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Abstract. The results of the completed studies conducted by the author's team during the 25-year period the
possibilities of creating for the first time in Ukraine the real prerequisites for solving the fundamental problem of the
construction of digital telecommunication systems with the use of terahertz technologies are presented. The necessity of
the transition to the use of terahertz frequency range when deploying future telecom systems with ultrahigh bandwidth is
shown. The main factors that lead to the emergence of fading in radio relay communication lines are considered. It is
shown that in the terahertz range the greatest influence on the energy potential of the radio-relay lines is attenuating in
hydrometeors and gases. It is shown terahertz frequency range areas that are most suitable for use in radio relay
communication lines. The principles of formation of signal-code design are considered. Methods and new technical
solutions for choosing the type of signal construction are proposed in order to achieve the best performance in wireless
communication of in the terahertz range. The results of functional design, simulation and experimental research of the
receiving and transmitting paths of a telecommunication system with a gigabit throughput in the frequency range 130-
134 GHz are presented. A simplex digital radio relay system in the 130-134 GHz band prototype with digital modem was
designed. It provides channel throughput up to 1200 Mbit/s within 1 km. The concept of creating a software-defined radio
technology based on Wi-Fi, can be used in high-performance transport distribution networks of the next generation
mobile communications to ensure proper transmission speeds, reliability and security. Tests of transmission of digital
television standard DVB-C over the 130 GHz path were successful.

Keywords. terahertz technologies, telecommunication systems, radio relay system, digital modem, provides
channel throughput , signal-code design construction, frequency range 128 - 134 GHz, standard DVB-C.

Anomauyin. Hasedeno pesynomamu npogedenux asmopamu 6 25-piuHuil nepioo 3a8epuieHUx OO0CTIONCEHb
Modcnusocmenl cmeopents enepuie 8 Ykpaini peanvnux nepedymos supimenus QyHoamenmansHoi npoonemu nobyoosu
Yugpposux meneKoOMyHiKayitiHux cucmem 3 UKOPUCTNAHHAM mepazepyosux mexnonoziu. O6rpynmosano neooxionicmo
nepexooy 00 GUKOPUCHAHHI Mepazepyo8o2o OIand3oHy Yacmom Npu po32oPMAHHI MAUOYMHIX MeNeKOMYHIKAYIUHUX
cucmem HaA0BUCOKOI NPOnYcKHoi 30amuocmi. Posensinymo ocroewi pakmopu, wo npuzeo0same 00 6UHUKHEHHSL 3A8MUPAHb
6 padiopenetinux niniax 36 ’a3ky. Iloxkazano, wo 6 mepazepyosomy Oiana3oHi HAUOLTbWIULL 6NIUE HA eHepeemUYHUL
nomenyian paodiopeneiHux JiHII YUHAMb 3AMYXAHHA 6 2i0po Memeopax ma easzax. Budinewo Oinamxu uacmom
mepazepyo6o2o dianasony, AKi HaubOiibe 3a 8ce NPUOAmMHui ONid BUKOPUCAHHA 6 pAldiopenetiHux JIHIAX 38 A3K).
Po3zenanymo npunyunu gpopmysanis cueHanbHO-K00080i KOHCMPYKYIi, 3anponoHo8aHo cnocodu i H0Gi mexHiuHi piueHHs
0714 8UOOPY BUOY CUSHATLHOT KOHCINPYKYIT 3 MEMOI 00CACHEeHHA HAUKPAaujoi nponyCcKHOi 30amHOoCmi ma npoOyKMmMuHOCHi
6 Kauaui 38’A3Ky 0e3npoeo008oi 2ieabimuoi cucmemu nepedaui 8 mepazepyosomy oianasoui. Haseoeno pesyromamu
@PYHKYIOHANbHO20 NPOEKMYBAHHS, MOOENIO8AHHNS MA eKCNEPUMEHMANbHUX 00CTI0NHCEHb NPUUMATLHO20 | NEPedasaibHO20
mpaxmis menekoMyHiKayitHoi cucmemu 3 2icabimuoio nPonyCcKHoW cnpomodicrhicmio  oianazouni wacmom 130-134 I'Ty.
Bnepwe 6 npaxmuunomy niami npoeedeni 00CioNHcenHs 1abopamopHo20 3pazka Yu@poeoi cumMniekcHoi padiopeneinor
cucmemu mepazepyosoco Jlanazony 8 CKAadi NPUUMAbHO20 I RepedasaibHo20 padiompaxkmy 6 dianaszoni uacmom 130-
134 I'Ty i yugposozo modemy 3 NPORYCKHOW KAHAIbHOW 30amuicmio 0o 1200 M6im/c Ha OanvHicmb 38'a3Ky 6
HOpManbHux ymoeax 6 medxcax 1 xm. Iloxazano, wo 3anponoHo6ana meneKoOMYHIKayiiHa cucmema, AKa peanizye
KOHYenyilo CmMeopeHHs npoepamHo-8U3HAUeHUX padiocucmem Ha ocHosi mexnonozii Wi-Fi, modice sucoxonpoOoykmueHno
BUKOPUCIOBYBAMUCL 8 MPAHCNOPIMHUX PO3NOOLILYUX Mepedcax MOOIIbHO20 363Ky HACMYNHO20 NOKOMIMHA I3
3abe3neyeHHamM GIONOGIOHUX weUOKocmell nepedayi, HaoitiHocmi ma 3axuwyenocmi. JlocniodceHo napamempu
bazamokananbHoeo cucHany yu@posozo menebavenna cmanoapmy DVB-C npu iiozo nepedaui uepe3 maxem
NpUIIMATbHO-NepedasatbHo2o mpaxkmy oianaszony 1300 Ty.
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INTRODUCTION

One of the trends in the development of modern telecommunications is the usage of increasingly
high-frequency ranges. Since the early 1980’s and to date, the terahertz range, which roughly occupy
a band of radio frequencies from 0.1 to 3 THz (Figure 1), has attracted the attention of researchers.
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Figure 1 — Terahertz range in the electromagnetic spectrum

Terahertz range mastering contributed to development of semiconductor active elements for
generating and amplification at terahertz frequencies through the use of nanotechnology, and new
types of vacuum devices which operate in this frequency range.

The analysis of the activity of research and development focused in the field of terahertz
technology revealed more than 7389 patents and applications which were submitted in the period
from 1980 to 2017 years.

These data show that terahertz technologies are extremely broad prospects for application in
various fields, and the range of areas for THz technologies application constantly expanding. The
largest number of inventions were found in measurement technology, optics, telecommunications: a
series of patented solutions is aimed at creating compact generators and receivers of THz-radiation,
controlling devices of THz radiation (switches, modulators, phase shifters). Stable positive growth in
the number of patent applications in the research area indicates that explored topics are related to the
field of promising research.

One of the most promising areas of application of terahertz technologies in telecommunications
linked to modern trends of development of fifth generation mobile transport distribution networks,
control systems for military missions and combating terrorism which involve the exchange of large
amounts of data. Services of fiber optic networks provide multigigabit volume exchange in many
parts of the world. But modern telecommunications networks require similar facilities in locations
where fiber access does not exist. Satellites can provide communication in remote areas, but can not
fully provide the power necessary to maintain the volume of data.

This started the development of a new generation of compact wireless systems using terahertz
unlicensed frequency bands distinct from the licensed frequency bands traditionally involved to
transport stream transmission between macrocells.

Current trends of wireless data speed increase show that by 2020 the rate should be not less
than ten gigabits per second. This issue raises the question of availability of frequency range, capable
to meet the following requirements. The main feature is the increase of available bandwidth to several
tens of gigahertz. It’s realization at frequencies above 100 GHz and above 500 GHz fully is not
possible.

In recent years, several worldwide research groups have begun to explore wireless systems at
frequencies exceeding 100 GHz and above. An example is the program of Defense Advanced
Research Projects Agency (DARPA) to create technologies and devices THz communication.

One of the promising new directions of our work - the creation, development and
implementation of terahertz technology in telecommunications. Creating devices, systems and
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networks of THz band is able to radically change the principles and theoretical approaches to building
5G distribution transport networks of mobile communications and control systems for military
application. In addition, there are huge prospects for their use in other areas - from aerospace and
meteorology to medicine and safety.

For the first time in Ukraine In the 25-year period of was created a real precondition for solving
the fundamental problem of constructing a digital high-speed noise immune communication system
for wireless transmission of high-capacity data using terahertz technologies [23]. Cycle of the
research includes the following areas:

e study features of propagation of terahertz waves in the atmosphere

e implementation of the concept of software-defined radio system of terahertz range using
the technology of Wi-Fi.

¢ design of transmitting and receiving radio link, radio relay systems terahertz range

¢ the transmission of the signal to the DVB-C signal through the transmit-and-receive link
of the terahertz band

e simulation of ultra wideband pulse signals transmission in terahertz range.

1 RESEARCH OF THE PECULIARITIES OF TERAHERTZ WAVES
PROPAGATION IN THE ATMOSPHERE

For the effective development of THz telecommunication systems, the knowledge of the
mechanics of propagation terahertz waves in the atmosphere is extremely important, because they
allow the developer to assess the degree of implementation and reliability of radio system. However,
a careful study of these mechanisms has not been undertaken. Recent studies in this area were based
on consideration only of individual systems (e.g. wireless networks WLAN). It is therefore extremely
important in today's rapid development of equipment terahertz range of leading scientific and
technical schools in the world to conduct such research, the results of which could be used to develop
any wireless terahertz telecommunication system.

The above applies also to a higher range — the range of terahertz electromagnetic waves,
development tools and technologies effective use is to create future communication systems of ultra-
high-speed data that will be the basis for building 5G cellular networks.

Also is necessary to study the characteristics of terahertz waves propagation in the atmosphere
in a wide range of frequencies for future applicatiob of the results obtained in the design of effective
broadband telecommunication systems.

1.1 The features of terahertz waves propagation in the atmosphere

The authors conducted an analysis showed that in the frequency range of 30-300 GHz from
known types of fading (refractive fading due to shielding effects of interferences, refractive fading of
interference type, interference fading due to reflection from the heterogeneities of the troposphere
layers, fading due to the shielding effect of the heterogeneities of the atmosphere layers, fading due
to the effect aerial direction diagrams (for the terahertz range it is the inaccuracy of tuning the
antennas, as well as the wind load on the antenna of the support), fading due to the relaxation of the
radio signal by hydrometeors (rain, dry and wet snow, hail, fog, clouds), signal fading due to
absorption in gases, fading signal in sand and dust storms), the most significant influence in the design
are:

— fading due to signal attenuation by hydrometeors;
— signal fading due to absorption in gases (primarily water vapor and molecular oxygen);
— fading due to exposure antenna patterns.

Microwave links work at such high frequencies (especially in the terahertz range) due to high
directivity antennas corresponding stations allows practically not consider interference of
electromagnetic waves reflected from obstacles in the area of signal propagation, which occurs
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especially in the urban environment. The calculated value of the first Fresnel zone maximum radius
at the center of the track with length of 5 km equals to 2.3 m at a frequency of 140 GHz and will not
exceed 1.6 m at a frequency of 300 GHz and therefore it gives the right not to consider refraction
interference and fading when calculating the energy budget digital microwave links terahertz range
that are planned.

1.2 Attenuation of terahertz waves due to absorption of radio signal in gases

Attenuation terahertz waves in the atmosphere up to 300 GHz frequency occurs mainly due to
the presence of oxygen in the air and water vapor. Other gases are making little contribution to the
attenuation value of terahertz waves. In Figure 2 depicts the results of the study the dependence of
the attenuation of radio frequency, conducted in 1996 by the International Telecommunication Union
(ITU) under normal atmospheric parameters (temperature 15 C° 101.3 kPa pressure and water vapor
density of 7.5 g/mq) in close proximity to the Earth. One curve investigated the effects of oxygen (O:
curve — dry air), the other — the influence of water vapor.
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Figure 3 — Dependence of attenuation of frequencies with regard to rain

The results indicated that the attenuation peaks due to resonant interaction of radio waves with
a molecule of oxygen formed in the band 50-70 GHz with a maximum frequency of 60 GHz and 118
GHz frequency. Peaks attenuation due to the interaction of electric moment of water and radio waves
formed at a frequency of 22.2 GHz and 183 GHz frequency. At other frequencies observed lower
attenuation values, the range between the peaks and named radio windows. In other words, selecting
frequencies that are located in radio windows can significantly reduce the impact of atmospheric
parameters on radio line.

1.3 Attenuation of terahertz waves due to the relaxation of radio signals by hydrometeors

Hydrometeors (precipitation) — is water in liquid or solid form, that fall down from clouds or
directly from the air on the Earth's surface and objects. With clouds fall: rain, mist, snow, wet snow,
cereals, hail, ice rain. From the air are: liquid raid, frost, a solid raid, hoarfrost.

Linear attenuation in the rain y, (dB/km) is defined by rain intensity R (mm/h) and calculated
by the following formula:
yg =aR". (1)
The coefficients a and b depend on the size distribution of water droplets. The presented models
are discussed in more detail in Recommendation P.838 ITU-R.

Results computing coefficients of different intensities of rain (2.5 mm/year — light rain, 12.5
mm/hr. — moderate rain, 50 mm/hr. — showers) at 20 ° C, which are made on the basis of the proposed
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new functions distribution, taking into account the presence of small raindrops and experimental data
sources are presented in the table 1.

Attenuation terahertz waves in dry snow is small. Several times increases the value of
attenuation in wet snow or rain the same intensity. For comparison, experiments have shown that the
frequency of 88 GHz at a distance of 1.4 km attenuation in dry snow was only 1 dB, while the wet
attenuation are equal to 20 dB. The conclusion is: the contribution of snow compared with the same
intensity rain negligibly small.

In the case of fog, which is characterized by a drop of water is a diameter of 0.1 mm or less,
which are concentrated in a limited space and distributed by Rayleigh law, damping terahertz wave
to pass 300 GHz are minor.

Table 1 — Ratio weakening y (dB/km) for the different parameters of the atmosphere

Radio signal Frequency, GHz
Type of atmosphere

30 60 90 120 140 165 | 250 | 300
1 |Rain weak (1 +5 mm/h) 0.9 2.1 3.4 4.7 54 71 |98 | 143
2 | Moderate rain (5 + 20 mm/h) 3.5 8.0 9.5 13.2 | 151 | 183 |275| 33.6
3 | Strong rain (20 + 40 mm/hour) 7.0 140 | 152 | 163 | 170 | 20.2 |30.5| 423
4 |Torrential rain (40 + 100 mm/hour) 170 | 280 | 30.6 | 333 | 350 | 38.7 |45.0| 53.2
5 | Dry snow (10 mm/hour) 006 | 013 | 021 | 0.28 | 0.32 | 041 | 059 | 0.74
6 | Wetsnow (10 mm/hour) 1.7 4.9 7.7 10.7 | 124 | 153 |22.8| 28.7
7 |Cumulus clouds strong (1.2 g/mq) 35 8.0 95 129 | 151 | 189 |275]| 33.2
8 | Gas (oxygen) - 15.0 | 0.05 1.8 0.5 0.02 |0.02| 0.03
9 | The gas (water vapor) 0.07 0.1 0.2 0.5 0.8 2 25 | 55

Based on the results of the research can be considered the most suitable and promising in the
design of high-speed UWB wireless telecommunication systems are frequency bands of 110-150
GHz 220-270 GHz because it’s possible to use a 40-50 GHz frequency band in order to significantly
increase information capacity, increasing stealth and protection against detection and unauthorized
access of transmitted information.

2 IMPLEMENTATION OF THE CONCEPT OF SOFTWARE-DEFINED RADIO
IN TERAHERTZ RANGE USING WI-FI TECHNOLOGY

Among modern trends infocommunications nowadays dominated areas such as 5G, cognitive
networks, big-data, optical network, green-communications, telecommunication systems terahertz
range, distribution transportation mobile network and so on.

Construction of a significant part of wireless devices within these trends is based on the concept
SDR- Software-defined radio. Currently known examples of implementing the concept of SDR is a
unit for networks GSM, UMTS, Wi-Fi, WIMAX, etc.

The task of any telecommunication system is to achieve, within the resources allocated channel,
high speed and reliability required information transfer. One of the known means of implementation
of this task is to appeal to multiposition types of modulation and noise immunity coding. The
combination of a certain type of multi-modulation and noise-immunity coding of certain parameters
called code-signal design (CSD).

If the communication device selects an appropriate structure CSD automatically with the
appropriate program and algorithm should be considered a relevant concept device SDR. Description
appropriate for this criteria and algorithms and implementing the concept of software-defined radio
terahertz range of technology-based Wi-Fi.
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2.1 An example of implementing the concept of SDR in gigabit modem
of telecommunications system in terahertz range

In order to implement the concept of SDR in the terahertz range telecommunication system
based on Wi-Fi technology we created a gigabit modem G1, which can be used to connect
geographically separated network Ethernet segments, Ethernet 10/100/1000-BaseTx. Functional
Gigabit modem circuit G1 is presented on Figure 4.
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Figure 4 — Gigabit Modem Functional diagram

Key components of Gigabit Modem — channel 1 and 2 routers and router group. The input
stream is automatically distributed to all the channels and further processed to form the radio spectrum
in the microwave bandwidth channel.

Gigabit Modem G1 (Figure 4) made in the metal housing allows to install it in a RackMount
rack or use desktop location.
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Figure 4 — Photo of Gigabit Modem G1 testbed
Main modem specifications presented in Table 2 and 3.
Table 2 — General Gigabit Modem Specifications
Name Value

Supply voltage, 220

Interface of control modulation-demodulation Ethernet 10/100 Base-Tx, RJ-45 connector

mode

Router management interface Ethernet 10/100/1000 Base-T, RJ-45 connector
data interface Ethernet 10/100/1000 Base-T, RJ-45 connector
IF interface link Coaxial, 50 Om link, N-type optional board
The central link IF frequency, MHz 2400

Bandwidth occupied by the modulated signal 40

at maximum capacity, MHz, not greater than

modulation QAM-64

Signal IF output modulator dBm 0 ..-3

The sensitivity of the input IF demodulator

dBm - 70

The maximum allowable level of the IF

signal at the input of the demodulator, dBm, — 45

not greater than

Weight modem kg, max 4

Test results of Gigabit modem G1 speed characteristics are given in Table 3.
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Table 3 — Results of testing high-speed performance of Gigabit modem G1

Appropriate | Number Duplex One Total Operational Total
router of mode direction bitrate transmission/ operational
dual channel for reception capacity
stream capacity two capacity (Mbit/s)
channels (Mbit/s) directions (Mbit/s)
(Mbit/s)
rb450g 1 RX 150 116
rb450g 1 ™ 150 116
rb450g 1 FD 150 300 85 170
rb450g 2 FD 300 600 155 310
rb750 2 FD 300 600 155 310
rb750 2 HD 300 195
rb450g 2 RX 300 215
rb450g 2 ™ 300 225
rb450g 4 FD 600 1200 335 670
rb750 4 FD 600 1200 335 670
rb450g 4 HD 600 415
rb450 4 HD 600 370

Management of each of the two channel routers by using tools WinBox — connectors X3, X5

“CONTROL MODEM?” (Figure 4).

Intermediate frequency signal channel router receives the output connector X1 (Figure 4). The
output signal of intermediate frequency channel routers - Connector X1 (type «N») is connected
directly to the input of intermediate frequency transmitting unit terahertz range. Similarly configured
path intermediate frequency signal input from the receiving unit terahertz range (connector X2). To
connect to the network Ethernet, and router control group used both direct and cross UTP cable
connector X4. To ensure the channel speed of 1.2 Gb/s radio link terahertz range [18-24] applied 8
transceiver Wi-Fi standard 802.11n in the range of 2,1-2,7 GHz band of 40 MHz each with channel

speed 150 Mbit/s (Figure 5 and 6).

h

2202-2662 MHz

2222 MHz

2282 MHz

2342 MHz

2402 MHz

2642 MHz

The modem uses the "dual stream” mode on the Mikrotik hardware, which uses two R52n-M
receivers for one duplex radio channel, one for reception, and another for transmission. To achieve a
total channel speed of 1.2 Gbit/s, four duplex channels of 150 Mbps in each direction are offered.
When forming the dual stream channels which is necessary for the organization of duplex channels

14

60 MHz

20 IMHz

Figure 5 — Frequency Plan of Gigabit Modem




HMU®POBI TEXHOJIOTII, Ne 27, 2020

and increasing the efficiency of each channel, Mikrotik RB800 routers are used with four mini-PCI
slots with installed Mikrotik R52n M. The access to each radio channel is provided by a separate
Ethernet interface of the RB800 router.
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Figure 6 — Frequency response of 4-channel duplex communication channel

To combine all channels, the Mikrotik RB1100HxX2 router is used, which provides a single
interface for external connection. This configuration of the modem provides high performance and
claimed characteristics, while having a relatively low cost of building a gigabit modem. It is also
possible to increase the channel speed of the gigabit modem to 1.2 Gb/s in each direction in case of
doubling the number of kits of routers RB800 and transceivers Mikrotik R52n-M.

To issue an external 600 Mb/s aggregated channel, you must replace the RB750 Group Router
with a router with a bandwidth of 1 Gbit/s or more, such as the RB450G or RB1100Hx2 provided by
the modem design.

On the basis of gigabit modem G1 with set transceivers Mikrotik R52n-M and developed
transmission and reception paths [25] using Wi-Fi technology, a gigabit system based on Wi-Fi
technology in the range 130-134 GHz with the achievement of channel speed up to 1, 2 GBI/s.

Hence such conclusions follow.

1 The principles of formation of code-signal design (CSD) for modern infocommunication
systems are considered. The methods and new technical solutions for choosing the type of signal
construction are proposed in order to achieve the best bandwidth and performance in the wireless
communication transmission channel, where the indicator is the ratio of the signal level to the noise
level at the receiver input

2 Shown gains in resource use link using CSD signal based on higher order structures and
effective noise immunity block LDPC codes. Considered CSD and indicators and criteria
recommended in the 802.11/n to select CSD - namely, the signal level at the receiver input. A measure
of resource efficiency for selecting CSD - namely, information efficiency, showing the efficiency of
resources such link as power, frequency, and time.

3 It was determined that the level of the signal at the receiver input, types of CSD and the
resulting data rate PVVR in the MikroTik's equipment fully meets standards 802.11a/n.

4 An example of a technical solution that reveals the great potential protocol 802.11n, is
proposed terahertz range telecommunication system. Due to the transition to the terahertz range
between 100 GHz and above, it was possible to use wide bandwidth for transmission of information
order of hundreds of MHz and GHz, and as a result — reach ultra-high transfer speeds.
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3 DESIGNING TRANSMITTING AND RECEIVING RADIO LINK
FOR RADIO RELAY SYSTEMS OF TERAHERTZ RANGE

3.1 The block diagram of the transmission and receiving link

The key elements of the radio relay system of the terahertz range are radio-electronic receiving
and transmitting devices capable of generating and transmitting the required power for this frequency
range modulated signals at a speed of 1 Gbit/s and receiving signals with acceptable high sensitivity.

Transmitter (Figure 7) and receiver (Figure 8) tracks constitute an analog (linear) part of the
radio relay system. These tracks are built according to the heterodyne scheme and provide signaling
on the track in the terahertz frequency range within the range of 130-134 GHz. The range of
intermediate frequencies is 2-4 GHz. The block diagram of the transmission path is shown in Figure
1 and contains the following functional nodes: an intermediate frequency amplifier (IFA) (if
necessary); frequency up converter; oscillator; band-pass filter (BPF); output power amplifier (PA)
(with the possibility of purchasing components); transmitting antenna.

Transmitting

Amplifier
Up convertor Ba{;ﬂg?ss P antenna
---::::-----..: 'r -
S ﬂ P, /¥$ W
"""" X
------------ -

Heterodyne

Figure 7— Block diagram of the transmission link

At the input of the transmission path, the signal is received from the group radio signal
generator, and if the power of this signal is sufficient to obtain the desired signal level at the output
of the converter, the scheme does not require the use of PPC.

The block diagram of the receiving path is shown in Figure 8 and consists of the following
nodes: receiving antenna; Input low noise amplifier (IBC) (with the possibility of purchasing
components); strip-pass filter; mixer; oscillator; intermediate frequency amplifier.

Transmitting

Down Bandpass Amplifier antenna
convertor filter

~

o
= et
= e*
S

Heterodyne

Figure 8 — The block diagram of the receiving link

The implementation of a low noise amplifier at the entrance to the receiving path is the same
problem as with the power amplifier at the output of the transmitter.
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3.2 Modeling and development of functional nodes of the receiving and transmitting link
3.2.1  Frequency signal transducers

Frequency converter up and mixer operating in different modes and different functions, but
have the same uniform scheme and design.

Converters have been built based on gallium-arsenide OEM Schottky diodes with beam
terminals domestic production (NPP “Saturn”). These diodes cutoff frequency of 2.5 GHz, which
allows them to work at least in the lower terahertz range. For electrical and design parameters
developed diodes, which are not inferior to foreign analogues modern, such as gallium-arsenide diode
made by Hewlett Packard.

To implement subharmonic converter circuit with pumping at half the frequency as nonlinear
element used included two back-to-parallel Schottky diodes. Such forms include N-prominent
resultant voltage characteristic symmetrical about the origin. This fact leads to modify the nonlinear
element with a frequency greater than twice the frequency of the oscillator. Structural and
constructive converter circuit shown in Figure 9.

The design of the converter contains two waveguide paths, connected by a symmetrical strip
line, on which a pair of non-housing Schottky diodes are mounted. The diodes are selected according
to the parameters in order to ensure the symmetry of the resulting voltage-current characteristic for
qualitatively reducing the intensity of the odd harmonics of the heterodyne frequency.

Waveguide link of the channel section 1,6*0,8 mm chain is part of a high-frequency signal.
This waveguide channel is transcendent for heterodyne and IF frequencies.

Heterodyne Qe— Filter
y of heterodyne

HPF IPF
filter filter

HF O—— —OIF

Schottky diodes

a)
o Schottky A Y Polyamide
.Jl_r diodes | h Il ,- film
¥ | —IF
7000007, 7% /WA
t ¥ : t vV
HPF Heterodyne
A-A
g y
fos
< 0'8 >
0)

Figure 9 — Structural (a) and constructive (b) circuit of the converter
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The signal of the heterodyne enters the diodes through a waveguide channel with a cross section
of 3.6x1.8 mm. The channel is extraterrestrial for the IF signal, and the localization of the heterodyne
from the RF signal provides a low pass filter (LPF) with a cutoff frequency of 67 GHz, executed on
the strip line area between the waveguide channels.

The signal circuit of the IF is fully implemented on a symmetrical strip with a hanging lining.
As a substrate, a polyimide film with a thickness of 30 um, suspended in a rectangular channel by a
cross section of 0,8x0,4 mm, prevents the occurrence of higher waveguide modes. The output LPF
in the IF circuit with a cutoff frequency of 30 GHz prevents the signals of the heterodyne and the RF
from penetrating into the path of the intermediate frequency. Short-circuit pistons in waveguide
channels allow you to adjust the corresponding circuit of the converters.

Figure 10 shows the design of the frequency converter (mixer) with the removed upper part.

The diodes with beam terminals include a strip line with electrically conductive adhesive. In
the photo (Figure 10) there are no short-acting pistons. The design of the mixer contains in its
composition a preliminary amplifier of the signal of an intermediate frequency. At the output of the
IF circuit, the SMA connector of the instrument type is used. The power of the heterodyne, which is
required for the normal operation of the mixer, did not exceed 15 mW. The measured value of
transformation losses is —11 dB, which corresponds to the best achievements of foreign analogues.

pre-amplifier diodes

2 HF
IPF Schottky 1

MU bt WS S ST

Figure 10 — Design of the frequency converter

3.2.2 High-frequency amplifier

Power Amplifier (PA) into transmitter output and low noise amplifier (LNA) at the receiver
input are the functional units mainly determine the energy potential of the system.

Problems of realization of amplifiers in the terahertz range due to high operating frequencies.
Advances semiconductor technology in recent years and the establishment of appropriate components
offer prospects for the realization of high-quality amplifiers. Created a low noise amplifier 3 mm
wavelength range is realized on the monolithic chip PIn in the frequency range 87-100 GHz while
providing signal amplification to 27 dB and noise figure of 5.5 dB. The appearance of this amplifier
Is shown in Figure 11.

Figure 11 — Exterior amplifier 3 mm wavelength range
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There are laboratory development of PA and LNA up to 300 GHz. In the coming years, the
emergence of commercial amplifying chips throughout the millimeter range, which will become a
real base for the construction of amplifiers in the terahertz range. Using these amplifiers in the
receiver-transmitter circuit will provide reliable and high-quality transmission of the information
signal over long distances.

3.2.3 Heterodyne

Heterodyne is the most complex device in the development of digital telecommunication
systems in the terahertz frequency range. This is explained by the difficulty in achieving a sufficient
level of power at rather high frequencies, and the need to ensure high stability of the heterodyne and
low level of its phase noise.

The subharmonic circuit of frequency converters allows you to reduce the required heterodyne
frequency, which somewhat facilitates the development of the heterodyne circuit, but there are
stringent requirements for the stability of the heterodyne and the level of phase noise, especially in
digital data transmission systems with complex types of modulation.

For the digital radio relay system of the frequency range 130-134 GHz, the chain of the
heterodyne was designed for a frequency of 64.8 GHz. The construction of a heterodyne is based on
the use of a highly stable quartz oscillator with a subsequent chain of multiplication and amplification
stages. The gain level was set so as to provide the optimal mode of operation of multiplying cascades
and the required power at the output of the heterodyne.

This principle of constructing a heterodyne is much cheaper than developing a frequency
synthesizer, and filtering a signal after each multiplication stage eliminates the presence of parasitic
harmonics and combinational frequencies. The block diagram of the heterodyne circuit is shown in
Figure 12.

100 MHz 900 MHz 18 dB 900 MHz
8dB. 8.1 GHz 2.7 GHz 20 dB 2.7 GHz
X3 ’_‘\\..rl'
s A<
LTy, TR
C ot~ A I— ——————————————————————— —
8dB i 32.4GHz. 16 dB I
| |
""'M....f ] E
ot v e «2 [0 &3
| | X 0
I I 3
e L B P S S L L S 4 Jd

Figure 12 — Block diagram of the heterodyne circuit

A quartz oscillator of 100 MHz type CCHD-950X-25-100 from Crystek Crystals was used as
a presenter with a phase noise level not higher than 143 dB when rebuilt from a central frequency of
1 kHz. Parameters of the generator that defines the main and determine the stability of the frequency
and phase noise of the heterodyne.

The peculiarity of this scheme is that the first multiplication cascade made on the transistor
allows one to immediately use the ninth harmonic of the frequency of the oscillating generator,
namely, from 900 MHz. The signal with this frequency is amplified by 18 dB with the chip SPF5043Z
and is selected by FAR-F5KA-897M50 type surface acoustic wave (SAW) filters.
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Further increase of frequency to 8.1 GHz is carried out by two cascades of torusers. The first
cascade in relation to the original 2.7 GHz is built on the transistor, and the second with an output
frequency of 8.1 GHz on a monolithic chip HMC916LP3. At 2.7 GHz, the signal is amplified by 20
dB with the help of the TQP3M9008 chip and its filtration with the filters of the upper and lower
frequencies (HF and LPF) on the lumped elements, as well as the strip pass filter (SPF) at the output
of the amplifier. SPF is performed on semi-wavelength resonators on a duroid substrate (RT/Duroid
5880) with a thickness of 0.25 mm.

At 8.1 GHz, the signal is amplified by two cascades of NLB 300 chips and its filtration using
LPF and HF on the lumped elements, as well as LFP made on semi wavelength elements on a 0.125
mm thick duroid lining. The results of this filter are shown in Figure 13.
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Figure 13 — The calculated frequency response and SFR of filter at 8.1 GHz

Installation of the elements of the described part of the chain of the heterodyne is shown in
Figure 14. On the opposite side of the case is mounted a quartz oscillator with power supply circuits
(Figure 15).

Reference

clock
Figure 14 — Installation of the elements Figure 15 — The assigning oscillator is mounted on
of the input part of the multiplication the reverse side of the housing of the local oscillator

circuit in the housing of the heterodyne

After each multiplication stage, the quality of the signal was checked at an adequate level of
power, the absence of adjacent parasitic harmonics and low level of phase noise. For example, in
Figure 16 shows the measured signal spectrum at the output of the multiplication module in the
frequency region of 8.1 GHz.

From Figure 16 it is seen that near the output signal with a frequency of 8.1 GHz there are no
noticeable parasitic harmonics of the assigning oscillator, and the second harmonic of the output
signal with a frequency of 16.2 GHz is attenuated by more than 40 dB. The output power is 7 mW,
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and the phase noise level does not exceed 107 dB when rebuilt from the center frequency of 100 kHz
and 94 dB at rebuilding at 10 kHz.

The signal with a frequency of 8.1 GHz and a power of 11 dBm is supplied to the output more
high frequency cascades of the heterodyne circuit, mounted in a separate housing, which, in turn, is
built into the general housing of the heterodyne. The design of the source part of the heterodyne is
shown in Figure 17.
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Figure 16 — Spectrum of the signal of the Figure 17 — Construction of the output stages of
heterodyne circuit in the frequency region of  the heterodyne
8.1 GHz (spectrum on the screen 19 GHz)

The design contains a frequency multiplier of four, SPF at a frequency of 32.4 GHz, an
amplifying cascade at this frequency, an output frequency doubler and a transition from a microstrip
line to a waveguide channel with a cross section of 7.2 x 3.4 mm. Multipliers and amplifiers are built
on the basis of corps monolithic chips. As a multiplier for four used chip CHX2092, the amplifier is
based on chip CHA3093, and the output dual is built on chip CHX2192.

Monolithic microcircuits of multipliers and signal amplifiers are included in the microstrip line
on a dyroid substrate with a thickness of 0.125 mm. A waveguide-microstrip transition is performed
on this substrate.

Semi-resonant microstrip SPF is developed on a polycortic substrate with a thickness of
0.2 mm. For better matching of the filter with chips, fixed 3 dB absorbing attenuators are used in the
form of chips included on both sides of the SPF. The measured AFC of the filter is shown in Figure
18. The appearance of the heterodyne in the housing is shown in Figure 19.

Measured values of the output power of the heterodyne for receiving and transmitting channels
exceeded 15 mW, which is quite sufficient for the normal operation of the frequency converters of
the receiving and transmitting paths.

Thus, as a result of the research carried out, a heterodyne was designed, manufactured and
tested, which according to its indicators, in particular, in terms of output power, is not inferior to
foreign analogues.

3.2.4 Intermediate frequency amplifier

An intermediate frequency amplifier circuit (IFA) includes a pre-amplifier built on the
TQP3M9037 chip, as well as a main amplifier, developed on the basis of the transistor FPD6836P70
and chips HMC313. In addition to amplifying chips, the IFA scheme contains monolithic ceramic
filters of the upper and lower frequencies for forming the required bandwidth of the intermediate
frequency path, a resistive attenuator for matching the output filter with the transmission line, as well
as secondary power supplies that form the stabilized voltage for the chips
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B

Figure 18 — Frequency response of the Figure 19 — Appearance of the heterodyne
filter at frequency of 32.4 GHz

The pre-amplifier is constructively integrated with the mixer to minimize the loss of a weak
signal before gaining. The noise temperature of this amplifier is about 50 K and largely determines
the sensitivity of the entire receiver. This is where the main signal strength is made. The full IFA gain
is 47 dB.

3.2.5 High frequency bandpass filter

High-frequency bandpass filters (BPF) at the output of the transmitter and the input of the
receiving link should provide a solution to the signals of the data paths, as well as sufficient
suppression of the mirror channels and the signals of the heterodyne. The low magnitude of the
intermediate frequency (Fpc = 2 ... 2.5 GHz) results in tight requirements for high-frequency SPFs
on selectivity. The most suitable in the 2 mm wavelength range is, in terms of low losses and high
selectivity, there are wave septum filters. This filter was developed as part of this project.

Structurally, the filter is a thin metal plate inserted into the E plane of the waveguide channel.
The plate contains resonant windows, the relationship between which is determined by the width of
their separating strips. A six-cavity filter was selected to provide sufficient selectivity. Calculated
dimensions of the lamellar insert with resonant windows are shown in Figure 20. Figure 21 shows
the calculated S-parameters of the six-resonator SPF, and also shows the measured frequency
response of the manufactured filter

Dimensions (mm) of six resonator metal plate 0
Center frequency: 133 GHz
Bandwidth: 4 GHz -10

Waveguide width: 1.8 mm
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Figure 20 — Configuration and dimensions of  Figure 21 — Calculated S-parameters and
the metal insert mounted in the E-plane of the measured frequency response of septum filter
waveguide channel
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The experimental results that we obtain show that the filter meets the requirements of
selectivity, in order to ensure sufficient (by 20 dB) suppression of the mirror channel and the second
harmonic of the signal of the heterodyne (129.6 GHz).

The filter loss in the terahertz frequency range of the transmitter does not exceed 4 dB, which
Is a satisfactory result for such high frequencies. The unevenness of the frequency response on a flat
part does not exceed 2 dB.

3.2.6 Conical horn antenna

Both the transmission and the receiving tracks used a conical horn antenna with a dielectric lens
concentrator. Antenna design is shown in Figure 22.

24 277

Sfluoroplastic lens

@ 245

20

Figure 22 — Design of the horn antenna

In addition to the conical speaker, the construction contains a transition from a round waveguide
to a rectangular with a cross section of 7.2x3.4 mm. An antenna connection with the transmitter or
receiver path was carried out using a waveguide transition with a cross section of 7.2x3.4 mm at a
cross section of 1.6x0.8 mm. The antenna's aperture is 245 mm. As a concentrator used fluoroplastic
lens.

The calculations give the following characteristics of the antenna:

— Range of operating frequencies 130-134 GHz;

— Input waveguide channel with a cross section of 1.6x0.8 mm? (A =2 mm);

—  Gain factor not less than 47 dB;

—  The width of the direction diagram is not more than 0.60;

— SWRinput in the range of 1.15.

3.2.7 Research and testing of the 130-134 GHz terahertz range wireless communication

Based on the developed functional nodes described above, the reception and transmission tracks
of the radio relay system were constructed. Receiver and transmitter systems have the same
constructive construction. The modular execution of individual nodes with maximum use of
monolithic chips ensures compact design, as well as the convenience of its assembly and installation,
as shown in Figure 23.

The links have a coaxial input (output) with SMA connectors at intermediate frequencies, and
a waveguide input (output) in the channel of 1.6x0.8 mm? at terahertz frequencies. The appearance
of the receiving (transmitting) path is shown in Figure 24.
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Figure 23 — Location of nodes as part of the ~ Figure 24 — Appearance of the receiving
receiving (transmitting) link (transmittina) link

In order to ensure the qualitative work of the receiver and transmitter, secondary power sources
were developed that form the necessary high voltage voltages for all nodes of the link.

The measured transverse frequency response of the transmission coefficient K( f ) is shown in

Figure 25. As seen from the measured frequency dependence K(f) , the receiving and transmitting

path of the terahertz range has a total transmittance of not less than 18 dB, while the unevenness of
the transmission coefficient in the operating frequency range does not exceed 3 dB.

Experimental investigations of the transmission coefficient of the transmission and
transmission link of the radio relay system as a whole were carried out (Figure 26).

. - -
Nl

21dB

18 dB

2.0 GHz 2.7 GHz
Figure 25 — Intersecting frequency response  Figure 26 — Appearance of the receiving
of transmission coefficient of the (transmittina) link

transmission and transmission path

In addition, experimental research of the laboratory sample of the digital simplex radio-relay
system of the terahertz range (Figure 27) was carried out consisting of: receiving and transmitting
radio links in the range of frequencies 130-134 GHz, digital modems
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Transmitter
Personal computer

Antenna

Figure 27 — Appearance of the laboratory sample of the digital simplex
radio-relay system of the terahertz range

The system test was conducted in accordance with the scheme shown in Figure 28.

L 130...134 GHz
Desktop | | Modem |Tx | Transmitting
- 7 - .
PC Nel Ne1 2.172..2.527 GHz link
ARX
Attenuator
Tx
Desktop > Modem _E\" o Receiving
PC Ngz Ngz 2.172..2.527 GHz hnk 130134 GHZ

Figure 28 — Scheme of the tested telecommunication system
Experimental research of links of relay system showed the following values of key indicators
in the operating frequency range:
— Noise temperature of the receiving link T =5000 K ;
— Output power of the transmission path P, =40 mW .

The following results are obtained:

— Bandwidth up to 1200 Mbps.

—  The value of the probable bit errors of BER is no more than 10°6.
— Range of communication in normal conditions within 1 km.

—  The gain of the system is 50 dB.

— Modulation type — QAM-64.

Such conclusions can be made.

The parameters of the main nodes of the transmission and transmission path of the radio relay
system in the frequency range 130134 GHz are determined and substantiated. The structural scheme
of the radio relay line in the terahertz range with a bandwidth of up to 2.4 Gbit/s has been developed
and the calculated characteristics of its transmission and receive link are investigated.

On the basis of the synthesis of results, analysis of the existing electronic element base and
theoretical studies, the design of the main nodes and the entire receiving and transmitting path of a
telecommunication system with a gigabit bandwidth in the frequency range 130-134 GHz, consisting
of: subharmonic pump frequency converters, using highly stable quasar generator with the following
chain of multiplication and amplification cascades, a band-pass filter using a thin m plates, hand in
the E plane waveguide channel 1.6-0.8 mm.
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For the first time in practical terms, the main nodes of the transmission and transmission path
have been manufactured and experimental research of the laboratory sample of the digital simplex
and radiolabeled system of the terahertz range in the composition of the receiving and transmitting
radio in the frequency range of 130-134 GHz and a digital modem with bandwidth up to 1200 Mbps
has been carried out.

Created transmission and reception radio links of the terahertz range can be used for the
construction of telecommunication systems and networks, including radio relay systems of direct
visibility for next-generation mobile communications networks. Providing the bandwidth of the radio
link of tens Gbps and more that is needed in the future may be due to the use of the terahertz
wavelength range, where high transmission speeds can be provided, as well as the high reliability of
the radio link at a fairly small weight and the dimensions of the receiver- transmission path and
antenna system.

4 RESEARCH OF TRANSMISSION OF TELEVISION SIGNALS OF THE DVB-C
STANDARD ON TRANSCEIVING LINK OF TERAHERTZ RANGE

Investigation of DVB-C multichannel digital signal parameters change during transmission
through a 130 GHz transmission and transmission path model. The DVB-C standard for research was
selected through the possibility of generating signals with different modulation positions (from QAM-
64 to QAM-256), which made it possible to investigate the effect of the parameters of the individual
nodes on the parameters of the signals transmitted through it.

For the study, an experimental installation, consisting of a transceiver, a DVB-C subsystem for
DVB-C signaling subsystem, DVB-C standard signal measurement subsystem, was collected. The
research was carried out in stages: one-channel, two channel and three-channel DVB-C signals were
used.

The results of the study showed that the use of the lower part of the terahertz frequency band
(130 GHz) with a band of 24 MHz allows the transmission of three DVB-C broadcast TV channels
with a total traffic flow rate of 125 at a transceiver having a common heterodyne for the transmission
and reception channel, MBit/s with high subjective quality of playback of all TV programs.

The purpose of this work is to study the change of parameters of the multichannel digital signal
DVB-C standard when it is transmitted through the layout of the transmission and transmission path
of 130 GHz. The DVB-C standard for research was selected through the possibility of generating
signals with different modulation positions (from QAM-64 to QAM-256), which made it possible to
investigate the effect of the parameters of the individual nodes on the parameters of the signals
transmitted through it.

In order to study the change in the parameters of DVB-C multichannel digital TV signals during
their transmission over the terahertz-band transmission and transmission path, an experimental
installation, the structural scheme of which is shown in Figure 29, was collected. As can be seen from
Figure 29, measurements of DVB-C signal parameters were performed at the input of the transmitter's
path and at the output of the terahertz receiver's path. In this case, the output of the transmitter is
connected to the receiver input by the waveguide line.

At all stages of the study the following measuring equipment was used
e ST-2 ROVER digital TV signal analyzer;

e Homecast Digital TV Receiver to the DVB-C standard connected to the Samsung TV. The
receiver was used to determine the quality parameter of the DVB-C signal (Quality) in the relative
percentage scale on the transmitter input and the terahertz range receiver output;

e Tuner of terrestrial and cable digital TV QBox TBS5880, which is connected to a computer
via USB-cable. The tuner is designed to image signal constellation and numerical indicators of quality
demodulation/decoding television signals of standard DVB-C transmitter at the input and output of
the receiver path terahertz range
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The simplified structural scheme of the terahertz range transceiver and its photo are shown in

- DVB-S signals 0,95-2,15 GHz DVB-S
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Figure 29 — The block diagram of the experimental setup for research
of DVB-C multichannel digital signals

Figure 30 and Figure 31.

The ST-2 ROVER signal analyzer allows you to measure the following signal parameters of
the DVB-C standard at the input of the transmitter and the receiver output of the terahertz range:

It should be noted that since the ROVER ST-2 signal analyzer works in emulation mode, it
outputs a signal strength value of 15 dB lower than the value obtained with the TBS5880 tuner.

Signal level (LEV)

the ratio of the power of the non-volatile oscillation to the noise power (C/N), dB;

, dBm;

reserve of noise immunity (N. MAR), dB;
coefficient of unevenness of the spectrum (FLAT), dB;
bit error rate (BER).
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Figure 30 — A simplified block diagram of a
terahertz transceiver

Figure 31 — Photo of the transceiver of the
terahertz range

Investigation of the parameters of the multichannel signal (Figure 32) of the DVB-C digital TV
on the terahertz reception and transmission line was carried out for the DVB-C three-channel signal
2. The formation of DVB-C signals was carried out using the WISI OV75 transmodulator and the
QAM-256 Radyne Comstream modulator from the DVB-S standard television broadcasting signals,
the parameters of which are also given in Table 4. These DVB-S signals were received on a mirror

antenna with a converter from the HOT BIRD (13 E) satellite.

Table 4 — Input parameters of DVB-S digital TV signals from HOT BIRD
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Figure 32 — Spectrum of 3 channel TV signal of DVB-C standard

) FEC .| The width
channel| Input, Intermediate Symbol rate, | Bit rate, . Information of the
number| MHz frequency, Ksym/sec | Mbit/s Modulation speed range

MHz Conv.| RS Mbit/s ’
MHz
1 11179 1429 27500 55 QPSK | 3/4 |188/204| 38.015 36
2 11137 1387 27500 55 QPSK | 3/4 [188/204| 38.015 36
3 11334 1584 27500 55 QPSK | 3/4 [188/204| 38.015 36
Af=24 MHz
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Using the transmodulator and modulator, we were able to change the following parameters of
the DVB-C signal modulation (QAM-16, QAM-32, QAM-64, QAM-128, QAM-256), speed
(character, bit, depending on modulation and noise immunity coding)), the intermediate frequency
(in the range 47-862 MHz)).

Each of the three DVB-C TV signals depicted in Figure 4.4, in turn, includes an MPEG
transport stream, which transmits 5-6 TV standard definition open-access software.

Figure 33 and Figure 34 show constellation diagrams of DVB-C signals, which are inherent in
all stages of the research.

From the output of the QAM Modulator RADYNE COMSTREAM QAM-256 and the output
of the WISI OV75 Transmodulator (Figure 29), the television channels enter the adder, the output of
which is a multi-channel (3-channel) television signal input to the input of the receiving and
transmitting path of the terahertz range. The results of measuring the parameters of the DVB-C
3-channel TV signal are shown in Table 5.

Figure 33 — Constellation diagram of Figure 34 — Constellation diagram of
DVB-C signal when modulating with the DVB-C signal when modulating
QAM-64 with QAM-128
Table 5 — Parameters of the three DVB-C digital TV signal TV channels measured by the
TBS8550 tuner
- The value measurements at the The value of measuring at the
Channel indicators : . .
input of terahertz range transmitter |  output of terahertz range link
Fre&“ﬁgcy’ Modulation |LEV, dBm| SNR,dB | BER [LEV,dBm|SNR,dB | BER
QAM-64 -51 38.6 <10-8 —60 33.71 <10-8
842 QAM-128 54 42.12 <10-8 -57 39.43 <10-8
QAM-256 -32 38.6 <10-8 —54 36.8 <10-8
QAM-64 -38 38.6 10-4 -57 37.6 7...10%
850 QAM-128 54 43.43 <10-8 —54 39 <10-8
QAM-256 -32 38.6 <10-8 —54 37.4 <10-8
QAM-64 -38 38 <10-8 -57 34.57 <10-8
858 QAM-128 54 42.12 <10-8 —54 39.43 <10-8
QAM-256 -32 38.6 10-3 54 36.8 1,5-10°3
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Analyzing the results, it can be concluded that all parameters of the signals on average
deteriorated by 4-5 dB compared with the previous experiment (the transmission of two signals DVB-
C), while in the worst case when modulating QAM-256, the BER parameter by measuring the satellite
tuner TBS5880 decreased, and the quality of the signal was at the level of 33-53%.

CONCLUSIONS

The results of the study of the parameters of DVB-C multichannel digital signal on the
terahertz-band transmission and transmission path showed that the use of the lower part of the
terahertz frequency range (130 GHz) with a band of 24 MHz allows the transmission of three channels
of DVB-C TV broadcast with a general transport speed at 125 MB/s with a high subjective quality of
playback of TV programs.

According to the results of the research conducted to the Plan for the use of the radio frequency
resource of Ukraine (Section I1) by the Resolution of the Cabinet of Ministers of Ukraine No. 838 of
05.09.2012. the radio technology of the radio relay communication has been introduced in the
frequency bands 94.1 100 GHz; 102-105 GHz; 106.5-109.5 GHz;, 111.8-113 GHz;
130-134 GHz; 141-148.5 GHz.

For the development of a radio link with a gigabit bandage of the terahertz range for ultrahigh-
speed distribution networks, the frequency range 130-134 GHz has been selected.

New products were created and for the first time an experimental sample of digital terrestrial
radio line with a gigabit bandwidth operating in the terahertz range and which can be used in ultra-
high-speed distribution networks of mobile communication of a new generation for transmission and
reception of digital information at speeds up to 1 Gbit/the frequency range 128—-134 GHz at a range
of 1 km.

There are no direct analogues at present, which can provide a significant breakthrough in the
development of the telecommunications sector.

The obtained research results will also promote the development of related telecommunications
sectors, in particular: radio astronomy, satellite communication, medicine, and security.

The basis for the achievement of such significant successes of our institute were ideas, knowledge
and talent of its world-renowned scientists, professionals of the highest level. Along with them, the
contribution to the development of terahertz technologies of telecommunications of ultrahigh-
frequency semiconductor electronics is made by young people - students and post-graduate students.
This is promising for the telecommunication department of the research university, which is on the
threshold of a qualitative breakthrough in the field of ultrahigh-frequency terahertz technologies.
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