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Dual-metal gate and gate—drain underlap designs are introduced to reduce the ambipolar current of the device based
on the C-shaped pocket TFET(CSP-TFET). The effects of gate work function and gate—drain underlap length on the DC
characteristics and analog/RF performance of CSP-TFET devices, such as the on-state current (o), ambipolar current
(I3mp), transconductance (g ), cut-off frequency (ft) and gain—bandwidth product (GBP), are analyzed and compared in
this work. Also, a combination of both the dual-metal gate and gate—drain underlap designs has been proposed for the
C-shaped pocket dual metal underlap TFET (CSP-DMUN-TFET), which contains a C-shaped pocket area that significantly
increases the on-state current of the device; this combination design substantially reduces the ambipolar current. The
results show that the CSP-DMUN-TFET demonstrates an excellent performance, including high I, (9.03 x 1074 A/ pm),
high Ion/Iogr (~ 10'1), low SSayg (~ 13 mV/dec), and low Iyyp (2.15 x 107!7 A/um). The CSP-DMUN-TFET has the
capability to fully suppress ambipolar currents while maintaining high on-state currents, making it a potential replacement

in the next generation of semiconductor devices.

Keywords: tunnel field effect transistor, ambipolar current, dual metal gate, gate—drain underlap
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1. Introduction

With Moore’s law, MOSFET devices have scaled to the
nanometer size, the number of devices and components on a
single chip has increased dramatically, and today we have a
significant increase in the ability of data processing. How-
ever, to further scale, MOSFETSs start to face a series of
challenges: short-channel effects (SCEs), hot-carrier effects
(HCEs), higher power consumption, etc. To meet these chal-
lenges, one of the solutions is to find new devices to replace
MOSFETs. The tunneling field-effect transistor (TFET) is
one of the promising devices to replace CMOS for low-power
applications.[!! The conduction mechanism of TFETS is band-
to-band tunneling (BTBT), which is the key phenomenon
for the conduction of current in this quintessential reverse-
biased gated p—i—n structure, unlike MOSFETSs, where con-
duction is due to the transition of charge.?! With a lower sub-
threshold swing (SS), TFETs can break the 60 mV/decade
limit at room temperature, and achieve lower off-state cur-
rents and better immunity to short-channel effects. However,
there are still two main problems with TFETs: the low on-
state current I,,, and the ambipolar characteristics. To ad-
dress the low on-state current problem, researchers have now
proposed a number of solutions, such as the introduction of

heterostructures, including heterogeneous gate dielectrics, 3!
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source channel heterojunctions,!-8! and heterogeneous gate

9101 the introduction of line tunneling structures to

materials; !
increase the tunneling area;/'!'~10! utilization of black phos-
phorus instead of silicon materials;!!7!8] insertion of a metal
strip in the gate oxide layer;[!! and the introduction of pocket
structures.?211 Ambipolar conduction makes the TFET less
effective in complementary circuits and restricts its utility in
digital circuit design. Several solutions have been proposed to

suppress ambipolar currents: using asymmetric doping, 2224

23,25,26

gate—drain underlap,! | gate—drain overlap,'?”! heteroge-

neous dielectrics, [>3?%2%1 work function engineering, 23-30-31]
recessed drains'*?! and spacer engineering. 3!

To solve these issues, a TFET with a C-type pocket (CSP-
TFET)3* was proposed in previous work by our team, which
improved the low on-state current while further reducing the
sub-threshold swing; however, the ambipolar behavior was not
fully suppressed. Further work is needed to optimize the struc-
ture of the device to completely suppress the ambipolar cur-
rent while ensuring that the on-state current is not affected as
much as possible, thus improving the performance of the de-
vice. Therefore, this work investigates the effects of both dual-
metal gate and gate—drain underlap designs on the ambipolar
characteristics of the device based on the CSP-TFET, respec-
tively, and combines the two designs to propose the C-shaped

http://iopscience.iop.org/cpb http://cpb.iphy.ac.cn
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pocket dual metal underlap TFET (CSP-DMUN-TFET). The
effects of the work function of the metal gate and the gate—
drain underlap length on the DC and analog/RF characteris-
tics of the device are analyzed in detail. The optimum values
of these two parameters are also determined to achieve a high
on-state current with significant suppression of the ambipolar
behavior.

The article is arranged as follows: Section 2 describes the
basic structure of the proposed device, parameters, the model
used for simulation and the calibration of the model. Section 3
discusses the DC and analog/RF characteristics of the device
and the structure optimization process. Section 4 summarizes
the work performed.

2. Device structure and simulation model

The C-type pocket TFET (CSP-TFET) structure is char-
acteristically based on a conventional double-gate silicon-
based tunneling field-effect transistor structure with a pocket
region added to the source and channel regions with the op-
posite type of doping concentration to the source region. The
aim of the mechanism is to enhance the electric field by fully
depleting the pocket region under the action of the electric
field, thus increasing the band-band tunneling rate between
the source region and the channel and further improving the
on-state current.

The structure parameters of the C-type pocket TFET with
a dual-metal gate structure (CSP-DM-TFET) and the C-type
pocket TFET with a gate—drain underlap (CSP-UN-TFET)
proposed in this paper are as follows: to suppress ambipo-
lar characteristics, the doping concentration of the source and
drain are 1 x 102 cm™3 and 5 x 10'® cm™3, respectively.
Also, the channel is doped with a doping concentration of
1 x 107 cm™3.

doped. SiO, was used as the gate oxide layer with a thickness

All regions are assumed to be uniformly

of 2 nm. Based on the team’s previous work, 341 we found that
increasing the T, and Ly in the C-pocket would increase the
leakage current and prevent the device from switching off, and
increasing the 7, would also reduce the on-state current of the
device. Therefore, the T, and Ly, should not be large, and we
also considered the fabrication issues.'?>! Finally, the param-
eters of the C-type pocket were selected to be L,; = 30 nm,
1, =2 nm and Ly, = 1 nm. The device structures of the CSP-
DM-TFET and CSP-UN-TFET are shown in Fig. 1.

All the electrical characteristics simulations were carried
out by Synopsys Sentaurus TCAD. The Fermi—Dirac model,
the bandgap narrowing model, the doping-dependent mobility
model, the carrier Shockley—Read—Hall (SRH) model, and the
Auger model were used in the simulation. Since the silicon
thickness (7;;) is 20 nm (larger than 7 nm), quantum effects
are not considered in this simulation. In this paper, we employ
the dynamic non-local band-to-band tunneling (BTBT) model,

which can consider the spatial variation of energy bands and
apply to arbitrary tunneling potentials with abrupt or asymp-
totic heterojunctions, and can simulate the tunneling process
more accurately. The non-local BTBT model used in this pa-
per is calibrated using the work by Boucart and Ionescu.l!
The calibration of transfer characteristics is depicted in Fig. 2.

Table 1. The device parameters.

Variable Parameter Simulation value

Ty silicon body thickness 20 nm

1y pocket 1 thickness 2 nm

Ly pocket 1 length 30 nm
Ly pocket 2 length 1 nm

Lg source length 50 nm

Lp drain length 50 nm

Ley channel length 49 nm

Ly gate length 50 nm
Nen channel doping (n-type) 1x107 ecm™3
N source doping (p-type) 1x10% cm—3
Ny drain doping (n-type) 5x10'% cm—3
Ny pocket doping (n-type) 1x10%° cm™3
o3} S-gate work function 4.5eV

[0 D-gate work function 4.04.6eV
Ly D-gate length Lpg X Lg nm

Lynder gate—drain underlap ~ 25 nm

Tox gate oxide thickness 2 nm

Fig. 1. A 2-D schematic view of (a) the CSP-DM-TFET and (b) the CSP-
UN-TFET.
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Fig. 2. Calibration of the TCAD model parameters obtained by compar-
ing the simulated and experimental /gs—Vgs characteristics of Ref. [3].

3. Results and discussion

The effects of the D-gate work function ¢,, the D-gate
length L, and the gate—drain underlap length Lypger 0n de-
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vice performance are investigated to obtain better suppression
of ambipolar characteristics. The Ion, Lump, Ton/lott, and SSave
are important indicators of DC characteristics, and gm, fr,
and GBP are important indicators of analog/RF characteris-
tics. The drain voltage Vpg is set to 1 V, and the gate voltage
Vgs is varied from —1.5 V to 2 V. The currents in the states
Vps =1V, Ves =2V, Vps=1V,Vys=—1.5Vand Vps =1V,
Vgs = 0V are defined as the on-state current /o,, the ambipolar
current I, and the off-state current I, respectively. Note
that in this work, the energy band diagrams and electric field
diagrams are obtained at the location of 1 nm (line A-A’ in
Fig. 1) below the interface of the silicon and gate oxide layer
along the channel direction.

3.1. DC characteristics analysis
3.1.1. Effect of ¢, and Ly, on the device

Figure 3 shows the energy band diagram of the CSP-
TFET device in the on, off, and ambipolar states. When a
positive voltage is applied to the gate, the energy band in the
channel bends downwards, resulting in a partial overlap be-
tween the source valence band and the channel conduction
band, and carriers tunneling from the valence band to the con-
duction band to form a current. This phenomenon is called
band-to-band tunneling (BTBT). Similarly, when a negative
voltage is applied to the gate, the energy band of the channel
bends upwards, causing the drain valence band and the chan-
nel conduction band to partially overlap, generating a tunnel-
ing current. Since the device conducts in both gate polarities,
this characteristic is called ambipolarity. This current is cre-
ated when a negative voltage is applied to the gate and is called
the ambipolar current. Ambipolarity is undesirable as it causes
malfunction of the inverter-based logic circuits. !

Thus this work takes two designs to suppress ambipolar
currents, namely, the dual metal gate and the gate—drain un-
derlap, and analysis the effects of these two designs on the
ambipolar characteristics of the CSP-TEFT. The present work
focuses on the suppression of ambipolar currents and therefore
focuses on the channel—drain junction.

The transmission characteristics of the CSP-DM-TFET
are shown in Fig. 4. We set Ly as 30 nm and Lpg as 0.5 (Lpg
is the D-gate gate length factor, which is the proportion of D-
gate to the total channel area gate length), change the D-gate
gate work function ¢, from 4.0 eV to 4.6 eV, and keep the
S-gate gate work function at 4.5 eV. It can be seen from Fig. 4
that the ambipolar current decreases as the D-gate gate work

1.0F— E,. (on-state)
E, (on-state)

— E, (off-state)

0.5f On-state — E, (off-state)

E, (ambipolar
-state)

E, (ambipolar

-state)

Energy (eV)
S
S

Off-state

720 -

—0.04 —-0.02 0 0.02 0.04 0.06 0.08 0.10
Position along the channel (pm)

Fig. 3. Energy band diagrams of CSP-TFET devices in the on-state
(Wps =1V, Vgg=2V), off-state (Vps =1V, Vgs = 0 V) and ambipo-
lar state (Vps = 1 V, Vg = —1.5 V), respectively.
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Fig. 4. Effects of the work function ¢, on the transmission characteris-
tics of CSP-DM-TFET devices, where the left Y-axis corresponds to the
logarithmic curve and the right Y-axis to the linear curve.
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Fig. 5. (a) An energy band diagram of the CSP-DM-TFET in the ambipolar state corresponding to the variation of the work function ¢, from 4.0 eV
to 4.6 eV (Vps =0V, Vg = —1.5 V). (b) The lateral electric field intensity of the CSP-DM-TFET in the off-state (Vps =0 V, Vg =0 V) and in the
ambipolar state (Vps =0V, Vgs = —1.5 V). (c) An energy band diagram corresponding to the CSP-DM-TFET in the off-state (Vps =0V, Vg5 =0 V) and

the ambipolar state (Vps =0V, Vg = —1.5 V).
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function ¢, decreases. This is due to the fact that as the D-gate
work function ¢, continues to decrease, it leads to a reduction
in the degree of energy band bending, an increase in the width
of the tunneling barrier, and an increasing depletion width at
the drain-channel junction, as shown in Fig. 5(a), which re-
duces the incidence of tunneling and suppresses the ambipolar
current.

Furthermore, it can be seen from Fig. 4 that as the nega-
tive gate voltage continues to increase, the ambipolar current
shows a decreasing trend and then increases. The reason for
this, as shown in Fig. 5(b), is that the existence of the C-type
pocket, as well as the gate full overlap structure, results in a
high lateral electric field in the pocket region of the device in
the off-state, leading to a high leakage current. As the nega-
tive gate voltage increases, the leakage current is suppressed.
In other words, the leakage current is dominant in the nega-
tive gate voltage range of O V to —1 V. As shown in Fig. 5(c),
as the negative voltage rises, the energy band gradually bends
upwards, the tunneling barrier decreases, and the reverse con-
duction takes place. At this point, the tunneling current at the
drain—channel junction becomes dominant.

To further optimize the CSP-DM-TFET, the effect of the
Ly on the ambipolar and on-state currents is analyzed. The
Lg> is the length of the D-gate and is defined as Lpg X Ly
(0 < Lpg < 1). The effect of the Lpg on the DC character-
istics of the CSP-DM-TFET with Ly at 30 nm, Ly at 1 nm,
and ¢ and @, at 4.5 eV and 4.0 eV, is shown in Fig. 6(a).
The Lpg varies from 0.1 to 0.9, with the ambipolar current de-
creasing with the increasing Lpg until it goes to 0.6. It can
be seen in Fig. 6(b) that as the Lpg increases, the degree of
energy band bending at the channel/drain junction decreases,
leading to an increase in the tunneling barrier and suppression
of the ambipolar current. As the Lpg continues to increase
beyond 0.6, there is no significant change in the ambipolar
current, but the leakage current in the off-state increases and
the device cannot be switched off. As shown in Fig. 6(c),
due to the increased Lpg, which brings the D-gate with its
lower work function closer to the source—channel junction, the
electric field strength near the source—channel junction is in-
creased, thus reducing the tunneling barrier width and allow-
ing the device to have a higher leakage current in the off-state.
In addition, I,, slightly increases with the increasing Lpg.
Based on the above analysis, the Lpg was optimally set to
0.6, with Iy = 9.66 x 10~* A/pum, Imp = 6.94 x 1077 A/um,
SSave = 17.7 mV/dec, and Ion /Iofr = 1 x 10!, In this work, the
average subthreshold swing is used as a performance metric.
Bhuwalka®”! and Boucart and Ionescul®! proposed a defini-
tion for calculating SSaye with the following equation: 8!

Vra — Vi
SSan = ™ 7 OFF» (1)
log (IgTHF)

where Vy is the threshold voltage, whose value is the voltage
corresponding to a drain current Ity of 1077 A/ um. And Vopr
takes the value of the gate voltage corresponding to a drain
current Iog of 10714 A/um.
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Fig. 6. (a) The effect of the Lpg change from 0.1 to 0.9 on the trans-
fer characteristics of the CSP-DM-TFET devices. (b) An energy band
diagram of the CSP-DM-TFET in the ambipolar state (Vps =0V, Vs =
—1.5 V) corresponding to the change of the Lpg from 0.1 to 0.9. (c¢) Elec-
tric field distribution of CSP-DM-TFETSs when the Lpg is 0.6 and 0.9,
respectively.

3.1.2. Effect of Ly,q.r on the device

The CSP-UN-TFET retains full overlap of the gate at the
source, varying the value of the Lypger from 5 nm to 25 nm,
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and its transfer characteristics are shown in Fig. 7(a). As the
length of the Lyq4er increases, the ambipolar current decreases.
When it reaches 25 nm, the ambipolar current decreases by
about six orders of scale. As shown in Fig. 7(b), the decreased
ambipolar current is caused by gate—drain underlap, which re-
sults in a reduced electric field at the channel/drain junction.
As the Lynger increases, the electric field density at the channel-
drain junction becomes smaller, which reduces the probability
of tunneling and thus suppresses the ambipolar current. In ad-
dition, from the energy band diagram, as shown in Fig. 7(c),
the energy band bending at the channel-drain junction de-
creases as the Ly,ger increases, which increases the width of
the tunneling barrier. Similarly, when the Lynger iS 25 nm,
the ambipolar current decreases with an increasing negative
gate voltage in the 0 to —1 V range. Because the leakage

current dominates in this range, there is a relatively small in-
crease in the tunneling current at the channel/drain junction.
As the negative gate voltage continues to increase after —1 'V,
the tunneling current at the channel/drain junction dominates,
at which point it rises slightly as the negative gate voltage in-
creases. Compared to the CSP-DM-TFET, the CSP-UN-TFET
is more effective at suppressing ambipolar currents, which re-
mains low by ~ 10716 orders of scale at the gate voltage of
—1.5 V. Furthermore, as shown in Fig. 7(a), the on-state cur-
rent I,, decreases as the length of the L, increases, but
the reduction is limited. Therefore, to suppress the ambipo-
lar current more effectively, the Lynger length is set to 25 nm.
The DC characteristics of the CSP-UN-TFET device in this
case are Io, = 8.34 x 107* A/um, Ipmp = 2.79 x 10717 A/um,
SSave = 16.9 mV/dec, and Ion/Iofr ~ 1 x 10!

1.0
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Fig. 7. (a) The effect of the Lypger change from 5 nm to 25 nm on the transfer characteristics of CSP-UN-TFET devices. CSP-UN-TFET devices in the
ambipolar state (Vps =1V, Vgs = —1.5 V) with the Lyyger change from 5 nm to 25 nm, corresponding to (b) the energy band diagram, and (c) the lateral

electric field.

In summary, the ambipolar characteristics of both the
CSP-DM-TFET and CSP-UN-TFET devices are suppressed.
But compared to the CSP-DM-TFET, the CSP-UN-TFET can
suppress the ambipolar current better with the disadvantage of
the reduced I,,.

Therefore, to ensure that the ambipolar currents are sup-
pressed without affecting the on-state currents as much as pos-
sible, a combination of these two methods is used to compen-
sate for the negative effects on the on-state currents caused
by the gate—drain underlap structure. During the combina-
tion process of optimization, the following principles were ap-
plied: minimal reduction of the on-state current and complete
suppression of the ambipolar current. The finalized improved
device CSP-DMUN-TFET structure is shown in Fig. 8. The
device parameters are: Lpg of 0.4, Lynger of 20 nm, and ¢,
of 4.0. Figure 9 shows a comparison of the transfer char-
acteristic curves of the CSP-DM-TFET, CSP-UN-TFET, and
CSP-DMUN-TFET devices. It can be seen that the ambipolar
current of the CSP-DMUN-TFET device remains at the same
level as that of the CSP-UN-TFET, and the I,, of the CSP-
DMUN-TFET is larger than that of the CSP-UN-TFET. In
this case, the DC characteristics of the CSP-DMUN-TFET de-

vice are oy = 9.03 x 10~* A/um, Limp = 2.15 x 10717 A/um,
SSave = 13.3 mV/dec, and Ion /Iofr = 1 x 10'1.

Fig. 8. A 2-D schematic view of the CSP-DMUN-TFET.
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| — CSP-DM-TFET  _— 7
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Gate voltage, Vg, (V)

Fig. 9. A comparison of transmission characteristics curves for the CSP-
DM-TFET, CSP-UN-TFET, and CSP-DMUN-TFET devices.
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3.2. Analog/RF characteristics analysis

In this section, the effects of ¢, and Lyger On the ana-
log/RF characteristics of the CSP-DM-TFET and CSP-UN-
TFET devices are investigated, including the transconductance
(gm), cut-off frequency (ft), gain—bandwidth product (GBP),
etc., respectively. These parameters are extracted at the fre-
quency of 1 MHz. The g is an important indicator that is
used to measure the analog characteristics of devices, > and
a higher gy, indicates better performance for analog applica-
tions. Analysis of the analog parameter gy, plays a critical role
in obtaining a higher fr and GBP.[*"!

Figures 10(a) and 10(b) shows the effect of ¢, and Lypger
parameters on the g, of the CSP-DM-TFET and CSP-UN-
TFET devices, respectively. It can be seen from Figs. 10(a)
and 10(b) that as the gate voltage increases, the drain current
increases, which leads to an increase in the g,,. However, due
to the decrease in carrier mobility, the higher the Vs voltage
is, the lower the g, is. Furthermore, it can be noted that the
Lynder has a greater effect on the g, than the ¢,, as a larger
Lynger reduces the drain current.

1.4
e =40 . (a)
L2 v 2=41 AN
Py =4.2 ) \
1.of — p2=43
Yy =4.4
0.8} P =4.5
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0.6f Vpg=1.0 V
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0.21

Transconductance, g, (10° S)
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Fig. 10. (a) Variation of ¢, from 4.0 eV to 4.6 eV, corresponding to the
gm of the CSP-DM-TFET device. (b) Variation of Lyyger from 5 nm to
25 nm, corresponding to the gn, of the CSP-UN-TFET device.

Figures 11(a) and 11(b) show the effect of ¢, and Lynger
on the Cyq of the CSP-DM-TFET and CSP-UN-TFET devices,
respectively. It can be seen from Fig. 11(a) that varying the ¢,

has a greater effect on the Cyq of the CSP-DM-TFET device
at low voltages. As the lower work function increases, the
coupling between the gate and drain, Cyq, gradually increases
as ¢, decreases, affecting the switching speed of the device.
In addition, the Cyq decreases with the increasing Lynder, as
seen in Fig. 11(b), due to the fact that the gate—drain under-
lap structure increases the distance between the gate and drain
regions, weakens the capacitive coupling, and reduces the ef-
fective charge concentration in the uncovered region of the

gate. [41:42]
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Fig. 11. (a) The change of ¢, from 4.0 eV to 4.6 eV, corresponding to
the variation of the Cgq of the CSP-DM-TFET device. (b) The change of
Lynder from 5 nm to 25 nm, corresponding to the variation of the Cgq of
the CSP-UN-TFET device.

The cut-off frequency is the frequency at which the cur-
rent gain becomes unity, and plays a significant role in de-
ciding the device performance at high frequency, *3! as shown
below:

8m ~ &m ~ 8m
27 (Cos+Cog)  27Coe
270Cys 1+2(%§j) (Ces +Ca) e

fr= @

As can be seen from Eq. (2), fr is positively proportional to
gm and inversely proportional to Cgg.

As shown in Fig. 12, the ft increases as the Vy; increases
initially and after the fr reaches its peak, it begins to fall
sharply, due to the fact that the g, begins to fall after reach-
ing its maximum value and is accompanied by an increase in
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the Cyq. From Fig. 12(a), it can be seen that changing the ¢
has an apparent effect on the fr of the CSP-DM-TFET device,
due to the fact that a decrease in the ¢, increases the coupling
between the gate—drain and the Cyq increases. When the @; is
4.0 eV, it obviously reduces the cut-off frequency of the CSP-
DM-TFET. Figure 12(b) shows that the effect of the Lynqer 1S
not very significant on the fr, because both the gy, in the nu-
merator and the Cyq in the denominator decrease as the Lynder

increases.
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1.0f Py =4.2
0, =4.3
— o8} Ppy=4.4
N Py =4.5
F ——py=4.6
o 06y Vps=1.0 V
B
= 0.4}
0.2f
O 1 1 1 1 1 IV _ 1
0 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Gate voltage, V,, (V)
5.0
(c) —— = 4.0
——py=4.1
4.0t Py =42
— py=4.3
~ <P2i4-4
o L py=4.5
s 3.0
o —»—(,0224.6
Al
g Vps=1.0V
5 2.0}
O
1.0f
0 ol

0 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Gate voltage, V, (V)

Another important parameter for RF analysis is the GBP,
which signifies the product of gain and bandwidth at a con-
stant DC gain value 10.1**! The value of the GBP is expressed
as follows:

8m

GBP=—°m
2m10Cyq

3)

As shown in Figs. 12(c) and 12(d), the tendency of the GBP is
similar to that of the fr.
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Fig. 12. (a) and (c) The change of ¢, from 4.0 eV to 4.6 eV, corresponding to the variation of the fr and GBP of the CSP-DM-TFET device,
respectively. (b) and (d) The change of Lypger from 5 nm to 25 nm, corresponding to the variation of the fr and GBP of the CSP-UN-TFET

device, respectively.

In summary, the CSP-DM-TFET device reduces the ana-
log/RF characteristics by increasing the gate—drain capaci-
tance due to the use of a lower work function in the D-gate.
The CSP-UN-TFET improves the analog/RF performance by
reducing the gate drain capacitance due to the presence of the
underlap in the gate—drain. The CSP-DMUN-TFET device
proposed in this work combines the advantages of both de-
signs, with an analog/RF performance somewhere between the
above two devices: gm = 1.27 x 1073 S, fr = 5.99 x 10'° Hz,
GBP =2.06 x 10' Hz.

4. Conclusion and perspectives

This work investigated the effects of dual metal gate and
gate—drain underlap designs on the ambipolar characteristics

of devices based on silicon-based dual-gate CSP-TFETs. Both
designs are capable of suppressing ambipolar currents, with
the gate—drain underlap being more effective, but with a small
reduction in the on-state current, while the dual metal gate
barely effects the on-state current. In addition, the dual metal
gate structure causes a degradation of the analog/RF perfor-
mance of the device compared to the gate—drain underlap
structure. Therefore, a combination of both designs is pro-
posed for the CSP-DMUN-TFET. Due to the full gate over-
lap in the pocket area, the CSP-DMUN-TFET has a high on-
state current while being able to fully suppress ambipolar cur-
rents: Iop = 9.08 x 107* A/um, Ly = 2.15 x 10717 A/um,
SSave = 13.3 mV/dec, Ion /Iofr ~ 1 x 10!, gy = 1.27x 1073 S,
fr =5.99 x 10'° Hz, GBP = 2.06 x 10'° Hz. The CSP-
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DMUN-TFET effectively solves the problems of low on-state
current and ambipolar characteristics of conventional dual-
gate TFETSs and is more suitable for low-power applications.
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