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This work presents an optical transmitting module operating in the near-infrared wave-
length range for the organization of a wireless service channel in an atmospheric optical
quantum communication channel. The main characteristics were measured to demonstrate
the functionality of the module and to assess the quality of the transmitted signal, such as
the values of the error vector magnitude and the eye diagram opening level. It was deter-

mined that the transmitting module can operate at symbol rates up to 5 GBaud. In addition,
the optimal signal modulation parameters were found and the possible bit rate of data trans-
mission in the atmospheric optical communication channel was estimated: a QPSK-
modulated signal with a carrier frequency of 80 MHz and a symbol rate of 50 MBaud al-
lowed to get a bit rate of 100 Mbit/s with an EVM value of 14%.
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1. INTRODUCTION

One of the perspective optical communication channels
is atmospheric channel, which has several advantages,
for example, high noise immunity, since the emission of
the optical range is practically not affected by radio dis-
turbances. In addition, atmospheric optical communica-
tion lines relieve the radio frequency band, thereby solv-
ing the problem of saving radio frequency resources [1].
Moreover, one of the important advantages of atmos-
pheric optical communication lines is the security of data
transmission, as it is difficult to read or intercept the sig-
nal unnoticed [2]. Therefore, such communication lines
are used to solve specific problems where it is not always
possible to apply fiber-optic communication lines, for
example, in quantum communications [3].

Quantum communication is a technology that allows
to encode and transmit data in quantum states of photons.
Quantum communication systems contain three chan-
nels: quantum channel, synchronization channel, and
service channel [4,5]. The quantum channel transmits the
encrypted key, the synchronization channel synchronizes
the transmitting and receiving modules of the quantum
communication system, and the service channel trans-
mits data.

Atmospheric quantum communication lines are the ob-
ject of several research. For example, in 2014, the trans-
mission of quantum bit sequences in urban environments
over distances of up to 210 m via an atmospheric commu-
nication channel was studied inside the model hall of the
Venetian Lagoon, which is in the Padua region [6]. And in
2017, quantum key distribution was demonstrated over
53 km for satellite communications. The experiment was
executed with an operating wavelength of 1550 nm and
single-photon detectors with an ultra-low noise level,
which made it possible to overcome the noise from sun-
light [7]. However, in all of the above experiments service
channel was implemented using wired fiber-optic net-
works, which are not available everywhere. Therefore, the
task of a service channel implementation in quantum com-
munication systems using atmospheric optical communi-
cation lines is relevant.

This paper presents an optical transmitting module
operating in the near-infrared wavelength range for the
organization of a wireless service channel in an atmos-
pheric optical quantum communication system. The
module was developed for the XI All-Russian scientific
and technical conference "Electronics and microwave
microelectronics" [8]. The following tasks were set to
show the functionality of the module:
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Fig. 1. Functional diagram of the transmitting module for the near infrared range.

1. Determination of the maximum symbol rate at
which the transmitting module can operate;

2. Organization of an optical wireless communication
channel to measure the characteristics of the information
path, such as the eye diagram opening level and error vec-
tor magnitude (EVM);

3. Evaluation of the communication channel quality
and determination of the optimal parameters of the modu-
lated signal, such as symbol rate, carrier frequency and
modulation type.

2. METHODS

The functional diagram of the transmitting module is shown
in Fig. 1. The operating principle of the presented module
is as follows: first, the input of the NB4L16M interface con-
verter receives a differential signal from an arbitrary wave-
form generator or other source. Then, the signal received by
the interface converter is converted into an output CML
(current mode logic) signal, which is fed through a differ-
ential pair to the ONET1151L laser driver. The laser driver
is used to transmit the CML signal to the laser LDI-1550-
DFB. 1t is carried out by controlling the current flow
through the driver. After that, the laser transmits the signal
via the atmospheric communication channel to the receiv-
ing module for further analysis of the received data. To con-
figure the laser driver, a microcontroller is used that trans-
mits configuration settings from a personal computer via the
I2C (Inter-Integrated Circuit) interface, using the SDA (Se-
rial Data) and the SCK (Serial Clock) buses. To supply
power from a voltage source to the main elements of the
module, a step-down voltage converter is used, designed to
reduce the voltage in the circuit to 3.3 V.

To organize an optical wireless communication chan-
nel for the characteristics of the information path

measurement, in addition to the transmitting module, a re-
ceiving module is used. The functional diagram of the re-
ceiving module is shown in Fig. 2. The receiving module
is based on FDGAOS photodiodes from Thorlabs. The op-
erating wavelength range of this photodiode is in the range
from 800 to 1700 nm. The central wavelength is 1550 nm,
which corresponds to the wavelength of the laser used. To
increase the sensitivity of the receiving module, a transim-
pedance amplifier is used in the electrical circuit. It ampli-
fies the output information signal from the photodiodes.
To combine signals from all photodiodes after transimped-
ance amplifiers, an adder based on an operational ampli-
fier is used in the electrical circuit of the module. A band-
pass filter is installed at the output of the adder, which
limits the receiving module in bandwidth at a frequency of
about 120 MHz. This filter is necessary to reduce the
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Fig. 2. Functional diagram of the receiving module.
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Fig. 3. Measurement setup.

influence of external noise on the signal coming to the re-
ceiving module. To increase the power density of the
emission coming to the photodiodes, LA1576 converging
lenses by Thorlabs are used. The operating bandwidth of
photodiodes can be estimated using the following expres-
sion:

1
Jow =55

2R, C;’

where R, is the load resistance equal to 50 Ohm, C; is the
photodiode capacitance equal to 10 pF. After the calcula-
tions, the value of the photodiode’s operating bandwidth
is about 300 MHz.

This receiving module reduces the transmission speed
due to a bandpass filter in it, however, the lack of alterna-
tive receivers and element base for their production leads
us to the choice of the considered receiving module. In
further studies it is planned to develop a receiving module
based on avalanche photodiodes with a bandpass filter of
higher bandwidth.

Before measuring the main parameters to assess the
quality of the transmitted signal over the atmospheric
communication channel, the performance of the transmit-
ting module was checked. For this purpose, the module
was connected directly to an oscilloscope to measure eye
diagrams at various symbol rates. The modulation ampli-
tude was 35 mA. The obtained data are presented in the
Results section.

Measurements of the main parameters for assessing
the quality of the transmitted signal over the atmospheric
communication channel were carried out using the exper-
imental measurement scheme shown in Fig. 3. The differ-
ential information signal with a given modulation and
pseudorandom binary sequence (PRBS) is sent to the
transmitting module from an arbitrary waveform genera-
tor Keysight M8195A. Configuration settings are trans-
mitted to the microcontroller of the transmitting module

from a personal computer. After that, the signal is trans-
mitted via the atmospheric channel to the receiving mod-
ule, from where it enters the oscilloscope Keysight
UXRO0204A. The transmitting and receiving modules are
powered from constant voltage sources Keysight N6715C.
The eye diagrams were measured at distances of 7, 45, and
85.5 cm from the source. The EVM values were measured
at 45 cm between source and receiver. The choice of these
distances is due to the fact that under laboratory conditions
it was not possible to carry out measurements at large dis-
tances.

3. RESULTS

The eye diagram opening level was measured using the
transmitting module connected directly to the oscillo-
scope. The step of symbol rate change in the measurement
of the eye diagram was 0.1 GBaud. The resulting eye dia-
grams are shown in Fig. 4. It was determined that the
transmitting module can operate at symbol rates up to
5 GBaud. After that, an optical wireless communication
channel was organized using both transmitting and receiv-
ing modules for further research.

Fig. 5 shows the results of measuring the eye diagram
opening level depending on the symbol rate at various

Imod= 35 mA
Symb. rate = 0.1 GBaud

Symbol rate step: 0.1 GBaud

Imed= 35 MA
Symb. rate = 4.7 GBaud

Fig. 4. The result of measuring the eye diagrams when checking
the performance of the transmitting module.
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Fig. 6. EVM dependences on the symbol rate and carrier frequency of the signal.

distances between the transmitting and the receiving mod-
ules using the measurement scheme shown in Fig. 3. It
was found that the maximum eye diagram opening level
occurs at a symbol rate of 120 MBaud. The eye diagram
closing in the high frequency region can be caused by the
fact that the receiving module is limited in the bandwidth.

Fig. 6 shows the obtained results for the dependence of
the error vector magnitude (EVM) on the symbol rate for
various types of modulations and the signal constellations
for each modulation at minimum and maximum carrier
frequencies.
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The measurements were carried out for the following

carrier frequency ranges:

e 60 MHz to 100 MHz for 8-PSK modulation;

e 60 MHz to 160 MHz for QPSK and BPSK modula-
tions.

The range of symbol rates was from 20 to 60 MBaud for

all modulations.

From the obtained results, it follows that with an in-
crease in the symbol rate and carrier frequency, the quality
of the signal constellations deteriorates, which leads to an
increase in the EVM values. The increase in EVM values
at high carrier frequencies is explained by the receiving
module limitation in bandwidth at a frequency of about
120 MHz as a bandpass filter is used in it. In addition, the
obtained results can be affected by external noises. The
main noise effect on the service communication channel
is “white noise”, which causes a scatter of points on the
signal constellation diagram around the true signal values.
However, from the obtained results, it is possible to deter-
mine the optimal zones with a minimum number of errors
in the channel, which can be implemented using these
transmitting and receiving modules. For example, a
QPSK-modulated signal with a carrier frequency of
80 MHz and a symbol rate of 50 MBaud allows to get a
bit rate of 100 Mbit/s with an EVM value of 14%. This bit
rate is sufficient to organize a service channel in a quan-
tum communications system.

4. CONCLUSION

In this work, near-infrared optical transmitting module for
service channel of atmospheric quantum communication
line was presented. The values of the error vector magni-
tude and the eye diagram opening level were measured to
assess the quality of the transmitted signal. It has been
found that the transmitting module is capable of operating
at symbol rates up to 5 GBaud. In addition, it was deter-
mined that in laboratory conditions with the use of the de-
scribed receiving module, the optimal distance for data
transmission was approximately 0.5 meters, and the opti-
mal modulation parameters were QPSK modulation with
a carrier frequency of 80 MHz and a symbol rate of
50 MBaud. An increase in working distances can be
achieved by using avalanche photodiodes in the receiving

module, which is planned in further studies. Increase in
transmission rates can be achieved by using a bandpass
filter of higher frequency in the receiving module.
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YK 621.391.64

Onrryeckuil nepegarUIuid MOy b OJIMKHEr0 HH(PPaAKPacHOr 0
AUATA30HA VISl CJIY:Ke0OHOro KaHaja atMoc(epHOil KBAHTOBOM JIUHUHU
CBSI3H

A.A. Kynanyc, K.P. PazxuBuna, /I.C. lllupses, U.C. [lonyxun, B.E. Byrpos

WHCTHTYT NepCTIeKTUBHBIX CHCTEM IIepefadul aHHbX, YHuBepcuter UTMO, Kporsepkekuii mip., 49, mmt. A, Cankr-IlerepOypr,
197101, Poccus

AnHoTanus. B nannoii paboTe npeacraBieH ONTHIECKHH ITePEAAIOIINHA MOy IIb, Pa0OTAIOIIHMH B OJMKHEM HH(PaKPaCHOM JIHaIla30He
JUTH BOJIH, IS OpTaHU3aIuy OSCIIPOBOIHOTO CITYKEOHOTO KaHana B aTMOC(EpPHOM ONTHYECKOM KBAaHTOBOM KaHaie CBs3H. s ne-
MOHCTpAIMU pabOTOCIIOCOOHOCTH MOJIYJISI M OL[EHKH KauecTBa Mepe1aBaeMOro CUTHajIa ObIIH H3MEPEHEI OCHOBHBIE XapaKTePHCTHKH,
TaKue Kak 3Ha4eHNS aMIUINTY bl BEKTOPA OLIMOKM U CTENEHb OTKPHITHS TJIA3KOBOH qrarpaMMel. Belio onpezneneHo, 9To nepearomuii
MOJIyJIb MOXKET paboTaTh ¢ CHMBOJIBHBIME cKopocTsamu 1o 5 'box. Kpome sToro, Ob1m onpeneneHs! ONTHMaIbHBIC TApaMeTPhl MOy -
JSIIUY U OLICHEHA BO3MOXKHAsI CKOPOCTH Nepeaun JJaHHBIX 110 aTMOC(epHOMY onTHdeckoMy kaHairy cs3u: QPSK-MoxynupoBaHHEII
curHan ¢ Hecymeil yacroro 80 MI'm u cumBonbHOI ckopocThio 50 Mboja 1no3BoiifieT HONYy4YUTh CKOPOCTh NEpEeAadyd JaHHBIX
100 M6ut/c ¢ 3HaYeHHeM aMIUIUTY 16! BekTopa omubkn EVM 14%.

Kniouesvie cnosa: aTMOC(l)eprIﬁ KaHaJI CBA3U; KBAHTOBAsA KOMMYHUKAINA; MOAYJIANNUS CUTHAIA; ONTUYCCKasA 6€CHpOBOI[Haﬂ CBA3b



