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Bnuanune AIN-nneHok Ha ycTonyMBocTe CBY-aHTeHH
The effect of AIN films on the stability of microwave antennas

B cTathe paccmatpuBaetcA npobnema obecnedeHus cTabBMNbHOCTM 3NEKTPOOWHAMMMECKWX XapaKTEPUCTUK KOM-
NaKTHBIX SHTEHH (MUKPONONOCKOBLIX, NEYATHBIX, BHTEHH Ha ocHoBe LTCC-TeXHONor1i) B YCNoBMAX BO3OSACTEMA KNK-
MaTuyeckux hakTopoB — BNaMHOCTW, CONAHOM TYMaHa, TeMNepaTypHLIX Nepenanoe v ofneneHeHua.

MpoeegeH aHanua coOBpeMeHHBIX METOAOR 3aLLMTEl KOMMNAKTHLIX AHTEHH, BEISENEHEl MX OTPaHUYEeHUA, CBA3AHHLIE C
MHHUAaTIOpW3aUMei yeTpoicTe. Bnepesie npeqnoxeHo MCnonk30BaHWe TOHKWX NIEHOK HUTpWaa aniomuHua (AlN), dop-
MMpYEMEIX METOOOM MAarHETPOHHOID PacnbINEHWA, B KA4YecTBE MHOrogYHKUMOHANEHOTO 33LUWTHOTO NOKPLITUA.
MNokazaHo, 4To AIN-NoOKpPLITUA ToNWMHER 0,5 — 2,0 MEM 0BeCcnNeYMBaIOT BEICOKYI0 KDPPOIMOHHYID CTORKOCTE, rmgpodob-
HOCTE (KPAEBOA yron cMmadneadwa o 110°), NoBLIWEHHYID TENNONPOBOOHOCTE M MEXSHUYECKYIO 3ALMTY, NP 3TOM
BHOCA MUHWMATNbHBIE UCKEKEHWA B AWarpamMmMy HanpageneHHocTH (noTepw He Gonee 0,2 a6 go 40 Mu).

MpeanoixeH opurMHaneHsIR MeTOn ABYXCTAAMAHONO MarHETPOHHOMD PacnLINEHWA ANA oPMUPOBAHKMA NOKPLITHA C
rpagMeHTHEIMKM CEORCTBAMM, a0anTUPOBaHHOIO NOO KOHCTPYKUMED KOMNAKTHON aHTEHHI.

The article discusses the problem of ensuring the stability of the electrodynamic characteristics of compact antennas
(microstrip, printed, antennas based on LTCC technologies) under the influence of climatic factors: humidity, salt fog,
temperature fluctuations and icing.

The analysis of modern methods of protection of compact antennas is carried ouf, their limitations associated with
the miniaturization of devices are revealed. For the first time, the use of thin films of aluminum nitride (AIN), formed by
magnetron sputtering, as a multifunctional protective coating is proposed. It has been shown that AIN coatings with a
thickness of 0.5 — 2.0 ym provide high corrosion resistance, hydrophobicity (contact angle up to 110°), increased ther-
mal conductivity, and mechanical protection, while causing minimal distortion in the radiation pattern (losses of no more
than 0.2 dB up to 40 GHz).

An original method of two-stage magnetron sputtering has been proposed for forming a coating with gradient prop-
erties thal is adapted lo the design of a compact antenna.

KnioueBble CNOBA: KOMNAKTHBIE aHTEHHBI, KNWMaTWYECKas YCTORYMBOCTL, HUTPHE aNMOMWHWA, MarHeTpOHHOE pac-
NeINEHKE, 3alWTHBIE NOKPRITHA, MMapodobHocTe, CBY-awanazon, AN ToHKME NNEHKK.

Keywords: compact antennas, climate resistance, aluminum nifride, magnelron sputtering, protective coatings,
hydrophobicity, microwave range, AIN thin films.

TO AMNA KOMMNAKTHBIX Takde MeToasl

Beegexue

CoBpeMeHHBIA 3Tan passuTva paguo-
3NEKTPOHWKN  XapaKTepU3yeTcA He-
YKNOHHOW  MWHWaTIOpU3aUuWeR  ycT-
pORCTE W NepexonoM B BERXHIOW YacTk
CBY-guana3zona (oo 100 My v Bwiwe).
KoMnakTHelE aHTEHHEI — MMEPONONoGC-
KOBLIE, NEJYETHLIE, KONMNaHapHLIE,
AHTEHHbI HA OCHOBE MHOMOCNORHBLIX
KepaMudeckuy nognower (LTCC) —
CTAHOBATCH HEOTheMNeMol YacThi
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NOpPTATMBHLIX YCTPOWCTE CBA3M, ane-
meHToB MHTepHera sewei (loT), bopTto-
BOI annapaTtypel GecnunoTHeiX neTa-
TENbHBLIX ANNapaToE W HOCWMOW 3nek-
TpoHukm [1]. OgHako ymeHblueHWe
reoMeTpUHECcKoro  pasMepa  aHTeHH
OENaeT WX KpaiHe yA3BMMBLIMK K BO3-
AERCTEMIO BHELLHER cpeikl.

Ecnu gna KpynHelX 3epranbHbIX
AHTEHH TPaOWUMOHHO NPWMEHAKTCA
paguonpo3paqHele YKpBITMA W CUCTe-
Mbl SKTWEHOTO TEpPMOpPEryNUpPOBaHWE,

384acTyl0 HENpPUMEeHWMbl W3-33 WecT-
KMX OrpaHWqeHuid no macce, rabapu-
Tam W 3HepronoTpebtneHuo.

AHTEHHA, MHTEMPHPOBaHHARA B KOp-
nyc cMapTdhoHa WNK JaTyuka, AonsHa
COXPaHATL CEOM XApaKTEPWUCTHEA NMPW
ApAMOM nonagaduK Bnar, Boadei-
CTEHKW CONAHOM TYMaHa (ANA Mopcka-
ro NpUMEHEHWRA), PE3KMX nepenagax
TEMNEPATYP W O&KE NPU YECTU4HOM
obBnegeHeHUM,

CraThi0 YenMKOM YWTalTE
B DyMamHOH BEpCHM MypHana

fBecthuk ceazn’ Ne 06 '2026
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THE EFFECT OF ALN FILMS ON THE STABILITY OF MICROWAVE ANTENNAS
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B craree paceMaTprBacTes npobaema obecnedeHHa cTabiALHOCTH JCKTPOAHHAMHYECKHX XAPAKTEPHCTHE KOMIAKTHBIX AHTCHH
(MMKPONMOAOCKOBBIX, MEMATHBIX, aHTeHH Ha ocuope LTCC-rexnonoruit) B yCAOBMAN BO3ZEHCTEMA KAMMATHUECKHX dakTopos —
BAAMHOCTH, CONAHOTO TYMAHA, TEMIEPATYPHLIX Nepenaios H ofne eHe .

"DCIBEJ!.QH AHAMHI COBPEMCHHBIX MOCTOSO0B 3aUHTE KOMNOAKTHBRIX aHTCHH, BRIABACHBI HX OrpaHHYCHHA, CBAZAHHBIC C
MHHHATIOPH3AUWER YCTPOHCTE, Brepesie NpeioweHo HENOAL30BAHHE TOHKHX NACHOK HHTpWAa amomuuua (AIN), dopmupyembix
METOAOM MAarHETPOHHOTO PACTBIIEHHA, B KAYECTBE MHOTOPYHKUHOHANBHOTO 3auwMTHOrO nokpwrus. [okasawo, wro AlN-nokperus
TOMUHHOW 0,5 — 2,0 MEM 00eCTeYHBAIOT BRICOKYH KOPPOIHOHHYH cTOHKOCTE, ruapodotiocTs (kpaesoil yron cMauxBanma go no®),
MOBLILEHHYIO TETLIOTIPOBOAHOCTE H MCXaHHYECKYH) 3aIMTY, NPH 3TOM BHOCH MHHHMAABHEC HCKOHCHHA B AHarpaMMy HanpaBieHHOCOTH
{norepu He Gonee 0,2 a6 po 40 IMu).

Mpeanowen OPHIHHANBHBIT METOL ABYXCTAAMAHOIO MArHETPOHHOTO PAcnBAEHHA A0S  (POPMHPOBAHMA MNOKPHITHA ¢
rpagMeHTHEIME CROHCTEAMH, AJATITHPOBAHHOTO MO KOHCTPYKUHID KOMITAKTHOH AHTEHHEL

The article discusses the problem of ensuring the stability of the electrodynamic characteristics of compact antennas {microstrip,
printed, antennas based on LTCC technologies) under the influence of climatic factors: humidity, salt fog, temperature fluctuations and
icing.

The analysis of modern methods of protection of compact antennas is carried out, their limitations associated with the
miniaturization of devices are revealed, For the first time, the use of thin films of aluminum nitride (AIN), formed by magnetron sputtering,
as a multifunctional protective coating is proposed. It has been shown that AIN coatings with a thickness of 0.5 — 2.0 pm provide high
corrosion resistance, hydrophobicity (contact angle up to no®), increased thermal conductivity, and mechanical protection, while causing
minimal distortion in the radiation pattern (losses of no more than 0.2 dB up to 40 GHz).

An original method of two-stage magnetron sputtering has been proposed for forming a coating with gradient properties that is
adapted to the design of a compact antenna.

Knawuensie cioBa: KOMNAKTHEE AHTEHHL, KIMMATHYECKAA YCTOHYHBOCTE, HUTPHA AMIOMHHHA, MATHETPOHHOE PACTIMAEHHE,
FAMHTHHE NOKPRITHA, rHapodobHocTs, CBY-auanazon, AIN Tonkue naeHin.

Keywords: compact antennas, climate resistance, aluminum nitride, magnetron sputtering, protective coatings, hydrophobicity,
microwave range, AIN thin films.
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