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IAA RAS has already established tgtement radio interferometer which consists of tadio telescopes with dish diameter of2Léh. Each radio tele-
scope Is equipped with a specially designed receiystem. The main feature of this system is tlgeganic receiver unit that includes cooled tri-béeed
and LNAs. Such desigh makes possible to achieve degsitivity to receive weak noise signhals ofnaigsorigin. As well, feed design allows to recesig-
nals in three frequency bands S (2.8 GHz), X (7.69.5 GHz) and Ka (284 GHz) both in LCP and RCP simultaneously.
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Fig.1 Block diagram of tri—band receiving system

The receiving system presented at fig.1 consisssxdJHF units, provides reception, the primaryngaignal conversion, switching
modes of registration and injection amplitude ahdge calibration.

To achieve and maintain the cryogenic >
temperature the receiver includes a
cryogenic and vacuum subsystems. 1
Also in block diagram presents fre-
guency timing synchronization system.
Control the receiving system is carried
out by the central PC with Ethernet in-
terface.

All units of receiver are mounted

within a housing of focal container

(Fig. 2) placed in the space near the )
secondary focus of the antenna. This
configuration caused by design of hy-
drogen cooled receiving feed placed 8

into cryogenic focal unit.
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Fig.2 Photo of tri—band receiver system withoutmgs

All amplified signals go to the FCUs ( Frequenayn@erter Unit) These units provide subchanneltspirig and frequency converting to
the IF band. Subchannels are routed by commutaiofrom 14 to 8 channals to record by DAS.

NGU contains adjustable noise source for each.ldaxtérnal picosecond pulse for the phase calimadre injected in NGU and mix with
amplitude signals.

System is powered by unified supply voltage anitratied via Ethernet interface. Large amount téneetric information such as tempera-
tures, supply voltages, currents consumption, tisegad.

Fig.3 Parts of vacuum window

The feed is constructed with the use of circulavegaides of the S,X and Ka bands placed coaxidhg Ka-band has a circular waveguide with
a dielectric cone and waveguide septum polaripethé X-band signal reaches the horn, passes thrinegdifferential-phase section and divides

Electromagnetic waves focused with antenna
goes to the feed inside the cryostat through radic
transparent cover based on vacuum window. The
are separated to three bands and two circular po
larizations, mixed with the noise and phase cali-
bration signals and amplified with LNA. Almost
all the equipment located inside the cryostat is
cooled to the temperature nardegrees Kel-
vin , significantly reducing the noise temperature
of the system.

Vacuum window is closed with radio-
transparent cover, which consists of two parts (se
fig. 4) - films and support layer. External sealing
surface is assembling of Mylar fil;h05 mm
thick covered by Teflon filn®.1 mm thick and .
The film is supported by the inner layer of solid
foam polyester o¥0 mm thick.

Fig.4 Vacuum window

over the orthomode transducer. In S-band quarteelgagth inductive pins and hybrid couplers ardiedp

All the equipment of cryostat for both polarizasoof all three bands is tightly placed in the sgaetveen the feed and coldhead flange. S and X
bands signal lines are coaxial, Ka-band is fullweguide. Equipment is closed with the metal radraghield. Between the feed and the vacuum

window the infrared filter is placed. It is a 0.Jmthin teflon film.

Fig.5 The cryostat unit assemble
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For injection of calibration signals are used o -2 _/—_.JV"_"’“ f [ —“RW
direct couplers placed before the LNAs. = 40 V s
Their coupling factor is about -27 dB. Due

to two-way-splitters 16 18 20 22 24 26 23 30

the injection of calibration signals is simul- Freq, GHz
taneous in both channels This solution let X-band
us use only one calibration signal input per |
band. %_ 10 ~ WLﬁ\M
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Fig.6 Gain plots of the cooled unit
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Fig.7 Frequency plan for three band

Conversion of signals are carried out in 3 FCUse @r each frequency band. Each FCU has two irfpuRCP and LCP respectively. Each
channel provide gain, the frequency convertiorhte IF band. FCUs X - and Ka-bands provides &ttt splyttering of each channel to three
subchannels and carry out a double frequency csiave

Frequency plan for all three ranges is shownadrdim ( Fig. 8). X and Ka bands is much higher tharnlF band. Design of FCUs makes possi-
ble to change the frequency of the first local kestair, which allows us to choose the correct rafogehe conversion. For example, by choosing
24 GHz at the Ka LO1 (frequency synthesizer), fteguency IF1 (first intermediate) will be 4-10 GHhehich will pass through the filter of 6.5-7.5
GHz. After second mixer with LO2 frequency 5.5 GMe will get the IF2 with band of 1-2 GHz, whichrossponds to the radio frequency band
30,5- 31,5 GHz
Table.1 Gain and noise temperature of FCUs

The main features of FCU such as gain and noise
figure are presented at table 1 for each channel. FCU Band Gl,dB G2, dB G3, dB n, K
Gain plots of the FCUs are given at fig. 9,10,11.
There are only one plot for each FCU are pre-
sented. S RCP/LCP 50.2/48.3 230
X RCP/LCP 46.5/48 47.2/147.8 47/46.7 450
Ka LCP/RCP| 45/46.1 44.8/45.9 43.5/44.2 310
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Fig.10 Gain plots of the FCU-Ka

Fig.9 Gain plots of the FCU-S Fig.10 Gain plotshe FCU-X

For calibration and measure equivalent noise teatpes of our receiver unit we used two hot
points method, which require two noise sources diffierent RF brightness temperature. Fo
example ambient temperature (“hot” load) and liquitdogen temperature (“cold” load). This
plot illustrates typical calibrating process. Hoe start using the hot load, for the next step, yse

the cold load, and at the end we removing the &oatiexpose feed to the sky. If we inject B Toys =
some cal noise in the feed, that we can calibhasestgnal too. f i
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Due to selected receiver design with the feedgalagside the cryostat, is not
possible to measure the equivalent input noisediguth standard methods using
traditional matched loads. This obstacle is foragdlo develop for complex cali-
bration systems of the telescope noise figure.nm element of this calibration
system is a low noise generator unit. It is a lewyberature wide-aperture radia-
tor (LTWAR) designedy Russian Institute of Federal agency on Technical

regulating and metrology.

Special broadband matched load was applied fosungd the noise temperature
of cryostat. It is a low temperature wide-apertoeel, which is enclosed in a Dewar
where it cooling with liquid nitrogen. The loadmsunted on a mobile base, allowing
to match it with the device under test during tr@vement. The distance between the
load and cooled unit are very low to reduce tlfie@mce of moisture in the air . This
equipment provides «cold» load. For a «hot» |bedabsorbent material plate with the
room temperature is applied.

Table.2 Gain and noise tempera

The results of the noise temperature measure-  ture of FCUs

ments and calculations in different ranges are

presented in this table 2. The difference of left Band T receiver, K
and right circular polarization channels is insig-
nificant. S 21
X 17
Ka 50 Fig.11 LTWAR in use for calibration receiving syste

Conclusion:

Measured by this method parameters are enougé tdke calculated ones. After testing the rengigystem was installed on the telescope.
In 2014 two receiving systems was install atdhservatories “Zelenchukskaya” and “Badary”.

Since April 2016 a two-element radio interferomeatéh the presented receiving system in operation.
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