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KOMTOHEHTb

ATTeHI0aTOpbl.

Yactb 1

AcTopuKu yTBep»KAaloT, YTO eANHCTBEHHbIM erMneTckum 60rom, He MMeBLLVIM YenoBeyeckoro o6nmka, 611 6or ConHua AToH (Aten),
n306pakaBLINiicA B BUe CONMHLA, YbM Jyun 3aKaHYMBaNUCb KUCTAMU pPYK. EcTb 3HameHuTOe $poTo ermnerckoro apredakra,

Ha KoTopom ¢papaoH DXHATOH («none3Hblil AnA ATOHa») NOKNOHAETCA 3TOMy 60ry. MHOro nieT uccnegoBareneii 3aHMMaeT BONpoC:

uTo $papaoH fepXuUT B pyKax? besBecTHbIl N06UTENb NCTOPUN, 3HAKOMbIIi C NPo6aeMaTNKON perynmpoBaHua MOLLHOCTH,
NpeAnonoXwi, YTo NPaBUTENb AEPXKUT B PyKaX COCY/ibl C KPeMOM OT COJIHLLA, KOTOPbIli ocnabnseT (attenuate!) cnuwkom xapkmne

B 3TO BpeMmsA roga ny4m erunetckoro 6ora [1]. [la, BO3MOXHO ANA UCTOPUM KaK ANl HAYKU 3TO CNIMILKOM CMeNo, HO, eCN BCIOMHUTD,
4YTO B rMaBHOM Xpame ATOHa He 6bIS10 KpbILY, BNIOJIHE NOrMYHO NPEeANOoNoXKUTb, YTO AaXKe «POACTBEHHUK» ATOHa DXHATOH

MOr CTpajAaTb OT CBOEro «cosgatens». Tak 6narogapa gpeBHeernneTckomy 60XXecTBy u cMesiomMmy OTpacaieBoMy IOMOPUCTY

MOXKeM CUMTaTb KpeM OT 3arapa nepebiM MOrMOLWAIOWYM aTTEHI0aTOPOM B MCTOPUN YenoBeyecTBa, ussectHbiM ¢ Xl Beka fo Hawen 3pbl.

O6wume cBefeHbA

Kpome TepMEHA «aTTEHIOATOP» B OTEUECTBEH-
HOI PO IITLHOT TOKYMEHTAI[MHU UCTIONB3YIOTCS
TEPMUHBI «OCITA0HUTENb» U «IIOTTIOTHTENb».

IIpu perreHNy KOHKPETHBIX 3a1ad B Pafino-
TeXHUKEe YaCTO BO3HUKAET MOTPeOHOCTH
B YMEHbBIIIEHUU MOIIHOCTH CUTHAJIA, IPOXOIs-
IIero Yepes yCTPONCTBO. DTy 3a1ady perramT
YCTPOMCTBA, OJYYHBIIINE HA3BAHIE «aTTEHIOA-
TOpBI». BonbImas coBeTckast sHIUKIOMERHS (2]
OIIpefieNseT aTTEHI0ATOPHI CIEAYIOMIUM 00pa-
3oM: «Ammentoamop (om ppany. attenuer —
«CMSIZYUMBY, «0Cnabumv») — ycmpoticmbo ons
nnabuozo, cmynenuamozo unu Quxcupobarnozo
NOHUNKEHUS INEKMPUUECK020 HANDPSKEHUS, CUTLbL

Puc. 1. /306paxeHne erunetckoro papaoHa
IXHaTOHa, NOKNOHAIOLLErocA ATOHY

MoKa, MOULHOCTU INEKMPUHECKUX UL INeKmPO-
MazHumHolx Konebanuil. B omnuuue om peocmama
u nomenyuomempa, conpomubaenue mexdy 6xoo-
HOIMU 3AKUMAMY AIMEHI0AMOPA He MeHAemcs
6 npouyecce pezynupobru (npu ycnobuu, umo conpo-
mubnenue mex0y BbiX00HIMU 3AXKUMAMI HOCHIO-
AHHO), NPU Kaxoom usmeperuu usbecmro Brocunmoe
um ocnabnenue. Ammentoamop useomobusiom xax
omadenvroe ycmpoiicmbo unu cmpaubarom 6 usme-
pumenvrvie u Opyzue npubopul. Pasnuuarom pas-
Ba3vibarousue ammentoamopol, Hexanubpobartuie
UMY € MAZLOTE OYHOCTIbIO YCmanoBKu 0cnabienus,
u usMepumenvHole ammenoamopul ¢ Bvicoxoii
mouHocmvio ycmanoBku ocnabreHus».

Vcxonsi U3 IPHUBEJEHHOTO OLPe/leNIeHNs, aTTe-
HIOATOPOM MOJKET CUUTATHCA T060€e YCTPOoIi-
CTBO, OCIAbIsIONIee IMeKTPHIECKHII CHTHA
(ommy U3 ero xapakTepuCTHUK). B ToM quciIe, Kak
9TO OTMEYEHO BO BBEJICHUH, ¥ Ma3b OT 3arapa,
KOTOpast IMeeT HOJIHOe ITPaBO Ha3bIBAThCS aTTe-
HIOATOPOM, IIOCKOJIBKY YMEHBINAeT MOITHOCTb
IPOXOJSAIIEro Yepe3 Hee COTHEYHOTO U3NTyde-
HuA. [Tomo6HOE onpeneeHNe CUIBHO 3aTPYy/-
HSIeT KaKylo-1160 KIacCu(UKAUIO aTTeHIO-
aTOpPOB BBUJLy UX OTPOMHOTO MHOTr000pasusi.
TeMm He MeHee B OIIpe/leJIeHUU BBIICJICHBI 1BA
OCHOBHBIX KJIacca TaHHBIX yCTPOMCTB — pas-
BA3BIBAOIIINE 1 U3MEPUTEIIbHBIE. DTO CBSA3AHO
He TOJIBKO C TOYHOCTBIO YCTAHOBKHU CTENEHU
0cIabIeHns CUTHaNa, HO U C THIIOM HOCHTeJIS
9JIEKTPOMATrHUTHOTO B3aUMOZIEIICTBHUS — BOJIHOM
WK YacTUIel. B mpuMepe, OIIMCaHHOM BO BBeJie-
HIH, HOCHTeJIeM CUTHAJIA SBJIAETCS JJIEKTPOMAr-
HUTHas BOJIHA B hopMe (POTOHA, KBAHTA IJIEKTPO-
MAarHuTHOI'O U3JTyI€HU.

Paznyue B TUIIAX HOCHTEJIEH 9JIEKTPOMATHUAT-
HOTO B3aHMOJIEIUCTBHSI IIPHBOJUT K €Ille OJHOMY
B&KHOMY MOMEHTY — K Pa3jInIHsM B IOHAMA-
HIH MOIIHOCTH 3JIEKTPOMATHATHOTO CHTHAJIA JULST
HOCUTeJIeH TUIIA «9aCTULIA», HATIPUMED JIEKTPOHA,
U HOCHTEJIEH THIIA «BOJIHA», HAIIPUMEP JJIEKTPO-
MarHUTHOTO HOJIA. DTO pasjindue IPOsSBIAETCS

B TAaK Ha3bIBAEMOM JIyaJIN3Me JIeKTPOHA — YCII0-
BHSIX, KOTZIA 9JIEKTPOH BefieT ce6st KaK JacThIa,
U yCJIOBHUSAX, KOTA 3JIEKTPOH BeleT ce6s Kak
BOJHA. MOIIHOCTh CUTHAJA IJIsl 3JeKTPOHA-
JaCTUIIBI OIIPeNeIIIeTCs B 00IIeM CIIydae Kak Ipo-
M3BefIeHNe IPOTEKAIOIEero TOKA Ha HallpsDKeHue,
TIPIJIOKEHHOE K SJIEKTPIIECKOH TN, ¥ Ha C/IBUT
(ba3 MEXIy TOKOM U HaIIpSDKEHUEM:

P=Uyl,+ZU,I,cosop,,

rae Uy u Iy — mocrosHHble coctapnswomue; U,
I,, — CpefHue KBaJIpaTUIHbIe 3HAYECHUS TapMO-
HUK HaIIPsDKEHNUS U TOKa; ¢, — CABUT (a3 Mexy
HAIPsDKEHMEM U TOKOM IS TAPMOHHK.

B pagmodusuke, KOTfa 37eKTPOH IIPOSBIIA-
€TCs B BUIIE BOJIHBI, Jallle TPUMEHSIETCS MOH-
THE€ INIOTHOCTU SHEPTUU JSJIEKTPOMATHUTHOTO
110J14, HO, MCII0JIb3Ys YpaBHeHUsa Makcseiia, ee
MO’KHO II€PeCIUTaTh B MOILHOCTD. M m1oTHOCTD
SHEPIUy, ¥ MOIIHOCTH 3JIEKTPOMATHUTHOTO IOJIS
ABJIAIOTCS BeTMIMHAME HHTETPAIbHBIMU B OTIPe-
memeHHOM 06beMe TPOCTPAHCTBA, HO B CAMOM
0011eM BU/E IIIOTHOCTb 9HEPTUH MOKHO HIPef-
CTaBUTBD CIIEAYIOIIIM 06pasoM:

U=¢ E%/2 + B¥/p,2,

rje E— HalpspKeHHOCTD 3JIeKTPUIeCKOTO IO
B — MarHuTHas MHAYKINS; €) U [y — THIIEK-
TpUYecKas U MarHUTHAsS IIOCTOSIHHBIE CPENIbL.
Hocurenu Tumna «9acTuiia» sBIslEOTCI OCHOB-
HBIMH [JI PaJUOTeXHUKH, a HOCUTEIN TUIIA
BOJHA — s pagumodusuku. B nmpunnume,
panMoTeXHUKA U panuodU3UKa PasIuIaloTCs
IManasoHoM pabodnx paguodactot. Pasnenenue
9TO I0CTATOYHO YCIOBHO, HO IIPUHATO CYUTATh,
410 4acToThl 10 300 MI'1 0THOCATCA K IUaNa3oHy
pazuodacToT U, COOTBETCTBEHHO, K PaJjuoTeX-
HUKe, a 9acToThI Bbile 300 MI'm — k nuamasony
CBY u KBY u, cOOTBETCTBEHHO, K pagrodusmke.
Ora rpaHHIa II0 YacTOTe [TOKAa3bIBAET, Ha KaKUX
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Puc. 2. CTyneHuaTble pe3nCcTUBHbIE aTTeHI0aToPbI
Ha CONPOTUBNEHUAX:

a) cocpefoToYeHHbIX [3];

6) pacnpegeneHHbix [4]

JaCTOTaX HY)KHO ITPUMEHATH PATHOTEeXHITIECKYIO
CXEMOTEXHUKY, a Ha KaKIX — PagnopU3nIecKyIo,
BOJIHOBOJIHYIO. Pasiidue paguoTexHuKu U paguo-
(busuku cienyer y9uThIBaTh NPU aHATHN3€E KOH-
KPeTHBIX KOHCTPYKITHI TOTO HJI MHOTO U3/IeJIHSI.
B yacrtroctn, quamason 300500 MI'1; MOSKHO can-
TaTh MePeXOIHBIM INAMTA30HOM MEXKITY CXeMOTeX~
HUKOM PaIMOTEXHIIECKON U ParioPU3NIECKOIL.
Ha gacrore 400 MI'1; xopor1iio paboTaioT feTex-
TOpHbIE HIH yCHIUTeIbHbIE KaCKa/bl, COOpaH-
HBIE Ha COCPENOTOYEHHBIX d1eMeHTax. Ho s
BBICOKOTYBCTBHUTEIBHBIX YCTPOMCTB, NMEIOIINX
YYBCTBUTEIBHOCTH Bhime 1072 B1/T'1, mpume-
HEeHUue COCpeI[OTO‘-IeHHbIX 3JIEMEHTOB HpI/IBOILI/IT
K pOCTy COOCTBEHHBIX IIIyMOB KacKaJoB 1, COOT-
BETCTBEHHO, CHIDKEHHIO 001I[ell IYBCTBUTENb-
HOCTH YCTPOICTBa. B aTOM ciryyae He0OX0IUMO
HCIIOIB30BATh MIKPOIIOJIOCKOBYIO TOIIOJIOTHIO,
IIPUMEHATH MAJIOLTY MSIIITIe KOMIOHEHTHI 1 CIIe-
IHAJIbHBIC CXEMBI TSI KOMIICHCAII CO6CTB€HHI)IX
paguoTeMIlepaTy PHBIX IIyMOB KaCKa/loB.

Kasanoch 6bI, MEXIY CTYIIEHYATBIMU PE3U-
CTUBHBIME aTTEHI0ATOPAMHU, U300PaKEHHBIMU
Ha puc. 2a,0 (He CIUTask KOHCTPYKTUBHBIX 0CO-
6eHHOCTE), IPUHIUITNATBLHON PAa3HUI[BI HET.
Ho na camowm fiesie 310 He Tak.

B arTeHIoaTope Ha puc. 2a IS U3MEHEHUs
MOIITHOCTH IIPOXO/ISIIIEr0 CUTHAJIA TPUMEHSIOTCS
AKTUBHBIE COIIPOTUBJICHUSA B MUKPOIIOJIOCKOBOM
UCIIOJIHEHUN, ITO BIIOJIHE JOTUYHO. [Ipu aToM
HY’)KHO UMETb B BH/Y, UTO IIOJI€3HBII CHTHAI
PacIpOCTPaHSETCs [0 IOBEPXHOCTHU TOMOIOTUH,
TIOXOJKeil Ha II0JIOCKOBBIE TUHUN. B 9TOM Ciydae
[IpUMeHEeHne COCPEIOTOIEHHBIX COIIPOTUBIIEHIIT
OTIpaBJaHO.

B arreHoaTope Ha puc. 26 [10JI€3HbII CUTHAT
pacrnpocTpaHseTcss BHYTPU MHUKPOIIOTIOCKO-
BOI1 JINHUY, B MaTepUaJ TUIEKTPUKA KOTOPOIT
BKJIIOUEHBI paclpe/e/ieHHbIe TTOTJION[A0IINe
MaTepuasbl, BHIIONHSIIONINE POJIb PacIpeme-
JIEHHBIX COIPOTUBJIEHUH. DTO He COMPOTHBIIE-
HUS B YUCTOM BHUJIE, @ IOTJIOIIAIOIINE BCTABKY,
YMEHBINAOIIHE IVIOTHOCTh 9HEPIUH MOJIS 32 CYeT
TIOTJIOIIEHHUS B MaTepHaIe.

Kpowme Toro, mjist aTTeHoatopa Ha puc. 26 Bax-
HBIMHU IIapaMeTPaMHU SBJIAIOTCA He TOJIBKO CO0-
CTBEHHO YMEHbIIIEHNE MOILIHOCTH, HO U JOIIOJI-
HUTeJIbHBIE ITapaMeTpBl, CBSI3aHHbIE C IPYTUMHU
XapaKTePUCTUKAMHU BOJHBI, IPUBOMASIINMHA
K IapasuTHBIM MCKQKEHHUSIM CHTHAJIA — 3TO
MOSIBJIEHHE TTaPAa3UTHBIX TAPMOHUK, NCKAKAIO-
IIUX CHEKTP CUTHAJIA; pacceMBaHKe Ha paccoria-
COBAHMSIX BOJTHOBBIX COIIPOTHUBIICHUIT; I3MEHEHUN
THIIA BOJHbI; I3MEHEHUH OJISIPU3AIH BOJTHBI
u ToMy noro6Hoe. Bot movemy mpu BeiGope arte-
Hioaropa st CBY-nuanaszoHa cienyer oOpaiaTh
BHHUMaHUe He TOJIbKO Ha KoaddurmeHT monasre-
HUs (YMeHbIIIeHe MOIITHOCTH ), HO U Ha TOIIO-
JIOTHIO KOHCTPYKIIMU M COOTBETCTBUE IIPaBUJIAM
PpanroU3MIecKoil CXeMOTEXHUKH.

OpnHoit n3 BakHeHmux ocobernocreit CBY-
CXEMOTEXHMKHU SBJISIETCS HEOOXOTUMOCTD KaK
MO’KHO 00Jiee TOYHOTO COTTACOBAHUS BOJHO-
BbIX COIIPOTUBJIEHUI BOJIHOIPOBOAIIEN INHIUI
¥ IOJKIIOUEHHBIX K Hell ycTpoiicTB. [Ipu momHoM
COIJIACOBAHMHU BOJHOBBIX COIIPOTHBIICHUI BOJIHA
PacIpoOCTpaHsETCs B TaK Ha3bIBAEMOM PEXKUME
Gezyueii Gontol. B 3TOM pesxuMe 9HEpPrHst BOJIHBI
HOJIHOCTBIO 1 63 moTeph (MCKKEHHIT) TI0IaiaeT
W3 JINHUU B HAarpysKy. B ciyuae mosnoro pacco-
IJ1aCOBAHUSI BOJTHOBBIX COLIPOTHBIIEHHIT HACTYIIAeT
pesxum crmosueti BonHbl, KOT/ja BOJIHA OT HATPY3KU
(mn cKavKa BOTHOBOTO COIPOTUBIIEHNST) TIOTTHO-
CTBIO OTpakaercs B inHUo0. Oba 9THX pesxuma
SABJIAIOTCA IPENEIbHBIMU, HOCKOJIBKY IIOJITHOTO
COIJIACOBAHUS IOOUTHCSI KPaliHe CIIOXKHO, @ PEKIM
CTOSIYElT BOJIHBI 00pasyercs B CJrydae KOPOTKOro
3aMbIKaHUsI IPOBOAsIIel TuHIK. Ha mpakTuke

KOMIOHEHTbI

Jale BCero o6pasyeTcst Tak Ha3bIBaeMBbIil CMe-

WAHHDBLTL PEKUM, KOT/IA B JIMHUU OJTHOBPEMEHHO

MIPUCYTCTBYIOT ¥ TIpsAMast, U 0OpatHast (OTpasKeH-

Hast) BoHa. CMmelrieHre 06enX BOJIH MPUBOIUT

K IIeI0MY psify 9P PeKToB, BIUIONINX He TOIHKO

Ha IUIOTHOCTH 9HEPruu (MOIITHOCTH CUTHAJA),

HO 1 Ha L[eJ'IbIﬁ pAn Ipyrux, He MEHEE BAXKHBIX

I1apaMeTpoB CUrHasIA. K MX 4nciry MOKHO OTHECTH:

® HAJIOXEHUE CUTHAJIOB, IIPUBOJAIIEE K ITOABJIE-
HUIO FTApMOHUK BBICHINX ITOPANKOB, UCKAJKAI0-
IITUX MCXOJHBIH CIIEKTP CUTHATIA;

® yMeHbIIIeHHe MOIIIHOCTH CUTHAJIA, TOCTYTIa-
IOIET0 B HATPY3KY, U CBSI3aHHOE C 9TUM CHH-
JKeHHe IIPelIeJIbHOTO 3HAYCHUS [IepeiaBaeMoi
MOIIIHOCTH U3-32 BO3MOKHOTO 3JIEKTPUYECKO-
ro po6ost B TPAKTe;

® TaK Ha3bIBAE€MBIN YXOJ] CIIEKTPa, CBSI3AaHHBIN
C B3aMHBIM I10/]aBJIEHIEM IIeHTPAIbHO HeCy-
1€ 9aCTOTHI;

o (basoBbIit npebesr, CBI3AHHBIN C HECOBIIa/Ie-
HreM ¢a3 IpsMOro U OTPaYKEHHOTO CHTHAMIOB.
Jlns 6onpmuacTBa CBY-yCTpOCTB BIONHE

LOCTAaTOYHO MOZOOHEBIX 9P PHeKTOB, YTOOL

3a/[yMaThCsl O IIPaBIJIBHOM BbIOOpPE aCCHBHBIX

YCTPOTCTB (B TOM YHCIIe ATTEHIOATOPOB) B KOHEU~

HOM u3jeauu. Ho B BBICOKOUYBCTBUTETHHBIX

ycTpotictBax, HanpuMmep CBY-pagnomerpax,

9TOTO He OCTATOYHO. B 4acTHOCTH, HEOOXOIUMO
3HATh COOTHOILEHNE CUTHAJ/IIYM B aTTeHIOA~

TOpE U pa3beMax, 4epe3 KOTOpbIe OH BKIH0YAeTCsT

B CX€MY B BBICOKOYYBCTBHTEIBHBIX YCTPOMCTBAX.
Ilist Toro 9T0OBI M30€KaTh BO3MOKHBIX MCKa-

JKEHUII [I0JIE3HOTO CUTHAJIA, HeOOXOMUMO 00pa-

INaTh BHUMAHNE Ha KOHCTPYKIUIO U TOIIOJIOTUIO

aTTeHaropa. B HacrosIee BpeMs IPOU3BONU-

TEJIH CTApAIOTCSE XPAHUTh CBOM TEXHOJIOTHIECKIE

CeKpeThl, HO MOHUMaHHe (HU3UKH PacIpOCTpaHe-

HUS1 BOJIH B IIePeAIOIIIX JIMHISIX T03BOJISIET Kadye-

CTBEHHO OIICHUTD, Y‘{I/IT])IBaeT JIN IIPOU3BOIUTEIID

9TH 0COOEHHOCTH B CBOMX usfenusx. Hampumep,

st CBY-11erteit, IMEIOIIUX HECKOJIBKO BBIXOJIOB,
00s13aTeIbHBIM YCIOBHEM ITPABIIBHOTO COTJIACO-

BaHWSI 110 BOJTHOBOMY COIIPOTHBIICHHIO CTAHOBHTCS

HAJIMYHE COITIACYIOIINX KAaCKajIoB MEX]Ty Iepefiato-

el JIMHUeN U BceMu BbiBomamu. Ha IIPaKTHKE OTO

MIPUBOJIUT K YBEJIUYEHUIO Pa3MePOB YCTPOCTBA,

1 eCJIV IPOU3BOIUTEIb B KaYeCTBE IPEHMYIIIECTBA

3asBJIsieT 0 HEOOJBIINX €ro pa3Mepax, 3HAUUT,

OH He BKJIIOYIJI B CBOE M3JeJINe COTJIACYIONIUX

enei. Mnu cuenan ux MakCUMaJIbHO JIeIIeBEIMUA

¥ He KaYeCTBEHHBIMU. BOJIBITTIHCTBO COIJIaCYIOIUX

KackagoB B CBY-nmuanasoHe cTpouTcs Ha OCHOBE

Puc. 3. Tononorus atteHtoatopa MP109D

WWW.MICROWAVE-E.RU
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KOMTOHEHTb

Tabnuua 1. Tunopasmepbl 1 TUMbl KOHTAKTHBIX MIOLAA0K

Puc. 4. Dopmbl KOHTaKTHBIX MAOLAAOK aTTeHI0aTopoB Barry Ind:
1N AP(P) — NonHOCTbI0 06€PHYTHIN;

T1n AK(K) — 0bepHyTbIil Ha YeTBepTD;

1N AM(M) — KOHTaKT Ha BEPXHEI 1 HIXKHEN NOBEPXHOCTY;
TMN AS(S) — KOHTaKT Ha BepXHeil MOBEPXHOCTY;

1N AT(T) — 06epHYTbII1 C TPEX CTOPOH;

TN AV(V) — 0b6epHYTbI HaMONOBUHY

YeTBEPTHBOJIHOBBIX MUIEH(OB, YTO MPENOCTABISET BO3MOKHOCTD, HCXO/SL
U3 3asBJIEHHOTO Pab09ero AMara3oHa 9actoT, OLEHUTh Ka4eCTBO COIIACOBAHMS
BOJIHOBBIX COITPOTHBJICHUIL. Y MEHBIIICHIE TeOMETPHIECKIX Pa3MepOB COTJIa-
CYIOIIVX KackaZloB BO3MOYKHO 3a CUeT UCIIOIb30BAHMS JUIEKTPUKOB C BBICO-
KIM 3HAaUeHWeM JM3JIeKTPIIeCcKOl OCTOSIHHOM, UTO TPUBOJUT K YBeImde-
HUIO IPSIMBIX ITOTEPh MOIIHOCTH CUTHAJIA 13-3a IIOTJIOIIEHNUS B TUIEKTPHKE.
JlJist MOHMMAHWSE CXeMOTEXHUKH M 0COOEHHOCTEN PACIPOCTPAHEHNUS BOIH
B CBY-nuanasoHe paccMOTPUM B KauecTBe IpUMepa JUCKPETHBIN 6-KaHajIb-
Hblil artertoarop MP109D [5] ot AO «HII® «Muxpan» (puc. 3).

ITprBeneHHbII B ONIMCAHUN U3[EIVS PUCYHOK He IaeT MOJTHOTO ITpefiCTaBIIe-
HIS1 O TOTIOJIOTHH, HO COTJIACYIOIIIHe KaCKa/Ibl Ha TOIOJIOT MY BUTHEI OTIETINBO
(IS HATTIIIHOCTH OKOHTYPEHO IePHBIM LBETOM). BHIHO, UTO aTTEHI0ATOP
BBIIIOJIHEH 110 MUKPOIIOJIOCKOBOH TEXHOJIOTUU U UMeeT HeCKOJIbKO COIJIa-
CYIOLIHX KaCKafIOB /IS Pa3HBIX YacTOT (0 9eM TOBOPSIT Pa3Mephl KaCKajioB).
ITo pucyHKy Tpy[HO pa3obpaTh yUITEHO JI OTPasKEHUE [I0JIE3HOTO CUTHAJIA
Ha 90°-HbIX U3rHbax M0I0CKOBOI JuHIK. Ho, Cy/s 110 3asiBJICHHOMY JiHa-
[1a30HY pabOYMX YacTOT, YYTEHO, @ 9TOT AMara3oH cocrasyser 0,1-14 T,
Marepuar 1uaeKTpUKa MOAJIOKKHI TOKe He H3BECTeH, HO, Cy/isl 0 BHOCUMBIM
IIPSIMBIM IIOTEPSIM, 3TO BBICOKOYACTOTHASI KepAMUKA C TUIEKTPUIECKOMH IIPO-
HHI[AEMOCTBIO He HIDKe 9. DTO MOKeT OBITh, HALIPUMEP, PAMOIPO3PAYHBIIT
curai, umetomuit 111 no 11 u tanrenc noreps Menbie 0,001. Buocumble
HIOTEpH 3a CYeT II0TePh B MaTepHaIe MOIOKKY (S,;) COCTABISIOT 5,5.

Takum 06pasoM, MOJKHO € YBEPEHHOCTHIO 3aKJIIOYHUTD, YTO B TaHHOM
ATTEHIOATOPE BO3MOKHOCTD ITOSBJICHNUS MCKUKAIOIINX [T0JIe3HBIN CUTHAII
(bakTOpoB, yKa3aHHBIX BBIIIIE, CBEIEHA K MUHUMYMY.

Yun-aTTreHoaTopbl

DTOT THII ATTEHI0ATOPOB 110 00BEMY BBIITYCKa (B IITYKaX) BO MHOTO pa3
TIPEBBINIAET BBIITYCK KOAKCHATTbHBIX X BOJTHOBOIHBIX ocnabureneit. OTyactu
9TO CBA3aHO C TEM, 4YTO JIBa KpaﬁHHX THUIIA ATTEHI0OATOPOB Hanbosee BOC-
TpeGOBaHbI B OTHOCHTEIFHO OTPAHUIEHHO 00JIaCTH MUKPOBOIHOBBIX
I/ISMepeHI/IfI, B TO BpeMs KaK ITaCCUBHbIE YUIT-aTTE€HIOATOPDI HE TOJIBKO IIPU-
MEHAIOTCA B IIpUEMOIIEPEIAIOINX TPaKTax paILI/IOYCTPOPICTB, HO U ABJIAIOTCS
KOMIUIEKTYIOIITUMU ITPU ITPOU3BOJICTBE ocabuTeseil Kak ¢ KOaKCUaJIbHbIMUI
COCIUHUTEIISIMU, TAK 1 BOTHOBO/THBIX.

TCXHOHOI‘I/I‘{GCKI/IS U TeXHUYICCKHUE BOHpOCbI M3TOTOBJICHUS ITOIJIOXKEK
U pE3UCTUBHBIX CJIOEB YUII-ATTEHIOATOPOB IIPAKTUYECKHU ITIOJTHOCTHIO COBIIA-

* O NOHATUM «MPELU3NOHHDIII aTTEHI0aTOPY. TePMIH 3TOT He UMEET YCTOABLIEroCA OnpeAeneHia U NPUMEHAETCA Npo-
VM3BOATENEM CUTYALIMOHHO 11 1O CBOEMY YCMOTPEHHI0. KonuecTBeHHOe onpefeneHiie NpeLy3uoHHOCTI He chopmyninpo-
8aHO. [PV PaCCMOTPEHIM YM-aTTEHIaTOPOB €0 UCTONb3YIOT Yallle BCEro B ClyyasX, KOrla HOMUHAN 3HauYeHA Pe3ncTie-
HOIO KOMMOHEHTa OPMUPYETCA NasepHON NOAPE3KON. TUMbl Na3ePHOro TPUMMUHIA U TOYHOCTI NPOLIECCa PACcCMOTPEHD!
8 [6]. 3aberan Bnepes, OTMETUM Takxe, YTO NPUMEHUTENBHO K KOAKCWanbHbIM W BOJHOBOAHbIM aTTEHIOATOPaM NOHATUE
«MPELM3MOHHBIN NCMIONb3yeTCA B OCHOBHOM, KOT/1a PeYb MAET O NepemeHHbIX 0cnlabuTensx 0boux TMOB, eCAI OHN OCHa-
LLieHbI MUKDOMETPHUECKOM N NOFOBHOM CUCTEMON NO3NLIMOHMPOBAHIA NOTNOWAIOLETrO 3NeMEHTa aTTeHI0aToPa.

Pa3wmep (EIA) 0405 0705 0904 0905 1005 1007 1612 2010 2525 2335 3725 3737
Tun KoHTaKTa P.K TV P.MS T M, STV M,S P.M,S P P.MS T STV \ v \
_h r_\ KoakcumarnbHbii 3 3
ﬁ/i 3 aTTeHoaTop
\/ 1 2 [ 1 2
Tun AP(P) Tun AK(K) Tun AM(M) 3 3 3
O
Puc. 5. MoHTaXHas 1 9KBMNBaANeHTHaA cxeMbl aTTeHoaTopoB cepu PAT Tun W
-&, P
. — IAFOT C TAKOBBIMHU JKe JUISL IHII-PE3HCTOPOB U JOCTATOYHO IOIPOOHO OIUCAHBI
B Marepuaie [6]. CyuiecTBEHHbIM U IOHSITHBIM OTIMYHEM PE3UCTOPOB
Tun AS(S) Tun AT(T) Tun AV(V)

OT aTTEHI0ATOPOB sABJIsIETCS GOopMa KOHTAKTHBIX II0Iafok. Hanboiee
MIOJTHBII HAOOp M3aiiHOB KOHTAKTOB OCIA0HTEIe UMeeT IIPOLYKTOBAs
nuHeiika Komanun Barry Industries (puc. 4).

OTMeTHM 371eCh 9TO, HECMOTPSI Ha TAKOE OOIIMe TU3AHOB TEPMUHAIIOB,
BCe CHaG)KEHHbIE UMU KOMITOHEHTBI HMEIOT TOJIBKO [1Ba BAPHAHTA yCTa-
HOBKI: 1100 Ha IOBEPXHOCTH ILTaThl (SMD), 1160 B BBIPe3bI IUIATHL

Arrenoaropsl Barry Industries BbimyckaoTcs B 12 THIIOpasMepax.
B Tabnure 1 mpeacTaBieHo COOTBETCTBHE MEXY GOpM-(DaKTOPOM U THIIOM
KOHTAKTHOM IJIOIAIKH.

Kpome mpencraBieHHBIX Ha puc. 4 GopM TepMHUHANIOB, KOTOPBIE IPU-
CYTCTBYIOT C TEMU HJIM MHBIMY HIOQAHCAMH NPAKTUYECKY Y BCEX IIPOU3-
BOJHTEJICN YUII-0CTA0UTEIel, CYIIIeCTBYeT HeCKOJIBKO crienuduaeckux
TeXHUYECKUX perieHuit popmbl komioHeHTa. Hanpumep, pupma Susumu
BBIITYCKAET CEPUIO IPEIN3HMOHHBIX arTeH0aTopoB” (cepust PAT tun W) mst
[POU3BOJICTBA OCIAOUTEINEN € KOAKCHAIBHBIME COEIUHUTEISIME (PHC. 5).

[penmomnaraeTcst, 9TO IEHTPATbHBII IIPOBOAHUK KOAKCUAIBHOTO KaHaIa
MPUIIANBAETCSl K CHTHANIBHBIM (CpeHIM) TepPMHUHATAM aTTEHIATOPa
(moMmepa 1, 2 Ha puC. 5), BHEIIHUIT IPOBOIHUK K 3a3eMJISIOIIUM KOHTAK-
TaM (KOHTAKThI 3 Ha puc. 5). B cepuu Tpu Kopiryca ¢ pasmepamu 4,2x3 MM
(PAT 3042); 5,6x4,5 Mmm (PAT 4556) 1 6x3 MM (PAT3060H). Y xasknoro Kop-
1yca cBost (popMa KOHTAKTHBIX IUIOIIANOK. Bee mapamerpst cepunt PAT naHbt
B qacrotHoM auamasore DC-10 I'Tu (PAT3060H — 6 I'T1), mpu aToM Hazo
3aMeTHUTB, ITO B (PUPMEHHOI TOKyMeHTaI[u u3MepeHHble 3HaueHns KCB
1 0CTab IeHHs IIPefCTaBIeHbI TOMIBKO 10 3 IT. [lnanasoH MOLTHOCTU Cepu
cocrasster 0,25-5 Br. Hauxymmmit KCB — 1,3. Ocnabienus ot 0 10 —20 1b.

B Poccun noxosxue anemenTs! npoussogut AO «OHUHUII» (r. Omck).
ITorJoImaoII e 3JIEMEHTBI 7151 BOJTHOBOIHBIX OCIA0HTeNeH, HOT0OHbIe YUII-
aTTEeHIoATOpaM, BBITycKaloT Taroke pupmer EMC Technology u RF Labs.

ManomouiHble aTTeHI0aTOpbl Ha OcHOoBe GaAs-npouecca

Kpome yske paccMOTpeHHBIX TeXHOJIOTHIT IPOU3BOJICTBA ITACCUBHBIX KOM-
TIOHEHTOB COIPOTHBIICHHUS [6], B TEKYIIIEM ICCATIIICTHN 3TOTO BeKa 3aMeTeH
HWHTEpeC ICCIIeNoBaTeNel U IPON3BOJUTEIIEH K TEXHOIOTHSM U3TOTOBIICHHUS
IIAaCCUBHBIX KOMIIOHEHTOB B €IMHOM TE€XHOJIOTUIECCKOM HpOHeCCe C AKTHUB-
HBIMU. ECJ'II/I paHbme TaKasd TEXHOJIOTUA HpHMeHHHaCL B OCHOBHOM HpI/I
M3TOTOBJIEHUH MOHOJIUTHBIX HHTETPaIbHBIX cxeM, i MUC (anzn. MMIC),
TO ceffyac TaKUM ke 00pa3oM IIPOU3BOJISITCS  OT/IENIbHBIE ITACCHBHBIE KOM-
TIOHEHTbI WX HAOOPHI KOMIIOHEHTOB. DTa TEXHOJIOTHS XOPOIIIO «JIOKHUTCS»
Ha IPOM3BOJCTBO ATTEHIOATOPOB, IIOCKOJIbKY OHHU IIPEACTABISAIOT CO00i
HMEHHO TaKoi Habop. B 6eckoprycHOM HCIIONHEHNH HAHHBI KOMIOHEHT
Jaire Bcero 0603HavaeTcst repMuHOM Die («KpuCTan»), 1 MOKeT BCTpe-
yarbcs 06o3nauenue MMIC.

Elrie ofHUM TOCTOMHCTBOM TEXHOJIOTHHU CIUTACTCS CTAOMUIIbHAS IIOBTOPSI-
€MOCTb [TaPaMeTPOB U3MIeIHIL. B OCHOBHOM pedb HJIeT 0 KpeMHIEBOM 1 apce-
uHup-rameBoM (GaAs) mporeccax, u3 KOTOPbIX Hanbojiee 9acTo UCIOIb-
3yercst BTOpoit. CpaBHUTEIbHbIE Pe3yIbTaThl IKCIEPIMEHTANIBHEIX PaboT
T10 MCTI0JIB30BAHHIO [IBYX TEXIIPOIIECCOB IPE/CTaBIeHbI B MaTepuanax [7, 8].
Tax, B paboTe (7] IOSCHSAIOTCS HPEUMYIIeCTBA apCeHUI-TaJUIIEBOrO IPO-
necca. B oryame oT KpeMHUS, 3/1eCh IPHUMEHSIOTCS MeTaJIIN3NPOBAHHbIE
TepexonHble 0TBEepCTHS. VICII0Ip30BaHNe TAKUX OTBEPCTUN IS 3a3eMIICHHUS
KOHTAKTHBIX IIOIIAIOK 3HAYUTEIIbHO CHIDKACT HapaSI/ITHYIO I/IHI[YKTI/IBHOCTI)
(mo mecsitkoB nl'H). Kpome TOro, OMATH-TaKH B OTIMYME OT KPEMHHUS, T/ie
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Puc. 6. Cepusa MP503: a) Tononorus; 6) dyHKLUMOHanbHas cxema

Pe3UCTOPEI TPOU3BOLATCS 11 DY3UOHHBIM METOIOM, B apCEHU-TA/LIHEBOM
TeXIPOLIeCCce Pe3UCTOPBI POPMUPYIOTCS U3 TOHKHUX IUICHOK HUTPHJIA TAHTAJA.
B obmieM cirydae 3TO IIO3BOJISAET YTIIM3HPOBATH OOIBIIYIO BXOJHYIO MO~
HOCTD TIPY CPAaBHUMBIX pa3Mepax KoMIIOHeHTa. Tak, npesiesbHO HOITyCTH-
MBIi1 TOK Ha €IUHHUILY IIIUPUHBI Pe3UCTUBHOTO MaTepUaJIa B CIIyYae KPeMHIUS
cocrapseT 0,5 MA/MKM, a 711 apCeHUN-Ta/uis — 1 MA/MKM.

ITpakTHYecKUM PUMEPOM IPHMEHEHUs TeXHOJIOTUH SBJISETCS OTede-
crBerHast MU C pe3ncTHBHBIX (PUKCHPOBAaHHBIX aTTEHIOaTOPoB cepurt MP503
(AO «<HUMUIIII», r. Tomck) [14]. Cepusi COIEpPKUT AT HOMUHAJIOB OCJIa-
6uenus: 0, 2, 3, 6, 10 1b B yacrorHOM mMamaszone 050 I'T. MakcumanbHas
BXOzHAas MOIIHOCTH 0,2 Br. Pasmeps! kpucramia 0,65x0,65x0,1 Mm.
Ha puc. 6 npuBeneHs! TOIOIOrUY I (PyHKIIMOHATbHATbHAS CXeMa aTTeHIoA-
TopoB Ha 2 1 10 1B, Ha puC. 7 — BHOCHMBIe U 0OpaTHbIE IOTEPHL.

Tl cpaBHEHUS MOKHO PacCMOTPETh apCeHM L -TaJJINeBBIIl aTTEHI0ATOP
EWA65xxzz pupmsr Endwave Corp. (Gigoptix), naHHBIe O KOTOPOM IIpHU-
Benennl B [10]. B ornmuaue or MP503, B EWA65 ucnonb3oBana T-cxema
ocmaburess. VI3BecTHO, ITO IPU OANHAKOBLIX OCTabeHnsIx T-cxeMa nMeeT
MeHbIIIe HOMHUHAJIBI Pe3UCTOPOB 110 cpaBHeHuUIo ¢ [I-cxemoit. B pe3yib-
TaTe y Pe3UCTOPOB MEHBIIINE Pa3MepPhI U, COOTBETCTBEHHO, 60JIee BHICOKAsI
rpanudHas 9actora (105 I'T1) 1 HecKoJIbKO MeHbIIIUe Pa3Mepbl KPHCTAILIA
0,5%0,5%0,1 Mm y EWAG5. Taroke EWAG5 nmeeT cpaBHUMBIE C OTEIeCTBEH-
HBIM KPHCTAJUIOM 00paTHBIE TOTepH B 15 15 1 BIBOe MEHBIITYI0 MOLITHOCTD
0,1 BT, 4T0 06BsICHSIETCS 60JIEEe BEICOKOI TPAHUYHOM YaCTOTOU M MEHBIIIEN
IUIOIIAABIO KPUCTAILIA.

Ectb mpuMeps! 1 60Jiee MOIITHBIX aTTEHIOATOPOB B TAKOM (opM-axTope.
Hanpumep, dupma Mini-Circuits mpoussonur ceputo KAT-D MMIC-ocna-
6urereil Ha apceHuUIe TN Ha MOITHOCTb 1,7 Br [11]. Pazmepb! kpucrasia
y atoro uazenust 0,75x0,7x0,1 Mmm. 3asBieHa tuHeiika ocnabiaenuit 0-10 n1b
cmarom 1 gb u ganee 12, 15, 20 u 30 nb B yacrorHOM uanasone 0—43,5 T,
Bo Bceit momoce KCB 1.2. Q65140 Takue u ToR06HbIe (PUC. 6) KPHCTAIIbL
0(OPMILTIOTCS B KOPIIYC € IIECTHIO TePMUHAIAMY, ITO OHO3HAYHO OIIpe-
nersieT crocob6 MoHTaxa (puc. 8).

OnuH 13 BOIPOCOB, BOSHUKAIONIMII IIpu cpaBHeHnH aTTeHoaTopa KAT-D
€ IBYMSI IIPEIbILY IIMI MOJIEISIME, KaKAM 00pa3oM ITPH CPaBHUMBIX Tabapu-
Tax Kopiryca (pasmeps kpucrauia KAT-D nHa ~20% Gosbiite, vem y MP503)
HOTIJION[aeMasi MOLTHOCTD IOBBIIIEHA TPAKTUYeCKH Ha mopsinok. Kpome,
KOHEYHO JKe, MaTepHaIa COOCTBEHHO Pe3UCTUBHOI IUICHKH, He 0003HaYeH~
HOTO IIPOU3BOJIUTEIIEM, BO3MOKHBII OTBET COIEPKUTCS B ONIUCAHUN U3JEII,
IZle YKa3aHo, YTO KPUCTAJIT OCIAOUTeIS HIMeeT CILIONIHYIO 3a3eMIISIOIYIO
HOBEPXHOCTH, OXBATLIBAIOIIYIO KaK YeThIPe TePMUHAJA BepXHeH IoBepX-
HOCTH KOPIIyCa, TaK U BCIO HIDKHIO CTOPOHY. TakuM 06pasoM, MOXKHO
OTMETHTb, YTO CHIHAJIbHBIE TEPMUHAJIBI ATTEHIOATOPA OTHOCATCA K TUITY AS
o wiaccudukanuu Barry (Single-Sided), B To BpeMst Kak 3a3eMyIeHre HMeeT
koHcrpykuuio tra AP (Full Wraparound). Tem He MeHee B JOKyMeHTAIIMK
IIPOM3BOJIMTEIISI 3a3eMIISTIOIIAs TIOBEPXHOCTH OIicana Kak Single, Contiguous
Ground Plane («exnnast HerpepbIBHAS 3a3eMIISIOIIAS] TOBEPXHOCTD» ), ITO
ellie Pa3 MOAIePKUBAET HEKOTOPYIO YCIOBHOCTD KiIaccudukanumii hpopm KOH-
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Puc. 7. Xapaktepuctukn MUC-atteHioaTopos MP503:
a) KoahduumeHTbl nepeaayn; 6) obpatHble notepu

3emns

[ []

==
=\
|

P4-Bxop

PY-Bbixog

3emns
Puc. 8. Cnoco6 moHTaxa MMIC-atteHtoatopa (Mini-Circuits)

TAKTHBIX IUIOIAIOK. Takast KOHCTPYKI[HS 3a3eMJICHUSI IIO/Jpa3yMeBaeT yCTa-
HOBKY aTT€HIOATOPA B BbIPE3 IIJIAThI Ha HECYITYIO ITIOBEPXHOCTD, BBIITOIHIO-
LIYI0 POJIb 3a3eMJIeH s 1 Ter1ooTBoxa. [Tockonbky Mini-Circuits BbITyckaer
TECTOBBIE IUIATHI C ATHMU aTTEHI0ATOPAMH, KOHCTPYKIUS IUTATHI II03BOJISIET
YBHIETb C110c06 ycTaHOBKH ocaburesns (puc. 9).

Kpuctann
—~

Mnara )

Puc. 9. YcTaHoBKa aTTeHI0aTOpa Ha Hecymeﬂ 113 Me[JHO-MONMOAEHOBOrO CM/aBa

WWW.MICROWAVE-E.RU
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KAT-0-D+
PHA-1-D+

+
g
<
[
g
X

3oHAb!
«3eMMIs — curHanm — 3emnsa»

30Hab!
«3EMIsi — CUrHarn — 3eMns»

Puc. 10. KAT-0-D-aTTeHi0aTop Kak nepexogHuk

Crenuanucrsl Mini-Circuits peKoMeHIYIOT OpUTrHHAIBHBII CII0CO0 IpU-
MeHeHus Bxopsiero B ceputo KAT arrenroaropa KAT-0-D ¢ ocnabnernem
0 nb (ymHMs 6€3 ToTeph). o B TOM, YTO Y GOJIBIINHCTBA MUKPOBOJIHOBBIX
KOMIIOHEHTOB KOHTAaKTHBIC IJIOIIIA KN CKOHCprI/IpOBaHIﬂ TAKUM 06pa30M,
4qTo Ka)KHbIﬁ CUTHAJIbHBIN TEpMUHAI UMEET C ABYX CTOPOH «3€MJIAHBIE»
KOHTaKThI (puc. 6, 8). Ilpu u3MepeHnn mapaMeTpoB 9TUX KOMIOHEHTOB
UCIIONIB3YIOTCSI HPOOHUKYU C COOTBETCTBYIOIIEl KOH(MUTYpaliueil KOHTaKT-
HBIX JIaMeJIeil. TeM He MeHee CyIIecTByeT JOCTaTOYHOe KOJIIeCTBO KOMIIO-
HEHTOB, Y KOTOPBIX KOMIIOHOBKA KOHTAKTOB «3€MJISI-CHTHAI-3eMJIsD» OTCYT-
CTBYCT B OCHOBHOM [JI1 DKOHOMUU M€CTAa Ha KPUCTAJLJIE, U HEBO3SMOKHOCTH
IIOAKIKYCHUS CTAHIAPTHBIX MUKPOBOJIHOBBIX HpO6HI/IKOB 3HAYUTEJIBHO
3aTPyIHSET U3MepeHre XapaKTePUCTHK TAKHX KOMIIOHEHTOB. B 1oKyMeHTe
[12] mpemnaraercst crioco6 IpUMeHEHHs aTTeHIOATOPa ¢ HyJIEBBIM OCIabIe-
HHeM — KaK IIepeXOIHIKa MEKIY U3MepsieMbIM KOMIIOHEHTOM U IIPOOHM-
koM (puc. 10).

B mpuBeneHHOM IpUMepe U3MePUTEIbHbIE IPOOHUKU MOAKIIOTAI0TCS
K Kpuctajuty ycuntens PHA-1-D gepes nepexopusle ocmabutenu 0 nb.

ManomouyHbie LTCC-aTTeH0aTopbl

Emre ogna ogHOpanroBas, kKak u MU C, TeXHOIOTHSI HU3KOTEMIIEpa-
TYpHOIT coBMecTHO o6xuraemort kepamuku — LTCC (Low Temperature
Co-fired Ceramic), HHTEHCUBHO Pa3BUBAIOIIASCS C Hadala TEKYI[ETO
cronerust. [Ipentedeit ee 6su1a BeicokoTeMieparypHas (HTCC) Texno-
JIOTHSL, IpUMeHseMas IPU IPOU3BOCTBE MHOTOCIOMHBIX KepaMIYeCKUX
IeYaTHBIX ITAT, B 00BbEMe KOTOPBIX MOTJIH Pa3MeIlaThCsl IPOBOIHUKH
u3 Bonbdpama u MOIH6IeHA M HEKOTOPbIE TACCUBHBIE KOMITOHEHTHI.
HTCC-TexHONOTHSA OCHOBAHA Ha 00KMTe TPAHYJ OKCHJA ATIOMHUHUSA
(AL,O;) mpu Temmeparype 2+1500 °C. BrociencTBun B KepaMUIeCKHit
IIOPOIIIOK CTaIU JOOABILATH CIIeIUaIbHOE CTEKIIO, U TeMIIepaTypa 06Kura
cansunach 1o +850 °C. Ceiryac k LTCC oTHOCAT KepaMHKH, IIOJIydae-
MBle IIpH TeMIepaType He 6osee +1000 °C. CHIKeHHE TeMIIePaTy phI
06>KHTa ITO3BOJIAIO IPUMEHSTh B KadeCTBe IPOBOJHIUKOB cepe6po, 30J10TO
u HJIaTI/IHY. B CeTI/I, B TOM 4YHUCJIE€ B €€ pyCCKOH3bI‘-IHOM CEeTMEHTE, UME-
eTCsl OOLIMPHBII MaTepHal [JIsl JKeTAIOLIIX PasoOpaThCsi B TOHKOCTSX
TeXHOJIOTHHU. 3/1eCh IPUBeIeM JIUIIb HeCKOIbKO 0a30BBIX MOMEHTOB.
LTCC-rexHOMIOTHS TO3BOJIMIA HOTYIUTh KEPAMHKY, CTOUMOCTH KOTO-
poit cpaBHEMa ¢ FR-4, IpH 9TOM YacTOTHBIE CBOMCTBA OIM3KH K KepaMUKe
U3 OKCHJaA amoMuHusA. HuskoTeMnepaTypHas KepaMUKa UMeeT XOpOIIne
3aIUTHBIE CBOMCTBA OT arPeCCUBHBIX (PAKTOPOB BHEIIHEI CPEMbI I TO3BO-
JIeT CO371aBaTh B 00beMe MaTepHalla BCe BUAbI TACCHBHBIX KOMIIOHEHTOB
U MeXCOeUHeHui1. MaTepual IHPOKO UCII0NIb3YeTCs B IOTPEOUTEIBCKOI,
aBTOMOOMJIBHON, BOGHHOU 1 a9POKOCMIYECKON 9JIeKTPOHHKE, B TOM YHCIIe
BY u CBY mo 100 I'T1y.

LTCC-TexHOMOTNS IPUMEHSIETCS U ST IPOU3BOAICTBA ATTEHIOATOPOB,
UHTETPUPOBAHHBIX B KepaMuKy. Tak, kommanus Anaren Ceramics BbIITy-
ckaet ceputo LTCC-arrenioaropos Ha 9actoTsl 10 18 I'Tn u MouiHOCTS
10 0,125 Br. Cepus nmomMemniaeTcst B 4eTblpe KOPIyca C Pa3HOU CTEIIeHbIO
«00epHYTOCTH». TakkKe HCIIONb3yeTCs] HeCKOIbKO THIIOB KOHTAKTHBIX
IJIOIIAMIOK, B TOM YHCJIE 30JI0ThIE MOJ Pa3dBapKy MHUKPOIIPOBOJIOKAMHU
U Ha OCHOBE CIIJIABOB IUIATHHA-30JI0TO U IaJITAiuII-cepeOpo I maiku
U TIPOBOJISAIIETO Kiesl. YacToTHbIe XapaKTepUCTUKU CEPUU TIPeICTaBIeHbI
Ha puc. 11.
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Puc. 11. Xapakrepuctukn LTCC-atreHtoatopa 2311 Anaren
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Puc. 12. Attentoatop RCAT-cepum Puc. 14. [1Ba GUKCpOBaHHBIX aTTEHI0ATOPa B YMM-UCTIONHEHNN
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Puc. 13. YacToTHble XapaKTepucTuki attexioatopa RCAT-20 (20 ab): 10 ab
a) 3aTyxaHue; 6) o6paTHble noTepy Puc. 15. CpasHeHue KCB ana atreHioatopa FAC430210

MakcuManbHble pa3Mepbl KOMIOHEHTA
2,3x1,1 mm (2311 EIA). B pykoBojcCTBe 110 9KC-
IJTyaTalluyd Anaren He yKasaH ITOCTOSHHBIN
b pobyKBeHHBIN IpedUKC HA3BAHUS CePUU
aTTEHIOATOPOB, @ TOJIBKO 16 ITepeMEeHHBIX MOJIEH,
KaXII0€ 13 KOTOPBIX MOKET IIPUHIMATh Pas3ind-
Hble 3HAUCHNUS B 3aBUCHMOCTH OT IIapaMeTpoB
KoMIoHeHTa [13].

Ele ofiMH HPOAYKT, CO3MAHHBIN C IIOMO-
mpio LTCC-TexHONMOTNH, IpecTaBIeH KOM-
nanueit Mini-Circuits. 9to 2-Br cepus yun-
arreH0aTopoB RCAT — TOHKOIIEHOYHBII OCIa-
6uTesb, B KOTOPOM PE3UCTUBHBIN KOMIIOHEHT
o6pasoBaH B 00beMe KepaMHUKH. ['epMeTUIHOE
(UHAIIHOE IOKPBITHE ATTEHIOATOPA BBIIIOJ-
HseTcst B a30THOI atMocdepe. KoHTakTHBIE
IJTOL[AKU 30JI0ThIe, HOKPBITHI cepeOpsiHO-
[UHKOBBIM HpuitoeM. YacTOTHBII NHana3oH
DC-20 I'Tu. Crek ocnabaennit: 0-10, 12, 15, 20,
30 nb. Ha puc. 12 npencrasieH BHEIIHUN BU]
aTTEHI0ATOPA, a Ha pUC. 13 — XapaKTepUCTUKU.

Pasmepsr kommoHeHTa 2,25%2,25x1,1 MM.
B maHHBIX IPOU3BOAUTEIS He yKa3aHO FPaHUI-
HOe 3Ha4YeHUe TeMIIepPaTypbl, IPX KOTOPOM MOIII-
HOCTD IepecTaeT ObITh HOMUHATIBHOM, HO IIPU
9TOM OTMEYaeTCsI, YTO Ha BEPXHeil IPAaHUIIE TeM-
HeparypHoro auanasona (—55...+125 °C) moro-
I1aemMast MOITHOCTE pasHa 0,33 Br.

ManomouyHble 4Nn-aTTeHI0aTopbI
€ 0C06eHHOCTAMU KOHCTPYKLUM

Cpezyt OrpOMHOTO KOJIMYeCTBA MaJIOMOIIIHBIX
IUIT-aTTEHI0ATOPOB HMEIOTCSI MOZENH, JIN60 06:1a-
JaroIIye HeKOTOPBIME CIeIU(DIIeCKUMI 0COOEH-
HOCTSIMY, T100 HEIaCTO BCTPEIAIOIIINeCs B IIPOH3-
BOJICTBEHHBIX JIMHENKaX KOMITAHUIT MEKPOBOJI-
HOBOIT OTpaciu. PaccMOTPHM HEKOTOpBIE U3 HUX.

Kax yxe oTmMedanoch, Bo3MoxHOCTH GaAs-
TEXHOJIOTUH IO3BOJISIIOT CO3/IaBaTh U G0JIee CIIOXK-
Hble usnenus. Tak, kommanus Yantel (Kurait)
BBIITYCKaeT CePHIO CIBOCHHBIX aTTEHI0ATOPOB B YHIT
(Die) ucrionuennu. Cepust 3aiakoBaHa B 8-BbIBO-
IHOIT KOpITyC pasmepoM 2x2x0,75 MM (puc. 14).

B cepuu mpejcTaBiIeHO IEBATh U3ICTUN IS
nuamasona 0—43,5 [T, Cpenu HUX eCcTh IHUIIBI
C 0C/IAOUTENIMU KaK OIUHAKOBOTO, TAK I Pa3HOTO
HoMuHana. Ha ciegyromieM pucyHKe IOKa3aHO
cpaBHenue 3aBucuMocTt KCB oT 9acToTh! 115
guma FAC430210, comepskarero aTTeHI0aTOPBI
Ha 2 u 10 nb (puc. 15).

Cepust paboTaeT ¢ MOIIHOCTSAMHU CHTHaIA
10 2 Br. IIpousBoznuresem 3asBiieHa 061aCTb IpH-
MeHeHUs: 5G, u3MepeHust, PaIuoJIOKAIINs, CBA3b,
6ezomacHocTh. KpoMme yske IpefCcTaBIeHHOTO
arreHioaropa B cepuro FAC BxopsT ocnaburenu
CO CIefyIOIKMMHU TapaMi HOMUHAIOB: 1-2, 1-3,
1-4, 1-10, 2-4, 2-6, 2-8, 3-6, 7-7, 10-10, 12-12 gb.

B npou3BoJCTBEHHOM JINHEIKe KOMIIAaHUT
Yantel ecTb elrfe OIMH aTTEHIOATOP, KOTOPBIH
OTHOCHUTCA K TUITy IIAaCCHBHBIX MaJIOMOIIHBIX
ocabuTenedt AJIs MOBEPXHOCTHOTO MOHTaKA. Ero
HEKOTOpas 0COOEHHOCTb COCTOUT B TOM, 4TO 3TO
IIepeMeHHBII ATTEeHI0aTOP C PYYHBIM JHCKpPeT-
HBIM yrpasieHueM (cepus VAD) u ¢ pydHbIM
IUIABHOIIEpeMeHHBIM yrpaiieHueM (cepust VAC).
ITomo6HBIe KOHCTPYKITUN BCTPEUAIOTCS HEIACTO,
a IOTOMY HOCBSIIATh UM OTJEJIbHBIN pasyiel

Puc. 16. DIP-kopnyca cepun VAD
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He MIMeeT CMBIC/IA. B IpencraBaeHnn Ipou3BOAUTE A TAKOH aTTEHI0ATOP
SIBJSIETCSI 3aMEHOM (BUIMMO, Ha KAKOM-TO JTare pa3pabOTKU IIPOTOTHUIIA)
1 POBOTo ATTEHIOATOPA. DTO CBSI3AHO C TEM, ITO €r0 JIerde 3aKpenuTh
u HacTpouTk. Ha puc. 16 mokasans! Bce BUbI Kopirycos cepun VAD.

Kak BUJIHO, B cepuM IPenyCMOTPEHBI KOPITYChI KaK ¢ BEPTHKAIbHBIM,
TaK 1 ¢ 60KOBBIM PaCcIIONIOKeHUEM IBIDKKA, B TOM YUCIIE U € TePMHUHAIAMU
IJ1S TIOBEPXHOCTHOTO MOHTaKa. BepXHsAa rpaHnuHas yactoTa i VAD
cocrasiset 2,5 [T, momrOCTS — 0,125 Br. CHicTeMa HacTpOYIKHU aTTe-
HIOATOPA [O3BOJISIET 3a/aTh LIIECTh IIOI0XKEHHI 0CIabIeHIsI U PacCINTaHa
Ha 60 6-II1arOBBIX IUKJIOB peryaupoBKu (Bcero 360). Pasmeps! kopimyca
10x11x6 MM.

Cepus VAC u3rorosiieHa 110 TOHKOIUIEHOYHO! TE€XHOJIOTHU M ITOCTABIIA-
ercst TosbKo B DIP-kopmycax (puc. 17).

Orta cepust pabotaer no 2 [T Ha mormHOCTSIX 10 1 BT. V3en Bpamenus
[I03BOJISIET PeTyaupoBaTh ocnabienue B auamaszore 0-15 nb u paccantan
Ha 500 1MK10B HacTpoiku. Pasamepnl koprmyca 9,5x10x5 MMm.

Ha puc. 18 npencrasiens! 3aBucumoctu ocnabnerus u KCB ot yactoTsr
IJI51 IBYX IIPOU3BOJIbHO BBIOPAHHBIX aTTeHI0aTopoB cepuit VAD u VAC.

Ennte ofiH 9UII-aTTEHIOATOP C PACIINPEHHBIMU BO3MOKHOCTSAMU IIpe/IIa-
raer kommauust AVX (Kyocera). Dta ¢pupma He BXOZUT B IUCIO (pIrarMaHOB
10 BBIHYCKY ATTEHIOATOPOB, HO ABJIAETCA IPU3HAHHBIM JINJIEPOM Ha PBIHKE
HEMAarHuTHBIX KOMIIOHEHTOB. TaK, B ee HpOI/ISBOI[CTBeHHOI;I JINHENKe uMe-
€TCsl HeMarHUTHBIN Yum-atTeHioatop cepunt AT, popm-dakropa 0603 (EIA),
C 30JIOTHIMH KOHTAKTHBIMH IUTOIIAanKaMH (puc. 19).

Jlis peany3anyy HeMarHUTHBIX CBOICTB KOMIIOHEHTA IIPOM3BOUTEND
IpejiiaraeT MOHTAK IOCPeICTBOM IPOBOJIAIIEr0 dMOKCUAHOrO0 Kies. [Tpu
9TOM KOHCTPYKIIHS KOPITyCa HOJHOCTBIO COBMECTHMA C CHCTEMAMU BBICOKO-
CKOPOCTHOTO aBTOMATU3MPOBAHHOTO MOHTaXa. ATTEHIOATOP UMEET TOHKO-
IUIEHOYHYI0 KOHCTPYKIIUIO U3 HUTPHUJA TaHTaJIa Ha IOJJIOKKE U3 HUTPHIA
amoMuHus U paboraer B tuanazose 0-20 I'Tr. Habop ocimabnennit 0-10 nb

KOMTOHEHTb

Puc. 17. DIP-kopnyca cepun VAC

wepe3 1 1b. Momrnocts 1 Bt npu ocabnenusx go 7 b u 0,75 Br 6omee 7 nb.
Tunuynsri KCB B mosnoce 1,25. KOMIOHEHT paccUuTaH Ha yCTAHOBKY
B KOIUIAaHAPHbIE ¥ MUKPOIOJIOCKOBBIE TMHHUU HepelayH.

3aBeprast pasjies1 0 YNM-aTTEHIOATOPAX JISI CIIeI[UaIbHBIX IPUMeHe-
HUIT, MO’KHO OTMETHTH U3Jiesine, KoTopoe mpousBonut dhupma Apitech.
D10 HHSKOTeMHepaTYpHIﬂﬁ KPpUO-YUII-ATTEHIOATOP I IPUMEHEHUA
B KBAHTOBBIX KOMIIBIOTEPAX U PACCIUTAHHBII HA pabOTy MpH TeMIIepa-
type ot 4 °MK mo 150 °K. IIpoussopsarcs nse cepun: CCAAW — 18 I'Trg
1 CCAAF — 8 I'T11. OGe BBINOTHEHBI Ha ITOJUIOKKE U3 HUTPU/IA ATFOMUHHUS
U UMEIOT OJJMHAKOBBIe pasmepsl 1,91x1,52x0,25 MM. 1 Habop ocnabaeHnit
0-20 nb. bonee BEICOKOYACTOTHAS Cepysl MeeT MOITHOCTH 710 4 Bt m KCB
He Xye 1,5, MeHee BBICOKOJACTOTHAst COOTBeTCTBeHHO 1o 5 Br u KCB 1,35.
Taxoke cepun UMeEIOT HECKOJIBKO Pa3IMYalOIIUIICS TH3aliH KOHTAKTHBIX
IUIOIIANOK («06epHYTOCTIY).

B Tabiuiie 2 mpuBeIeHbl HeKOTOPbIe (PUPMBI, TPOU3BOISALINE MAIOMOLIL-
HBIe YUIT-aTTeHIOATOPHI.
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Puc. 18. Ocnabnenue 1 KCB B grana3oHe: a) VAD0305D; 6) VAC18
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KOMIOHEHTbI

Ta6nuua 2. ManomoLlyHble unn-aTTeH0aTopsl (fo 2 BT)
®upma Mopenb/ Cepua PaGouan Ocna6nenus, pb KCB, P, BT  Pa3mepbl, MM
yacrora, [Ty He Xyxe L
Hittite (Analog Devices) HMC65x DC-50 0,15;2;3;4;6;10; 15; 20 1.36 03 0,42%0,45%0,1
TriQuint (Qorvo) TGL4201 DC-40 0:2;3;6:10 1.36 0.1 0,5x0,5x0,1
Alpha Ind. ATN3580 DC-40 1-10; 12; 15; 20; 30; 40 1.35 1 0,71x0,76x0,25
Susumu ATS DC-30 0-10 = 0.1 2x1,2x0,4
Yantel FAC26xx DC-26,5 1:2:3,6:10 1.4 0.2 1,52x1,9x0,28
Piconics T124 DC-20 1-20 2 1 3.8x3,05
SemiGen SFAP DC-20 0-30 13 2 0.75x0,75
Mini-Systems Inc. MSATS MIATS. | pe-20 1-24 15 2 38x3,1x0,64
Bowei BFAXxMA DC-18 0,15;1-10; 15,2 1,35 0,1 1,91x1,52x0,3
Richardson Electronics PCA 12,4 1-20 15 15 3,8x32
Putc. 19. HemarHuTHbiii uvn-atTeHioatop ot AVX SV Microwave FA865 DC-4,2 1-10; 12; 15, 20; 22; 25 1.25 1 38x3.8
Metuchen Capacitors Inc. RACT0 1A DC-3 0,5-20 13 0,1 1x1x0,35

MouHble Ynn-aTTeHIaTopbl
Hayo cpasy oTMeTuTs, 4T0 y pousBoputeseit uumn- 1 CM]I-4nnocmabu-

Testeit HeGOJIbIIIOM BHIOOP CIIOCOOOB YBEIMIEHUS MOIIIHOCTH CBOUX U3Jie-

it Pedb, mpeskie Bcero, UeT 0 MOCTOSHHON MoIHOCTH paccesHust (CW).

[Torpo6yem epeIncIUT 3TH COCOOBI.

o TIpumeHeHwue Gosiee TEIONPOBOIHOM MOIOKKU. HarsmHbIil mprMep
9TOr0 BUIMM B IIPOU3BOJCTBEHHOI JInHeliKe kKoMnanuu Yantel. Tax,
ee cepus 6-I'Tm ToncromeHoYHbIX aTTeHI0aTOpoB FACO6 BBIITyCKa-
eTCs Ha TpexX MOJUIOKKax. [Ipu aTOM IIpu H3TOTOBJIEHNN KOMIIOHEHTa
Ha OJIOXKKe u3 okcuaa amoMunus (Al,O; — Alumina) ox paccenBaer
MOITHOCTH 2 BT. HamoMHuM, 4TO TEIIOIPOBOJHOCTD OKCHU/A AJIIOMU-
Hug — 36 Br/m-K. OTOT Xe aTTeHI0aTOP, BHIIIOJIHEHHBIN Ha IIOJJIOXKKe
u3 Hurpuna amomunus (AIN) nnu oxcuna 6epumnus (BeO), pacce-
nBaet yxke 5 Br. CoOOTBeTCTBYIOIINE 3HAU€HNUS TeIUIONPOBOTHOCTH
mist HuTpuga amoMuansa 170-190 Br/m-K u mis okcuna Gepuinus
210-260 Br/m-K.

e Pasmep kpucramia. Omsars obpamaemcs k uanenusm Yantel. Tonko-
rwienouHast cepust FAC18 (18 I'T1x) ¢ 3010ThIMU KOHTAKTHBIMU IUIOIIA -
KaMu 1 06epHYTHIM (Wrap) «3eMJISIHBIM» TepMUHAIOM paccenaet 0,2 Br
npu padmepe Kpucrtasmia 1,52x1,9x0,41 mm. Ora ske cepus, HO € pa3Me-
pom kpucTania 3,1x3,68x0,41 MM paccenBaet yxe 2 Br. OT™meTnm, uTo
TOJIIIIHA KPUCTA/UIA B 00eux KoHUrypanusx onnaakosa — 0,41 M.

e ®opMma KOHTAKTHBIX IIIOManOK. ToUHee cTermeHb «0OEPHYTOCTH .
B kauecTBe mpuMepa ysKe IPUBOHIIOCH CPAaBHEHHUE JBYX apCeHUI-TaJlue-
BbIX aTTeHI0aTopoB oT hupm Endwave (EVA65) u Mini-Circuits (KAT-D).
IIpn mpakTHYecKr OAMHAKOBOM IJIOMIATH KPHUCTAIUIA OHU IMEIOT ITOYTH
TeCSITUKPAaTHOE OTINYHE B IIOITIOMIaeMO¥ MOITHOCTH. [Ipu aToM BTO-
POI1 OT HEPBOTO OTIMYACTCS HATMIUEM ITOTTHOOOEPHYTOTO «3eMIISTHOTO»
TepMuHaina. Eme pas Hajo HoguepKHyTh, UTO He BCe JECSATh KpaT, KOHed-
HO e, 06ecriednBaroTcst (POPMOIl KOHTAKTHOI IITOLIIA/IKH.

e Tum m XUMHUYeCKUI COCTAaB Pe3UCTUBHOTO BellecTBa. [IoHATHO, 4TO
TOJICTOTIJICHOYHBIE ¥ TOHKOIIJICHOYHBIE TTOTTIOTHTENN OyyT UMETh pas-
HBIe BO3MOKHOCTH 0 YTIJIN3AIINI MOIITHOCTH, TaK JKe KaK M, BIPOTeM,
XUMUYECKH Pa3Hble Pe3HCTUBHBIE cOcTaBbl. O630p GOJIBIIONO MaccuBa
nHGOpPMAIMY HA 9Ty TeMy [OKa3bIBaeT, YTO B TOKYMEHTAIIUH [IPOH3-
BOJIMTEJIEH Jallle BCero BCTPEYAIOTCs IBA THIIA PE3UCTUBHOTO BEIl[eCTBa.
DTO HUTPH[ TAHTANA U €Ille OJHMH «PE3UCTOP» C Ha3BaHHEM «IIPOIIPH-
eTapHbIi». [IOHATHO, YTO pedb UJET O BeliecTse, GOPMYIy KOTOPOTO
MIPOW3BOJUTEND He pasriamaer. Takke HOHITHO, YTO K ITapaMeTpaM,
COCTABJISIOLINM KOMMEPUYECKYIO TailHy, OTHOCSTCS B 0COOCHHOCTH Be-
11€CTBA, [TO3BOJISIOIIIE PACCEMBATH OOJIBIITYIO MOIIHOCTD.

e ArperaTupoBaHUe YHUII-aTTEHIOATOPA C TEIUIOOTBOASIIMMY dJIeMEHTAMK
B Bujie (praHeB win HOg0OHBIX UM KOHCTPYKIHiL. [Iporcxopsiiee Ipu
9TOM yBeJNYeHUE rabapuTOB aTTEHIOATOPOB, OTHO3HAYHO CBSI3AHHOE
C TIOBBIIIIEHNEM TeIIIOOTBO/A, IPUBOANT K 3HAUUTEITHHOMY CHIDKEHHIO
BepXHell IPAHIIHOI 9aCTOTHI pabOThI aTTeH0aTopa. OIHA U3 OCHOBHBIX
MIPUYHH TAKOTO CHIKEHUSI — BO3pACTaHUe MTaPa3UTHON eMKOCTH Pe3u-
CTUBHOTO 3JIEMEHTA Ha «3eMJII0». BOJIBIINHCTBO COBPEeMEHHBIX MOIIIHBIX
YHII-aTTEHIOATOPOB MTPOU3BOJUTCS Ha ITOIJIOKKAX M3 OKCU/IA OepUILIHS
WM HUTPHUJQA aTIOMUHU. [103TOMY 9acTOTHBIE XapaKTepUCTHKH MPU-
60pOB, CBSI3aHHbIE C YKa3aHHOI eMKOCTBIO, OTIPEIEISIOTCS TUJIeKTPIYe-
CKIMHU KOHCTAHTaMHU COOTBETCTBYIONIHX KepaMuK (BeO — 6,7, AIN —9).

[ToBbImIeHne BepXHeH TPAaHIYHON JaCTOTHI M MOIITHOCTH aTTEHIOATOpa

BO3MO’KHO ITPY FICTIOIBb30BAHIN TTOMIJIOKKHI M3 XUMIUIECKOTO aIMa3a, IMe-

IOIIIETO B Pasbl GOJIBIITYIO TeIUIOIpoBoaHOCTH (1000-1600 Br/m-K) n npu

9TOM MEHBIIYIO JUAIEKTPUIECKYI0 IPOHULAeMOCTh (5,6). EnnHCcTBeHHOM

Ha JaHHBIA MOMEHT (DHPMOIL, CEPHITHO IPOU3BOMIIIC TAKKe ATTeHIOATO-

pe1, sBistercst EMC Technology RF Labs co cBoeit cepueit CA0505D [15],

B KOTOPOI MMEIOTCS KOPITYChI THIA «9HII», «IHII C BHIBOJAMU» ¥ «IHII,

3aKpeIyIeHHbII Ha (IIaHIIe».

Ecnu mponomkuTh nepedrciienne TONOBBIX MOJIeNIell aTTeHI0aTOPOB, IPU
TOM 9TO BEPXHIOIO O3UIIIIO 10 yacrore 3aiimer CA0505D ot EMC (26,5 '),
caMble BBIIAIOIIIECS TTAPAMETPBI IT0 MOIIIHOCTY UMeeT (IaHIeBast MOJIENb
2018 roma ot Barry Industries — A3000-1000-1X, paccautaHHas Ha BXOZ-
HY0 MOITHOCTB 110 1000 Br. CripaBeninBoCcTH pajit HeOOXOIUMO OTMETHTh,
4TO B JInHeliKe Barry umerorcsa Mopmenu o 3000 Br, Ho Ha MaJible BeIMIMHBI
ocabenmit (He 6osee 2 1B) n Ha wactots! 1o 2 IT. [Tpu atom A3000-1000
paboTtaet B yacToTHOM Auanaszone 1o 4,3 T u nmeer ocrabrenne 30 nb.
DTO TOICTOIUIEHOYHBII ATTEHI0ATOP Ha MOMIIOKKE U3 OKCUA OeprILis,
MMEIOIINIA COOTBETCTBYIOIINI CBOEH MOIITHOCTH TU3aiH (pnc. 20).

I[Tpu pa6ore CBYU-yCTPOCTB, HMEIOLIHX B CBOEM COCTaBe MOIIIHBIE aTTe-
HIOATOPBI, IPUXOAUTCS YIUTHIBATh 3aBUCHMOCTD OCTA0JICHHS OT YaCTOTBL.
JleTanpHbIN aHATM3 9TOH 3aBICHMOCTH ITPUBEIeH B PYKOBOZICTBE OT KOMIIa-
uun Barry Industries [14]. Hagats Hamo ¢ TOro, IT0 caMo 3HaueHHe HOMH-
HaJIa IIOTJIOIIAIOIIETO Pe3NCTOPa, HACTPAUBAEMOTO IIOCPEICTBOM JIA3ePHOTO
TPUMMHPOBAHUS, U3MEPSIETCSI Ha IOCTOSIHHOM TOKe ¥ MOYKeT OTJIMYaThCs
OT 3HAUEeHUS IIPHU TTOTJIONIEHINH MIUKPOBOJTHOBOI MOITHOCTH. boiee Toro,
y arTeH10aTopoB [1-cXeMBblI IIPH YBeIMIeHNH OCTA0IeHISI IPOUCXOUT U3Me-
HeHue (B IIPOLEHTHOM COOTHOIICHNUH ) MEKY MOIITHOCTBIO, OTJIOIIIAeMO¥t
IOCIIENIOBATEILHBIM PE3UCTOPOM (OHA YMEHBIIIAETCS ), K MOIITHOCTBIO, [OTJI0-
[[aeMO¥l BXOJHBIM IIYHTUPYOIINM Pe3UCTOPOM (OHA YBEIHYUBAETCS).
Bce 9TO IPUBOAUT K TOMY, 4TO y rpadiKOB 3aBUCUMOCTHU 0CIabIeHUs
OT 9acTOTHI Oy/IeT PasHbIil HAKJIOH /IS PasHbIX ocaabienuil (puc. 21).

Erre onna mpobiema MOUTHBIX (piIaHIIEBBIX U BEIBOAHBIX ATTEHIOATO-
POB — KOHTPOJIb TeMIIepaTypbl uanenus. s paboTocrocoOHOCTH U Bpe-

Puc. 20. Attentoatop A3000-1000-1X Barry
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Puc. 21. TUnnYHbIA YaCTOTHBIN OTKAMK MOLYHbIX aTTeHI0aTopoB Barry
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Puc. 22. 3aBNCYMOCTb MOLYHOCTM OT TEMMEPATYPbl MOHTaXHOI OBEPXHOCTH

MeHU )KM3HU aTTEeHIOATOpa B)KHA TeMIIepaTypa Pe3NCTUBHOTO JJIEMEHTa,
B TO BpeMsI KaK MeTO/bI KOHTPOJIS B OCHOBHOM OPHEHTHPOBAHBI Ha TeMITepa-
TYPy MOHTQ)KHOU IIOBEPXHOCTH. B TeXHUYeCKOH JOKyMEHTAIIH HEKOTOPBIX
KOMITaHHIA, TPOU3BOISAIINX aTTeHI0ATOPHI (Harmpumep, American Technical
Ceramics (ATC), AVX), BcTpedaercs rpad UK 3aBHCUMOCTU Y THIU3HPYe-
MO MOIITHOCTH OT TeMIIEPATyPbl MOHTAKHOMH ITOBEPXHOCTH, TIOCTPOCHHBII
C y4eTOM TeMIIepaTyphbl Pe3UCTUBHOTO aseMenTa [15]. I'padux cran nrorom
paborsI 110 uccenoBanuo 20- 1 30-1b aTTeHI0ATOPOB IIPH OTCYTCTBUU UCKYC-
CTBEHHOU BEeHTHJIAIMH. MOIIHBIN (DIIaHIIEBbI ATTEHIOATOP 3aKPETUISIICS
Ha MaCCUBHOM M€JHOM OCHOBAaHMH, CIYXUBIIEM TEPMOCTATOM, KOTOprﬁ
(ukcupoBaics Ha onpe/ieNIeHHOI TeMIeparype. [lajiee Yepes 3aKperIeHHbII
ATTEHIOATOP IPOITYCKaIACh MOIITHOCTB, KOTOPAst BO3PAcTaJIa 10 TeX Iop, ITOKa
TeMITepaTypa Pe3NCTUBHOTO 3JIeMeHTa He JOCTUTaIa IIpefebHoi B +150 °C.
ITocrte 3TOr0 MOITHOCTS PUKCHPOBAIAch U yaepskuBaacs 100 1. Kpurepruem
Ka4ecTBa aTTeHI0ATOpa CIUTATIOCh U3MEHEHHUe OCTA0JICHUS B Te4EHHE 3TOTO
nukia He 6osee yeM Ha 0,2 1b (puc. 22).

ITo pesysibTaTaM Cepuu UCCIEOBAHUIN ObUI CO31aH rpaduK, KOTOPHII
CIIeJIaH B IIPEIIOIOKEHIN OJJHOMEPHOTO PacIIpOCTPaHeHNUS TeEMIIePaTyPhbl
IIpH HarpeBaHuM npubdopa. Popmyia 3TOro mpoiecca cefyoIas:

T=Ty+ (PxR),

rae T— ycpemHeHHas 10 IUIOLIAN TeMIIepaTypa Pe3UCTUBHOM IUICHKU
(MaxcumyM +150 °C); T),,— TeMIteparypa MOHT&KHOI IIOBEPXHOCTH, KOTOPAst
CUIUTAeTCS M30TEPMOIT; R — TepMIIecKoe COITPOTUBIICHIe MEKITy MOHTKHOM
MIOBEPXHOCTBIO 1 Pe3UCTUBHOM 1ieHKoH ~0,5 °C/Bt; P— MomHOCTS, BT.

Hanpumep, ecnu 3auKCHPOBATH TEMIIEPATYPY MEIHOTO TEPMOCTATA
Ha 0 °C, To HarpeB pe3sUCTUBHON IJIEHKHU aTTeHI0aTopa 0 +150 °C mpo-
usoiiger npu nornomtennu 300 Br momuoctu. Brpodem, B coobuiennn
YTBEpIKJAaeTCsl, YTO IKCIIePHMEHTAIbHAsI TPOBepKa aHATUTHIECKOTO BBIpa-
JKeHHSI IIPOM3BOMIIIIACH TOJIBKO B OffHOI Touke: +100 °C u 100 Br.

Hy u HakoHer, eme ofHO, IPUCYyIIee MOIIHBIM ATTeHIOATOPAM SIBJIe-
HHE — ITaCCUBHasA I/IHTepMOI[YJIHL[I/IH. bonee HOI[pO6HO O IIpUYNHAX
U c110c06ax IMPOTUBOAEUCTBIUS B pasfesie 00 aTTEHI0ATOPAX ¢ KOAKCHAIb-
HBIM COeIMHUTENIeM. 3[1eCb OTMETHM TOJIBKO, YTO CPeIH MOIIHBIX YHII-
aTTEHIOATOPOB CYIIECTBYIOT MOJIENIN C IIOHIKEHHBIM YPOBHEM ITaCCUBHOM
unrepmonysinuu (LowPIM). Tak, pupma EMC Technology npoussonut
uspenvie 33P7024F Bo piraHIieBOM MCIONHEHNH. DTO TOHKOTIEHOUHBII

Ta6nuua 3. MowHble unn-aTTeH0aTopb (CBbiLLe 2 BT)

0CTabuTeNb Ha MOJUIOKKE U3 HUTPU/A ATIOMUHIS, PaCCIMTAHHBIN Ha JiUa-
masod DC-2,7 I'T u momaocts 1o 100 Br. Pan ocrabnennii 1-20, 30 b,
Hanxygmui KCB — 1,3. MakcumabHOe 3HaueHNe TaCCHBHON HHTEPMOTY -
nsauuy Ha yposHe 108 nba. ITomydeHo A1ByX4acTOTHBIM MeTOIOM 2%43 nbm
B nuanasose 1,9 I'T. O ToM, KaKuMu CpecTBaMHU IOCTUTAETCsI II0JJaBJICHUe
[IACCUBHOI MHTEPMOJYJISIINH, IPOU3BOJIUTENb He COOOIIAET.

B rabnune 3 npuBeneHbl HEKOTOPbIE IIPOU3BOJUTENN MOIIHBIX YUII-
aTTCHIOaTOpOB n ux HpO)lYKL{I/ISI.
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®upma Mopens/ Cepua PaGouyas yacrora, Iy Ocna6neHus, Ab KCB, He xy:e P_,Br Pa3smepbl uuna, MM Mpumeyanne
Yantel FACO6xx DC-6 1.2,3,6,10 1.3 5 3,1x3,68x0,41 Yun
Triangle Corp. PPA-20xx DC-4 1-20 15 20 13,8%6,35x4 Pa3smepbi ¢ nonydnaxuem
Barry H05Z-3000J99-00C36-x DC-3 30 135 40 5,85x8,8x1,026 BbiBoHOM
RF Techniques 27Z40xxx DC-2 1,2,3,4,5,6,8,10, 14,20, 30 1.35 40 6,35%6,36x2,24 TemnepatypHbIi ananason go +250 °C
Inmet/ Anatech PPA50 DC-1 1,2,3,4,5,6,10,20,30 = 50 24,8x9,52x4,32 Pasmepbl ¢ hnaHuem
Johanson AF100B03004 DC-3,5 30 1,25 100 12,8x20,3x3,5 dnaHuesbIn
Innovative Power Products IPP-AB206-20 DC-25 20 1.25 100 5,71x8,89 DnaHuesbIit
AVX FA10975P-xxDBFBK DC-3 1,2,3,6,9,10,17,20,30 155 150 10,16x9,53x5,76 DnaHuesbiit
ATC LA1 DC-3 1,2,3,6,9,10,17,20,30 155 150 10,16x9,53x2,03 BobiBoHOM

18

CBY-anekTpoHuKa N°1/2023




