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A wireless terahertz (THz) communication link is demonstrated, in which a THz quantum cascade laser and a
THz quantum-well photo-detector (QWP) serve as the emitter and receiver, respectively. With the help of the
well-matched THz QWP, the optical collection efficiency has greatly been improved. A data signal transmitted
over 2.2 m with a low bit error rate (<1 x 107%) and data rate as high as 20 Mbps is achieved, which are almost 1
order of magnitude higher than that previously reported.
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Terahertz (THz; 0.1-10 THz) communications has re-
ceived increasing interest in the field of wireless local area
networks (WLANS) or wireless personal area networks
(WPANS) due to the intrinsic advantages of potentially
unrestricted frequency bands, ultrahigh bandwidth, and
relatively secure channels®?. Recently, several types of
wireless communication links at THz frequency have been
reported. These links employing uni-travelling carrier
photodiode (UTC-PD) optoelectronics?? and a resonant
tunneling diode (RTD)? as the sources, mostly operating
in the THz region between 0.3 and 0.6 THz. The higher
frequency could facilitate a higher data rate. However,
the development of THz wireless communication at high
frequency is restricted by the intrinsic frequency of elec-
tronics-based devices.

Newly developed THz quantum photonic devices have
exhibited great potential in high-frequency THz wireless
communication, due to its advantages including fast in-
trinsic response speed, high sensitivity, and easy on-chip
integration¥. The quantum cascade laser (QCL) possesses
unique high-frequency characteristics with theoretical
band-widths in excess of 100 GHzZ. The amplitude modu-
lation of QCLs emitting in the 2-5 THz range up to
24 GHz has been already demonstrated?, proving that
THz QCLs have significant potential as high-speed data
sources, particularly for free-space applications. Besides,
a spectrally matched THz quantum-well photo-detector
(QWP) is also a vital element in the high-frequency
THz wireless communication®™. Our group have previ-
ously reported a THz wireless communication system with
a speed up to 5 Mbps via a system using a THz QCL as the
emitter and a THz QWP as the receiver22, In this work,
we designed a 3.27 THz wireless communication system
based on a spectrally matched THz QWP. The wireless
digital communication system achieved a data rate up
to 20 Mbps with a low bit error rate (BER) value of less
than 1075.
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The experimental setup is shown in Fig. 1. The receiver
is a large-area THz QWP device with a size of
1.5 mm x 1.5 mm. The detector with a peak at
3.2 THz, with a responsivity of about 0.5 A/W, is cooled
down to 3.5 K by a continuous-flow liquid-helium cryo-
stat. The emitter is a spectrally matched THz QCL, lasing
at 3.27 THz, with an output power of about 6 mW in con-
tinuous wave mode by employing a hyper-hemispherical
high-resistivity silicon lens customized by LongWave
Photonics LLC. The laser is operated in a closed-cycle
helium cryostat with the temperature of 11 K.

Normalized spectra of the QCL emission and the QWP
response are illustrated in Fig. 2. For the THz QCL, the
lasing frequency is 3.27 THz, which just locates in the re-
sponsive range of QWP (3-5 THz). As a receiver, the THz
QCL is well-suited for improving the optical collection ef-
ficiency due to its high responsivity (94%) at 3.27 THz.

Moreover, the detector’s photocurrent was estimated
using a low-noise current preamplifier (PA; SR570)

BER Modulator
analyzer circuit

1

Oscilloscope

Low-pass Signal
filter processor

Fig. 1. Scheme of the transmission setup based on a THz QCL
and a THz QWP.
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Fig. 2. Normalized spectra of the THz laser emission and the
detector response.

directly connecting to the QWP. As it revealed in Fig. 3,
when the output of the SR570 is 3.24 V, the value of
detector photocurrent is 167 pA, almost 3 orders of mag-
nitude higher than that in a previous report™<. The great
improvement of the detecting photocurrent is a result of
the higher power of the QCL and the higher responsivity
of the QWP, which enhanced and improved the SNR of
the receiver greatly.

The output signal of modulator circuit was controlled
by the pseudorandom bit sequence (PRBS) signal from
the BER analyzer, which led to a high and low-level
switching. Here, the driven voltages of 12 and 14.9 V
resulted in a low-level output signal (no radiation) and
high-level output signal (radiation), respectively. As the
electric field strength of the THz pulse directly depended
on the driven voltages, the PRBS data were linearly
mapped onto the THz wave and then formed the data’s
envelop. Sufficient bandwidth of the modulator’s electrical
path avoided inter-symbol interference (ISI), resulting in
rectangular-shaped driving data pulses. Using two off-axis
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Fig. 3. Measurement setup for the detector’s photocurrent based
on a SR570.
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parabolic mirrors (PMs; PM1 and PM2) with a focal
length of 101.6 mm, the emitting light from the QCL
was transmitted through a 2.2 m optical path in free-
space, and then focused onto the THz QWP mesa. Then
the homemade signal processing circuit converted the cur-
rent generated in the QWP to a voltage signal. The signal
processing circuit was followed by a low-pass filter (LPF)
with a 3 dB bandwidth of 20 MHz to eliminate the high-
frequency excess noise caused by the detector and the sig-
nal processing circuit. Finally, the signal was fed into an
oscilloscope and the BER analyzer’s decision gate.

For the first demonstration, a PRBS signal is transmit-
ted at 20 Mbps over a 2.2 m distance based on a THz QCL
and a well-matched THz QWP operated at 3.27 THz. A
(PRBS)-9 (27 — 1) with an on-off keying-non-return-to-
zero (OOK-NRZ) data stream is used to modulate the
emitting source. This short-length random sequence is
utilized as it is typically suitable for packet lengths in
Ethernet networks. Figure 4 shows the measured (BER)
performance against data rate of the system. The BER
is rapidly increased with increasing bit rate, which can be
attributed to the limited bandwidth of the signal process-
ing circuit. Moreover, low BER (<107%) data transmission
is achieved at a data rate as high as 20 Mbps and the eye
diagram opens clearly. The data rates are almost 10 times
as high as that in previously work™. Even the data rate
speeds up to 22 Mbps, the related BER is 1 x 10, which
could be reasonable for the application in WLANSs.

Eye diagrams of 18, 20, 22, and 24 Mbps are depicted
in Figs. 5(a)-5(d), respectively. Although BERs over
20 Mbps, eye diagrams are still clearly open up. However,
as the increasing of the data rate, the ISI becomes increas-
ingly serious. Therefore, the increasing of the BER is
caused by the ISI of received signal. The eye diagrams also
reveal that the data-rate is dependent on the ISI, which is
caused by limited receiver bandwidth.

The homemade signal processing circuit consists
of a high gain trans-impedance amplifier (TIA) with
~11.8 MHz bandwidth and a PA with a 3 dB bandwidth
of 180 MHz. The SNR of the receiver achieves the
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Fig. 4. Measured BER performance versus data bit rate.
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Fig. 5. (a)—(d) Eye diagrams at different date rates.

maximum in condition of a photocurrent of around 167 pA
and a high gain of the TIA, resulting in BERs below 106
for the data rate up to 20 Mbps. The PA increases the volt-
age swing to at least 5 V before the transmission passes the
LPF. For the bandwidth of the receiver components (PA
and LPF) is higher than the measured data rate, the data
rate is limited by the bandwidth of the TTA.

Due to the fact that the bandwidth of the TIA is
inversely to the square root of the sum of the THz
QWP capacitance and the capacitance of the cable in
the cryostat from the cold section to room temperature,
a higher data rate could be expected by utilizing the
THz QWP and a cable with low capacitance. Moreover,
the BER is determined by the received power and the
background current of the THz QWP. Therefore, long-
distance and error-free wireless links seem achievable using
high-power THz QCLs and higher-response THz QWPs.

In conclusion, we achieve a 20 Mbps THz wireless com-
munication link over a distance of 2.2 m employing a THz
QCL as the source and a well-matched THz QWP as the
receiver. The measured photocurrent of the THz QWP is
about 167 pA, which is much enhanced and greatly im-
proved the SNR of the receiver. Hence, eye diagrams
are clearly open when the data rate up to 20 Mbps and
BER lower than 1078, A low BER transmission is obtained
up to 20 Mbps, which is almost 1 order of magnitude
higher than that in previously report. Our further im-
provement will be focused on employing the THz QWP
and a cable link with low capacitance, which will improve
the bandwidth of TIA and the photocurrent of the
THz QWP.
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