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Background. The advent of HD and UHD video formats, and as a result the growing volume of accumulated and
transmitted data led to the demand for higher data rate of wireless communications. THz band satisfies the main technical and
economic indicators for the implementation of HD/UHD TV broadcasting networks. This papers analyzes current
advancements in implementing and deploying photonic-based terahertz (THz) communication systems.

Objective. The purpose of the paper is to consider modern variants of technical implementation of transmitting and
receiving devices for broadcasting of HD/UHD TV signals in the THz band.

Methods. Studying the dependence of the transmission rate of an HD/UHD video stream on the transmission distance and
quality.

Results. A variant of practical implementation of a prototype of a wireless video transmission system with UHD
resolution of 8K over a terahertz radio line in the 300 GHz and other frequencies of terahertz band is considered. A distinctive
feature of the modern receiving device from the known is the usage of RTD as demodulators of the terahertz signal, which
greatly simplifies the receiving part of the proposed wireless transmission system. It is also shown that the main problem in the
construction of transmitting devices in the THz range is the formation of a highly stable THz carrier oscillation by mixing
optical carriers on a photodiode, as well as obtaining the output power of this oscillation sufficient to ensure the required range
of the THz transmission system.

Conclusions. The main trends and approaches to building high-speed point-to-point wireless communication links of the
next generation in THz band for HD/UHD TV signals transmission are presented. The principles and approaches to the
construction of receiving and transmitting devices of the THz band were revealed, as this band is one of the most promising for
the development of wireless networks with data rates more than 10 Gbps.

Keywords: High-definition (HD); ultrahigh-definition (UHD); video stream, television transmission; terahertz (THz);
resonant tunnel diode (RTD).

Introduction image resolution 2K (1920x1080 pixels) and UHD
video with image resolution 4K (3840 x 2160 pixels)

Current trends in the development of digital and 8K (7680 x 4320 pixels).
terrestrial television networks involve the exchange of According to the recommendation of the
large amounts of data. This need can be addressed International Telecommunication Union IEEE 802.15
through the use of fiber-optic networks, which provide THz band is considered to be frequencies from 300
gigabit data rates in many parts of the world. However, ~GHz to 3 THz (wavelength range from 1 to 0.1 mm),
given the fact that fiber-optic access is not always but in the general case, this band is frequencies from
possible or cost-effective, the question arises of 100 GHz to 3 THz (Fig.1) [2].
developing and using wireless telecommunications
SyStemS (networks) that Could meet Simllar needs‘ In the Frequency 10 GHZ mgggzcizlb::j 10 THz 100 THz 1 PHz 10 PHz 100 PHz
near future we need data rates in the tens and hundreds 1
of Gbps - at least 24 Gbps to broadcast uncompressed I "I T ght Uﬂlolet I
television data with high definition (HD) and ultra-high
definition resolutions (UHD) and 100 Gbps to support
100G Ethernet [1].

Recently, there has been interest from the scientific
community and development engineers in the terahertz
frequency range, which contains a large frequency
resource that can be used for wireless transmission of
information, including uncompressed HD video with

Wavelength Wmm 3mm 300 pm 30pm  3um 300nm 30 nm

Fig.1 Terahertz waves in electromagnetic spectrum

Terahertz waves occupy an intermediate position
between the millimeter and optical wavelengths.
Compared to the near infrared frequency range, the THz
band has a number of advantages. First, THz signals
have less attenuation than infrared signals under the
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same weather conditions, such as fog. Secondly, the
amplitude-phase fluctuations caused by local changes in
the refractive index of the atmosphere also have little
effect on the propagation of THz radiation, but limit the
use of systems based on IR radiation. The described
advantages are typical for the frequencies that fall into
the windows of the transparency of the atmosphere,
namely in the ranges of 75-100; 110-150; 200-300 and
600-700 GHz. With such wide available frequency
bands, even with the simplest amplitude modulation,
data rates of tens of Gbps can be achieved [3]. Also a
feature of this frequency range is the narrow direction
of the antenna beam, which allows you to place a large
number of stations without mutual interference between
them. However, there are certain problems in the
development of this frequency band, namely, the
technology of generation, reception and processing of
data signals differs from the methods used when
working with already known frequency bands. Also,
currently, one of the problems is less theoretical
information about the terahertz spectrum of waves and
its radiation compared to microwave and infrared.
Therefore exploitation and development THz band
wireless communication systems is based on the
capabilities of electronic devices for signal generation,
processing and detection [4,8].

An analysis of the publications shows that most
scientists have focused on developing and researching
prototypes of wireless terahertz systems in the 100, 130,
230 and 300 GHz bands [5-7], due to the presence of
“transparency windows” in these bands.

It is worth noting that the need for research and
prototyping of such wireless transmission systems is
due to the fact that the functionality of 6G mobile
devices will go beyond the existing generation of 5G
systems and will provide video transmission in 8K
format with low latency and low power consumption
[7] . On the other hand, since UHD video transmission
speeds are very high (tens of Gbps), it is necessary to
compress data when transmitting it wirelessly with a
5G system using microwaves or millimeter waves,
which leads to delays and increased power
consumption. Thus, the development of UHD wireless
compression technology, which focuses on the 6G
standard and terahertz range, is required .

Given the significant global progress in the technical
development of terahertz devices, the aim of this paper
is to consider the some up-to-date experimental
decision for provision of wireless transmission of TV
signal in HD/UHD formats.
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48 Gbps wireless UHD video transmission system

in the 300 GHz band

The experimental layout of this UHD (8K) video
transmission system was proposed by a team of
researchers from Osaka University (Japan) in
conjunction with Rohm Co. , Ltd. [1]. It uses terahertz
waves in the range of 300 GHz as a carrier that provides
wireless transmission of 8K UHD video with a data rate
of 48 Gbps within the JST project CREST
“Development of an integrated technological platform
of the terahertz range by combining resonant tunnel
diodes and photonic crystals.

In a prototype 8K video transmission system [1], the
developers configured a dual-channel terahertz
transmitter (Tx) by modulating the 8K video signal
output of two lasers with wavelengths in the range of
1.55 pum using a high-speed photodiode (PD) wave
intensity modulator. In this case, these lasers were
tuned in such a way relative to each other that the
difference in their optical frequencies was in the range
of terahertz waves, ie about 300 GHz (Fig. 2).

On the transmitting side of the prototype as a source
of 8K video signal was used prepared and commercially
available video content with full 8K resolution from
Astrodesign Inc., which was formed as a four-channel
signal with a stream rate of 12 Gbps in each channel,
followed by two-channel signal multiplexing of 4 video
streams in 2. Used with two-position amplitude
manipulation on-off keing (OOK) two-channel radio
signal with 24 Gbps video stream was generated.
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Fig.2 Block diagram of the 8K wireless video transmission
system UHD in the terahertz range , which has two wireless
transmission channels of 24 Gbps

On the receiving side (Fig. 2), two terahertz waves
transmitted wirelessly from the corresponding terahertz
transmitters were detected by sensitive coherent
terahertz receivers (Rx) using resonant tunnel diodes
(RTD) (Fig. 3), which acted as amplitude detectors.
After that, the detected and amplified 24 Gbps video
streams were demultiplexed from two channels to four
12 Gbps channels and connected to the 8K monitor via
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an HDMI cable. Using such a transmission system,
uncompressed 8K video (equivalent to 48 Gbps) was
successfully transmitted over a wireless channel in the
300 GHz band (Fig. 4).
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Fig.3 Photo of terahertz receiver and RTD base: the
probability of bit error at 24 Gbps does not exceed 10 -!!

Fig. 4 Photo of the prototype of the 8K UHD wireless
video transmission system in real time: in the foreground are
two photodiode transmitters (Tx) and two RTD receivers
(Rx) with an 8K TV screen in the background

Typically, experiments with ultra-high data rates in
the terahertz range are performed using multi-level
modulation of the QAM type using modulators /
demodulators with high power consumption, and digital
signal processing [5] - [7]. Experimental studies of the
prototype of the 8K video transmission system
proposed in [1] show the possibility of reliable use of
the simplest modulation format - OOK, which greatly
simplifies the circuit of the receiving device
(application of direct-gain receiver) and demonstrates
the capabilities of ultra-wide terahertz waves.

Six-channel integrated transmitter in the
300 GHz band with 32-QAM modulation and
17.5 Gbps bandwidth per channel

In the scientific and practical work [5] of Japanese
scientists presented the development of an integrated
circuit (IC) transmitter in the range of 300 GHz based
on electronic technology 40 nm CMOS. This

transmitter, using 32-QAM modulation, provides a
bandwidth of 17.5 Gbps in each of the 6 channels with
a bandwidth of 5 GHz, while covering the frequency
range of 275-305 GHz (Fig.5). The total bandwidth that
the transmitter IC can provide is 105 Gbps.

60GHz unlicensed
bandwidth of 9GHz

Target bandwidth of
., 30GHz with 6 channels _.

f
57 66GHz 275 305GHz
Fig.5 Frequency plan of the high-speed wireless
communication system in the 300 GHz band

The block diagram of the transmitter IC are shown
in Fig.6.
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Fig.6 Schematic of the 300 GHz CMOS TX

The peculiarity of the construction of the IC
transmitter (Fig.6) is the use of radio signals for the
second frequency conversion with high positioning
modulation (16-QAM, 32-QAM) high-line subhar-
monic mixers, called cubic mixers mixers) and are
based on MOSFET with n-channel and maximum
cut-off frequency (single gain frequency) fmax = 280
GHz. Due to the small gain of the transistors in the
range of 275-305 GHz, to ensure a sufficient level of
output power in the structure of the IC there are active
power dividers.

The electrical circuit of the cubic mixer and its
application for 16-QAM generation is shown in
Fig.7,a,b.

Fig.8,a shows the spectrum of signals, which
explains the principle of operation of the cubic mixer.
From Fig.1.3, b shows that the useful signal of the cubic
mixer at the output is a radio signal with a frequency



Jre =2f10 + Jir, where fio— local oscillator frequency,
lez — the second intermediate frequency of the
modulated signal, which is equal to fi. =fio+ [k,

where lel — the first intermediate frequency of the

modulated signal. For normal operation of the mixer, it
is necessary that the ratio of the local oscillator power
(Pro) to the power of the modulated signal of the

second intermediate frequency (PIFZ ) corresponds to the

equation F / B, =2.
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Fig.7 a) Electrical diagram of the cubic mixer;
b) cubic mixer application for 16-QAM generation
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Fig.9,a shows the measured values of the output
power of the transmitter IC from the input power of the

Ist intermediate frequency f[Fl = 9.8 GHz at the local

oscillator frequency f;,= 96.6 GHz and its power P 1o

= +8 dBm. Analysis of the dependencies in Fig.9 shows
that the maximum value of the output power of the IC is
Pourmax = -14.5 dBm at the input power of the

intermediate frequency signal A =-3,4dBm, i.e the

loss of conversion in the IC is about 11 dB.

Fig9,b shows the results of measuring the
dependence of the output power level of the transmitter
IC on the output frequency, which shows that in the
frequency band 275-305 GHz, the unevenness of the
output power is about 5 dB.
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The power consumed by the transmitter IC is
1.4 watts of DC voltage.

Fig.10,a presents the spectrogram at the output of
the transmitter IC, which shows the distribution of
power spectral density for 6 channels with 32-QAM
modulation and a symbol speed of 3.5 Gbps / channel
(corresponding to a channel speed of 17.5 Gbps)
channel); Fig.10,b presents the results of measuring the
parameters of the constellation diagram of signals with
32-QAM modulation at the output of each of the 6 IC
channels.
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Fig. 9 a) Measured dependence of the output power of the
transmitter IC on the input power of the Ist intermediate
frequency; b) the results of measuring the dependence of the
output power level of the IC transmitter on the output
frequency.
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Fig.10 a) Spectrum of a 6-channel signal with a symbol rate
of 3.5 Gbps/channel; b) the results of measuring the
parameters of the signal constellation diagram with
32-QAM modulation at the output of each of the 6 IC
channels

Analysis of constellation diagrams in Fig.10,b shows
that the worst of the 6 IC channels is the 1st (frequency
band 275-279 GHz), because it corresponds to the
maximum value of the modulation error vector (EVM),
which is equal to 8.9%. The best is the 2nd radio
channel (280-284 GHz band). It corresponds to an
EVM of 4.8%. Since each of the channels has its own
EVM value, each of the 6 channels will have its own
noise immunity: in the 1st frequency channel it will be
the worst, in the second channel - the best. Given that
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EVM and signal-to-noise ratio ( SNR ) are related by an
approximate analytical ratio

0,
SNRz—20lg%(§/°), dB (D

obtained a graphical relationship between EVM and
SNR as a function of the frequency of the output signal
of the IC transmitter (Fig.11).

Analysis of the graph in Fig.11 shows that in the
frequency band 275-305 GHz SNR is at least 30 dB
(approximately 30-32 dB), which is a pretty good
result.
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Fig.11 Graphical relationship between EVM and SNR as a
function of the frequency of the output signal of the
transmitter [C

Comparative characteristics of 40nm CMOS
technology  parameters (operating frequency,
modulation, baud rate, output power) for manufacturing
IC transmitter [1] with other manufacturing
technologies for the terahertz range is presented in
Table.1.

Table 1 - Comparative characteristics of the parameters of the
IC transmitters terahertz range, manufactured by different
technologies

Technology Freq. (GHz) | Modulation | Data rate (Gb/s) | Pout (dBm) | Py. (W)
32-nm SOI CMOS 210 OOK 20 4.6 0.24
250-nm InP DHBT 298 NA NA —2.3 0.45
130-nm SiGe BiCMOS 240 64QAM 1.02 7 0.54
35-nm GaAs mHEMT 240 8PSK 96 —3.5 NA
35-nm GaAs mHEMT 240 QPSK 64 —3.6 NA
130-nm SiGe HBT 314 NA NA —8 0.13
130-nm SiGe BiCMOS 434 ASK 10 —18.5 0.12
65-nm CMOS 260 OOK NA 5 (EIRP) 0.69
SBD mixer 300 64QAM 0.032 —15 NA
SBD mixer 340 16QAM 3 —17.5 NA
130-nm InP HBT 630 NA NA —30 0.65
250-nm InP HBT 300 QPSK 50 NA NA
65-nm CMOS 240 QPSK 16 0 0.22
275-305 175 x 6
40-nm CMOS 28 32QAM 30 14.5 1.4

High speed wireless communication system in
237.5 GHz band

In [6], an experimental model of a 237.5 GHz point-
to-point wireless line (SISO) was demonstrated , which
combines electronic and photonic technology with a
maximum data rate of 100 Gbps at a distance of 20 m
when wusing up to three radio frequency high
frequencies. For a wireless line longer than 40 m, the
maximum data rate of 75 Gbps was provided by a
single radio frequency carrier at a frequency of
237.5 GHz with 8-QAM modulation. Such terahertz
radios can be used indoors to provide high-speed
connections between mobile terminals and desktop
personal computers.

Fig.12 presents a diagram of the organization of a
wireless communication line with a speed of 100 Gbps
to overcome an obstacle in the form of a wide river in a
hard-to-reach area.

Photonic THz transmitter
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Fig.12
communication line at terahertz frequencies
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The principle of operation of such a radio line is as
follows. The transmitter (Tx) uses terahertz photonics
technology (Fig.1.7) by means of which by
heterodyning frequency-synchronized laser lines (MLL)
are generated spectrally pure and frequency-stable
terahertz carrier oscillations. The transmitter control
unit contains one laser with auto-tuning frequency and
allows you to select the appropriate spectral lines for
modulation of the data stream. The optical fiber
transmits the modulated carriers together with the
unmodulated spectral line, which acts as a remote local
generator (LO), to the uni-traveling-carrier photodiode
(UTC-PD) with carriers of the same type. When
photomixing oscillations of the generator and
modulated carriers in UTC-PD at its output are
generated radio frequency signals of the terahertz range.

The terahertz receiver contains a low-noise amplifier
(LNA) and a subharmonic IQ mixer with down-
conversion and is implemented using a high-electron



H. AVDIEIENKO, A. SLYVKA, O. DYKYI. TERAHERTZ COMMUNICATION SYSTEMS FOR HIGH-DEFINITION AND ULTRA-

HIGH-DEFINITION TELEVISION TRANSMISSION

transistor ( mHEMT ) with a gate length of 35 nm and a
cutoff frequency of more than 900 GHz. For the
electronic in-phase / quadrature 1Q receiver ( Rx ) ones
can use specially designed, active millimeter monolithic
integrated circuits (MMIC) with a radio frequency
bandwidth of 35 GHz. Complex data is directly
converted by the 1Q mixer "down" into the baseband
and is divided into [ and Q signals.

In the technical implementation of the above
principle of operation in the transmitting terahertz path
using photonic technologies, one MLL source (ERGO
XG laser) outputs a frequency spectrum with a
frequency spacing Af v = 12.5 GHz. Programmable
optical filter (Finisar wavehaper 4000E) selects the
desired optical carrier frequencies from the MLL
spectrum of the source: fio = 193.138 THz
(Ao = 1,552.22 nm), the central carrier at f; = 193,375
THz (M = 1,550,31 nm) and two adjacent carriers at
f3 = fi + Afwie . The central carrier and the group of
two adjacent carriers are modulated by different IQ data
provided by two independent multiformat transmitters
25 MFTx1 and MFTx2.

Modulated carriers and oscillations of the local
oscillator are mastered, aligned by polarization,
combined and mixed on UTC-PD .

The photodiode current includes signals of three
intermediate frequencies fi23 - fro, which are emitted
by a horn antenna and focused by aspherical flat convex
lens. In addition, the UTC- PD output current includes
unwanted signals (f3-fi)) = (fi-f;)) = 12.5 GHz and
(f3 -f2) = 25 GHz , which are filtered by a rectangular
waveguide (cut-off frequency for wave Hio
f. = 174 GHz) connecting UTC-PD to the antenna.
UTC-PD operates with a full optical input power of
+14 dBm, which leads to an average photodiode current
of 6.5 mA and has an output power of -13.5 dBm for
one modulated terahertz channel at f) -f .o=237.5 GHz.
It is estimated that the phase noise of the single
sideband (SSB) is optically generated carrier
oscillations with a frequency of 237.5 GHz is -33.1,
-66.4, -80.8 and -81.9 dBc/Hz at debug frequencies of
100 Hz, 1 kHz, 10 kHz and 100 kHz , respectively.

The receiver is equipped with a similar horn-lens
antenna and is located at a distance of d = 5, 10, 20 and
40m. Beamwidth<2°, suitable for point-to-point
wireless connections. The small wavelength of about 1
mm allows implementing a very compact antenna array.
For frequency f = 237.5 GHz and the distance between
transmitting and receiving stations d = 10 m, the
attenuation in free space is about 100 dB .

After the receiving antenna, the variable waveguide
attenuator of the receiving path allows adjusting the
input power of the terahertz signal for the MMIC chip.

In the receiver's MMIC chip, the LNA unit provides
a gain of about 30 dB and transmits the signal to the 1Q
mixer. The subharmonic mixer operates with a half-
frequency (118.75 GHz) local oscillator signal. The
local oscillator signal is formed by a chain of frequency
multipliers from a synthesizer operating at a frequency
of 19.79 GHz . The estimated phase noise of the local
oscillator at 237.5 GHz is -44.4, -56.4, -56.4 and -78.4
dBc/Hz at 100 Hz, 1 kHz, 10 kHz and 100 kHz,
respectively. The receiving 1Q module is integrated in
the area of the chip 2.5x1 mm? and packed in a
waveguide module with a split unit. The packaged Rx
module has a measured conversion factor of 3.8 dB and
a noise figure of 10 dB. Thanks to the integrated MMIC
low-noise amplifier, the receiving path works perfectly
at an input power of only -32 dBm. Converted with
decreasing frequency I and Q modulating signals are
digitized by an analog-to-digital converter at a speed of
80 Gbytes/s (real-time oscilloscope Agilent DSO-X-

93204A). Further processing includes channel
alignment, carrier recovery, signal filtering and
demodulation.

There are two modes of radio line operation: single-
channel and multi-channel (Fig.13-14). In the first
mode, UTC-PD receives two types of optical signals:
only the carrier f; (Chl) and oscillations of the local
oscillator fio . With the help of a special generator,
QPSK, 8-QAM and 16-QAM signals are generated with
a baud rate of up to 25 GBaud, which corresponds to a
baud rate of up to 100 Gbps (Fig.13). In the multi-
channel UTC photodiode mode, two optical carriers f> 3
(Ch2, Ch3) are additionally transmitted with fixed
interval  Afy. = 12.5 GHz (Fig.14). In-phase pulse
generation with a spectrum decreasing according to the
law of elevated cosine and a rounding coefficient
B = 0.35 in all 3 channels is used. The values of the
symbolic speeds are 13Gbaud in Chl and 8 Gbaud in
Ch2 and Ch3. Channel Chl and adjacent to it slightly
overlap.
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Fig.13 Optical spectra at the input of the UTC-PD for
single-channel operation mode configuration
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In the transmission path, the spectrum is adjusted by
the signal generating unit to compensate for the
frequency response of the UTC-PD. When using
16-QAM modulation in Chl channel and 8-QAM
modulation in Ch2 and Ch3 channels, the total data rate
is 100 Gbps .

During the experiments for digital signal processing
and signal quality assessment using a real-time
oscilloscope (Agilent DSO-X-93204A), the obtained
data were digitized and recorded. The recording time
length was 80 ps. For a single channel signal of
25 Gbps , the recording length of 80 us corresponds to a
sum of 10° characters, i.e it was estimated approxi-
mately 4 x 10° received bits for a stream at 50 Gbps
and QPSK modulation, 6 x 10° bits for a stream at
75 Gbps and 8-PSK modulation, 8x10 ° bits for
100 Gbps signal and 16-QAM modulation.

To determine the BER on the receiving side of the
radio link, a pseudo-random sequence of bits of length
2'5- 1 was transmitted.

For low-error QPSK signals, EVM was measured
instead of BER, which characterizes the effective
distance of the obtained complex symbols from their
ideal location on the constellation diagram. In the
presence of additive gaussian white noise BER can be
measured by EVM values as measured .

Fig.15,a shows the EVM flow rate of 50 Gbps for a
single-channel QPSK signal for different distances of
wireless transmission and depending from relative
receiver transmission gain G = 1/Lax , where Lag -
added losses of waveguide attenuator at the receiving
path. The constellation diagram shows clear and
understandable symbols. As the gain of the receiver
increases, the EVM decreases until it is about 16%
(corresponding to BER~1x10"), which can be observed
for d = 5, 10 and 20 m. This threshold is due to the
constant contribution of electronic noise receiver. For
d = 40 m, the received signal strength is insufficient to
reach this threshold EVM.

From Fig.15,a it is seen that doubling the distance
requires an increase in the power of the input signal of

the receiver in 4 times (6 dB). For 8-QAM and
16-QAM signals (Fig.15, b) and for distances d = 5m
and 10 m BER reaches a minimum and begins to
increase if the signal power at the receiver input
increases. This behavior is due to nonlinearities of the
MMIC chip, which affect the multi-position modulated
signals. This can be seen in comparison with Fig.15,a
where the QPSK signal with constant power does not
show an increase in EVM compared to other modulated
signals of the same power. For the 50 Gbps 16-QAM
signal, the optimal BER value of 3.7 x 10™ is obtained
at a distance of more than 40 m (Fig.16). For the
100 Gbps signal with 16-QAM, the optimal BER for a
distance of up to 20 m remains below the FEC limit for
7% excess. Fig.17 shows the results of EVM
measurements when transmitting a signal at a speed of
58 Gbps and QPSK modulation in all channels. The
central channel Chl at 13 Gbaud works better than the
channels Ch2 and Ch3 at 8 Gbaud, because the limited
bandwidth of the receiver is divided into spectra Ch2
and Ch3.

QPSK single-channel signal
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Fig.15 Results of measuring the parameters of wireless
signals transmitted in the terahertz range at a distance of 5,
10, 20 and 40 m at speeds: a) QPSK, up to 50 Gbps; b)
8-QAM, up to 75 Gbps
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Fig.16 Results of measuring the parameters of wireless
signals transmitted in the terahertz range at a distance of 5,
10, 20 and 40 m at speeds 50 Gbps and 100 Gbps with
16QAM
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Fig.17 Results of measuring the parameters of wireless
multiple-channel signal transmitted in the terahertz range at a
distance of 5, 10, 20 and 40 m at speed 58 Gbps with QPSK

Horizontal solid lines in Fig.15,a and Fig.17 indicate
the corresponding calculated values of BER 1x 107,

Fig.18 shows the results for multichannel
transmission at 100 Gbps, where each of the channels
Ch 2 and Ch3 transmits a stream with a symbol rate of
8 Gbaud and modulation 8-QAM, and the channel Chl
has transmits a stream with a symbol rate of 13 Gbuad
and 16-QAM modulation .
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Fig.18 Results of measuring the parameters of wireless
multiple-channel signal transmitted in the terahertz range at a
distance of 5, 10, 20 and 40 m at speed 100 Gbps with
8-QAM and 16-QAM
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Fig.19 shows the optimal BER from Fig.16
depending on the wireless transmission distance. At
distances d = 5, 10 and 20 m the signal power at the
receiver input is sufficient to correct errors, while the
BER for d = 40 m is increased due to limited power
budget.

Horizontal dotted lines in Fig.15-19 correspond to
BER 4.5 x 107. Raw BER 4.5 x 107 is the threshold for
error-free transmission when using FEC with a hard
decision and 7% redundancy. If the FEC decoder is

working properly, the BER at the receiver output will
be 1 x 107",
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Fig.19 Indicators of the quality of data transmission over a
wireless line depending on the distance

Further increase of the transmission rate to several
Tbps can be achieved through the use of multiplexing
with wavelength division multiplexing, frequency
division multiplexing in the band 200-300 GHz and
spatial multiplexing with multiple parallel MIMO
connections. By using MMIC amplifiers at the output of
UTC-PD and Cassegrain antennas (> 50 dBi ) on both
the transmitting and receiving sides, it is possible to
significantly increase the distance between the
corresponding stations (> 1 km).

Conclusion

Scientific and practical achievements of foreign
scientists, developers and engineers demonstrate the
usefulness of terahertz waves, which in turn will
accelerate the research and development of ultra-high-
speed transmission systems in the 6G standard.

The analysis of typical experimental samples of
wireless communication systems for HD/UHD video
stream transmission in terahertz range based on a
combination of electronic and photonic technologies
shows [5-7] that:

1) they provide ultra-high speed data transmission,
usually several tens of Gbps at the bandwidth of the
receiver a few units-tens of GHz ;

2) laser radiation sources are used to form highly stable
optical carrier oscillations and local local oscillations ;
3) modulation of optical carrier oscillations by high-
speed is carried out in the optical 1Q-modulator with
high position of modulation (not worse than QPSK ,
most often 16- or 32- QAM );

4) the formation of one or more modulated terahertz
signals is carried out by photodetection in the
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photodiode of the optical signal of local oscillations and
optical modulated or modulated oscillations, which are
shifted in frequency relative to the local oscillator
frequency by terahertz (usually not less than 75-100
GHz);

5) maximum range of the terahertz ultrs-high speed
radio link due to the limited energy potential of the
radio line does not exceed 20-40 m;

6) during the generation of multi-channel terahertz
radio signals for simultaneous transmission of several
ultra-high-speed streams it is hard to provide complete
identity the of these radio signals at output of the
terahertz transmitter in terms of their energy
parameters: output power and signal-to-noise ratio;

7) transmitting and receiving paths contain a significant
number of optical units (filters, dividers, polarizers,
phase shifters, etc. ).

Thus, the combination of the appropriate type of
coding and modulation in the terahertz range with
further improvement of the technique of generation,
transmission and reception of radio signals of the
terahertz range will further help to realize transmission
speeds at tens of Tbps. Also, studying the peculiarities
of the radio waves propagation in the terahertz range is
necessary for solving this problem.
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Aesoeenxo I'JI., Cnueka A.P., Juxuii O.1.

TeparepuoBi cucteMu 3B’sI3KY /IJIs IepeIaBAHHSI TeJI€Bi3iiHUX CUTHAJIIB BUCOKOI Ta HAJIBUCOKOI YiTKOCTI

IIpob6aemaTuka. Ilossa Bigeodopmaris HD i UHD i, sk Hacmimok, 3pocTaHHS 00CATIB HAKONMMYCHUX JAHUX MPH3BEIH JI0
OTpeOH OIBII BUCOKOT MIBUAKOCTI Mepenadi iH(opmarii mo 6e3apoToBuX cucTeMax 3B'a3Ky. Tepareprosuii miamason (TT'm)
9acTOT 33/I0BOJIbHSE OCHOBHHUM TEXHIKO-CKOHOMIUYHHMM IOKa3HWKaM JUIS BIIPOBA/UKCHHS MEPEX TeIeBi3iifHOrO MOBICHHS B
¢dopmari HD/UHD. V¥ miif cTaTTi aHANI3YIOTECS Cy9JacHi JOCATHEHHS y BIIPOBA/DKEHHI Ta PO3TOPTAHHI TEPareploOBUX CHCTEM
0e37JpOTOBOTO 3B’3Ky Ha OCHOBI (JOTOHHUX TEXHOJOTIH.

Meta gociimkeHn. Po3ris cydacHNX BapiaHTIB TEXHIYHOI peaii3alii mepemaBaJbHUX Ta MPUHMAIBHAX HPHCTPOIB UL
tpancisinii HD/UHD reneBi3iiiHux curHaiiB y mianasoni T

Metoauka peasnizanii. BuBueHHs 3anexxHOCTI mBUIKOCTI nepenadi Bigeonoroky HD/UHD wepes Ge3nporoBuit kaHai
3B’s3KY BiJl BIJICTaHI Ta SIKOCTI Mepeaadi.

Pe3yabTaTn focaixkens. Po3risiHyTO BapiaHT IMpaKTHYHOI peasti3amil MPOTOTHITY CHCTEMH Oe3IpOTOBOI Iepeiadi Bijieo 3
posainsHoto 3matHicTio UHD 8K mo Ttepareprosiii pamiominii B wactori 300 I'Tm Ta iHmIMX dYacToTax TepareproBOTO
Jiana3oHy. BigMIHHOIO OCOOJIMBICTIO CyYacHOTO HPHHMAIBHOTO IIPUCTPOIO BiJl BIJOMHX € BUKOPHCTAaHHS PE30HAHCHHX
tyHensHEX niomiB (RTD) sk meMomynsaToOpiB TepareploBOro CHTHATY, IO 3HAYHO CHPOIIye HPHHMANbHY YacTHHY
IIPOTIOHOBAHOT CHCTEMH 0e3/IpoTOBOI mepenadi. Takok MoKa3aHo, [0 OCHOBHOIO MPOOJIEMOIO P MOOYIOBI HepenaBaIbHUX
npuctpoiB y TI' miamasoHi € ¢opMyBaHHS BHCOKOCTaOiThHOTO KodMBaHHA TIIl HeCydoi IUIIXOM 3MIillyBaHHS ONTHYHHX
Hecydnx Ha (OTOMIONI, a TAaKOXX OTPUMAHHS BUXITHOI ITOTYXKHOCTI I[hOTO KOJHMBAHHS, JOCTaTHBOI Ui 3a0e3ledeHHS
HEOOX1THOT TaTbHOCTI MepeiaBanHs cucTeMoro nepeaadi TI' gianazony.

BucnoBku. [IpencraBieHo 0CHOBHI TeHJEHIIT Ta MiAX0AU 10 HOOYI0BU BUCOKOIIBHIKICHUX 0€3APOTOBUX KaHAJIB 3B 3Ky
THITy «TOYKa-Touka» B miamaszoHi TT'm mus mepemaui teneBisifinnx curHanis HD/UHD. Po3kpuTo npuHIMIHM Ta MiIXOIH 10
noOyZ0BH MpUIMaITbHO-TIEpealounx TpucTpoiB TI' diama3oHy, OCKUIbKM Il Jianma3oH € OJHHUM 13 HaHOUIbII
MePCIEKTHBHIX I PO3BUTKY O€3IpOTOBHX Mepex 31 MBUIKICTIO epenadi qaHux nonax 10 I'6it/c.

Kumrouosi cinoBa: Bucoka gitkicts (HD); nagsucoka witkicts (UHD); Bineonorik; TeneBi3iiiHa nepenaya; TepareproBHii
nianazoH (TT'n); pesonancuuii Tynensuuii niog (RTD).



