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Heterostructured InAs/InSb nanowire based field effect transistors (FET) have been fabricated and tested
as THz radiation detectors. While responsivity and noise equivalent power compare with the ones of InAs
nanowire detectors, the presence of small-gap InSb semiconductor gives rise to interesting physical effects
such an increase of the detected signal with charge injection through the wire, at odds with standard FET-
detectors. Additionally, the photodetected signal voltage changes its sign after a threshold gate bias, which
we explain considering surface-related transport and field asymmetries imposed by the use of a lateral gate
electrode.

The fast and reliable detection of radiation at THz
frequencies represents an important issue for a full ex-
ploitation of THz technology. Very recently, THz detec-
tion in InAs nanowire (Nw) field-effect transistors (FET)
has been reported1,2. Due to their reduced size, these sys-
tems offer a very large cut-off frequency together with the
possibility to be arranged in ordered arrays for imaging
applications. Interestingly, the use of heterostructured
nanowire based FETs can reveal notewhorty character-
istics, since semiconductors with different properties can
be used and effects related to charge transport across the
heterojunction explored. Recently, InSb nanowires have
been widely investigated3,4, with the motivation stem-
ming from the small electronic gap, high mobility and
easy formation of ohmic contacts which are character-
istics of bulk InSb material5. These nanowires can be
grown with high crystallographic quality on underlying
InAs segments, as recently demonstrated6,7, and there-
fore constitute an appealing system for the realization of
nanowire based electrical devices. Moreover, when axial
charge transport through the heterojunction is investi-
gated a rectification effect due to band lineup can be ob-
served, allowing the realization of axial electrical diodes3.

In this Letter, we report on the development of
InAs/InSb nanowire lateral gate FETs working as ra-
diation detectors in the sub-THz frequency range. At
odds with standard FET detectors, the detected signal
increases when the gate bias is far from the pinch-off
voltage and abrubtly changes sign when a certain gate
threshold value is reached. We attribute this peculiar
behavior to the role of InSb nanowire segments, since
standard InAs nanowire FETs behave in analogy to the
planar devices1. The possibility that the detector signal
improves when charge is injected (and not depleted as in
usual detector FETs) has been explained through the use
of numerical simulations in low-doped nanowire systems,
considering the current nonlinearities due to the injec-
tion mechanism8. Interestingly, this model finds here its
first experimental demonstration. On the other hand, the
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FIG. 1. ISD-Vgate at diffent source-drain voltages, from 10
to 60 mV. In the inset a SEM image of the contacted wire
is shown. The two arms of the log-periodic antenna real-
ized through e-beam lithography are respectively connected
to source (S) and gate (G) electrodes, while the current is
measured through the drain (D) one.

fact that the responsivity changes its sign is a novel unex-
pected property, for which we propose a simple explana-
tion based on the gate geometrical asymmetry of our de-
vices. The nanowire samples were grown using the chem-
ical beam epitaxy (CBE) technique7 without any inten-
tional doping. Subsequently the devices were fabricated
employing e-beam lithography and Ti/Au evaporation3.
To ensure an ohmic contact with the nanowire surface,
the latter was properly passivated employing a non-
stoichiometric (NH4)2Sx solution9. A gate electrode is
located on one side of the Nw (lateral gate) and acts on
both InAs and InSb materials on the two sides of the
heterojunction. The Source (S) and Gate (G) electrodes
were connected to two arms of a log-periodic antenna,
whose dimensions are matched with the frequency of the
electromagnetic source used for detection experiments
(∼0.3 THz), while the Drain (D) contact can be used
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to read out the channel current ID when measuring con-
ductivity, or the output signal (VSD) when S is grounded.
For transport characterization, a DC bias can be applied
to S and/or G electrode using standard DAC sources. A
SEM image of the final contacted nanowire is shown in
the inset of Fig. 1. The 400nm wide gate electrode is
physically separated from the Nw by a gap of about 75
nm and properly addresses both InAs and InSb segments.
Fig. 1 reports the room-temperature DC charge trans-
port characterization of the device. A small bias is ap-
plied to the S contact (ranging from 10 to 60 mV), while
the G electrode is swept from -8 to 8 V, clearly modify-
ing the Nw conductivity. When a positive bias is applied
to the source contact (InSb side), the InAs/InSb diode
is directly polarized, favouring the current flow towards
the D contact. Even if nominally undoped, the pinning
of the Fermi level at the nanowire surface allows for non-
zero conductivity at zero gate bias. By increasing the
gate bias, the conductivity grows, showing a majority of
electronic carriers with respect to the holes, as expected
in similar systems4. Even if a saturation of the current
would not be surprising, due to quantum capacitance re-
lated effects11, the conductivity reduction at large gate
biases is quite unexpected. Several factors can indeed
play a role in such experimental observation: i) gate cur-
rent leakage, ii) gate field dishomogeneity or iii) a sud-
den modification of the kind of majority charge carriers.
Interestingly, the detection experiments are compatible
with the measured charge transport curves. The 0.292
THz source signal has been shined directly on the sam-
ple through parabolic mirrors, reaching a beam spot area
of 12.6×10−6 m2 with an incident power of 2.1 mW. The
detected DC signal (video signal) is measured through a
voltage preamplifier (with a gain factor of 25) coupled
to a lock-in system1. No DC bias has been applied to
the S contact, in such a way that the only voltage bias is
given by the electromagnetic source. On the other hand,
the device working point has been swept by adding a DC
source signal to the G contact, which sums-up with the
AC signal directly coming from the impinging radiation.
The video signal for a typical measurement is reported
in Fig. 2. A maximum detector responsivity of 1.5 V/W
has been found, comparable to the one reported for InAs
Nw FET detectors1; even a rough estimate of the Noise-
Equivalent Power (NEP) leads to values similar to the

one found in those devices (∼ 1 × 10−8 W/
√
Hz). Yet,

at variance with InAs nanowire FETs, for gate biases
larger than the pinch-off threshold voltage, the video sig-
nal increases, at odds also with what happens in classical
FET/diode detectors where the maximum responsivity is
found around the channel closure. Most importantly, the
video signal changes sign at gate biases larger than 2 V;
as can be clearly seen in the inset of Fig. 2, the signal
phase changes abruptly of about 180◦, accordingly. In-
deed, this behavior could be expected by considering the
device transport characteristics, and, in particular, the
negative differential transconductance found at large gate
biases. The responsivity can be extracted from charge
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FIG. 2. Video signal obtained in the detection experiment
(scatter points, red curve is an interpolation to the data)
compared with the responsivity extracted from the transfer
characteristics of Fig. 1 (blue curve). Inset: lock-in phase sig-
nal recorded during the measurement. Note the 180◦ abrupt
phase change obtained when the video signal changes its sign.

transport according to the formula12:

R ∝
∆U

1 +RCH/ZL

∝
1

1 +RCH/ZL

1

σ

dσ

dVgate

, (1)

where RCH is the channel resistance, ZL the complex
load impedance and σ the nanowire conductivity. The
relevance of the load impedance is well confirmed by the
experimental evidence that the video signal phase is not
constant when the gate voltage ranges between -8 and
2 V, yet it is slowly drifting, due to load impedance
weights13. By looking at the magnitude of the video sig-
nal, an expected VSD bias of 50 mV due to the antenna
feeding can be readily extracted; therefore, we have ap-
plied Eq. (1) to the curve of Fig. 1 corresponding to such
a value of VSD

12.
The results, plotted in Fig. 2, have been directly com-

pared with the detection curve. Despite difficulties re-
lated to the numerical derivative, which makes any di-
rect comparison between the two curves problematic, a
reasonably similar trend is observed, with a small peak
close to the pinch-off voltage and a signal sign change at
about 2 V (4 V) for the experimental (computed) curve.
It is worth discussing, at least qualitatively, the possible
physical mechanisms behind the sign switch in Fig. 2.
The gate leakage effect has been discarded by measuring
the drain current at zero applied VSD (reported as a dot-
ted line in Fig. 1). This current intensity has been found
to be at least one order of magnitude smaller than the
one measured at 50 mV for the same gate field; there-
fore, it is unlikely to determine such a large modification
in the Nw conductivity as the one observed in Fig. 1.
The presence of a consistent portion of minority carri-
ers, though reasonable in the proximity of the InAs/InSb
junction, is hardly explained at very large Vgate, consid-
ering that the whole junction region is influenced by the
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FIG. 3. (a): Schematic of the 1D band line-up of the
InAs/InSb FET for a 10V gate bias (Schrödinger-Poisson).
The zone in which the gate is expected to have more effect is
highlighted; note that it extends very far from the junction
region. (b): Charge density and isopotential lines simulated,
for a 2D Poisson toy-model, for an applied gate bias of 10
V. (c): The percent of charge localized in the 3nm-outermost
nanowire shell as a function of the lateral gate bias.

lateral gate and thus the energy bands rigidly shift with
the gate field. The possible p-type region, which could
be present in proximity of the junction, is then washed
away in the gate potential obtained at positive applied
biases, as schematically reported in Fig. 3 (a). A more
plausible explanation can be found in the asymmetries
of the electrical gating field induced by the presence of a
single side electrode. This asymmetry can indeed lead to
strong modification of the charge distribution within the
Nw, when large electric fields are applied. This has been
recently shown in the symmetry breaking of the levels of
a InP/InAs/InP Nw quantum dot14. Such mechanism is
present in our devices too, pushing/pulling the majority
carriers towards the nanowire outer surface. It is well
known that surface conductance states can be very im-
portant in Nw systems, offering a rich and complicate
physics15,16. Particularly relevant can be the presence
of surface trap states, which can be detrimental to the
Nw conductivity. Then, if a lot of charge is pushed to-
wards the Nw surface, a conductivity reduction can be
expected, similarly to what observed in our experimental
data. From a 2D self-consistent toy-model based on the
Poisson equation, it is possible to appreciate this kind
of effect (more details on the model are discussed in a
previous report8). In fact, as reported in Fig. 3 (b) for

very large gate field (Vgate=10V), most of the nanowire
charge is squezeed towards its lateral edge, due to the
strong asymmetry of the electric field. This is indeed ex-
pected to strongly influence the charge transport prop-
erties of the system. To estimate the magnitude of this
effect, we have integrated the charge density over the out-
ermost 3 nm shell of the nanowire, normalizing it to the
charge integrated over the whole Nw cross-section. The
results are reported in Fig. 3 (c), which clearly shows
that almost 20 % of the total charge is localized within
the surface region for the largest applied biases. Inter-
estingly, the proposed effect is particularly relevant when
InSb nanowires are investigated, and it is not observed
in InAs Nw based FETs; this could be likely ascribed
to the different surface/electronic properties of the two
materials. Of course, this model is very schematic both
in estimating the nanowire interface shell extension and
in neglecting the role of contacts, which would require
a full 3D simulation and the inclusion of complicated
band structure and semi-empirical parameters to repro-
duce the interface-related transport effects. On the other
hand it gives a qualitative idea of a possible explanation
for our current/detection curves.

In conclusion, we have reported the experimental
demonstration of THz radiation detection in InAs/InSb
Nw based FETs. While the device responsivity is com-
parable to the one found in InAs based FETs, the pres-
ence of InSb offers new phenomenology and highlights
the different device physics. This is evident in the pecu-
liar trend of the photodetection curve, with a sign change
in the video signal voltage, which has been qualitatively
explained by the field asymmetries induced by a single
lateral gate electrode. A. P. wishes to acknowledge fund-
ing from Regione Toscana through the POR project ”Fo-
cus on competence” and Marie Curie Actions under REA
grant agreement 298861 (NEMO).
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