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AbstractðIn this demo, the Gbps wireless communication 

system based on multiple low rate 802.11n modems up to 150 

Mbps data rate each with transferring the group signal into 130 

GHz band is presented. High data rate up to 1.2 Gbps is effective 

for distances around 1 km. We developed two laboratory 

transceivers and tested forming wideband group signal in 2.4 

GHz band with subsequent transferring it  to carrier in 130 GHz 
band.  

KeywordsðIEEE 802.11n, basic 150 Mbps data rate, multiple 

modems, group 1.2 Gbps data rate, wideband signal, conversion to 

130 GHz band, THz band high data rate wireless communication 

system.  

I.  INTRODUCTION 

THz range is almost never used today for communications: 
range between electronics from 100 GHz and photonics to 10 
THz. High carrier value in this range allows to use the signal 
with wide bandwidth what radically increases data rate in 
communication channel [1,2]. Communication systems 
constantly require increasing throughput and increase data 
rates. We selected the frequency range 130-134 GHz for 
current wireless system. 

II. SYSTEM REQUIREMENTS 

 The goal is to develop a new solution for advanced 
telecommunications in THz range for new generation wireless 
networks. The work shows implementation of 
telecommunication system with Gbps throughput in frequency 
range 130-134 GHz via radio-relay links. Main system 
requirements for designed digital radio relay system are:  
1 Gbps or more in frequency range 130-134 GHz; acceptable 
BER level is less than 10-6; expected communication range 
under normal conditions should be within 1 km. 

The idea for gigabit wireless system in 130 GHz band 
based on 802.11n transceivers is to use multiple individual 
channels with low rate 150 Mbps, multiplex them in band 2.4 
GHz, so the total rate will be 1.2 Gbps in this particular case 
when 8 transceivers used, transfer wideband signal to carrier 
in 130 GHz band by heterodyne conversion, and perform the 
reverse operations for the receiver path conversion. The object 
of this utility model is transceiver development with latest 

advances in communications. Transceiver has high throughput 
and low cost, so could be used for transport channels and for 
serving traffic in multiservice networks. 

We solved the above task by using technical solutions in 
transceiver based on chips developed in massive production 
and that are used in 802.11n networks. For example, modem 
Mikrotik R52nM provides data rate 150 Mbps and is 
developed based on 802.11n standard [3,4]. The modem 
Mikrotik R52nM device works with modulations per standard 
802.11n (top one is QAM-64) and uses frequency band 40 
MHz. The resulting rate of eight streams with modulation 
QAM-64 is 1200 Mbps (600 Mbps in one direction).  

III.  FORMING THE GROUP SIGNAL IN 2.4 GHZ RANGE 

Transceiver consists the receiving and transmitting paths 

and is different from other known solutions, so far as it 

includes n Mikrotik R52nM modems which form n frequency 

separated low-rate flows with maximal rate 150 Mbps in 40 

MHz band (Fig. 1), which are united in group flow with data 

rate 1.2 Gbps. 

 

Fig. 1. Frequency plan for using n basic modems with 40 MHz band 

All n flows from different modems with basic data rate are 
united in analog adder to a common wideband multi 
frequencies stream. This technical solution allows to create 
multi Gbps links in desired frequency range, for example, by 
heterodyne conversion to the desired frequencies band, 
including the 130-134 GHz as shown in current paper. 

We used routers Mikrotik RB800 to form data flow on 
Ethernet level. Mikrotik RB800 has four mini-PCI slots with 
set up transceivers Mikrotik R52nM what creates two duplex 
channels. Access to each transceiver provided with a separate 
Ethernet interface in router RB800 (Fig. 2). 



 

Fig. 2. Functional scheme of device for wideband high speed data rate 

transmission based on MikroTik modems and routers 

We used group router Mikrotik RB1100Hx2 to combine 
all flows from channel routers RB800, where the basic 
802.11n transceivers installed. RB1100Hx2 aggregates all 
flows and provides single interface for external connection. 
Device that forms a group signal in band 2.4 GHz is shown on 
Fig. 3. 

 

Fig. 3. The view of test device for wideband high speed data rate 

transmission based on MikroTik modems and routers in complete shell 

We developed divider and combiner devices to unite 
transmitting and receiving 802.11n channels into group signal. 
Dividers and combiners are part of the group signal 
generators. Decoupling between outputs of the divider is at 
least 20 dB (Fig. 4). 

We studied that combiner requires a greater level of 
isolation between channels. To this end, each channel in 
combiner we designed with additional ferrite isolators. Photo 
of the combiner design is shown in Fig. 5. 

 

Fig. 4. Photo of four channels divider 

 

Fig. 5. Photo of four channels combiner with ferrite isolators 

We tested the data rate transmission in full duplex and 
simplex directions (Fig. 6). We performed data rate testing 
based on the built-in ñBandwidth Testò tool in RouterOS 
operating system for Mikrotik devices; we used the UDP and 
TCP traffic modes for data rates testing.  

 

Fig. 6. Research of broadband high speed wireless communication system 

with four 802.11n channels  

The measured combined signal spectrum in frequency 
range 2.4 GHz (8 channels; 4 channels in each direction) is 
shown on Fig. 7. This group signal is ready for heterodyne 
conversion to 130 GHz band. 

The data rate measurement in one direction in UDP mode 
in channel with modeled high attenuation is shown on Fig. 8. 



 

Fig. 7. Signal spectrum in frequency range 2.4 GHz (8 channels; 4 channels 

in each direction) that is ready for heterodyne conversion to 130 GHz 
band 

 

Fig. 8. The data rate measurement in the Bandwidth Test tool 

IV. HETERODYNE CONVERSION  
OF COMBINED SIGNAL TO 130 GHZ BAND  

So, we got the combined signal in 2.4 GHz band with data 
rate 1.2 Gbps. Group signal in band 2.172-2.527 GHz is 
supplied to the transmitting unit (converter), which transfers it 
to the range 130.000-130.355 GHz. The signal of return 
channel uses 133.500-133.855 GHz band. We built transceiver 
paths based on heterodyne scheme and provided group signal 
transmission to GHz band 130-134 GHz [5-12].  

Transmission and receiver paths block diagram are shown 
on Fig. 7, 8 and contains the following functional units: 
intermediate frequency amplifier (IFA), frequency converter 
(FC), oscillator (Osc.), band pass filter (BPF), output power 
amplifier (PA), transmitter antenna (TA), receiving antenna 
(RA), low noise amplifier (LNA).  

 

Fig. 9. Block diagram of transmitter oscillator path for 130 GHz band 

 

Fig. 10. Block diagram of receiver oscillator path from 130 GHz band 

Low noise amplifier, as well as power amplifier in 
transmitter path, we implemented based on existing devices on 
market. The remaining parts of transmitter and receiver paths, 
namely converters, mixers, oscillators, band pass filters, 
intermediate frequency amplifiers we developed in the 
Electronics and Communications Institute within this work, 
located in Kyiv, Ukraine. 

Frequency up-converter we developed based on Schottky 
diode (Fig. 11) in our scientific production association 
"Saturn", Kyiv, Ukraine. The developed diodes have the same 
characteristics as well-known diodes from Hewlett Packard 
firm. 

 

Fig. 11. The Schottky diode view and dimensions 

The design of frequency up-converter to 130 GHz band is 
shown on Fig. 12 under the hood.  

 
Fig. 12. The frequency up-converter to 130 GHz band view 



The mixer design includes intermediate frequency signal 
amplifier.  

 
Fig. 13. Frequency shifter design with waveguides  

We designed LNA based on monolithic chip (Fig. 14) and 
put into a shielded box. 

 

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

The full heterodyne scheme is shown on Fig. 15. It was 
designed for 130...134 GHz and with intermediate frequency 
64,8 GHz based on quartz oscillator CCHD-950X-25-100 
from manufacturer Crystek Crystals with circuit of multipliers, 
amplifiers, and BPFs, e.g. Fig. 16.  

 

Fig. 15. The heterodyne scheme 

 

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 on Fig. 18. 

 

Fig. 17. Heterodyne input circuit part 

 

Fig. 18. Heterodyne output circuit part 

S-parameters of a six-cavity BPF are shown on Fig. 19. 

 

Fig. 19. The S-parameters of a six-cavity BPF for 130 GHz band. 

Developed laboratory instance of THz transceiver is shown 
on Fig. 20. Transmitter and receiver paths have the same 
structural arrangement.  



 

Fig. 20. Transceiver implementation for THz band 

 

Fig. 21. The transceiver view in a box 

Thus, we designed and manufactured an oscillator for GHz 
band. To transmit signal in space, we developed a conical horn 
antenna for transceiver and receiver parts for directed wave 
propagation. Itôs shown connected with oscillator (Fig. 22).  

 

Fig. 22. The view of developed transmitting (receiving) tract of THz system  

So, including researched system parts, i.e. local oscillator, 
frequency converters (converter down and mixer), splitters 
and combiners, Mikrotik 802.11n modems and routers, we 
developed the laboratory samples of digital wireless high data 
rate communication system with gigabit bandwidth in 
frequency range 130-134 GHz, and worked out the technique 
of designing and testing laboratory samples of high-speed 
digital radio telecommunications system in THz range. 

CONCLUSION 

So, we developed a wireless communication system with 
Gbps data rate in the frequency range 130-134 GHz in the 
Electronics and Communications Institute based 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 designed in the Electronics and Communications 
Institute within this work the following parts for 130 GHz 
band transmitter and receiver paths: converters, mixers, 
oscillators, band pass filters, intermediate frequency 
amplifiers. Based on mentioned parts, we created laboratory 
samples of digital telecommunication broadband radio system 
with Gbps data rate in 130 GHz range. 
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