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Abstract This work illustrates the effect of temperature on the performance of dual-
metal double-gate Ge pocket TFET with hetero-dielectric. The study reveals that the
performance of DM-DG-Ge pocket TFET improves with an increase in tempera-
ture. Both the DC and analog/RF parameters improve with increase in temperature,
whereas Ion/Iopr decreases with an increase in temperature due to higher increase
in OFF current than ON current. The improvement in DC and analog/RF parameters
makes the device suitable for operation at the higher temperatures.
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1 Introduction

TFET has gained huge interest of researchers and industry due to its low-power
circuit application, low off-state leakage current, low SS and thus fast switching
[1-8]. The main agenda of TFET is to achieve low SS as 60 mV/decade is the
thermionic transport limitation of MOSFET. The transport mechanism of TFET is
completely different from MOSFET, and it works on band-to-band tunneling mech-
anism removing SS limitation. TFET is also immune to short-channel effects. The
limitation of TFET is low ION and ambipolar current [9]. Researchers have found
performance improvement with low band gap material, n* pocket region, double gate,
double metal gate, etc. [5, 10-12]. Further, with low k dielectric ambipolar current
suppression can be achieved. Dual-metal double-gate Ge pocket TFET (DM-DG-
Ge pocket TFET) with hetero-dielectric consists of the advantage of both dual-metal
double-gate and hetero-dielectric. This work reports the investigation on performance
of DM-DG-Ge pocket TFET at higher temperatures. The study has been done for a
wide range of temperatures, viz 250-500 K.
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Fig. 1 2D device structure Lg
for DM-DG-Ge pocket
TFET

In this work, DC and analog/RF performance parameter such as Vg, Ion,
Ion/Iorg, SS, gm, Ceds Cgg, f1, GBW, TGF and TFP analysis has been done with
variation in temperature for DM-DG-Ge pocket TFET.

2 Device Structure and Simulation models

2D cross-sectional structure of DM-DG-Ge pocket TFET with hetero-dielectric is
shown in Fig. 1. The source region is of SipsGeg s, the pocket region is of Ge, and
the source and the channel regions are of silicon. With pocket width (Lpocer) 3 nm,
tox as 1.2 nm, Lg = 20 nm and body thickness (¢) is 8 nm. The length of auxiliary
gate (Layxitiary) and tunneling gate (Lunneling) 1S Lg/2. The oxide material used is HfO,
under tunneling gate and SiO; under auxiliary gate. Further, the doping in source
region is Nource = 10%° cm™2, in pocket region is Npocker =4 x 10! cm™3, in channel
region iS Nchannel = 10'® cm~3, and in drain region is N grain = 10% cm—3. The work
function of gate metal for tunneling gate is (P = 4.6 €V) and for auxiliary gate
is (Oyx = 4.2 eV). Mo, Ta and W metals can be used for tunneling gate metal, and
Ti-Ni and IrO, can be used for auxiliary gate metal.

All simulation has been carried out on Atlas Silvaco device simulator [13]. Silvaco
solves Poisson’s equation with the current continuity equation self-consistently. Non-
local band-to-band tunneling has been considered for precise modeling of tunneling.
Kane model has also been considered with default value of material parameters.
Band gap narrowing, Shockley—Read—Hall recombination and Fermi—Dirac model
have also been considered for precise modeling of device. The body thickness of
device is 8 nm; hence, quantum confinement effect has not been considered.

3 Result and Discussion

The property of semiconductor material depends on temperature. Thus, operating
temperature indirectly influences the performance of device. The dependence of
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energy band gap on temperature is as depicted in the following equation:

aT?
Ey(T) = Ey(0) — (T . ﬁ) (1)

where E,(T) is the energy band gap at temperature 7' K. E4(0) is the energy band
gap at 0 K, and « and g are fitting parameters of semiconductor material.

Equation 1 shows that the energy band decreases with increase in operating
temperature. The carrier transport of device depends on band-to-band tunneling
(BTBT) of electron from valence band of source region to conduction band of channel
region. Thus, the drain current can be evaluated by Kane model, given by

2 -1 —Buane g
IDS =D AkaneVgsEg X exp Vgs—xD (2)

Here, D, Agane and Bygpe are constant parameters and E, is energy band gap of
material. So, drain current is indirectly dependent on temperature. With increase
in temperature, energy band gap of semiconductor decreases, and with decrease in
energy band gap, the drain current increases as depicted in Eq. (2).

3.1 DC Performance Analysis

With increase in temperature, the drain current increases. Both /on and / opp increase,
but the increase in ON current is less in comparison with the increase in OFF current.
Thus, the Ion/Iopr decreases with increase in temperature. Vg, gm and SS also
improve with increase in temperature. The variation in device parameter with increase
in temperature is shown in Table 1. With increase in temperature from 250 to 500 K,
the decrease in Vg is 4%, increase in Ion is 799.5%, increase in Iopp is ~107,
and decrease in Ion/Iopr 1s ~107. Further, the increase in transconductance (gp,) is
552.7% and improvement in SS is 10.8%.

3.2 Analog/RF Performance Parameter Analysis

Further, the analog and RF parameter analysis with variation in temperature has been
done. Figure 2a shows the Ip — Vg at Vp = 0.5 V for DM-DG-Ge pocket TFET, and
it shows the increase in drain current with Vgg variation at different temperatures.
The ambipolar current is fully suppressed for the DM-DG-Ge pocket TFET as shown
in figure. The increase in Ip — Vg with increase in temperature from 250 to 500 K
is 799.5%. Figure 2b shows the Ip — Vp at Vg = 0.5 V for DM-DG-Ge pocket
TFET. The figure shows increase in drain current with the drain voltage variation at
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Table 1 Device characteristic with variation in temperature

Temp | Vu (V) Ion (WA/pm) | Iopr (pA/pm) | Ion/lopr | gm SS
(K) (mS/pm) | (mV/decade)
250 0.4522258 1.98 5.58 x 107 3.54 x 41.47 11.07
1012
300 0.449525 3.11 2.56 x 107 1.21 x 61.62 15.63
1013
350 0.446228 4.89 3.76 x 10* 1.30 x 91.08 17.41
1010
400 0.442189 7.60 1.68 x 102 4.52 x 131.49 17.14
108
450 0.438105 11.69 3.44 x 10! 3.39 x 188.97 16.06
107
500 0.434166 17.81 4.02 443 x 270.61 15.53
106
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Fig.2 alp — VgatVp=05VandbIp — Vp at Vg = 0.5 V for DM-DG-Ge pocket TFET

higher temperatures. The analog analysis is done at 1 GHz frequency. The Cgq and
C,, are shown in Fig. 3a, b, respectively. Capacitance values are also increasing with
increase in the temperature.

Further, Fig. 4a, b shows g, and g4 with the variation in temperature, respec-
tively. For analog applications of device in OPAMP, differential amplifier, etc., circuit
designer needs device to have higher g, in order to get higher amplification (Ay =
8gm/84 = &mRo). The g, of the device increases with increase in temperature and
thus suitable for higher gain. Lesser g4 value is needed for higher gain. However, g4
increases with increase in temperature. This shows that R, decreases with increase in
temperature, giving rise to drain current. Figure 5a, b shows f1 and GBW of device
with variation in temperature, respectively. The circuit designer needs the device
to work as amplifier for higher frequency. Cut-off frequency fr is the maximum
frequency at which the gain of device becomes unity. After this frequency, the device
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Fig. 6 a TGF and b TFP at Vp = 0.5 V for DM-DG-Ge pocket TFET

could not work as amplifier. ft is defined as ft = gu/27 Cg. The f1 of DM-DG-
Ge pocket TFET increases with increase in temperature. The GBW is the operating
frequency and voltage gain product. GBW is defined as GBW = g,,/2m 10C. It is
a constant value, for a DC voltage gain of 10; the GBW is shown in the figure. It
increases with increase in temperature. Figure 6a, b shows TGF and TFP of DM-
DG-Ge pocket TFET, respectively. It is defined as TGF = g, /Ip = In(10) /SS. SS
value is being low in transition region from ON to OFF. The TGF value achieves its
maximum and then again decreases. TFP describes power bandwidth trade-off.

and is important parameter for design of moderate to high-speed circuit. It is
defined as TFP = (gn/Ip) X fT = TGF x fr. TFP also increases with increase in
temperature.

4 Conclusion

An exhaustive analysis of temperature sensitivity of DM-DG-Ge pocket TFET has
been presented in this work. The study reports excellent improvement in DC param-
eter as well as analog/RF performance parameters with increase in temperature. The
study shows improvement in gy, f 1, GBW, TGF and TFP with operating temperature
increase, thus making it suitable for application in higher temperature ranges.
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