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KOMMYTAIIMOHHBIE YIIPABJ/IXIEMBIE
YCTPOMCTBA HA p—i—n-JIUOJIAX
MUWJJIMMETPOBOTI'O AUAITASOHA AJIMH BOJIH

IIpedcmasaenv pe3yrvmamot uccaedosanuil u pa3pabomku 6viKI0uamesetl u nepexiouameneti ¢ Ucnoib30-
sanuem p—i—n-0uodog cocpedomoueHnoz0 mund, 00ecneUUBaIOUUX 6PEMs NePEKIIOUeHUS HA YPOsHEe eOu-
Huy, Hanocexynod. C yeavio yeeaudenus pa3esiku 6 3axpoimom cocmosnuu (nomepv sanupanus) okoao 40 06
8 YCmpoucmeax nPUMeHeHo Kackaonoe eKaouenue 0uodos 6 60JIHOB00HYI0 U MUKPONOIOCKOBYIO JUHUU Ne-
pedauu na ANEKMPUUECKOTL Oaune 6 = /2. Hpeacmaeﬂenbl Pe3YIbMAmol UCCLe008aHUL NO CO30AHUIO KOM-
MYMAUUOHHDLY YCMPOUCTE KOPOMKOEOIHOGOU HaACTU MULAUMEMPO6020 duanasona daun sonn (f =300 I'Ty)
C UCNOABI0BANHUEM NPOOOSLHO- U NONEPEUHO-PACNPEOCSCHHBIX P — i — N-CIMPYKMYP.

Katouesvie crosa: svikmovamess CBY, muiriumemposviii ouanazon 0aun oam, p —i—n-0uod, nomepu npo-

NYCKAHUsd, nomepu 3anupanust, epemsi nepexKaitoueHusl.

Paspa6oTkaM KOMMYTAIMOHHBIX YCTPONCTB MO-
CBSIIIIEHO 6OJIBIIIOE KOJMYECTBO PabOT OTEUYeCTBEH-
HBIX U 3apy6esxHbIX aBTOpoB [1—5]. Oxnako pas-
BUTHE KOMIIOHEHTHOU 6a3bl /ISl CO3[AaHUS PAUO-
3JIEKTPOHHOW armmapaTypbl MUJJIUMETPOBOIO Jua-
Ma30Ha JIJIMH BOJIH, BKJIIOYasi CO3/[aHUE YCTPOMCTB
JUIST KOMMYTAIlMM MOI[HOCTH, IO-TIPEKHEMY OCTa-
eTcsl akTyaJbHbIM [6].

W3BectHbIe 0/1HOINO/IHBIE OBICTPOEICTBYIONINE
YCTPONCTBA MUJJIMMETPOBOTO JMana3oHa obecrie-
YMBAIOT Pa3BA3KY B 3aKPbITOM cocTosgHnu (morepu
3anupanust) Ha ypoue 20 —25 nb, uto aus psaga
pUMeHeHu siBJsieTcst HepocratounbiM [7]. Kpome
TOTO, SIBJISIETCS MTPOOJIEMATUYHBIM CO3/IaHKE B KO-
POTKOBOJTHOBO# YacTu MUJLIUMETPOBOIO JIMaria30Ha
(gacrora f = 300 I'T1) KOMMYTAI[MOHHBIX YIIPABJIS-
€MbIX YCTPOMICTB C IPUMEHEHHUEM JUOJIHbBIX CTPYK-
Typ cocpefotoyenHoro tumna [8, 9].

B macrosiieii cratbe onmcaHbl HCCJETOBAHUS
1o pa3paboTKe U CO3TAHUIO OBICTPOAEHCTBYIOINX
BBIKJIIOUaTe el 1 nepekaodaTeieil MULIMMeTPOBO-
ro quamasona vactor (30— 180 I'T1) B BOJHOBO/-
HOM HUCIIOJTHEHUUN C KAaCKaJHbIM BKJIIOUEHUEM [ANO-
JIOB, Pa3/IeIEHHBIX OTPE3KaMU JTUHUU TEePeIaun, ¢
norepsamu 3anupanus 6oJiee 40 1B B paGouyeii no-
soce gactor 30 —40%. WccmenoBanach TakKe BO3-
MOKHOCTb CO3/IaHUsI YCTPOUCTB yIIPABJIEHUS MOIII-
Hoctpio CBY B guamnasone 200 — 400 I'T'tg ¢ ncmoib-
30BaHMEM PACIpPe/IeIEHHBIX P — i — R-CTPYKTYP TIPO-
JTOJIBHOTO ¥ TIOTIEPEYHOTO THUIIOB.

YCTPOVICTBA C KACKA/IHBIM
BKJIIOYEHUEM /INO/10B

PaccMoTpuM napaMeTpbl IpuBe/IeHHOI Ha puc. 1
CXeMbl KacKaIHOTO BKJIOYEHHs JBYX JMOJOB, MO-
JleJIb KOTOPBIX COCTOUT M3 HOPMUPOBAHHBIX aKTHB-
noit (G) u emxocthoit (B) mpoBOANMOCTEA.

Jl1a aHam3a BOCHOJIb3yeMcsl CHMMeTpuell cxe-
MbI oTHOCUTENbHO @ —a'. Cormacuo [10] koadpdu-
IUEHT Tepeiayll TAaKUX CXeM OIIPeJIe/sieTcsl BbIpa-
JKEHneM

n 2 n 2
T11:(T11) _(le) )
e I = 1. G+iB 12,
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T{;: 1+T -e ;

MH/IEKC 7 — DJIEMEHTbI MATPHUI[bI MIePeayl YeThl-
PEXIIOJIIOCHUKA.

C yderoM TOTO, YTO 3JEKTpHYECKas /JINHA
0 = /2, xoapunuent nepegaun T U MOTEPH B
cxeMe Ly MOXKHO ONUCATh BBIPAKEHUSMH
Ty =-(B+GB)+j1+G+G?*2-B*2);
Ly=Tl=G*/4+G3>+ 2G>+ 2G + B2/4 +

+ B2G?/2 + B*G/2 + 1.
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Puc. 1. YuporienHas skBUBaJIeHTHAsI cXeMa KaCKa/[HO-
rO BKJIIOYEHUS BYX JMOJIOB
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B pexuMe OTKPBITBIX AMOIOB W CKOMIIEHCHPO-
BaHHOHW eMKOCTHOW mpoBoamMocTd B = 0, aKkTuB-
Hasg TpoBoAuMOCTh G_ MaJjia U TOTepPU TPOITyCcKa-
HUA LHH = 1+2G_.

[Ipu 3aKpBITHIX AMOaX AKTUBHAS IPOBOIMMOCTD
nunoja G BeJuKa, U MOTepy 3allupaHus COCTaBJIS-
0T Lz = G4 /4, a Ipu BKJIOYEHUN OL[HOFO IO~
Jla TIOTepH 3amupanus cocTasisoT Lz = G2 /4.

Bripaskenune 3TOrO COOTHOIEHWS B aeuﬂéeﬂax
umeer Bujl Ly3(nB) = 2L5 + 6, a mpu N xackajgHo
BKJIFOYEHHDBIX JMO/IaX TIOTEPH 3AMUPAHNS OTTPeIeIs-
iorcs BoipaxkenneM Lyz(aB) = NLyz + 6(N — 1).

[IpoBeieHHDBIN aHAJNU3 TTPOCTON MOJIETH BKJIIOYE-
HUS ABYX MOJ0B B JUHUIO IlepeJlaul Ha 3JIEKTPH-
YecKOH AmHe O = /2 yKa3bIBaeT Ha 3HAYNTENb-
HOE yBeJMYEHUE 3alMpaIoNero JAeHCTBUS BBIKJIO-
yaTeJid MPU HE3HAYUTEJbHOM YBEJTWYEeHUH MOTEePh
B pEXKHUMe TPOITyCKaHUS.

Pa3pa6oTka 6bICTPOIENCTBYIONINX BBIKIIOYATE-
Jiell MUJIJIMMETPOBOTO JIMAalla30Ha C TOBBIIEHHBIM
yPOBHEM TI0Tepb B pexkume sarmpanist (Lyz > 40 1B)
MTPOBO/INJIACH C WCIIOTH30BAHUEM KOPITYCHBIX [U-
0/I0B, KOTOPBbIE yCTAaHABJIMBAJINCH B BOJHOBOIHOM
KaHaJie, U JJMOJI0B C MUHUMAJbHBIMHU TTapa3uTHBIMU
€MKOCTbIO U MHYKTUBHOCTBIO, KOTOPbIE YCTaHaB-
JINBAJINCh B MUKPOIIOJIOCKOBYIO JIMHUIO.

BeikoyaTesii HHBEPCHOTO THIIA ¢ KOPITY CHBIMHU
auoaMu

BrikmiouaTesin TaKoro TUIA HAXOAT IIPUMEHEHNe
B PJIC nng sammuThl IpueMHMKA U JIJisI CTPOOHPO-
BaHUS CUTHAJOB paGOThI IepeaIoIiero u mpueMHo-
T'O TPAKTOB UMIYJIbCAMU PA3JUYHON JIJTUTETHbHOCTH.

Hcnonb3oBaHue KOPIYCHBIX P —i— N-AUOJ0B
It paboThl B MUJLIUMETPOBOM [[MAlla30HE UMeEeT
OrpaHUYeHHsT U3-3a OOJIbIINX 3HAUYEHHI IapasuT-
HBIX [1APaMETPOB KOPIIyCa W 3JIEMEHTOB €ro MOH-
TaXka, MMOCKOJbKY B 3TOM CJIyuyae WX Pa3Mephl CO-
M3MepUMBI C JJUHON BOJIHBI. BciemctBue aToro
MIPU pacyeTax KOPITyC He MOKET PacCMaTpPUBATLCS
KaK BKJIOYEHHASd eMKOCTh COCPE0TOUYEHHOTO THTIA.
C TOUKM 3peHus peaan3aluil MapajiebHOTO pPe-
30HaHCca (BBICOKOMMITETAHCHOTO COCTOSHUS) B CXe-
Me Juoja B pexkume npomnyckanuss CBYU-mourHocTu
1esiecoo6pasHee KOPIycC AU0/Ia PACCMAaTPUBATD KaK
paauaJbHyIo JMHWIO, PACMOJOXKEHHYI0 V¥ OCHOBA-

Puc. 2. KoHcTpyKius mepekJovaTeJbHOrO AU0A!
1 — nwomHas CTPyKTypa; 2 — pyOWHOBas BTyJKa; 3 —
MeJIHOe OCHOBaHMeE; 4 — KPBIIIKA; 5 — 30JI0Tast MJII0IEHA

HUS IMUPOKOiIl crenku BosHOBoAa [11]. Ilpu atom
pasMepbl KopIiyca JIOJKHBI 06ecrieynBarb TPAHC-
dopmaimio BXO[HOTO UMIIE/[AHCA JTMHUU TIePeIavun
K KJIEMMaM JIUOJHOM CTPYKTYPBHI.

Bennunba u xapaktep uMIle/laHca TaKOW pajiu-
JIbHON JINHUM, YACTOTHBbIE 3aBUCUMOCTH €€ BXO/I-
HOI1 TIPOBOIMMOCTH, A TAK)Ke aKTUBHAS U PEAKTUB-
Hast COCTaBJISIIONINE AUOAHON CTPYKTYpbI (puc. 2, 3)
B PEXUMaX TOJOXKUTETbHOTO U OTPHUIATESHbHOTO
CMelleH Wil IPUBE/IEHBI U NTOJPOOGHO PACCMOTPEHDI B
[7, 12]. PesyabraThl 3THX MCCJIEI0BAHMIT ObLIN KC-
MOJIb30BAHBI 1IPU Pa3paboTKe BBIKJOYATENS C Ka-
CKaJ/IHBIM BKJIIOUEHUEM [IUO/IOB.

Ha puc. 4 npezcraBiieHbl 3KClIepUMEHTAIbHbBIE
YaCTOTHbIE 3aBUCUMOCTU TIOTEPH IPOMYCKAHUS U
MOTEPD 3aNUPaHUsT BBIKJIIOYATEJNS C IMO/IAMU KOP-
MYCHOTO THUIIA, BKJIIOYEHHBIMU KACKAJHO B BOJIHO-
BOJIHYIO JIMHUIO Tiepejaun. Boikiaovarenb, comuep-
JKaluii 1Ba 1M0Ja, 06ecreyrnBaeT KOMMYTAIIUIO
CBUY-MontHOCTH ¢ Pa3Bs3KOl B peskuMe 3alupaHnst
6osee 40 b B paboueii moaoce npumepro 20% 3a
BpeMs He XysKe 2 HC.

B psizne coryuaeB i TIOBBITIIEHNS] YPOBHS KOM-
myTupyemoit CBU-MoImHoCTH 11€71ec006pa3Ho BKIIIO-
YaTh B CE€UYEHNE BOJHOBOJA TIapasebHO J[Ba IHO-

a) 6)

[] Zpa [] 2, G

Puc. 3. OxBuBaJeHTHas cXeMa MepeKJII0YaTeIbHOTO THO-
na pu nosoxkureabHoM (@) u orpuratensaoM (6) smek-
TPUUYECKOM CMEICHUN:
7y — maddepennuanbHoe CoNpoTUBIeHe Auoaa; Ly — uH-
JTyKTUBHOCTDH MOHTaxa; C j — €MKOCTBb JINO/THOW CTPYKTYPBHI;
7 — COINPOTUBJIEHUE NIOTePb; Z,,,(¥) — UMIIeJAHC pa/inaib-
HOIl JIMHWY, TPUBOANMBIN K AMOHON CTPYKType
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Puc. 4. 9xcnepuMenTaTbHBIE 3aBUCUMOCTH TIOTEPD TTPO-

nyckanus (1) u moreps 3anmpanus (2) BBIKJIIOYATETS

¢ JINOJIaMU KOPITYCHOTO THIIA, BKJIOUEHHBIMH KACKAIHO
B BOJIHOBOJHYIO JIMHUIO TIEPeIaun
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13, KOHCTPYKITUS KOTOPBIX TIPEICTaBJIeHA HA PUC. 2.
KoHCTPpYKTHBHO BBIKJIOYATEH TAKOTO THUMA BBI-
IIOJIHEHBI B BH/I€ BOJIHOBOJHBIX BCTaBOK C BBIBO-
JIOM [IJig BHEITHETO YIIPAaBJSIONIETO HATPSIKEHUS B
OOKOBOI CTEHKE BOJIHOBOJIa. BOJIHOBO/(HbIE BCTaB-
KU, cojiep:Kallie JBa U0/Aa, BKJIIOUeHHbIE MapaJ-
JIEJIBHO B OJ[HOM CE€YEHHH BOJTHOBO/IA, CO3/IaI0T BO3-
MOKHOCTD TTePEKJIIOUEeHNS KaHAJIOB TlepeIaun dJIeK-
TPOMATHUTHOHN 9HEPTUU C UCIIOJb30BAHNEM BOJIHO-
BOJHBIX TPOWHUKOB.

[lepeksouaresn Ha JABa HalpaBJeHUS B MUJI-
JIUMETPOBOM [INAIIa30HE UMEIOT CJeyIoNue mapa-
METPBHI:

— pab6ouas mosoca yactor 10%;

— BpeMsI TIePEKJIIOUYEHNUST S HC;

— TI0TEpU 3anupaHust MeK/y KaHajaamu 25 1b;

— mnotepu nponyckanus 1,2—1,5 nb;

— YPOBEHbB IEPEKII0YAEeMON MOIHOCTU HE Me-
Hee 2 Br;

— nuarna3on temrepatypbl —40...+60°C.

Crenyer OTMETHUTD, 9YTO B KaUeCTBE AUIJIEKTPH-
YECKUX BTYJIOK /151 COOPKU JMOJ0B /IS KOMMYTa-
IIMOHHBIX YCTPOWCTB B MUJLIUMETPOBOM JMANa30-
He JJTMH BOJIH MCII0JIb30BAaHbI ITPOMBIIIIEHHbIE Ya-
cOBble PYOMHOBBbIE KaMHU, 006JaJaiolme Heo6X0-
JIUMBIMU /IS 3TUX IleJiell 4rcTOTOi 06paboTKU 1
MPOYHOCTBHIO W UMEIOTHE TTIPOKYI0 HOMEHKIATYPY
pasmepoB. Tak, B KopoTkoBosHOBOU dactu CBY-
muanasona (f = 150 I'Ti) ucnosb3oBatbl pyGHHO-
Bble BTyJKH BbIcOTON (),15—0,2 MM, BHemHwuii u
BHYTPEHHUI nuaMeTp KOTOpbIX cocrasiser 0,4 u
0,2 MM, COOTBETCTBEHHO.

Beikouarein Ha An0o/aX C MHHHUMaJbHbIM
3HAQY€HUEM IIapa3UTHBIX NMapaMeETpOB

YacToTHble 3aBHCUMOCTH IIOTEPb 3alHUPaHUS
OTIMCAHHBIX BBIIIE BBIKJIIOYATEIEN MMEIOT, KaK Ipa-
BUJIO, PE30HAHCHBIN XapakTep. JTOT HEIOCTAaTOK
MOKHO YCTPaHUTD, TPUMEHNB KACKa{HOE BKJIIOYE-
HIU€e NO0/I0OB C MUTHUMAJIbHBIMI MTaPa3UTHBIMHA TTapa-
METpPaMi B JIMHHUIO IIEPEJaull C MaJIbIM BOJHOBBIM
conporusnenueM (Zg = 30 —50 Om).

[Ipu paspaboTke BbIKJIOUATENEH HA p—1—n-
IUOAaX C MAJBbIMHU TTapasUTHBIMU TlapaMeTpaMu B
KauecTBe JIUHUY Tepejaun Obliia UCII0JIb30BaHA He-
cummerpudHas nostockosas aunusg (HILJ), o6pa-
30BaHHAas 3a CUET YaCTHYHOIO IEPEKPHITUS] MeTaJ-
JINYECKUX JINHUI, HAHECEHHBIX Ha IIPOTUBOIOJIONK-
HbIE CTOPOHBI IJIOCKOTIapaJlJIeIbHON TU2JIeKTpUuYe-
CKOM TO/IJIOKKM — HECUMMETPUYHOM I1eJIeBON JIn-
wuu (HIIJD) . B gannom ciyyae HITJT nomemntaercst
B CTaH/IAPTHBIN BOJHOBO/ B E-TIJIOCKOCTH M BKJIIO-
yaeT B cebsl TIepeXO0/IHbIE PACIipe/ieIeHHbIE YUaCTKI
COTJIACOBAHUSI BOJTHOBBIX COIPOTHBJIEHUI.

[Mpennoxennas xkoncrpykiusga HIIJI nosBois-
€T BBIMIOJIHATh JUHUIO TIEpPeIavyy IPAKTUIECKH C
JIIOOBIM BOJIHOBBIM COIPOTHBJIEHHEM. Kpome Toro,
HUIJT o61aiaeT MupoKOMOJIOCHOCTBIO U TIPOCTOTOM
KOHCTPYKTUBHOUN PeaiM3aliuu Moy TPOBOIHUKOBBIX
CBUY-sjieMeHTOB Ha ee OCHOBE B KOMOWHAIIUM C He-
CUMMETPHUYHOI MOJIOCKOBOI JimHueil. [Tomo6Hoe coe-
JIUHeHne MIKPOIIOJOCKOBBIX JUHUN B MUJLJIUMETPO-

,,/////)/

\2\3 \1

Puc. 5. KoHCTpyKnus BBIKJTIOUATEIS:
! — p—i—mn-auopsl; 2 — BosnHOBOA; 3 — HIIJI

52 54 56 58 60 62 64 66

f, T

Puc. 6. HactoTHble XapaKTePUCTUKU HOTEPb MPOITyCKa-
Hust (1) u moreps 3anmpanust (2) BbIKIOUATENISI, TIPE-
CTaBJIEHHOTO Ha PUC. 4

BOM JMalia3oHe MpuMeHeHo npu padpaborke daso-
BbIX ManumnyJsatopos [13]. Marepuanom ans ra-
KO JINHUU BBIOPAH METAJNIU3UPOBAHHBIN JIOPOUT
C TOJIIIMHON AuaIeKTpruieckoro cuaos 0,254 MM, Ma-
JIBIMU TIOTOHHBIMY TIOTEPSIMHU W AUJTEKTPUUECKON
MIPOHUIIAEMOCTBIO € = 2,5. Oco6EeHHOCTBIO BBIKJIIO-
yaTeJss SBJSETCS HATMIrie B MUKPOTIOJIOCKOBOH JI-
HUU BCTaBKH, COCTOAIIEH U3 IBYX p — i — N-/IMO/IOB,
PACIOJIOKEHHBIX MTOCJIE0BATEHHO HA PACCTOSTHIH
0 =1 /2 apyr ot Apyra Ha 00IIeM MeTaJTHIECKOM
OCHOBaHUNU. JJeKTpoU3NUeCKre TTapaMeTphl cpe-
JIbI TaKOI BCTAaBKU BbIOpaHbI GJU3KUMU K Iapame-
TpaM JINHUW TIePEeIavun.

KoHCTPYKITHsI BBIK/TIOUATE TSI TPUBE/IEHA HA PUC. 3,
a ero TUITMYHbIE YaCTOTHBIE XaPAKTEPUCTUKY MOTEPD
MPOIyCKaHWs U 3anmupanuss — Ha puc. 6. [lorepu
3aMPaHUs BBIKJIIOYATEST TAKOTO TUTIA COCTABJISISI-
10T okoJ10 50 1B Tpu TPSAMOM 2JIEKTPUYECKOM CMe-
IEHNH Ha roaX B pabodeil moJioce He menee 30%
npu BozzelicTBuu HemnpepbiBHONW CBY-MomntHOCTH
He MeHee 1 Br. IloBbimennast ycroitunBocTb pa6o-
TBI IOCTUTHYTA 32 CYET TOTO, YTO BCTaBKa C JANO/Ia-
MU CMOHTHPOBaHA Ha TETLJIOOTBOJIE, TTO3BOJISIONIEM
CHU3UTDH UX TETJOBOE COTPOTUBJIEHIE.

[IpuBe/ienibie 4aCTOTHBIE XapPAKTEPUCTUKHU 00€e-
CIIEYMBAIOTCS TIPH eMKOCTH JIno/i0B He GoJiee 0,018 nd
U BOJHOBOM COIIPOTUBJIEHWHU JWHUU TEPEadn
30—50 Om. Hampsskenme o6paTHOTO CMeEIIEHHST
coctaBiasger —10 B, Tok mpsmoro cmerneHus —
npumepuo 10 MA, Bpemsa mepexJouenug CBU-
MoIHOCTH — He 6osee 10 He.
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YCTPOIICTBA C JUOAHBIMU CTPYKTYPAMHU
PACIIPEJAEJIEHHOTO THUIIA

B xoporkoBosHoBoii yactm CBY-gmamasona
npuMeHeHre OOBIYHBIX ITJIOCKOCTHBIX JIHOTHBIX
CTPYKTYP COCPEJ0TOYEHHOTO THIIA TIPE/ICTABJISETCS
npo6JIeMATUYHBIM, TOCKOJbKY OHU JIOJKHBI UMETh
oueHb Majible pa3Mepbl. B ¢Bsi3u ¢ 3TMM BO3pacra-
€T HeOOXOAMMOCTD UCCAeLOBAHNS OO bEMHBIX SBJIE-
HUI B TIOJIyIIPOBOJHUKAX PACIIPE/IEJIEHHOTO THIIA,
BecbMa IepPCIeKTUBHBIX /IS CO3/JaHUS 3JIEMEHTOB
3JIEKTPOHHOI TEXHUKHU Ha 60Jiee BBICOKUX YaCcTOTaXx.
[IpuMeHeHe B MUJLJIMMETPOBOM /[HAIIa30HE HAIILITH
BBIKJIIOUATEJM, BBITIOJHEHHBIE HA MPOJOJbHO-
pacmpeieJeHHON CJOUCTON p —1— n-CTPYKTYPE,
pacIioJio;KeHHO# B ceueHun BosiHoBozaa [14, 15].

[l mocTpoeHusT SKBUBAJEHTHON CXEMBbI CJIOH-
CTOH CTPYKTYPBI U OIIPe/IeJICHIS ee TapaMeTPOB HC-
MOJIb30BAJIUCH PE3YJIbTATBI PAacyeTa CJOUCTON Me-
TAJITOINATIEKTPUIECKOM CTPYKTYPBI KOHEUHO JIJTH-
HbI, PACIIOJIOKEHHON B MPSMOYTOJbHOM BOJIHOBO-
e [16].

PaccMoTpuM mipejicTaBiIeHHYIO Ha PUC. 7 CJIO-
UCTYIO p—i—n-cTpyKTypy. Ee xapakrepucrtuxn
paccessHUS MOKHO IMOJIYyYUTH U3 PEIleHUs 33/]auu
oTpaxkeHus BOJHBI Hy; OT TOJYyOECKOHEUHOU Me-
TAJUINYECKOW CTYIEHbKU B TPSMOYTOJIBHOM BOJI-
HOBOJIE, Y3KOE CeYeHHe KOTOPOTO 3all0JIHEHO Bbl-
COKOOMHBIM TIOJIYTTPOBOJHUKOM. /JIJ1s1 TaHHO# KOH-
KPETHON 3a/1au’ JIOJI)KHO BBITIOJHSTBCS yCJOBUE
d/ A << 1, tHe d — ronmuHa i-06J1aCTH, Ay — JJIU-
Ha BOJIHBI B i-06/IaCTH.

IKBUBAJEHTHAST CXEMa CJIOWCTOH TIOJIyOTpaHy-
YEHHOW CTPYKTYpPbI Ipe/CcTaBjieHa Ha puc. 8, a.
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Puc. 7. Croucras metannoauasiekTpuieckas CTPyKTypa:
@ — pa3Mep IIMPOKON CTEHKU BOJIHOBOA; b — pasMep y3KOW CTEHKH BOJIHOBOJA; Z — OCh, BIOJIb KOTOPOW PacipocTpa-
HSIETCSI BJIEKTPOMATHUTHAST BOJTHA

a) . * °
Yy — Y,
® °

Puc. 8. JkBUBaJIeHTHAS CXeMa CJOKMCTOI MOJTyOrpaHmuYeHHOoN cTpyKTypbl (@) 1 cIoucToil crpykrypsl amunoit [ (6):
Yy, Y, — BosHoBas npoBoaumMocTb; C — eMKOCTh

KoaddurmenTtsr orpaxkenus Kqgrp 1 TPOXOKIEHUS
Kpp Takoli cXeMbl ONPEeJEeTIOTCS BBIPAKEHUIMHI

Y, —(Y, - joC)
K. -2 2 .
OTP Yl+(Y2+ju)C)’ 1)
= 2, (2)
Y+ (Y + joC)’
rae o = 27f.

OJKBUBAJEHTHASA CXeMa CJOUCTOH CTPYKTYpbI
AnnHoit [ mpencraiena Ha puc. 8, 6. Ee nmapame-
TPBI MOTYT OBITH BBIPAYKEHDI Yepe3 reOMeTPUYeCcKIe
pa3Mepbl, AJIMHY BOJHDBI U AN3JIEKTPUYECKYIO IIPO-
HUIAEMOCTD CJIeAYIONUMH (POpMyJIaMu:

Ko = 20CY, (Y} +Y, + oC” tgql ) x
x| 20CY, + (¥ +¥, —o’C? )tgql -

—j-2Y,(Y,~oCtgql)] (3)
rie q=4fK2—£; K =2n,/(\e);
a
2
Yl:M 1—(£) [OmM71]; (4)
207 2a
(5)

6) L J L J
Yi ——C Y» C—— v,
v l R L
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Puc. 9. 3aBucumoctb KoHCcTaHTHl G OT OTHOMIeHUus d /b

4 3 2 1

[ A/

v

Puc. 10. KoHcTpyKInsa BBIKTIOUATEJNS C TIPOJOJHHO-
pacmpeieIeHHON CJIOUCTOH p — i — n-CTPYKTYPOIi:
1 — BounoBoj ceuenuem (0,35x0,7 mm; 2 — mepexoj ¢
ceuenus 0,35x0,7 na 0,8x0,7 mm; 3 — cuaoucras p—i—n-
crpykrypa (Tommuna i-o6mactn 150 MKM); 4 — TOHKas Me-
TAJLJIMYECKAsT TIEPErOPOJIKA

c=—"_11- A G+
1,8n 20
7\‘ 2
+le—|Ze] 0,7} [m]. (6)
20

Bxoasmas B ¢popmy.ry (6) korcranta G 3aBu-
cuT OT cooTHOIIeHNst padmepoB d u b (cM. puc. 9).

IKBHUBAJIEHTHAS CXeMa CJIOMCTON CTPYKTYPBbI KO-
Heuroi gumbl (puc. 8, 6) MOKeT GbITh IIPUMEHEHA
npu paspaboTKe MOJTYMPOBOJHUKOBBIX YCTPOWCTB
[ yrpaBjienus: MorHocTbio CBY.

Ha puc. 10 mpezacraBieHa KOHCTPYKIUS BbI-
KJII0UaTessl ¢ MPOJ0JbHO-pacHpe/ie/IeHHONH CJI0-
UCTOH p—1—n-CTPYKTYDPOH, IIpeJHA3HAYEHHOI'O
it pa6otel B amamaszoHe yactor 200 —400 I'Ti.
IKCIepUMeHTATbHbIE YAaCTOTHBIE XaPaKTePUCTHKI
TAKOTO BBIKJIIOYATEJISI, TIpUBeJeHHbIe Ha puc. 11,
YKa3bIBAIOT HA BO3MOKHOCTD CO3/IaHUSI ITIPOKOTIO-
JIOCHBIX YCTPOUCTB /17151 yiipaBJeHus: yposiem CBY-
MOIITHOCTH B CYOMUJIIMMETPOBOM JIMAIIa30HE JIJINH
BostH. OIHAKO TIPH 3TOM HEOOXOJMMO YYUTHIBATDH
BO3pacTaHue MoTepb B MPOJ0JIbHO-PACTPEIETEHHBIX
p—1—n-CTPYKTypax ¢ yBeJuueHWeM paboueil ya-
CTOTBI.

B o6ecToueHHOM COCTOSIHUM /110/1a IOTEPH IPO-
IIyCKaHMs B YCTPONCTBE 3aBUCIT B OCHOBHOM OT I10-

LH? ./:[B
25

SRR Y U SRR SRR RPN

'
'
|
________________________ T YRR SR S
|

i i : 1 i

200 230 260 290 320 350 f, ITn

—_

Puc. 11. YacToTHble XapaKTePUCTUKHU TTOTEPD 3aNPAHUS
(1) u nponyckanng (2) BBIKIIOYATENS € TPOJOJIHHO-
pacrpe/ieIeHHO# CJI0UCTOl p — i — n-CTPYKTYpOil

CTOSIHHOI 3aTyXaHUs B TIOJIYIIPOBOIHUKOBOI CTPYK-
Type, BEeJUYMHA KOTOPOW OIIPe/eiseTcs TOrJIolie-
nuem CBU-sHeprun cBoOOJHBIMU HOCUTEJSIMH d,
JIN3JIEKTPUYECKUMHU TIOTEPSMHU B TOJYITPOBO/HU-
Ke MPU OTCYTCTBUU HOCUTENEN d; U KOHTAKTHBIMU
notepamn @,. Cymma ag + a, 17151 BBICOKOOMHOTO
KPEMHUSI ¢ TPOBOAUMOCTBIO 0K0J10 104 OM~T-cm™!
cocraBisger 0,3—0,4 1b,/cM B caHTUMETPOBOM U
MUJITIMETPOBOM Jnana3onax. OCHOBHON BKJIA][ B
BEJIMYMHY TIOCTOSTHHON 3aTyXaHUSI BHOCST KOHTAKT-
HbI€ MOTEPH dy, KOTOPbIE YBEJIUUYUBAIOTCS C YMEHb-
IIeHnueM JITUHBI BOJHBL. [lJsT p —i—n-CTpyKTyp ¢
TosuHoON i-o6aactu 0,4 MM M TOJIIIMHON JIErUPO-
BaHHBIX cyroeB nopsizika 0,7 — 1,0 MKM ¢ TIPOBOINMO-
crbio 5-102 Om !-em™!, KOHTaKTHBIE IOTEPH COCTAB-
gsior 1 n1b/cm Ha aaune Bosnbl 8 MM u 14 1B /cM
Ha JuiuHe BostHBL 1 MM. [l yMmeHblleHUs @, B
CTPYKTYpPaxX, MPUMEHSIEMbIX B CyOMUJIITIMETPOBOM
Jinarna3one, Heo6X0/IUMO YMEHbIIATh TOJIIUHY Jie-
TUPOBAHHBIX CJIOEB M YBEJMYMBATDL UX IPOBOJU-
MocTh 10 104—10% Om~t-ecm 1.

I[TponoabHO-pacupeneseHHble p—i— n-
CTPYKTYPbI € MaJoil TOJIIUHOH JIerHpOBaHHbIX
cJi0eB U GOJIBIIUM 3HAYEHUEM MTPOBOJUMOCTU MMe-
IOT OTHOCUTEJIbHO MaJjioe 3HaUYeHUe TIOCTOSTHHOMU 3a-
TYXaHUsl B MUJIJIIMETPOBOM JIMAIIA30HE. Y MEHBIIUTD
MOCTOSTHHYIO 3aTyXaHUs MOMKHO TaKXe IpU 4Ya-
CTUYHOM 3aIlOJIHEHUHM BOJHOBOJIHOTO TpakTta [12].
[[IupoxomoJiocHass KOMIIEHCAIIUS OTpPaskeHuil Ha
BXOJle M BBIXOJIE YCTPOHCTBA C MOJYIPOBOJHUKO-
BOIl CTPYKTYPOH, PACMOJOXKEHHON B BOJHOBOJIHOM
TpaKTe, MOKET ObITh JOCTUTHYTA C TIOMOIIbIO /IU3-
JIEKTPUYECKUX BCTABOK WJIU C TIOMOINIBIO TpaHcdop-
MaTOPOB BOJIHOBOJIHOTO THUTIA.

PaccmoTpuM 1OJYNPOBOJHUKOBYIO p—i— n-
CTPYKTYPY MOIEePeYHO-paCpeieIeHHOTO THUIA,
Ipe/ICTaBIeHHYI0 Ha puC. 12. JTa CTPYKTypa TIpej-
cTaBJisser co60ii TOHKYIO IJIACTUHY BbICOKOOMHOTO
KPEMHHUS, YCTAHOBJIEHHYIO TIonepek BoHoBoja (J1y-
4eBojia). 1o cTOpoHAM IIACTHHBI OPTOTrOHAJIBHO
3JIEKTPUYECKOMY TIOJIO 3JIEKTPOMATHUTHOW BOJTHBI
c(OPMUPOBAHbI JIUHENHDBIE TEPEXO/IbI, 0OPA3YTOIITHEe
KOHTAKTbhl, KOTOPbIE HHXKEKTUPYIOT JIBIPKH C O/IHOM
CTOPOHBI U 3JIEKTPOHBI C IPYTroil B 00bEM ILIACTHU-
Hbl. VI3MeHeHUe MPOBOJMMOCTY MOJTYPOBOIHUKO-
BOTO MaTepuaJia OCyIIECTBJISIETCS TTOauel MPSMOTOo
CMeNIeHUsT HA WHXXEKTUPYIONINE KOHTAKTHI.
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Puc. 12. KoHCTpyKINS BBIKJIOYATENS C MOTEPEYHO-
pacmpeieIeHHOW CJIOUCTOH p — i — N-CTPYKTYPOIi:
! — KpeMHHeBas IJIACTHHA; 2 — BOJIHOBOJ; 3 — CTPYKTY-
pa, B KOTOPYIO HHKEKTUPYIOTCS BIPKU (¢ OHON CTOPOHBI)
1 3J1eKTpOoHbI (¢ APYTO CTOPOHDI)

Heo6xoauMo 3aMeTHTh, YTO Ta3Ma B 0ObeMe
MOJTYTIPOBOJTHIKA OGecTieunBaeT TpeOyeMyio BeJIr-
unny passssku (Gosee 20 nB) mumib B TOM CIIy-
Yae, ecJI OHA PABHOMEDHO paclpejiesieHa B 00be-
Me TIOJIYTIPOBOJHUKOBOI CTPYKTYPBI, TIOMENIeHHON
B BOJTHOBOJI. JTOTO MOXKHO JIOCTHYb B TOM CJIyYae,
KOT/Ia PACCTOSTHWE MEXX/Iy MeTAJJINYECKUMU TI0-
JIOCKAMW KOHTAKTHOU CTPYKTYPbI PaBHO TIPUMEP-
HO Y/IBOEHHOI ynHe am6umnossgpuoil quddysun,
a maJicHre HAMPSKeHUST BJIOJTb KOHTAKTHBIX ITOJIO-
COK HEBEJHKO.

Takske cienyer o6paTUTh BHUMAHUE HA TO, YTO
M3MeHEeHNEe OTHOCUTETHbHOTO TIOJIOKEHUST KOHTAKT-
HBIX TIOJIOCOK Ha TPOTHUBOIOJOKHBIX CTOPOHAX
KPEMHUEBOI TIJTACTUHBI HE YBEJININBAET BHOCHMDIE
MOTEPH TIPU yCJIOBUM Tt /d > 2,2, rie t — TONIIH-
Ha KPEMHUEBOH MJIACTHHDBI, d — PACCTOSIHUE MEK-
[Ty TIEHTPaMA MeTAJJIMIeCKIX Mmoocok. Ecam Besn-
YITHA ATOTO OTHOIIEHUS BBIOpaHa TIPABUJIBHO, MOXK-
HO WCIOJIb30BATh METAJJINYECKHue KOHTAKTBI, TO-
KpbIBaoOIre GOJBIIYI0 YacTh TMOBEPXHOCTU KPEM-
HUEBOU TIACTUHBI. JTO TIO3BOJISIET TOJYYHUTH 6O-
Jiee OJTHOPOJTHYIO TI0 00'bEMY TJIA3MYy W YBEJUYHTDH
MPOBOIUMOCTD P — i — N-CTPYKTYPHI B PEKUME OT-
paxkenns CBY-MomntHOCTH.

YcrpolicTBa ¢ IpUMEHEHUEM IOMEPEYHO-
pacrpe/ieJIeHHbIX TIOTyIPOBOJHUKOBBIX P —1—N-
CTPYKTYP TPeOyIOT JOCTATOYHO OOJIBITUX TOKOB
auist ynpasyienust (e iMHUIBI amiep) u oGecieunBa-
10T OBICTPO/IEIiCTBIE HA YPOBHE eIMHUI] MHUKPOCe-
KyH/[. Jlydnmux pe3yJbTaToB MOXHO JIOCTUYD TIPU
MCITOJIb30BAHUY TTOBEPXHOCTHO-OPUEHTHPOBAHHBIX
p—1—n-CTPYKTYpP, C(POPMUPOBAHHDBIX OIIPE/esIeH-

a) (T = 0)
R
Visnind;
he ’

Puc. 14. KoHcTpyKuus BBIKJIIOYATENS BOJHOBOHOTO
TUTIA, COAEPIKAIIETO TTOBEPXHOCTHO-OPMEHTHPOBAHHBIE
p—1—N-CTPYKTYPBHIL:

a — cxeMa COeJINHEHHs TTOBEPXHOCTHO-OPUEHTUPOBAHHBIX
p—1i—n-CTPYKTYp; 6 — BHENIHUH BU/I MOBEPXHOCTH KPEM-
HUEBOH CTPYKTYPbI, YCTAHOBJIECHHOH B BOJHOBO/

/ 1-00J1aCTh

/ /

pt nt

Puc. 13. KoHCTpyKINS TOBEPXHOCTHO-OPUEHTHPOBAHHOTO
oA

HBIM 06pPa30M Ha OJIHOU M3 TIOBEPXHOCTEN MOTYTIPO-
BOJIHUKOBOI TJIACTUHBI, MMEIOIEN BBICOKOE Y/IeJTh-
noe conporusaenue (p = 10000 Om-cm). B Takoii
KOHCTPYKIINU yBeJTWYEHUE MTPOBOJAUMOCTH TIPOUC-
XOJIUT He T0 BceMy 00beMy KPeMHUEBOW TLIACTH-
HBI, TTOMEIEHHON B BOJHOBO/I, a B 0OJACTIX, Ta-
PAJITIENbHBIX BEKTOPY 9JIEKTPIUUECKOTO TIOJIST C OPH-
enrtarueit Hy;.

[Ipu paspaGoTke 3HJTEKTPUYECKH YIIPABJISEMOIT
KPEMHUEBOI TIJTACTUHBI, TIOMEIEHHOI B BOJTHOBOJI,
VUUTBIBANCE JIEKTPOPU3MUECKIE TTaPAMETPbI 13-
BECTHBIX MOBEPXHOCTHO-OPUEHTUPOBAHHBIX [IHO-
JI0B. B mporiecce ee M3roTOBJIEHUST UCTIOTH30BATHCH
CTaHJJAPTHBIE TEXHOJOTHYECKUE TTpreMbl. CHavasa
B KPEMHUU BBbITPABJMBAJINCH KAaHAJBI CMeEIeHNsT,
KOTOPDbIE UMEJIN «KAPMaHbl»> — YYaCTKU TJTyOUHON
20—30 MKM B 06JIaCTH JIETUPOBAHUS MPUMECSIMU
n*- u pt-tuna (puc. 13). Paccrosinne Mexy Kap-
MaHamu [ BbIGUpaeTcd u3 ycaoBus [ < A/ 2&%
[Mwpuna i-o6aactu w = 30 mrM. Ilpu cooTHO-
HIeHnn pasmMepoB w,/d = 1 u TiyOGuHE KapMaHOB
d = 15 MKM COIIPOTHUBJIEHUE TTOJTYTTPOBOHIKOBOTO
nuona cocraisieT 2,5—3,0 Om npu toke 50 MA.

[MonynmpoBosHUKOBAasT KpeMHUEBAST TJIACTHHA
pasmepamu 0,35x0,7 MM COAEP:KUT €BATH KaHa-
JIOB CMEIIeHWsI, OPTOTOHATbHBIX 3JJEKTPUYECKO-
MY TIOJIIO 9JIEKTPOMArHUTHON BOJIHBI, PACIIPOCTPaA-
HSTONIEelcsT 10 BoJHOBOMY cedenueM 0,35%0,7 mm.
TosmuHa TracTUHBl paBHa mpuMepHO 150 MKM,
YTO COCTABJISIET TIOJOBUHY JJIMHBI BOJHBI B KPEM-
aun Ha gactore 300 I'Tt.

Ha puc. 14 mpencraBiieHbl 9CKU3BI KPEeMHU-
€BOIl TJIACTUHBI, COJepIKaliell MOBEPXHOCTHO-

Ll_[v HB

200 230 260 290 320 350 f, I'Tu

Puc. 15. YacTtoTHbIE 3aBUCUMOCTHU TIOTEPD TTPOIYCKAHIS
(1) u norepp sanupanus (2) pemeTku MOBEPXHOCTHO-
OPUEHTHPOBAHHBIX P —i— N-CTPYKTYP
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OPUEHTUPOBAHHbIE p—1— N-CTPYKTYPbI, a Ha
puc. 13 — 4acTOoTHBIE XapaKTEePUCTUKU ee TIOTePb
nporyckanus u 3anupanusi. [lorepu 3anupanus 60-
siee 20 1b nocruratotes pu Toke yrpaserns 0,5 A.
BoictponeiictBue cocraBaser okoso 500 mHc.
Pacmupenune paboueil T0OJIOCHI YacTOT JTOCTUTAET-
CST YCTAHOBKOU JMAJIEKTPUYECKUX BCTABOK € 00EUX
CTOPOH KPEMHHEBOTO OKHA.

3akouenne

[TpoBeneHHbBIE UCCTIEIOBAHUS [TOKA3AJHU, YTO Ka-
CKaJTHOE BKJIIOUEHVE JMO0B B JITHUIO TIePeIadn TT0-
3BOJISIET YBEJUYUTH [MOTEPU 3aNUPAHUS U PaCIlu-
pPUTHh PaboOYyIO TOJIOCY OBICTPOJEUCTBYIOMUX BbI-
KJouaresieil, paboTaionuX B MUJLJIUMETPOBOM [IU-
arnazone. IIpu aTOM BO3MOXKHO ITPUMEHEHUE KOPITY-
CHPOBAHHBIX ANOA0B (/1711 BBIK/IIOYATEIEH NHBEPC-
HOTO THUIIa) U JMOA0B ¢ MUHUMAJbHBIM 3HAYEHHEM
MapasuTHBIX MAapaMeTPOB, BKJIIOYEHHBIX B JIMHUIO
C MaJIbIM BOJIHOBBIM COIIPOTUBJEeHHEeM. B mepBoM
cJydae B KaueCcTBE KOPIYCOB ObLIH MCIIOJIb30BAHBI
4acoBble PyOGUHOBbIE KAMHU OIPE/IEJIEHHbIX Pa3Me-
poB. IIpeaokeHHass KOHCTPYKITHS 06eCTIeYrnia ypo-
BeHb KoMMmyTtupyemoii CBY-MomHOCTH BbIK/IIOYA-
TeJiT He MeHee 2 BT, BeMunMHy TOTEPh B peXXUMe
sanupanust He Mmenee 40 1B B paboueii moJioce ya-
ctoT okoJio 15% 3a Bpems He Xy:xe 2 Hc. Bo BTO-
poM curyyae paboyvasi MoJoca 4acTOT BBIKJIOYATE-
Jig, BBITIOJIHEHHOTO C TIPUMeHeHNeM HeCUMMEeTPUd-
HOIl TIesIeBOU JMHUU, cofepsKalieil BCTaBKy C JIH-
0JlaMI, COCTaBmIa 0K0JI0 40% TIpu TOTEepAX 3alli-
panus 6osiee 40 nb.

OtienuBast pe3yJabTaThl, MOJyYEHHbBIE TPU Pa3-
paboTKe TOJYIPOBOJAHUKOBBIX KOMMYTUPYIOMINX
YCTPOICTB MUJIJIMMETPOBOTO JIMATIA30HA JIJTUH BOJIH,
MOXKHO 3aKJIIOYNTh, UYTO B KOPOTKOBOJTHOBOW da-
cru CBU-guanasona (f > 200 I'Tu) npumenenune
p—1—n-MOJI0B C COCPEJOTOYEHHBIMNU ITapaMeTpa-
MU SIBJISIETCS HETePCIeKTUBHBIM. B aTOM Amamaso-
He TIPEJICTABJISETCS IEPCIIEKTUBHBIM UCTI0JIb30BaHTE
MOJYTTPOBOJJHUKOB PaCHpe/ieIeHHOTO THIa, KOT/Ia
B3anMmo/ieiictBue ¢ CBY-sHeprueii MpoucxXoiuT 1mo
BCeMY 00beMy MaTepuaJia U BO3MOKHO paclIipeHe
MOJIOCHI TIPOIYCKAHUS U yJIydllIeHue YCJOBUI pac-
cestnus. Ilpu atoM B KayecTBe YHUDUIIMPOBAHHBIX
3JIEMEHTOB YIIPABJSIONINX YCTPONCTB KOPOTKOBOJ-
HOBOW YaCTU MUJLUIMMETPOBOTO JIMATIa30Ha, a TAKXKe
B KBAa3MONTUYECKUX YCTPOUCTBAX CYOMUJIITUMETPO-
BOTO INAMa30HA MOTYT IIPUMEHSATHCS TIOBEPXHOCTHO-
OPUEHTUPOBAHHDBIE P — i — N-CTPYKTYPHI.
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Mixpocmyzoey ninii nepedaui na erexmpuuniti dogxuni @ = m,/2. YV K0OpomroxeuIb08ill uacmumi Miiimemposozo
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CBY-TEXHUKA

dianasony dogsxun xeurv (f = 300 I'Ty) npedcmasieno pezyivmamu 00CAI0KeHb NO CMEOPEHHIO KOMYMAUTUHUX
nPUCTPOL8 3 BUKOPUCTNAHHAM NOOOBIKHO- i NONEPEUHO-POINOIACHUX P — 1 — N-CMPYKMYP.

Kniouoei crosa: sumurxaw HBY, minimemposuii 0ianazon 006:kun xeuiv, p—i—n-0iod, empamu nponycKanus,
8MPAMU 3AMUKAHNSL, UAC NEPEMUKAHHS.

N. F. KARUSHKIN, V. V. MALYSHKO,
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Ukraine, Kyiv, State enterprise «Research Institute «Orions,
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MILLIMETER WAVE p—i—n-DIODE SWITCHING CONTROLLED DEVICES

The paper presents the results of research and development of concentrated type p—i—n-diodes switches
providing the switching time at the level of a few nanoseconds. To increase lock losses of (~40 dB) the authors
use a cascade connection of diodes into waveguide and microstrip transmission line of 8 = n/2 electric length.
Investigation results of creation of switching devices using longitudinally and transversely-distributed p—i—
n-structures in the shortwave part of the millimeter wavelength range (f = 300 GHz) are presented.
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When developing switching devices intended to control the level of microwave power in the millimeter
wavelength range, a number of special features arise limiting the achievement of optimal pavameters. The
dimensions of the metal ceramic packaged p—i—n-diodes and the mounting elements of semiconductor structures
become comparable with the wavelength. As a rvesult, package cannot be considered in the calculations and in
the design as the capacity of the concentrated type. In our case the diode package is considered in the form of
radial line which is able to transform the input impedance of the transmission line to the terminals of the diode
structures, and realize high-impedance state (parallel resonance) in the device circuit in the mode of microwave
power transmission. Engineering calculations for the given parameters of the silicon mesostructures showed
the possibility of creating high-speed devices for switching microwave power with good characteristics. For
diode assembling industrial clockwork ruby jewels with high quality of surface finish, strength and appropriate
dimensions are applied as dielectric bushings. Suffice it to say that in the frequency range of 150 GHz, we used
the bushings with dimensions of external diameter D = 0.4 mm and a height of h = 0.15 mm.

The switches created provide transient units of nanoseconds, isolation more than 40 dB at relative frequency
bandwidth of 30-40%. Evaluating progress in the development of millimeter wavelength devices, it should be
noted that at frequencies greater than 200 GHz, the application of the concentrated type diodes is problematic.
In this range it would seem to be promising to use bulk semiconductors. In this case surface-oriented p—i—n-
structures can be applied as unified elements of the control devices in the shortwave part of the millimeter
range, as well as in quasi-optical transmission lines.

Keywords: microwave switch, millimeter wavelength range, pin diode, transmission loss, locking loss, the

switching time.
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