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ABSTRACT Terahertz wireless communications is an increasingly interesting research topic due to the high
demand for un-allocated channels and high data rates. Photonic solutions have shown great potential in this
field. However, most photonics assisted THz links so far have employed optoelectronics only on the transmit
side. Thus, the full potential of photonic THz communication has not been utilized yet. Here, we introduce
optoelectronics also on the receive side by using a photoconductive antenna based heterodyne THz detector.
This allows down-conversion of data signals from the W-, D-, and THz-band to the baseband using a
laser beat signal as local oscillator. Using electromagnetic modeling, we designed passive radio frequency
structures and a receiver package to handle high intermediate frequency output signals. In a homodyne
spectroscopic setup, the receiver shows a frequency response superior to state-of-the-art photoconductive
antennas due to an improved photoconductive material. In a heterodyne testbed, the receiver exhibits a
large intermediate frequency bandwidth of 11 GHz and a conversion gain of -47 dB. This enabled us to
employ the receiver in a fully photonic wireless link at sub-terahertz and terahertz frequencies together with
a PIN photodiode emitter. We achieved error-free transmission of 4-QAM signals with gross data rates up
to 12 Gbit/s at carrier frequencies up to 320 GHz. This work shows the huge potential of optoelectronic
receivers for THz wireless communications and enables the exploration of full photonic THz links.

INDEX TERMS Heterodyne receiver, photoconductive antenna, photonic terahertz link, millimeter-wave,
mmWave, terahertz, terahertz communication, wireless communication.

I. INTRODUCTION
In recent years, (sub-) terahertz (THz) frequencies between
100 GHz and 1 THz have gained a lot of interest for appli-
cation in high-data-rate wireless communication links due to
the high available bandwidth in these frequency bands [1],
[2], [3], [4], [5], [6], [7], [8]. In particular, the frequency
band between 100 and 300 GHz is very promising, as it
contains several windows with low atmospheric attenua-
tion [9]. This allows for higher transmission distances up
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to more than a kilometer [3], [10]. Hence, channels up
to 320 GHz have been standardized for wireless commu-
nication by IEEE 802.15.3d [11], [12]. However, it is hard
to generate THz carrier frequencies, as they are very high
for electronic oscillators and very low for purely optical
sources such as lasers. Nonetheless, both electronic and
photonic THz links have been demonstrated. Electronic solu-
tions, due to their high output power still the dominant
technology per today, need to employ multiple mixer stages
for frequency up-conversion [3], [10], [13], [14]. On the
other hand, photonic solutions employ single step photomix-
ing for down-conversion from the optical-domain to the
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THz-domain. The photonic approach benefits from the huge
bandwidth in the optical-domain, the potentially low phase
noise of optically generated signals, and the possibility to
integrate the wireless links directly with existing optical fiber
networks. Consequently, photonic assisted THz links have
recently gained increasing research interest. The majority of
such links employed a photomixer, such as a PIN orUTCpho-
todiode (PD), as transmitter (Tx) and an electronic receiver
(Rx) [2], [6], [9], [15]. To fully utilize the aforementioned
benefits of photonic THz links, photomixers need to be used
at both the transmitter and receiver side. So far, only very
few such links have been demonstrated since photonic THz
receivers typically exhibit only low conversion gain and a low
intermediate frequency (IF) bandwidth. In [16], a commer-
cially available photoconductive antenna (PCA) was used as
receiver together with a PIN PD emitter. Here, transmission
of 100 Mbit/s binary phase shift keying (BPSK) signals over
a link distance of 25 cm at carrier frequencies between 80 and
320 GHz was achieved. In [2] the authors employed a UTC
PD to transmit quadrature phase shift keying (QPSK) signals
over 58 m towards a receiver comprised of an electronic
THz amplifier and a PCA detector. In this case, data rates
up to 10 Gbit/s for a single channel and 30 Gbit/s using
20 aggregated 1.5 Gbit/s channels were achieved for carriers
up to 340 GHz.

In this work, we present a photoconductive THz receiver
specifically designed for communication applications. This
receiver is suitable for carrier frequencies between 100 and
320 GHz and shows an IF bandwidth of 11 GHz. With
this receiver and a state-of-the-art PIN PD as transmitter,
we demonstrate a fully photonic THz communication link.

In the remainder of this paper, we describe the design of
the photoconductive receiver and demonstrate its capabilities
in a fully photonic link with up to 12 Gbit/s data rate over
a link distance of 1 m at carrier frequencies between 100 to
320 GHz. These are the highest reported data rates for a fully
photonic THz link without using electronic THz amplifiers.

II. RECEIVER DESIGN
A. PHOTOCONDUCTIVE ANTENNA
The presented heterodyne receiver is similar to a state-of-
the-art THz PCA [17] used for spectroscopy and consists of
an ultrafast iron-doped indium gallium arsenide (InGaAs:Fe)
photoconductor grown by molecular beam epitaxy on a
semi-insulating indium phosphide (InP) substrate. This mate-
rial provides ultra-short charge carrier lifetime, high carrier
mobility and high resistivity, which is necessary for broad-
band and low noise operation. The photoconductor is con-
nected to a bow-tie antenna through interdigitated gold finger
contacts [17] as seen in Fig. 1(c). This self-complimentary
antenna type is commonly used in optoelectronic THz emit-
ters and receivers because it offers ultra-high bandwidths and
linear polarization. Although other antennas such as dipoles
offer higher impedances at resonance that match the pho-
toconductor’s impedance better, these resonant antennas are

FIGURE 1. The HFSS model used for full-wave simulations of the
packaged chip (a), a micrograph of the PCA chip (b) and a scanning
electron micrograph of the interdigitated fingers on the photoconductive
mesa (c).

not suitable for the target frequency range between 100 and
300 GHz.

The PCA device acts as a mixer that uses an optical beat
note as a photonic local oscillator (LO) to down-convert THz
electromagnetic waves incident on the antenna. The beat note
is generated by superimposing two laser lines and therefore
has the beat frequency fLO,Rx= |fLaser1−fLaser2|. This optical
intensity beating modulates the conductance of the photo-
conductive element. The THz wave captured by the antenna,
on the other hand, generates a voltage across the photocon-
ductor. Consequently, the current flowing through the PCA
is the product of the oscillating conductance and voltage and
therefore contains a spectral component with the difference
frequency of THz wave and the Rx LO, fIF=

∣∣fTHz−fLO,Rx
∣∣.

The latter component of the signal is proportional to the THz
signal amplitude and can be measured at the output of the
device with conventional electronics.

B. RF WAVEGUIDES AND PACKAGE
For THz spectroscopy, the transmitter emits a single tone
and the photonic LO frequency at the receiver is chosen
equal or close to that frequency so that a (quasi) DC signal
is measured at the output of the receiver. In contrast, for
THz communications, the transmitter will not only emit a
single tone but a broadband data signal, i.e. sidebands around
the carrier frequency with a bandwidth depending on the
data rate and modulation format. These sidebands are then
also present in the down-converted signal. Thus, for multi-
Gbit/s data rates, the receiver output also contains signals with
several GHz bandwidth. Furthermore, the transmitter and
receiver are often operated at an IF spacing of several GHz.
Therefore, a THz PCA receiver for data communications
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has to be capable of guiding these radio frequency (RF)
signals from the PCA to its output. Thus, RF waveguides
and matching structures to the chip and package are needed.
However, since the impedance of the PCA is typically very
high, i.e. several k�, broadband matching is not possible in
real devices. Therefore, we focused on the RF waveguide
structures in our PCA design, which we developed using
Ansys HFSS. Due to the two-terminal contact structure of the
PCA we chose to implement a coplanar stripline (CPS) on
the chip with an impedance of 50 � to match the external cir-
cuitry. In order to eliminate the influence of the THz bow-tie
antenna on the RF output signal propagation, we also inserted
metal-insulator-metal (MIM) capacitors between the antenna
wings and the photoconductor contacts. The capacitor size
was chosen so that it acts as an open circuit for the RF
signals and as a short circuit for signals in the THz frequency
range. Therefore, the antenna works as intended for the car-
rier frequencies and has little impact on the down-converted
data signals. Additionally, we introduced thin metal strips
perpendicular to the CPS at the transition between the PCA
and the CPS. These strips show inductive behavior, i.e. their
impedance increases with frequency. This way the influence
of the CPS line on the antenna performance in the THz
range can be reduced while introducing only a minor dis-
turbance for the IF signals. A micrograph of the resulting
chip is shown in Fig. 1(b). We then developed a package
around the chip, which is depicted in Fig. 1(a). The chip was
placed on a hyper-hemispherical silicon lens and connected
to a gold-coated ceramic via bondwires. On the ceramic,
we implemented a CPS to coplanar waveguide (CPW) transi-
tion and a footprint for an RF coaxial connector. The package
furthermore contains a mounting for the optical fiber that is
used to illuminate the PCA.

C. CHARACTERIZATION
The key parameters to characterize the performance of our
receiver are its photo-conductance, THz carrier and IF fre-
quency response as well as its noise and conversion gain.

1) PHOTO-CONDUCTANCE
To obtain the photo-conductance, we first measured the
DC current-voltage characteristics of the PCA. To this end,
we drove the receiver with an optical power between 5 and
40mWand applied DC biases between−0.05 V and+0.05 V
around operating point of 0 V. We then measured the current
and subtracted the dark current to obtain the pure photo-
response. The slope of the resulting I-V-curve gives the
photo-conductance for each particular optical power. Fig. 2
shows the photo-conductance over the optical power incident
on the PCA. Note that the photo-response of the PCA is linear
up to 40 mW (16 dBm) optical input power.

2) THZ FREQUENCY RESPONSE
We then measured the frequency responses of the receiver
using the setup shown in Fig. 3(a). Here, we aligned the
receiver with a commercially available PIN PD emitter via

FIGURE 2. Photo-conductance of the PCA at a DC bias of 0 V. The
conductance shows a linear dependence on the optical excitation.

two off-axis parabolic mirrors over a path length of approx-
imately 30 cm. Both the Tx and Rx were driven with
30 mW of the same optical beating generated by two C-band
lasers. A phase modulation technique is used to acquire the
received signal via lock-in amplification (LIA) [18], [19].
Fig. 4 shows the resulting coherent homodyne THz spectrum
between 50 GHz and 4.5 THz. Our novel receiver shows
a frequency response very similar to conventional state-of-
the-art PCAs [17]. Due to the higher carrier mobility and
lifetime of the photoconductive material employed for the
heterodyne receiver, it even shows a slightly higher signal
amplitude at frequencies below 1.5 THz compared to the
reference Rx. From the spectra, it can also be seen that this
comes at the cost of a slightly higher noise level and a lower
spectroscopic bandwidth of only approx. 4 THz. However, for
the application in a communications link below 300 GHz the
increased signal amplitude is highly beneficial.

3) INTERMEDIATE FREQUENCY RESPONSE
We then used the setup in Fig. 3(b) to evaluate the IF perfor-
mance of our receiver. This time, we aligned the Tx and Rx
over a distance of 1 m using parabolic mirrors. In contrast
to the homodyne setup, the emitter and detector were driven
with separate beat notes generated by three lasers, i.e. fTx =

|fL1-fL2| and fRx = |fL3-fL2|. The frequency of the two
beatings was tuned individually to obtain a signal with the
desired IF fIF = |fTx-fRx| = |fL1-fL3| at the receiver, which
was then fed to a low noise amplifier (LNA, Minicircuits
ZVA213S+) with 26 dB gain. We used an electrical spectrum
analyzer (ESA) to evaluate the IF signal power. Fig. 5 shows
the resulting IF spectra for 30 mW and 40 mW of optical
excitation at the Tx and Rx, respectively. The measurement
results show an excellent agreement with the HFSS sim-
ulation, which was fitted only by introducing an offset to
compensate for the internal conversion efficiency of the PCA.
It can also be seen that a 3 dB bandwidth of 11 GHz was
achieved with this device. The noise level shown in Fig. 5 was
measured by blocking the THz path. However, no change in
the noise floor was observed when the receiver was discon-
nected. This suggests that the noise of our link is dominated
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FIGURE 3. Measurement setups used for the characterization of the
heterodyne receiver. In the homodyne configuration (a), two lasers are
used to generate one optical beating for both Tx and Rx. In the
heterodyne configuration (b), three lasers generate two separate beatings
for the Tx and Rx. For data transmission, we inserted a modulator after
laser 1 and replaced the ESA with an RTO and a DSP.

FIGURE 4. Measured THz spectra using a PIN photodiode as transmitter
and the novel PCA as receiver in a homodyne system configuration.
As can be seen, the heterodyne receiver shows slightly less bandwidth
than the reference device [17] but has a higher signal amplitude for
frequencies below 1.5 THz.

by subsequent electronics, i.e. the amplifier or the ESA itself.
Hence, we could not access the actual IF noise of our device
with the available instruments.

4) CONVERSION GAIN
The conversion gain of the receiver is defined by the ratio of
the IF signal power present before the amplifier and the THz
power incident on the device. To this end, we measured the

FIGURE 5. Measured IF spectra of the heterodyne receiver for different
THz carrier frequencies fc and electrical simulation results. The Tx and Rx
were driven with 30 and 40 mW of optical power, respectively.

FIGURE 6. Conversion gain of the heterodyne PCA receiver for different
optical LO powers and carrier frequencies.

Rx output signal at a fixed IF of 8 GHz for various optical LO
powers at THz carrier frequencies of 120, 200 and 300 GHz.
We then obtained the conversion gain by dividing these pow-
ers by the output power of our emitter, which we measured
with a calibrated pyroelectric detector [20], [21]. The results
in Fig. 6 show a strong increase in conversion gain between
18 and 20 dB over the considered optical powers from 5 to
40 mW, with a maximum of −47 dB. The IF power PIF and
thus the conversion gain scales with the square of power Popt
at the Rx:

PIF = I2IFR ∝ G2
PCA ∝ P2opt (1)

Here, IIF is the IF output current and GPCA is the
photo-conductance of the receiver. Fig. 2 shows a 9-fold
increase in conductance when the optical excitation power
is increased from 5 to 40 mW. This increase in conductance
is expected to result in a 19 dB increase in conversion gain,
which is consistent with our measurements. Additionally,
we observed a minimal frequency roll-off in conversion gain,
with only a 2.7 dB decrease between 120 and 300 GHz at
40 mW of excitation power.

In summary, the characterization results show that our
novel receiver not only provides a large IF bandwidth that can
support high-bandwidth communication channels but also
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outperforms conventional PCA detectors in the frequency
band between 100 and 300 GHz.

III. FULLY PHOTONIC THZ LINK
After characterizing the receiver, we test its performance
in an actual data link. To this end, we modified the setup
in Fig. 3(b) to allow for the transmission of data signals
and then investigated the impact of different optical driving
parameters, carrier frequencies, and symbol rates.

A. LINK SETUP
1) DATA MODULATION
As shown in Fig. 3 (b), we added an inphase-quadrature
(I-Q)modulator (LiNbO3, 3-dB analog bandwidth= 25GHz,
extinction ratio = 40 dB) into the setup between laser 1 and
its EDFA in order to modulate QPSK signals with data rates
between 2 and 6 GBd on the optical carrier. A high-speed
digital-to-analog converter (CMOS-based DAC, 8-bit reso-
lution, sampling rate = 84 GS/s, 3-dB analog bandwidth =

20 GHz) served to drive the modulator with a repeated ran-
dom bit pattern sequence. This pattern contained 8192 root
raised cosine (RRC) shaped symbols including a header for
frame synchronization, carrier offset estimation and channel
estimation.

2) DIGITAL SIGNAL PROCESSING
For capturing the received signals, we added another 20 dB
power amplifier after the LNA and replaced the ESA with a
real-time oscilloscope (RTO, Tektronix DPO72004). Apply-
ing digital signal processing (DSP) then allowed us to
recover the transmitted data. To this end, we employed
a training-aided single-carrier DSP [22], originally used
in high-capacity dual-polarization fiber-optical commu-
nications, as Tx and Rx DSP. It contains blocks for
frontend corrections, training-aided frame synchronization,
frequency offset estimation, and channel estimation as well as
T/2-spaced frequency-domain equalization. This is followed
by a carrier-phase estimation (CPE) using the blind phase
search algorithm, and T-spaced adaptive equalization using
a decision-directed, real-valued 4 × 4 equalizer. For each
measurement, we evaluated more than one million samples
of the bit pattern sequence to estimate the bit error rate (BER)
and generate a constellation diagram.

B. EXPERIMENTS
1) OPTICAL DRIVING PARAMETERS
In order to maximize the data rate, we investigated the influ-
ence of the optical excitation in the Tx and Rx on the signal
quality. Starting with the impact of the Tx photocurrent,
which is proportional to the emitter THz power, we distin-
guish between two contributions to the photocurrent in the
PD: i) the current generated by the unmodulated laser line,
i.e. laser 2, and ii) the resulting current from the modulated
laser line, i.e. laser 1. The respective current contribution is
measured by switching off the other laser. In the following,

FIGURE 7. Measured BER for various driving currents in the Tx. The carrier
frequency, data rate and RX LO power were set to 120 GHz, 10 Gbit/s and
40 mW, respectively. The BER shows a minimum for data currents much
lower than the LO current.

we will refer to the current from i) as Tx LO current (ILO)
since the unmodulated line serves as optical LO to generate
the THz beat signal. Note that the Tx LO refers to a single
laser line whereas the aforementioned Rx LO is the beating
of two laser lines. The current contribution according to ii)
is referred as Tx data current (IMod). To quantify the impact
of the current ratio and the total photocurrent on the signal
quality, we measure the bit-error-ratio (BER) while keeping
the other parameters fixed. In particular, the carrier frequency
is fTHz =120 GHz, the IF is fIF =8 GHz, the optical power at
the Rx is Popt,Rx = 40mW, and the gross data rate is 10Gbit/s.
The results are shown in Fig. 7. The intensity of the beat

signal is highest for balanced optical signals, i.e. when ILO
equals ITX. The lowest BER, however, is achieved when
IMod is significantly lower than ILO. We explain this by the
presence of spurious signals in the IF spectra, which we
observed even when turning off the optical excitation at the
Rx. Fig. 8 shows the IF spectra captured from the RTO for
two different data currents in the transmitter when the Rx
is turned on and off. When the Rx LO beating is on, the
spectrum of the 10 Gbit/s down-converted data signal can be
seen. However, even without the Rx LO, strong peaks are
present in the spectrum which likely stem from the direct
detection (envelope detection) of the phase-modulated optical
data signal on the transmitter PIN diode, resulting in an
unmodulated pulse train with a line spectrum at IF frequen-
cies. This spurious signal is emitted from the Tx, transmitted
to the receiver antenna and directly passed through to the
amplifier. Although the antennas employed in our Tx and
Rx are not designed for such low frequencies, they can still
act as short dipoles and it appears that this effect is strong
enough to significantly reduce the signal to interference plus
noise ratio (SINR) of any down converted THz signals. For
the subsequent experiments, we choose the Tx LO and data
current as 7mA and 2mA, respectively, tominimize the BER.

Next, we investigated the influence of the optical LO power
at the Rx. The BER obtained for power levels between 15mW
and 40 mW presented in Fig. 9 decreases linearly over the
optical power. This is expected, since the IF current depends
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FIGURE 8. IF spectra measured with the RTO when turning the Rx LO on
and off. The Tx LO current was set to 7 mA and the data rate was
10 Gbit/s. Even with the Rx turned off, spurious tones from the TX are
visible.

FIGURE 9. Measured BER over the optical LO power at the Rx. The dashed
lines indicate the soft decision (SD) and hard decision (HD) forward error
correction thresholds. The BER increases faster than linear on a
semi-logarithmic scale.

linearly on the photo-conductance, and thus, scales linearly
with the optical power (c.f. Fig. 2). The signal power at
the load, however, is a function of the square of IF current,
as seen in (1). Although these results suggest that higher LO
powers at the Rxwould further improve the link performance,
we limited the optical power to 40 mW to prevent destruction
of the device.

2) CARRIER FREQUENCY AND DATA RATE
Using the optimum settings for the Tx and Rx optical inputs
obtained from the previous experiments, we subsequently
investigated the capabilities of our link for different data rates
and carrier frequencies. Fig. 10 shows the measured BER
for carrier frequencies from 100 to 320 GHz and gross data
rates between 4 and 12 Gbit/s. The BER shows a minimum
at 120 GHz which coincides with the maximum of the homo-
dyne spectrum we demonstrated in Fig. 4. Here, we achieved
error-free transmission for up to 12 Gbit/s gross data rate
using soft-decision (SD) forward error correction (FEC) with
20% overhead (corresponding to 10 Gbit/s net data rate) and
for up to 8 Gbit/s gross data rate using hard-decision (HD)
FEC with only 7% overhead (corresponding to 7.5 Gbit/s net
data rate). For higher carrier frequencies, the BER increases

FIGURE 10. Measured BER over carrier frequency for various gross data
rates. The optical driving parameters were chosen as described previously
and the IF was set to 8 GHz. A BER of 10−6 indicates that no errors were
found over all received sequences. Error free transmission (below the SD
FEC threshold) was achieved up to 320 GHz at 4 Gbit/s gross data rate
(3.3 Gbit/s net data rate). A maximum net data rate of 10 Gbit/s was
achieved at 120 GHz (12 Gbit/s gross data rate).

as the THz signal amplitude decreases. At 320 GHz, however,
we were still able to measure a BER below the 20% FEC
limit using a gross data rate of 4 Gbit/s (corresponding to
a net data rate of 3.3 Gbit/s). These combinations of carrier
frequency and bit rate are record values for full photonic THz
links without using a THz amplifier at the receiver.

IV. DISCUSSION
The presented results are a significant improvement over
state-of-the-art for both heterodyne PCA THz receivers and
full photonic THz links in terms of single channel line
rate and IF bandwidth. Our receiver achieved 11 GHz
IF bandwidth with an improved THz response over the
targeted frequency range from 100 to 300 GHz. Previ-
ous works only achieved bandwidths between 37 MHz
(IF Bandwidth of the commercially available PCAs used
in [16]) and 2 GHz [2], which limited their data rates to
between 100 Mbit/s and 10 Gbit/s, respectively, where the
latter was only achieved using a THz wave amplifier at the
Rx. With our receiver module we were able to achieve error
free transmission between 4 and 12 Gbit/s without any THz
amplifiers.

In comparison to state-of-the-art electronic mixer based
receivers, our technology is not yet competitive. With such
devices, IF bandwidths and conversion gains of up to 32 GHz
and −15 dB [13], respectively, have been shown, enabling
data rates of more than 100 Gbit/s [13], [15]. However,
it has to be noted, that the conversion gain reported in
such works usually only includes the mixer itself, while
our device is directly integrated with the antenna so that
the conversion gain measured in this paper also includes
the antenna-efficiency and any matching losses between the
antenna and the photoconductor.

Although the data rates and IF bandwidths are not yet
comparable to electronic receivers, our optoelectronic device
has the advantage that it can be used over a very broad
band, whereas electronic solutions are typically bound to
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smaller waveguide bands. Furthermore we see several ways
to improve the performance of PCA-based heterodyne THz
detectors to bridge the gap to electronics. First of all,
we found the transmission of direct detection components
of the optical signal at baseband frequencies by the trans-
mitter to be a strong limitation. This can be alleviated by
using different modulation schemes or Antennas and also
by increasing the link distance. Furthermore, larger mir-
rors can increase the gain of both, Tx and Rx to improve
the SNR. Previous work on ultrafast photoconductors for
1550 nm has shown the superior properties of InGaAs:Rh for
pulsed THz antennas. Currently, InGaAs:Rh is under investi-
gation for cw-THz antennas and we expect an improvement
of the conversion gain of at least 18 dB in compari-
son to the iron-doped PCAs. In combination with optical
waveguide-integration of the receivers, which has the poten-
tial to increase the conversion gain due to optimized optical
coupling, an improvement of the conversion gain of up to
30 dB seems feasible. In addition, in future work we will
focus on the HF-design of the heterodyne receiver aiming
for IF bandwidths beyond 30 GHz. We therefore believe that
PCA receivers can become a viable alternative to electronic
THz receivers with a much higher THz carrier bandwidth.

V. SUMMARY AND OUTLOOK
We presented a photonic heterodyne THz receiver, specifi-
cally designed for communication applications and employed
it in a fully photonic THz link. The THz frequency response
of the heterodyne THz receiver is almost identical to state-
of-the-art PCAs optimized for spectroscopy, while increasing
the IF bandwidth from <37 MHz to 11 GHz. The device
showed a peak conversion gain of -47 dB at 40 mW of optical
excitation at a carrier frequency of 120 GHz. This enabled
us to demonstrate error-free data transmission for data rates
between 4 and 12 Gbit/s gross data rates (corresponding to
3.3 and 10Gbit/s net data rates) at carrier frequencies between
100 and 320 GHz. These results are a significant improve-
ment over state-of-the-art full photonic THz links mentioned
in the introduction in terms of carrier frequency, single chan-
nel line rate and bandwidth. Compared to the data rates
of more than 100 Gbit/s achieved with electronic receivers,
which often feature conversion gains greater than -20 dB and
IF bandwidths of more than 20 GHz [13], [23], [24], [25], our
results are not yet competitive. However, electronic receivers
suffer from lower carrier bandwidths so that the spectrum
from 100 to 300 GHz could not be addressed with a sin-
gle electronics-based device. Furthermore, our investigation
showed that there is huge potential to improve the link budget
of our full photonic links to bridge the gap to electronic links.
That is because we found that the BER was mainly limited by
spurious tones at IF frequencies, likely stemming from direct
detection of the phase-modulated data signal on the PIN
photodiode, that were emitted by the Tx antenna. Further-
more, on the Rx side, there is also huge potential to greatly
improve the performance of the photonic link. We believe
that using rhodium (Rh) doped InGaAs for the absorber,

waveguide integrating the receiver and improving the pack-
aging can improve the conversion gain by about 30 dB and
the IF bandwidth by 20 GHz. Overall, our work demonstrates
that PCAs are promising THz receivers for communications
applications, providing full compatibility with the existing
fiber-based optical telecommunications infrastructure. To the
best of our knowledge, we presented the best performing PCA
based THz detector in terms of IF bandwidth and data rate.
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