated by gate material
engineering in order to maintain a sufficient ON-current.

IV. CONCLUSION

The applicability of the In0.53Ga0.47As/InP heterosystem for
an n-type GoS TFET was analyzed. A new, convenient model
to consider the effect of channel quantization on the line
tunneling in a semiclassical framework was presented. The
set of parameters used to model the BTBT in such a system
enabled to reproduce the transfer characteristics of a measured
vertical TFET in the subthreshold regime. These parameters
were used to simulate the In0.53Ga0.47As/InP double-gate
GoS-TFET with p-n-junction and heterojunction at the same
location. It was shown that the CB offset at the heterointerface
suppresses the lateral tunneling which results in a smaller SS.
In addition, the pocket counter-doping advances the onset of
line tunneling and, thus, has the same effect as that of a large
band offset. Contrary to intuition, a step in the CB edge arising
from the CB offset does not obstruct the electron current
toward the drain. This is a result of subband formation due
to the channel quantization, which compensates for the step
in the CB edge.

The separation of p-n-junction and heterojunction can be
used as an alternate mean to improve the performance of
a TFET. The simulations have shown that for a GoS-TFET,
placing the p-n-junction in the wide-gap material, such as InP,
would decrease the SS by suppressing the point tunneling,
even in the absence of a counter-doped pocket. The placement

of the p-n-junction in the small-gap material (In0.53Ga0.47As)
degrades the SS. In this way, the type-I band alignment at
the InGaAs/InP interface with a large CB/VB offset and
the p-n-junction in InP can suppress the point tunneling in
a In0.53Ga0.47As/InP GoS-TFET, which would consequently
improve the SS. This could also suppress the trap-assisted
tunneling caused by traps at the In0.53Ga0.47As/InP interface.
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