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Abstract In this demq the Gbps wireless communication — advances in communicatian&ansceiveihashigh throughput
system based on multiple low rate802.11nmodemsup to 150 and low costso could be used for transport chanreeid for
Mbps data rate eachwith transferring the group signal into 130 serving traffic in multiservice networks
GHz band is presented High data rate up to 1.2 Gbpsis effective . . L
for distances around 1 km.We developed two laboratory We solvedthe abovetask by usingtechnical solutionsn

transceivers and testedforming wideband group signal in 2.4  transceiverbasedon chips developed imassve production
GHz band with subsequenttransferring it to carrier in 130 GHz ~ andthatare used irB02.11nnetworks.For examplemodem
band. Mikrotik R52nM provides data rate 150 Mbps and is

developed based on 802.11n standf8dl]. The nodem

Keywordd |IEEE 802.11n, basic 15M0bps data rate, multiple ~ Mikrotik R52nM device works with modulations per standard

modems, group 1.%bpsdata rate, wideband signal, conversion to 802.11n (top one i©QAM-64) and uses frequency bandiO
130 GHz band, THz band high data rate wireless communication MHz. The resulting rate of eight streams witihodulation
system. QAM-64is 1200Mbps (600Mbpsin one direction)

. INTRODUCTION IIl. FORMING THE GROUPSIGNAL IN 2.4GHz RANGE

THz range is almost never used today for communications  yransceiver consistthe receiving and transmitting paths
range between electronics from 100 GHz and photonics to 10,4 is different from other known solutions so far asit

THz. ngh carrier\(alue inthis range "’.‘HOWS to use the signal includesn Mikrotik R52nM modems which fornm frequency
with wide bandwidthwhat radically increase data rate in separatedow-rate flows with maximal rate150 Mbps in 40

communication channel[1,2]. Communication systems . ; . ; :
constantly require incesing througput and increasedata 'r\gltHezlbgCr;]gp()Zlg' 1), which areunited ingroupflow with data

rates We selected the frequency range -13@ GHz for
currentwireless system ) 2202.2557 MHz

Il. SYSTEM REQUIREMENTS
The goal is to develop a new solution for advanced

telecommunications in THz range for new generation wireles | |
networks. The work shows implementation of L AoMHz
telecommunication systemith Gbpsthroughputin frequency

range 13€L34 GHz via radiorelay links Main system g 1. Frequency plan for usingbasic modems with 40 MHz band
requirementsfor designed digital radio relay systemare

2222 MHz 2267 MHz 2312 MHz 2537 MHz

gt J L

5 MHz

1 Gbpsor more in frequency range 13834 GHz acceptable All nflows from different modems with basic data rate are
BER level is less tharl0® expected ommunication range united in analog adder to @ommon wideband nruilti
under normal conditionshould bewithin 1 km. frequenciesstream. This technical solution allows create

multi Gbpslinksin desired frequency range, for example, by

based on 802.11n transceivassto use multipleindividual _hetlerdqdynﬁ c%ré\llgrs(lgon io tr?e dgswédaquenues band
channelswith low rate150 Mbps, multiplex themin band 2.4 Including the 1 4GHz as shown in current paper

GHz, sothe total ratewill be 1.2 Gbpsin this particular case We usedrouters Mikrdik RB80O0 to form data flow on
when 8 transceiversiseal, transferwidebandsignal tocarrier  Ethernet level Mikrotik RB800 hasfour mini-PCI slots with
in 130 GHz bandy heterodyne conversipand perform the set up transceivers Mikrotik R5Rhwhat createswo duplex

reverse operations for tmeceiver path aoversion The object channels. Access to eatansceivemprovided with a separate
of this utility model is transceiver development witlatest  Ethernet interface router RBSOQFig. 2.

The ideafor gigabit wirdess system in 130 Kz band
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Fig. 2. Functional schemeof device for wideband high speed data rate
transmission based dnikroTik modems and routers

We usedgroup router Mikrotik RB1100Hx2to combine
all flows from channelrouters RB80Q where the basic
802.11n transceivers installeRB1100Hx2 aggregats all
flows and provides single interface for external connection.
Device that forms group signal in band 2.4 GHg shown on
Fig. 3

Fig. 5. Photo offour channelsombinerwith ferrite isolators

We testedthe data rate transmissiom full duplex and
simplex directions (Fig6). We performed data rate testing
based on thebuilt-in fBandwidth Tesi tool in RouterOS
operating sstemfor Mikrotik devices;we usedthe UDP and
TCPtraffic modes for data rates tiesg.

Fig. 3. The view of test device for wideband high speed data rate
transmission based driikroTik modemsand routers in complete shell

We developeddivider and combinerdevices to unite Fig- 6. Researchof broadbandhigh speed wireless communication system
transmitting and receiving02.11nchannelsnto groupsignal with four802.11n channels
Dividers and combiners are part of the group signal
generatorsDecoupling between outputs of the divider is atrange 2.4 GHz (8 chasls; 4 channels in each directicis)

least 20 d&Fig. 4). shown on Fig.7. This group signal is ready fdreterodyne
We studied that combinerequires a greater level of conversion to 130 GHz band

isolation between channels. To this end, each chaimnel

combiner we designed witadditional ferriteisolators Photo

of thecombinerdesign is shown in Fid.

The measured combinedgsal spectrum in frequency

The data rate measurement in one direction in UDP mode
in channel with modeled high attenuation is shown on&ig.
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Fig. 10.Block diagram ofeceiver oscillator patfrom 130 GHz band

Low noise amplifier, as well as power amplifier in
transmitter pathye implemented based on existidgvices on
B— T market The remainingparts oftransmiter and receier paths
.OMHz  VBW 1.0MHz  SWP 50s namely convertes, mixers, oscillatos, band pass filters,
intermediate frequency amplifierwe developed in the
Fig. 7. Signal spectrm in frequency range 2.4 GHz (8 channels; 4 ChanneISE|6Ctr0niCS andCommunications Institutevithin this work

in each direction) that is ready for heterodyne conversion to 130 GH : : :
o focated inKyiv, Ukraine
_ Frequencyup-converterwe developed based ddchottky
LostPackets: | 15271 diode (Fig. 11) in our scientific production association
Tx/Rx Current: [318.2 Mbps/309.5 Mbps| Saturn’; Kyiv, Ukraine The de\_/eloped diodes have the same
R e A characteristics as weknhown diodesfrom Hewlett Packard
Tx/Rx 10s Average: |324.6 Mbps/308.8 Mbps firm.
Tx/Rx Total Average: 236.1 Mbps/227.0 Mbps| N
n- 'aye{ $i0z
Tx 3162 Mbps Ir W 727771
Rx 309.5Mbps Ilﬁ”\/" 2 T
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Fig. 8. The data rate measurement in Bendwidth Testool

IV. HETERODYNECONVERSION <
OF COMBINED SIGNAL TO 130GHz BAND |
So, we got tB combined signal in 2.4 GHz bamdth data

rate 1.2Gbps Group signal in band 2.1722527 GHz is 0,45 mm
supplied to the transmitting unit (converter), which transfers it
to the range 13000130355 GHz. The signabf return
channeluses133500-133855 GHzbard. We builttransceiver ~ Fig. 11.TheSchottky diodeiiew anddimensions
pathsbasedon heterodyne scheme and proddgoup signal
transmission to 6z bandl130-134 GHz[5-12].

Transmissiorand receivepaths block diagramare shown
on Fig. 7, 8 and contains the following functional units: o High
intermediatefrequencyamplifier (IFA), frequency converter it S FrequsEs
(FC), oscillator (Osc.), band pafiker (BPF), aitput power amplifier  diode l
amplifier (PA), transmiter antenna(TA), receiving antenna

0,14 mm

The design of frequenayp-converterto 130 GHz bad is
shown on Fig. 12 under the hood

(RA), low noise amplifier (LNA. Intermediate
Frequency ~**** o I
IFA FC BPF PA / el m’
— R whiew =

Heterodyne
Osc.

Fig. 12.Thefrequencyup-converterto 130 GHz band view
Fig. 9. Block diagram of transmittesscillator patHor 130 GHz band



The mixer design includes intermediate frequency signal
amplifier.

-20dB

1.9 GHz 2.6GHz

Fig. 16.BPF for 2.7 GHz central frequency and its characteristic

The view of heterodyne input circuit is shown on Fig, 17
and output circuit is shown dfig. 18.

BPF 2.7 GHz

Fig. 13.Frequencyshifter desigrwith waveguides

We designed.NA based on monoalithic chifFig. 14) and

put into a shielded box BPF 8.1 GHz

., Amplifier
CHA3094

Fig. 14.External view of box with LNA for 3mm waves

The full heterodyne scheme is shown on Hif. It was
designed for130...134GHz and with intermediate frequency Fig. 18.Heterodyne output circuit part
64,8 GHz based onquartz oscillator CCHD-950%-25-100

from manufacture€rystek Crystalsvith circuit of multipliers S-parameters of a sigavity BPFareshown on Fig19.

amplifiers and BPFs, e.g. Fig. 16 0
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o t3 Developed laboratory instance of THz transceiver is shown

on Fig. 20. Transmitter and receiver patheve the same
Fig. 15.Theheterodyne scheme structural arrangement.



CONCLUSION

So, we developed avirelesscommunication system with
Gbps data ratein the frequency range30-134 GHzin the
Electronics and Communications Institutebased on the
Mikrotik R52nM modems that fit 802.11n standard in
connection with Mikrotik routers with other circuit
components for signal up/down conversion to/from 130 GHz
band

We designedin the Electronics and Communications
Institute within this work the following parts for 130 Bz
band transmiter and receier paths: convertes, mixers,
oscillators, band pass filters, intermediate frequency
amplifiers. Based on mentioned partsgvereated labatory
samples ofligital telecommaication broadband radio system
with Gbpsdata raten 130 GHz range.

Fig. 20.Transceiveimplementation for THz band REFERENCES
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