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Abstract A photoreceiver is presented for remote antennas in the unlicensed 60 GHz band utilizing an
amplifier designed to present a matched impedance to a photodiode. The photoreceiver offers 29 dB
higher gain than a reference photodiode over a 3 dB bandwidth of 5.7 GHz while consuming 33.6 mW. It
is demonstrated up to 20 Gbps over 5 km SSMF at 4 Gbaud using QAM32 with an RMS EVM of 11.5%.

Introduction

The V-band around 60 GHz has been allocated
for unlicensed use across most of the world[1].
Industrial utilization of this band is increasing
rapidly in communications and radar applications
with multiple new products supporting it. It is con-
sidered a high priority millimeter-wave band by a
majority of the industry[2]. Furthermore, telecom-
munications standardizing bodies such as the
WiFi Alliance and 3GPP have incorporated this
band into their standards[3]. The WiFi Alliance
has already included it in IEEE 802.11ad and
801.11ay while the 3GPP has recently decided to
extend 5G New Radio (5G-NR) frequency range 2
(FR2) to 71 GHz[4]. Besides, radar systems oper-
ating at 60 GHz have become mainstream with
almost all major chipmakers offering solutions.
Similar to the communications application do-
main, multiple-antenna and distributed systems
are utilized in next generation demonstrators[5].

A big issue with moving to mmWave bands is
the higher loss whether in free space or coaxial
cables therefore multiple distributed antenna units
are needed to provide coverage to an area. Sig-
nal generation hardware is typically consolidated
to one place and shared as users move across
the coverage area[6],[7]. Optical fiber is a low loss
solution compared to copper and it is inexpensive
to include in wiring harnesses or building cabling.
Analog radio-over-fiber (ARoF) is considered to
be the simplest and cheapest RoF topology and
is therefore suitable for low-cost large scale de-
ployments like cellular networks[8],[9].

A true low-cost solution has to be realized in
high performance technologies that are cheap to
mass produce and should be assembled in cost
effective ways. SiGe BiCMOS is a good solu-
tion for mmWave amplifiers as it offers hetero-
junction bipolar transistors (HBTs) with fT /fmax

above 300 GHz and a favorable copper back-end-
of-line (BEOL) metal stack with metal-insulator-
metal (MIM) capacitors[10]. SiGe BiCMOS pro-
cesses benefit from scaling efforts of CMOS tech-
nologies offering high yield, high integration and
low cost manufacturing compared to III-V tech-
nologies.

This paper presents a low power narrowband
photoreceiver operating at 60 GHz consisting of
a SiGe BiCMOS amplifier and an InP UTC photo-
diode connected using wirebonds. The photore-
ceiver exhibits 29 dB higher gain than a reference
photodiode over a 3 dB bandwidth of 5.7 GHz
while consuming 33.6 mW. 17 dB of the gain im-
provement is due to amplifier gain and 14 dB due
to resonant matching while there is 2 dB of com-
bined loss in the input wirebonds and the output
probe.

Narrowband Photoreceiver
The proposed narrowband photoreceiver
(NBPhoRx) for low-cost remote antennas is
shown in Fig. 1. It consists of a photodiode
(PD) and a transimpedance low noise amplifier
(TILNA). The TILNA was designed to present a
conjugate matched load to the photodiode which
is a low impedance source. The output of the
TILNA is a standard 50Ω towards further RF
chain components such as a power amplifier (PA)
or antenna.
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Fig. 1: A narrowband analog radio-over-fiber photoreceiver
for low-cost remote antennas.



The TILNA is a three stage low noise ampli-
fier with common emitter (CE) stages with induc-
tive degeneration. The first stage has low input
impedance and is optimized for low noise with suf-
ficient gain while the second stage is optimized for
medium noise and medium gain. The last stage
is optimized for high gain and linearity. The pho-
todiode is biased through an on-chip bias tee and
the effects of wirebond interconnects are included
in the design of the input network.

The TILNA was manufactured on a commercial
55nm SiGe BiCMOS process on a multi project
wafer (MPW) run and was characterized with on-
wafer measurements. It provides 17 dB of gain
while consuming 33.6 mW and only occupies
0.25 mm2 of silicon real estate including pads.

Frequency Response Characterization
The NBPhoRx was assembled with wirebonds on
a PCB as shown in Fig. 2. Very short wirebonds
were used for the RF interconnect between the
PD and the TILNA while DC biasing was sup-
plied through longer wirebonds. A lateral fiber
was used for optical input while an RF probe was
used for the output.
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Fig. 2: Macrograph of NBPhoRx under test showing optical
input fiber edge coupling and RF output probing

The performance of the NBPhoRx in an op-
tical link was characterized up to 67 GHz using a
vector network analyzer (VNA, Keysight PNA-X
N5247B) and a testbench as shown in Fig. 3.
The link was set up using a commercial laser
(Tunics T100S-HP) and a Mach-Zehnder inter-
ferometer (MZI) modulator (Fujitsu FTM7937EZ)
biased at quadrature at an optical wavelength
of 1550 nm. The VNA was connected at ports
1 and 2 as indicated in the diagram. The VNA
was calibrated to the end of its cables while a
reference PD (Finisar XPDV2120-RA) was used
to characterize the frequency response of the

transmitter and to de-embed the characteristic of
the NBPhoRx. The output probe was included in
the measurements.
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Fig. 3: Two port VNA testbench for NBPhoRx

The de-embedded frequency response of
the NBPhoRx in an optical back-to-back (B2B)
scenario can be seen in Fig. 4. The NBPhoRx is
characterized to have a 29 dB gain at the center
frequency with a 3 dB bandwidth of 5.7 GHz. Of
the 29 dB gain, 17 dB is from active TILNA gain
while 14 dB is from resonant matching. There is
2 dB of loss combined in the RF probe and input
wirebonds.
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Fig. 4: Transmission response of NBPhoRx

Link Experiments
In order to demonstrate the transmission of real
data using complex modulated waveforms, a test-
bench was set up as seen in Fig. 5. This is an
extension of the previous testbench used for VNA
measurements from Fig. 3. A transmitter was
placed at port 1 and a receiver at port 2. The
output probe and cable to the receiver were not
calibrated out and form part of the link.

The transmitter comprises an arbitrary wave-
form generator (AWG, Keysight M8195A), an
oscillator (Anritsu MG3696B), a mixer (VDI
WR12eCCU) and three cascaded amplifiers
(SHF M827B). The received signal from the
NBPhoRx was demodulated with a real time os-
cilloscope (RTO, Keysight DSAZ634A).

The single carrier waveforms were generated
with the AWG at an IF frequency of 11 GHz and
upmixed to 60 GHz using a passive mixer and a



TILNA RTO

MZI

EDFA VOA OTF
AWG

Fig. 5: Testbench for link experiments

LO of 35.5 GHz as the mixer module includes an
LO frequency doubler. To overcome the insertion
loss of the mixer, three amplifiers were used to
amplify the low power (-30 dBm) signal to drive
the MZI modulator with a signal power of 0 dBm
which corresponds to 0.6 V Vpp. This is still very
low and as the Vpi of the modulator in single drive
is 3.6 V and because of this, the modulation depth
of the test transmitter was very poor.

An Erbium-doped fiber amplifier (EDFA, Keop-
sys CEFA-C-HG) with an optical tunable filter
(OTF, Santec OTF-350) was used to improve the
optical signal of the test transmitter with a vari-
able optical attenuator (VOA, Keysight N7762A)
in the middle to control the power coming from
the EDFA. The OTF was used to filter out some of
the carrier power and one of the sidebands so the
transmitted optical signal has a better modulation
depth. This was transmitted over 5 km of standard
single mode fiber (SSMF) to the NBPhoRx.

The output of the NBPhoRx was connected to
a RTO using a 0.5 m RF cable which has 7 dB
loss. The signals were demodulated in realtime
and the obtained constellations are shown in Fig.
6. It can be seen the data rates of up to 20 Gbps
are demonstrated at a symbol rate of 4 Gbaud
using QAM32 at an EVM of 11.5%.

A comparison of the TILNA with the state-of-
the-art can be seen in Table 1. It can be seen
that this implementation is very compact and has
low power consumption while offering good per-
formance.

Conclusions
This work proposes and demonstrates an ARoF
NBPhoRx for the unlicensed 60 GHz V-band
based on a TILNA. The TILNA is designed to have
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Fig. 6: Obtained constellations for QAM32 over 5 km SSMF
(a) 1 Gbaud with EVM of 9% and (b) 4 Gbaud with EVM of

11.5%

a low input impedance to conjugate match the PD
while the output impedance is 50Ω. The TILNA
was manufactured on a commercial 55nm SiGe
BiCMOS process and characterized to have 17
dB gain with 33.6 mW power consumption. The
TILNA and PD were assembled on a PCB and
electrically connected using wirebonds to form
the NBPhoRX. The NBPhoRx has 29 dB higher
gain than a reference photodiode of which 14
dB can be attributed to resonant matching. The
NBPhoRx is demonstrated with complex modu-
lated waveforms at data rates up to 20 Gbps over
5 km SSMF with a QAM32 modulated signal at 4
Gbaud with an EVM of 11.5%.
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Tab. 1: Comparison of the TILNA with the state-of-the-art

Process Technology Frequency Active Gain Size Power Consumption

TILNA 55nm SiGe BiCMOS 60 GHz 17 dB 0.25 mm2 33.6 mW
[11] 0.1µm GaAs pHEMT 28 GHz 24 dB 4.76 mm2 160 mW
[12] GaAs HEMT 60 GHz 24 dB - 965 mW
[13] 0.1µm AlGaAs pHEMT 93 GHz 22 dB 11.2 mm2 219 mW
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BRUSSELS EXPO

Brussels Expo will host ECOC 2020 and combines exhibition and conference facilities. Brussels Expo
is easily reachable by public transport.
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ECOC is the largest conference on optical communication in Europe, and one of the most respected and long-
standing events of its kind in the world. ECOC 2020, from 6th – 10th December 2020, will be the 46th edition, which
indicates the stability and the attractiveness of this conference as one of the world’s major events in the �eld,
providing a prime forum for new developments and results in optical communication techniques and networks.

ECOC travels around Europe from year to year and now returns to the Benelux region. Alternating between the
Netherlands and Belgium, ECOC 2020 will be back to Brussels ... but now 100% virtual. ECOC was here for the �rst
time in 1995, marking the start of the link between a commercial exhibition and the conference and then back in
2008. In response to the increasing interest in the �eld of optical communications both in research and industry,
the event has grown since then, both in size and importance and has successfully withstood the internet-bubble
and the crisis in the telecommunication industry. Since a few years ECOC is again growing in size, importance and
impact and ECOC 2020 will continue on this élan with even more exhibitors and papers from all over the world.
ECOC 2020 is organised by IMEC (https://www.imec-int.com/en/home), the Inter-university Microelectronics Center,
a world-leading independent research center in nanoelectronics and digital technology.

People have always worked together by sharing information and knowledge through speech, writing, the printed
word, telephony and broadcasting media and of course more recently the internet. Sharing information empowers
individuals and communities, and enables whole societies to bene�t from the experience of everyone within them
and therefore communications are at the heart of human life and social development. O�ering everybody this
ability to communicate at all time and from everywhere is perhaps one of the most profound changes our
civilization has gone through and the new applications that pop up every day on the internet, the eagerness of
people to communicate to others in chat rooms, blogs, websites, photo & video-sharing and the explosion of
(personal) data available is the obvious proof of it.

Optical communication forms the basis of this o�er and the migration of �bre closer to the customer, everywhere
in the world, often in combination with a wireless link for the last meters, is a clearly visible illustration. However to
cope with the challenges of the evolution towards a peta-bytes network, new management structures,
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technologies, protocols, equipment, components,.. are required at every level and every place in the network.
ECOC 2020 is the place to showcase these new evolutions in optical communications and to exchange new ideas,
concepts and results amongst your peers.

The programme consists of a set of high-level plenary speakers, tutorials, invited papers, workshops, symposia,
and most importantly, parallel sessions with your contributions, technical papers, demonstrations and posters. The
programme highlights new breakthroughs in the �eld of optical communications in di�erent areas such as: Fibres,
Fibre Devices and Ampli�ers, Waveguide and Optoelectronic Devices, Subsystems and Network Elements for
Optical Networks, Transmission Systems, Backbone and Core Networks, Access and Local Area Networks.

On top of this, Brussels is home to the European Commission and the majority of the European Union’s
Institutions, making it the bustling political heart of Europe and consequently also of the Horizon 2020 programme.
ECOC 2020 includes several initiatives such as workshops, demo-sessions and events which will focus on and
highlight the importance of the H2020 programme in the �elds covered by ECOC.

As has been the case at ECOC 2018 and all even years, Brussels hosted a CLEO Focus Meeting within the ECOC
2020 programme.

We still hope, one time in the future, to welcome you to ECOC 20XX in Brussels - the Bustling Heart of Europe, well-
known for its tradition of chocolates, beers, French fries, biscuits,…. with over 1,800 restaurants, trendy bars and
taverns in the city centre. Brussels also hosts numerous museums exhibiting work from world-famous artists, from
Magritte to Rubens. It is the city of Comic Strips and the World Capital of ‘Art Nouveau’, amongst other highlights
thanks to Victor Horta. Brussels also hosts the headquarters of NATO, is home to over 1,200 NGOs and over 1,700
international associations. But now, let's keep safe and keep ECOC 2020 virtual.
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