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In this paper the results of development and manufacturing of antenna modules designed for the active electronically scanned antenna
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AHTeHHbIe MoAyIu (MA) SBISIOTCS OCHOBHBIM KOHCTPYKTHUBHBIM
U1 PaIMOTEXHUYECKUM 2JIEMEHTOM aKTUBHBIX (pa3vpOBaHHBIX aHTEH-
HbIX pemeTok (ADAP) pa3znuuHoro HazHaueHUsi. MA sBisieTCs
3aKOHYEHHOI KOHCTPYKTUBHON €NMHULEH U MOIJIEXUT BCEMY KOM-
TUIEKCY UCTTBITAHW I KakK 3akoHueHHoe n3nenue. B AO «HITIT «[Tynb-
cap» Ha OCHOBe HUTpUI-TannueBoit DKb co6cTBEHHOTO U3TOTOBIIE-
HUS pa3pabaThIBAIOTCS ¥ U3TOTaBIMBaOTCSI MA NUTSI paiioIoKaTopoB
C CUHTEe3UpPOBaHHOI anepTypoii ¢ ADAP KocMUYeCKOTo TPUMEHEHU .

B 3aBucumoctu ot tuna usnyyareneit AGAP u TpeGoBaHmMii K U3y~
yaeMOil MMKOBOI MOILIHOCTHU, aHTEHHBI MOAYJIb, €r0 COCTaB, TEOMETPU-
yeckMe U TaKTUKO-TeXHUYECKUE XapaKTePUCTUKKU MOTYT KOPPEKTUPO-
BaTbCsl. [Ipy 9TOM TeXHONIOrMYeCK Uil TPOLIeCC U3rOTOBIECHHU S U OCHOBHBIE
KOHCTPYKTHUBHBIE 2JIEMEHTBI OCTAIOTCSI HEU3MEHHBIMU, TO €CTh COXPaHsI-
€TCsl KOHCTPYKTUBHO-TEXHOJIOTMYECcKast peeMcTBeHHOCTh. Huxke npen-
craBJieHbl 1Ba TUna MA, pa3padotaHHbiX B AO «HIIIT «ITyabcap».

B coctaB monyJisi aHTeHHOTO (puc. 1) BXonsT 32 mpuemoriepenato-
mux ([TITM) 1ByXmoasipu3aiiluOHHBIX MONLYJISI, 4 MUKPOTIOJIOCKOBEIE

8-KaHaJIbHbIE aHTEHHBIE PeIIeTKH, 8 AeauTeseil/cyMMaTopoB Ha §,
MOIYJIb AUarpaMMo0oOpa30oBaHusl, 2 BTOPUUHBIX UCTOUHUKA TTHTA~
HU, OJIOK yrnpaBjeHUs aHTeHHbIM Moayjem, CBY u HY kabenb-
HBIE CETH.

B cocTaB aHTEHHOTO MOMYJIsI, U300PaXXeHHOTO Ha PUC. 2, BXO-
ISIT IBYXKaHaJIbHBIC IBYXIOJSIPU3ALMOHHBIE MTpHeMOTIepeaaolne
Monaynu (8 WIT.), AeUTeb/CyMMATOp Ha 8, BTOPUYHBIN UCTOYHUK
MUTaHUS U 2 TPYTNOBBIX U3Ay4aTensi. B otiumuue ot | BapuaHnTa, tae
3a popMuUpOBaHME NMATPAMMBbl HAMPABJICHHOCTU aHTEHHBI OTBE-
YyaeT crelnaaiu3upoBaHHbI MOAYIb, B BapuaHTe 2 ero hyHKIIUs
BO3JIaraeTcsl Ha OTAEJbHBIN MOLYJb MPEJBAPUTEIbHOTO YCUIEHUST
1 3aJepKKU, BKJIIOYEHHBIN B cocTaB cekiiun ADAP 1 o6¢cmyxuBaio-
1muit 4 MA o1HOBpEMEHHO.

B 3aBUCMMOCTH OT CUCTEMHBIX TPEOOBaHUI K pagirOI0KATOPY
aHTEHHBbIE MOIYJIU OTIMYAIOTCS KOHOUTYpalueil mprueMornepeaa-
OIIUX MOAYJICH U COCTABOM TepeIarolIuX U MPUEMHBIX TPAKTOB.

[ITIM saBasieTcss OCHOBOI MPOCTPAHCTBEHHOTO KaHajla 00paboTKu
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Puc. 2. Modyav anmennwiii, Tun 2
Fig. 2. Antenna module, type 2

B 3aBUCHMMOCTM OT CUCTEMBI, B KOTOpOi ucnoiabdyercs [TI1M,

Puc. 1. Modyab anmennuiit, Tun 1

Fig. 1. Antenna module, type 1

curnaiga B MA u B ADAP B esom. Okosto 80 % cTOMMOCTH aHTEH-
Horo moayis npuxoautcsa Ha [MTIIM. [Ing Kaxa0ro aHTEHHOTO
monyns (Tun 1 u Tun 2) 6b1J1u pa3paboTaHbl MpUeMOTepeaaoe
moayiau. OcHoBOI Bcex pa3dpaboTaHHbiX [TTTM ciykaT u3rotos-
JIeHHbIE Ha MPEANPUSATUM MOIIHbIE HUTPUATAJIUEBbIE TPAH3U-
ctopel. [MC ycunureneit MOIIHOCTU Ha OCHOBE 3TUX KPUCTAJIOB
MO3BOJMIMN 00eCreyuTh HEOOXOIUMBbIl YPOBEHb BHIXOIHON MOLI-
HOCTH NMPU JJUTEIbHOCTH UMITyIbca T, = 10—60 MKC U CKBaXHO-
ctu Q = 10. B cocTtaB nprMeMHBIX U MepeaaloliuX TPaKTOB BXOIST
Tpu TUMa kpuctaiaioB GaN TpaH3UCTOPOB ¢ IMPUHAMU 3aTBOPOB
W, =250 mxm, W5, = 1000 mxkm 1 W4, = 5000 MKM. YienbHas BHIXO/I-
Has MOIIHOCTb COCTaBACT Py y v =5 Br/MM, kpome Toro minsg GaN
HEMT ¢ W, =250 mxm Koaduunent myma Ha F =10 I'Ty cocras-
aser K, <1,9 nb.

BBIJIBUTAIOTCSI TPEOOBAHMST HE TOJBHKO IO YPOBHIO BBIXOTHON MOIII-
HOCTHM Iepenapuero Tpakra, KoadduiueHra nmyma npueMHoOro,
HO M K KOJIMUECTBY KaHaJIOB B COCTaBe OJHOro MonyJjsi. OCHOBHBIE
TeXHUYECKHE XapaKTePUCTUKHU pa3pabOoTaHHBIX MOIYJIeil IpeacTaB-
JIEHBI B Ta0I. 1.

KoHCcTpyKTUBHO mipuemornepenamomuit moayab Tun 1 mpeactas-
JisieT co0Ooit TepMEeTUYHBI ONHOKAHAJbHBIN ABYXTOISIpU3ALIMOH HbI i
MOJYJIb C KOaKCHaJIbHbIMU BXonamu/BeixogaMu. [1TIM ocyuiectBasieT
ycuJeHUe U mepenayy 30HIUPYIOLIEro CurHaja B OAHON U3 MOasipu-
3auuii (I' uam B), a Takke mpueM U YCUJIEHUE OTPa’keHHOI'o CUTrHaja
B nByX nojsipusauusx (B, I' unu B). Pexxum padboTbl — cumriekc-
HBIi. B MonyJe peann3oBaHa BO3MOXHOCTb HE3aBUCUMOTO yIpaBiie-
HUs (Ha30BOIl XapaKTepUCTUKOMN TTepeqalonnX U MIPUEMHBIX KaHAJIOB,
a TaKKe aMIUTUTYIHOM XapaKTepUCTUKOU MPpUEeMHBIX KaHasioB. C 3Toit
1IeJIBI0 B MOJZlyJIe YCTaHOBJIEHBI LIU(POBbIE ecTUpa3psiiHble (a3o-
BpaIllaTe v U MSTUPA3PSITHBIC aTTEHI0ATOPHI, a TAKIKE T1J1aTa yIpaBie-
HUSI C pa3MeIlleHHOM Ha Hell CXeMOoil Moauu MUTAHWS U YIIPaBICHUS.

Antenna modules are the basic structural
and radio engineering component of active
electronically scanned antenna arrays
(AESA) designed for various applications.
Antenna module is a complete structural
unit and is subject to the full range of tests
as a finished product. S&PE PULSAR has
been designing and producing modules for
space application AESA synthetic aper-
ture radars (SAR) based on gallium nitride
(GaN) electronic components of its own
manufacturing.

Antenna module components, dimen-
sions and performance parameters can
be adjusted depending on the type of AESA
radiating element and maximum out-
put power requirements. The manufactur-
ing process and main structural elements
remain the same, preserving the design and
technological continuity. The pictures below

present two types of modules developed
in S&PE PULSAR.

Antenna module (Fig. 1) comprises 32 dual-
polarization transmit/receive modules (TRM),
4 microstrip 8-channel antenna arrays,
8 divider/adders by 8, beam pattern forma-
tion device, 2 secondary power supply sources,
antenna control unit, microwave and low-fre-
quency wiring.

Antenna module in Fig. 2 comprises dual-
channel dual-polarization transmit/receive
modules (8 pc.), divider/adder by 8, secondary
power supply source and 2 radiating elements.
Compared with the module of the I* type, where
antenna beam forming is controlled by specific
device, in the 2™ type of antenna module, beam
forming function is performed by a separate
preamplifier and delay module. This separate
module is included in AESA section and oper-
ates for 4 antenna modules simultaneously.

Antenna modules have different config-
urations of T/R modules and different com-
position of receiving and transmitting chan-
nels, depending on radar system require-
ments. TRMs are the basis of signal pro-
cessing spatial channel of antenna module
and AESA. TRMs account for about 80 %
of the cost of the antenna module. Trans-
mit/receive modules have been developed
for each type of antenna module (type 1 and
2). All TRMs are based on powerful GaN
HEMTs manufactured by PULSAR. Power
amplifier hybrid ICs based on these transis-
tors are providing the required output power
levels at pulse length T, = 10—60us and duty
cycle Q = 10. Receiving and transmitting
channels comprise three types of GaN tran-
sistor dies with gate width W, = 250um,
W,, = 1000um, W,; = 5000um. Specific out-

put power P . >5W/mm. Noise figure for

out =




Tabauya 1
Table 1

HawnmeHoBaHue mapaMeTpa, €. u3MepeHnst
Parameter, value
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3unauenne napamerpa | Parameter

Tun | Type 1

Tun 2 | Type 2

- YUCJIO KaHaJIOB Ha IIPUEM, 1IT.

- number of receiving channels, pc. 2 2
- YUCJIO KAHAJIOB Ha Tiepeaayvy, IIT.
L 2 4
- number of transmitting channels, pc.
- 1Mana3oH padoyux yactot, ['Tix X-auana3zoH X-auanazoH
- operating frequency band, GHz X-band X-band
- nojioca pabouux yacrot, MIix 500 500
- operating frequency bandwidth, MHz
- BBIXO/IHAsI UMITYJIbCHAsI MOIIIHOCTb, BT He MeHee 16 He MeHee §

- pulsed output power, W

Not less than 16

Not less than 8

- Koa(duumeHT ycuneHus nepeatoniero KaHaiua, 1b
- transmitting channel gain, dB

27,0+ 1,0

He menee 27,0
Not less than 27.0

- Koa(duimeHT 1myma npueMHoro KaHaiua, n1b
- receiving channel noise figure, dB

He 6osee 3,5
Not more than 3.5

He Gouee 3,5
Not more than 3.5

- K09 OUIMEHT yCUIIeHUs TPUEMHOTO KaHaa, 1b
- receiving channel gain, dB

25,0+1,0

27,0+ 1,0

- orkJioHeHre PYX npreMHOro 1 Nepeaaroero KaHajaoB OT JIMHEHOM, TpagyCchl
- receiving and transmitting channels phase response to linearity deviation, degrees

He 6osee £10
Not more than +10

He 6oJee £10
Not more than =10

- KII/I mpuemornepenarorero MomyJis, %
- transceiver PAE, %

He MeHee 27
Not less than 27

He MeHee 27
Not less than 27

- rabapuUTHBIE pa3Mepbl MOIYJISI, MM
- module dimensions, mm

94x54x20

150x44x22
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Fig. 3. Type 1 TRM block-diagram
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Puc. 4. Baok-cxema ITIIM (Tun 2)
Fig. 4. Type 2 TRM block-diagram
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Puc. 7. Modyab anmenHblii Ha ONOPHO-NOBOPOMHOM YCmpolicmee 6e39X0-
801l Kamepol
Fig. 7. Antenna module on the rotary support in the anechoic chamber

Puc. 5. Buewnuit 6ud INIM (Tun 1)
Fig. 5. TRM view (type 1)

Puc. 6. Buewnuii 6ud INITM (Tun 2)
Fig. 6. TRM view (type 2)

TTpu pazpaboTke MOAYJISI CTOsIIa 3a/1a4a peaau3aunu GyHKIMU KOH-
TpoJisi, obecreynBaloLeil CKBO3HBIE TPOBEPKU MPUEMHOTO U Mepeaa-
IOIIEro KaHaJloB, CXEMbl 3alIMTHI IO LEMSIM MUTaHUS, YIIpaBIeHUS,
MOAYJISILIMU, a TAKXKe oOecTieueHre KOHTPOJIS TEMIIEpaTypbl U aBTOMa-
THUYecKoro oTkJtoueHus [1T1M B ciiyyae npeBbIIEHU I MAKCUMaJIbHO-
NIOMTYCTUMOTO 3HaueHus Temnepartypsol. biiok-cxema IMI1M npeacras-
JIeHa Ha puc. 3.

TITIM Tun 2 npeacTaBisieT cO00i FepMETUYHBII IBYXKaHAJIbHbI i
MOZYJIb C BO3MOXHOCTbBIO MEPEKIIOUSHU S MOMSIpU3alluy U3jayyae-
MOTO ¥ MPUHUMAEMOro CUTHaJIoB «I BXoa — 4 Bbixona». OCOOEHHOCTh
MOJYJIS 3aKJII0YATCsl B TOM, YTO CTPYKTYPHAs CXeMa MOCTPOoeHa TAKUM
00pa3oM, YTO UCMOJIb3yeMble B ITepealolleM KaHalle L1udpoBbie aTTe-
HI0aTOpbI U ha3oBpallaTeIu, a TAaKXKe MpeIBapUTeIbHbII yCUIUTEIb
MOUIHOCTH, TaKXe SIBJISIIOTCS 2JIeMeHTaMM pueMHbIX TpakToB [TTTM.
Biok-cxema ITITM nipencraBieHa Ha puc. 4.

Oco0eHHOCTBIO MpUeMOoNepealo X MOLYJIEH SIBISIETCS] «IIPU-
BSI3Ka» BXOMHBIX U BBIXOJAHBIX PAa3beMOB MOIYJISI K KOHCTPYKIIUK
W3JyYalonieil YacTH MOIYJIsl aHTEHHOTO, YTO TPpeOyeT TOMOTHUTENb-
HOE TeTJI0BOe, KOHCTPYKTOPCKOE U palMOTEeXHUIYEeCKOe MaKeTUPOBa-
Hue [1TIM a5 peanusanmu 3aJaHHBIX XapaKTepucTUK MA. BHemrHmit
Buz pa3paboranHbix [1ITM mpencrasieH Ha puc. 5 1 puc. 6, COOTBeT-
CTBEHHO.

M3MepeHust 21eKTPOLMHAMMYECKUX XapaKTePUCTUK MOAYJeit
AHTEHHBIX MPOBOISTCS B 6€33X0BOM Kamepe. B cocTaB 6€33X0Boit
KaMepbl BXOAUT aBTOMATU3UPOBAHHBINA CTEH U3MEPEHU I, BKJIIoYa-
IOLMIA B ce0s1 1Ba ONMTOPHO-TIOBOPOTHBIX YyCTPOICTBA, CKaHep OIMKHel
30HBI, a TAKKE 000PYIOBAHUE JUJISI IPOBEACHU S U3MEPEHU A XapaKTe-
puctuk MA c aneptypoii 1o 0,5 meTpa B fajibHeit 30He. Ha puc. 7 mpen-
cTaBJIeH MOAyJib aHTeHHbIH (Tumn 1) Ha OTOPHO-MTOBOPOTHOM YCTPOIi-
CcTBe 6e39X0BOIT KaMepHI.




DJIeKTPOHHOE CKAHUPOBAHUE MPOBO-
OUTCS B YyTJIOMECTHOM TJIOCKOCTHU C IIarOM
nepectpoiiku 1°. CekTop ckaHupoBaHus +20
rpanycoB. [lonydyeHHbIe pe3yabTaThl U3Me-
peHMIiI MoKa3bIBAIOT XOpOolllee COBMageHuUe
¢ pacyeTaMi, YTO, B CBOIO OYepelb, TOBOPUT
0 MPaBUJILHOCTU BbIOPAHHBIX KOHCTPYKTOP-
CKMX M TEXHOJIOTMYECKUX PELIEHU I TOCTPO-
eHusl Monyieil aHTeHHbIX. Ha puc. 8 npen-
CTaBJIEHO CeMEeCTBO JUarpamMM HarnpaBJieH-
HocTu % MA (Turm 1) B yriioMeCTHO# NJIOCKO-
ctu. JlmarpaMma HampaBJICHHOCTH MOIYJIST
anTeHHoro (Tum 2) npeacrasieHa Ha puc. 9.
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GaN HEMT with W,, = 250um at F = 10GHz
equals K <1.9dB.

Depending on the system using TRM,
there are additional requirements for the
amount of channels per single module. Perfor-
mance characteristics of designed modules are
given in Table 1.

Type | transmit/receive module is a sealed
single-channel dual-polarization module with
coaxial input/output. TRM provides ampli-
fication and transmission of signal in one
of the two polarization modes (H or V), as well
as receiving and amplification of reflected
signal in two polarization modes (HV, H
or V). The module operates in simplex mode.
The module has a function of independent
control of receiving and transmitting chan-
nel phase response, as well as receiving chan-
nels frequency response. For that purpose, the

CBY UHTETPAABHBIE CXEMBI 1 MOAYAH

Puc. 8 luaepamma nanpagaennocmu Y MA (Tun 1) 6 yenromecmuoii naockocmu
Fig. 8 Beam pattern of Y4 antenna module (type 1) in elevation plane

Puc. 9. luaepamma nanpasaennocmu (Tun 2)
Fig. 9. Type 2 antenna module beam pattern

module includes digital six-digit phase shifters,
five-digit attenuators, and control board com-
prising power supply and control circuit. Mon-
itoring function has been implemented during
the module development, providing through
monitoring of receiving and transmitting
channels, power supply, control and modula-
tion protection circuits, as well as controlling
the temperature levels and providing an emer-
gency shut-down of the TRM in case of over-
heat. Fig. 3 presents TRM block-diagram.
Type 2 TRM is a sealed dual-channel mod-
ule with a transmitting and receiving signal
polarization switching function “I in — 4 out”.
The module is designed in such a way that digi-
tal attenuators and phase shifters in transmit-
ting channel and power preamplifier are com-
ponents of TRM receiving channels. TRM

block-diagram is given in Fig. 4.

Transmitting/receiving modules feature
is linking input and output ports to the struc-
ture of transmitting part of antenna module,
which requires additional thermal, structural
and radioengineering design of TRM to imple-
ment the desired characteristics of antenna
module. Figs 5 and 6 present the TRMs devel-
oped within the research.

Antenna module electrical parameters
measurements have been carried out in an
anechoic chamber. The anechoic chamber
comprises an automated test board with two
rotary supports, near-field scanner and equip-
ment for measuring antenna module parame-
ters with an aperture up to 0.5 meter in the far-
field. Fig. 7 shows the type 1 antenna module
on the rotary support of the anechoic chamber.

Electronic scanning is performed in ele-
vation plane with adjustment increment of 1°.
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Scan sector is £20 degrees. Measured results
testify to a good match with simulations, which
indicates the appropriate design and techno-
logical decisions made while developing the
antenna module. Fig. 8. shows beam patterns

of % antenna modules (type 1) in elevation

plane. Beam pattern of type 2 antenna module

is shown in Fig. 9.
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