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Abstract—Ing 53Gag 47As -on-insulator MOSFETs exhibit
floating body effect resulting in high off-state leakage. Floating
body effect turns the parasitic BJT on, which weakly conducts
current in the off-state of the MOSFET. Here, we perform drift-
diffusion simulations of Ing 53Gag.47As -on-insulator planar and
nanowire MOSFETs to understand this leakage mechanism. We
show that band-to-band tunneling at the channel-drain junction
supplies ”base current” to the BJT, thereby turning it on.

Additionally, measured transfer characteristics show on-state
current degradation of the MOSFETs at high Vs. This is caused
by channel mobility degradation in the MOSFETs. In this work,
we model mobility degradation using “Lombardi model”. We
calibrate the model to the measured transfer characteristics
and provide a parameter set suitable for modeling mobility
degradation in Ing 53Gap.47As channel devices.

Index Terms—Nanowire MOSFETs, floating body effect, band-
to-band tunneling, mobility degradation.

I. INTRODUCTION

High electron mobility in Ing 53Gag 47As makes it a suit-
able material to replace Silicon channel in high performance
MOSFETs. InGaAs-on-insulator MOSFETsS are preferred over
bulk InGaAs devices due to superior electrostatics as well
as low gate capacitance. However, due to the absence of
body bias, these MOSFETs suffer from floating body effect.
This floating body effect gives rise to band-to-band tunneling
(BTBT)turns on parasitic bipolar junction transistor (BJT) in
the MOSFETs giving rise to high off-state leakage. Similarly,
presence of gate-oxide (GOX) / InGaAs interface traps results
in degradation of the gate-control of the channel.

Measurement of the on-state performance of fabri-
cated planar Ing53Gag 47As -OI MOSFETs reveals mobil-
ity of 300cm?/Vs in contrast with the literature value of
2000cm?/Vs in bulk Ing 53Gag 47As . Mobility degradation in
Ing.53Gag.47As channel due to surface roughness and defects
is responsible for low value of the measured mobility.

In this work, we use SemiVi drift-diffusion solver to simu-
late planar Ing 53Gag 47As -on-insulator MOSFETs. We com-
pare the simulated transfer characteristics with the measured
data of these devices to establish efficacy of the simulation
results. We dis-entangle the observed transfer characteristics
to highlight the effect of the above mentioned non-idealities.
Also, we model channel mobility degradation by using “Lom-
bardi model”.
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Fig. 1. (a) Structure and mesh of the simulated device with Lg = 13nm. Sim-
ilar devices with Lg = 130nm, 300nm are simulated. (b) Dopant distribution
in the simulated device with Lg = 13nm.

II. SIMULATION SETUP

A. Device structure

The planar Ing 53Gag 47As -on-insulator MOSFETs simu-
lated in this work were fabricated using a CMOS-compatible
self-aligned replacement-metal-gate process. The fabrication
process is described in [3] and [4]. The process is designed
to fabricate ultra-thin-body MOSFETs with variable widths.
Here, we have selected the MOSFETs with 500nm width for
the simulation. Since the MOSFET structure is invariant along
the width, 2D cross-section of the MOSFET with L = 13nm,
100nm, and 300nm are generated and meshed by using SemiVi
structure generator and mesher [5]. The device structure and
the doping profiles of Lg = 13nm MOSFET are shown in
Fig. II-A. Channel region of the MOSFET is intrinsically n-
doped with doping of 2 x 10 cm™3, whereas raised- source
and drain regions are heavily n-doped. The gate-oxide is a
high-k oxide with an equivalent oxide thickness (EOT) of

8.5A.



B. Simulation parameters

Interface defects present at the high-k GOX/Ing 53Gag. 47As
as well as interface roughness degrade channel mobility con-
siderably below its bulk value. In this work, hole mobility in
the channel is set to a fixed value of 80 cm?/Vs. Following lit-
erature, bulk electron mobility is set to 2000cm?/Vs. Channel
mobility degradation is modeled using “Lombardi model”.

The biasing conditions give rise to a high electric filed at the
channel-drain junction generating electron and hole pairs due
to high BTBT. This is modeled by the nonlocal BTB tunneling
model available in the drift-diffusion solver. This model uses
Wentzel-Kramer-Brillouin (WKB) approximation to calculate
transmission probability and tunnel rates along the nonlocal
paths. Electron and hole tunnel masses are set to 0.043 mg
and 0.052 mg. Electron and hole lifetimes in the material are
set to 1 ns.

Donor-type interface defects are simulated at the
GOX/Ing 53Gag 47As interface with a uniform distribution in
the band gap. Defect density (Dy;) is set to 2 x 10'?/cm?eV
which fits the measured subthreshold swing of log-channel
MOSFETs at Vpg = 50mV.

Quantum confinement moves electron density away from
the GOX/InGaAs interface. This effect is modeled in the drift-
diffusion simulations using modified local density approxima-
tion (MLDA).

III. RESULTS

Comparison of the simulated transfer characteristics of
the planar MOSFETs with the measurements is shown in
Figs. 2(a), 2(b), and 2(c), for Lg = 13nm, 100nm, and 300nm,
respectively. The figures show good match between measured
and simulated transfer characteristics.

A. Effect of band-to-band tunneling

Due to high electric field, BTBT takes place at the channel-
drain interface generating electron and hole pairs. This mech-
anism supplies hole current to the base of the n-p-n parasitic
BJT under the MOSFET, with channel as base. This turns
on the BJT and causes off-state leakage. The injected holes
recombine at the source-channel junction which is nothing
but the emitter/base junction. Spatial distribution of BTBT
electron and hole generation rate and SRH recombination rate,
shown in Fig. 3 reveals this phenomenon.

B. Effect of interface defects

Interface traps at GOX/Ing 53Gag 47As interface reduce elec-
trostatic coupling between the gate and the channel, resulting
in higher subthreshold swing. Interface trap density (D;;) at
the GOX/InGaAs interface is set by fitting the simulations
to the subthreshold region of the transfer characteristics. A
uniform Dj; = 2 x 10'?cm™2eV~! in the channel gives best
fit to the measured data at Vpg = 50mV. Such a high Dy
increases electric field at the channel-drain interface causing
higher leakage. This is seen in the transfer characteristics of
the plane MOSFETs with Lg =300nm simulated with and
without interface defects (See Fig. 4)
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Fig. 2. Comparison of measured and simulated transfer characteristics of
planar Ing 53Gag.47As MOSFETs with the gate length Lg of (a) 13nm, (b)
100nm, (¢) 300nm.
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Fig. 3. Spatial distribution of (a) SRH recombination rate, and (b) BTB tunneling rate is plotted at the source-channel and at the drain-channel junction,
respectively. The plots are made in the off-state (V4 = -0.25V and V4 = 0.65V. Lg = 300nm. A schematic of parasitic BJT is also shown. BTB tunneling
at the channel-drain junction acts as a source of hole current to the base of the BJT and turns it on, which leads to higher leakage currents. Source-channel
junction coincides with the base-emitter junction of the BJT, thus exhibiting high SRH recombination rate.
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Fig. 4. Effect of GOX-Ing.53Gap.47As interface traps is shown by plotting
the transfer characteristics with and without the traps (Lg = 300nm).

C. Channel mobility degradation due to normal field

Measured electron mobility in Ing 53Gag 47 As MOSFETS is
300cm?/Vs, whereas reported bulk mobility in Ing 53Gag 47As
is 2000cm?/Vs, at a high doping of 5x 10'¥cm~3. This reflects
severe mobility degradation in the channel of the MOSFETs.
This degradation is caused by electron scattering due to
surface roughness and interface defects. In this work, channel
mobility degradation is modeled by Lombardi model [7]. The
model parameters are fitted to match the experimental transfer
characteristics at Vpg = 50mV of the planar MOSFET of
gate length 300nm. Transfer characteristics of the long channel
planar MOSFET obtained using these parameters are plotted
in Fig 5 and are compared with the measured data.
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