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Abstract—We measured the bandwidth of a terahertz detector
using an InAlAs/InGaAs high-electron—mobility-transistor by
heterodyne mixing with UTC-PD and a frequency multiplier as a
radio frequency (RF) and local oscillator (LO), respectively. The
intensity of the intermediate signal was measured by changing the
frequency of UTC-PD, and a very high bandwidth of up to 26 GHz
was obtained.

I. INTRODUCTION

Terahertz (THz) wireless communication has been
extensively studied in the recent past'~. Ultrahigh capacity

data transmission can be achieved with a simple
modulation scheme using a wide bandwidth. Detectors with
high current sensitivity are required for high data rate. A THz
detector using field-effect transistors (FETSs), with very high
potential and sensitivity, has already been developed®’
Wireless data transmission (at approximately 10 Gbits/s) has
also been demonstrated®. The FET detector bandwidth is an
important parameter to estimate the potential for high data rate.
However, it has not been reported yet. In this study, we
measured the THz detector bandwidth using an InP-based
high-electron-mobility transistor (HEMT) by heterodyne
mixing technique, and we obtained a wide bandwidth of 26
GHz.

II. EXPERIMENTAL RESULTS

Fig. 1 shows the schematic device structure of our HEMT
THz detector. An InP-based InAlAs/InGaAs
composite-channel HEMT with two-finger T-shaped gates is
integrated at the center of bow-tie antenna. The gate length and
gate width are 100 nm and 10 pm, respectively. The obtained
subthreshold swing (S.S.) and maximum transconductance
(gmmax) of fabricated device were 85 mV/dec and 0.9 S/mm.
The gate voltage is set at the threshold voltage in the detection
scheme. The induced voltage is generated in the antenna by
irradiation of the THz wave, and the detection current flows to
the drain by rectification with the nonlinearity in /4-Vy
characteristics of HEMT. The MIM capacitor Cypy 1S
connected between the drain and the source. In this experiment,
HEMT detectors with various Cyp of 0, 18, and 36 fF were
fabricated.

In the current sensitivity measurement, 280 GHz signal was
generated by the frequency multiplier and focused on the
HEMT detector using Tsurupica'™ lens. The detection current
was measured with lock-in technique, which was used for
reduction in surrounding noise. The measured current

sensitivity S; as a function of the received power is shown in Fig.

2. The maximum S; of ~4.7 A/W was obtained in small received
power region. S; drops with received power, because the
nonlinearity of I3-V, characteristics degrades with voltage. The
estimated sensitivity from /4-V, characteristics of fabricated

device are also shown in Fig. 2. The theoretical curve is well
fitted with the experiments. The sensitivity is independent on
Cuvim

! T-gate
/| Gate
/ \\ / Source
. / SNy % (GND)
Bonding | N
wire ! e
Gatel\ " Source Ofe/b /
Bow-tie d (G ’
Antenna\ IL._.I -------- (% r;lgﬁ;r
—— Source Line
7
25 Drain
K
/‘ Source
Silens
5mme

THz Wave

Fig. 1 Schematic device structure of the HEMT THz detector. Two-finger
T-shape gates are integrated at the center of bow-tie antenna. The
detection current flows to drain by rectification with the nonlinearity in
14-Vg characteristics of HEMT

5
2 44
< >
:; 3 | Exp.
2
=
é 2 Theory
@ Gate width = 10 pm
S 1 Gate length = 100 nm
E 1 Gm.max = 0.9 S/mm
(o] S.S. =85 mV/dec
0 — T T
1 10 100 1000
Input Power (W)

Fig. 2 Current sensitivity as a function of irradiated power. Blue circles
are the experiment values. Solid line is the estimated sensitivity from
14-V characteristics of fabricated device.

The measurement setup for the HEMT detector bandwidth is
shown in Fig. 3. Heterodyne mixing was carried out using
UTC-PD and frequency multiplier as a radio frequency (RF)
and local oscillator (LO), respectively. The intermediate signal
generated by mixing utilized the nonlinearity in I4-Vis
characteristics of HEMT is amplified using a low noise
amplifier (LNA), and observed by spectrum analyzer. The
dependence of conversion gain of the HEMT mixer on LO
signal intensity was measured and shown in Fig. 4. The output
power of UTC-PD and IF signal were fixed at 0.1 uW and 10



GHz in this measurement. The conversion gain was increased
with LO signal intensity and saturated at around 40 uW. A good
conversion efficiency of —2dB of the RF signal was obtained at
LO signal intensity of 40 uW. The experiments were well fitted
with the theory.
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Fig. 3 Measurement setup for HEMT detector bandwidth by heterodyne
mixing, using UTC-PD and multiplier.
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Fig. 4 Dependence of conversion gain of the HEMT mixer on LO signal
intensity.
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Fig. 5 Intensity of intermediate signal as a function of frequency.
Simulation results fit well with the experiments.

The intensity of the intermediate HEMT detector signal was
measured with various Cypy, by changing the UTC-PD
frequency from 272 GHz to 312 GHz (Fig. 5). The LO
frequency was fixed at 272 GHz. A very wide 26 GHz

bandwidth was obtained in the HEMT detector with a 0 fF Cy.

Curves from electromagnetic simulation nicely fit with the

experimental points. Further, the bandwidth is limited by
coplanar line characteristics and inductance of bonding wire in
the device package. By optimizing the structure, a bandwidth
wider than 100 GHz can be obtained.

III. CONCLUSION

We measured the bandwidth of a terahertz detector using an
InAlAs/InGaAs high-electron—mobility-transistor by
heterodyne mixing with UTC-PD and a frequency multiplier as
a radio frequency (RF) and local oscillator (LO), respectively.
The intensity of the intermediate signal was measured by
changing the frequency of UTC-PD, and a very high bandwidth
of up to 26 GHz was obtained. THz wireless communication
with high data rate is expected using the HEMT detector.
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