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AHHOmMayus — PaccMoTpeHbl CBOMCTBA oxnaxaae-
MbIX U CBEPXNPOBOAALLMX NIMHEWHbIX NaHapHbIX CTPYK-
TYp MWKPOBOSHOBOrO AuanasoHa, MpuBedeHbl pesyrib-
TaTbl TEOPETMYECKUX OLEHOK M SKCMepUMEHTAIbHbIX
uccnegosanuin. [poBegeH aHann3 BO3MOXHOCTENW U
OrpaHMYeHUn UCNONb30BaHUSA OXNaXXdaeMblX U CBEpX-
NpoBOAALLMX CTPYKTYP NfiaHapHOro Tmna.

|. BBegeHue

Poct nepepnaBaembix 1 obpabaTtbiBaeMbix B eau-
HULY BpemMeHn oO6bemoB MHopmauun BeaeT K npea-
CTaBMNEHWIO LMPPOBbLIX CUrHANoOB Bce Gonee KOPOTKUMMU
umnynbcamu (C Bce 6onee LUMPOKUM CMNEKTPOM 4acToT)
N, COOTBETCTBEHHO, CMeLLeHni0 paboyero avanasoHa B
obnacTb CBEpXBbLICOKMX YacToT. Peanunsaums xxe MuHma-
TiopHbIX CBY ycTporicte ana nepegaym u obpaboTku
nofobHbIX curHanoB npegnonaraeT  WUCMoNb3oBaHWe
nnaHapHbIX TexHornorui. MNMockonbKy oCHOBOW G0MbLUNH-
cTBa MuHMaTiopHbix CBY ycTponcTB ABRSAOTCA anemMeH-
Tbl, BbINOMTHEHHbIE C UCMNOMb30BaHNEM OTPE3KOB MUKPO-
MOSIOCKOBbLIX M KOMMaHapHbIX NVHUIA nepegauyn, npen-
cTaBnsieTca LenecoobpasHbiM NpoBeAeHVe OLEHKU WX
OCHOBHbIX OXMAAEMbIX XapaKTepuCTUK M aHanmsa BO3-
MOXHOCTEN UX YNYYLLEHWS.

II. OcHOBHas yacTb

OfHOW M3 OCHOBHBIX KPUTUYECKUX XapaKTepUCTUK
SABMNSETCS BENMUYMHA NOTEepb B NMaHapHbIX JMHUSIX Ne-
pefadyuv, koTopasi pacteT C yBENMYEHUEM CTENeHW Mu-
HMaTiopu3auum u pocTtoMm paboyen 4acTtoTbl, HECMOTpPS
Ha LUMPOKOMOMOCHOCTE MMaHapHbIX NUHUIA nepegayu,
4YTO BedeT K ocrabneHnto n NCKaxXeH o nepegaBaeMblX
n obpabaTbiBaeMbIX CUrHAsoB.

YMeHbLLeHME NnoTepb MOXEeT ObiTb Npou3BeAeHO
nyTem rrnyboKoro oxnaxgaeHusi, 4To No3BONUT MpU COOT-
BETCTBylOLLEM noabope MaTepuanoB obecneynTb CHU-
)KEHWe NoTepb B pasbl, @ Clyvyae UCMoNb30BaHNsA CBEPX-
NPOBOOHMKOB — HA HECKOMNbKO nopsiakos [1, 2].

Ha puc.1 npeactaBneHbl 3aBUCUMOCTU BEMUYMHBI
3aTyxaHus ot 4actoTbl npu T = 77 K B MMKpOMonocko-
BbIX nuHuax (MIM) ¢ ucnonb3oBaHMEM MPOBOAHMKOB
(Al, Cu) v ceepxnpoBogHuka (YBa;CuzO7.5).
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Pwuc.1 3aBucumocTb 3atyxaHusi B MINJ1 ot yacToThbl
Fig.1 Frequency attenuation dependence in microstrip lines

3aBUCUMMOCTU 3aTyxaHus A8 KOMnaHapHbIX NMHAUIA
(K1) BbIrMSgaT aHanornyHo.

OueHkn npoBoagunucb ana MM u KrJ1 ¢ BonHo-
BbIMM conpoTuBreHnsMn 50 OM M TONWWUHOW ON3nek-
Tpuyeckon nognoxkm 0,5 mm. MNpu aHanuse noTtepb B
TNVHUSIX MPUHMMAIOoCh, YTO MOTEPU Ha U3Ny4eHue npe-
HebpexmMmo manbl, obLime noTtepu cknagbliBalwTCA U3
noTepb B NPOBOAHMKAX U ANINEKTPUKAX.

YMeHbLUeHne notepb npu Temnepatype 77 K gns
NNHUA Ha OCHOBE BbICOKOTEMMEPATYPHOro CBEPXNPO-
BOLHWKA MO CPaBHEHWIO C OXMaXAEHHLIMW JIMHUAMMU C
npoBogHukamn Cu u Al Bo Bcem pabovemM 4acTOTHOM
AvanasoHe COCTaBnsieT MPUMEPHO MonTopa Mopsiaka,
npy 3TOM NOTEPW B AMINEKTPUKAX yXKEe CTaHOBATCA CO-
NOCTaBMMbIMU C NOTEPSIMU B CBEPXMPOBOAHMKAX U 3TO
HeOBX0AMMO YyuYUTbIBATb MPU MPOEKTUPOBAHUMN TaKmMx
nuHui. PocT noTepb ¢ pocTom pabodyert 4acToTbl Npo-
nopumoHaneH f Ana ncnonb3oBaBLUMXCA AW3MNEKTPUKOB
n f° — ans cBepxnpoBOAHMKOB.

HecMOTpss Ha 3HauYMTENbHOE CHWXEHWE MoTepb
LUMPOKOE NPaKTU4EeCKOe UCMONb30BaHWE BbICOKOTEMME-
paTypHbix cBepxnpoBogsawmx (BTCI1) maTtepuanos B
CBY TexHuke B nepByto o4epedb OrpaHM4eHo MX Hemnu-
HEMHbIMWU CBOWCTBAMU W BO3MOXHOCTbIO Nepexoda B
PE3NCTMBHOE COCTOSIHME MOA BMUSIHWEM, KaK BHELUHUX
¢aKkTopoB, Tak W HeMocpeacTBEHHO MnepedaBaemMoro
CBM curHana [3].

M3BECTHO HECKONBKO MEXaHW3MOB BO3HWKHOBEHUS
HenuHerHoro oTknmka BTCI1 nneHkn B MUKPOBOJTHOBOM
none. Hanbonee BepoATHbIMU MPUYMHAMU HEMUHENHO-
CTU CUMTaKOTCS: pacnapvBaHUe HOCUTENEN CBEPXTOKA,
reHepauus BUXpen BHELUHUM BbICOKOYACTOTHBIM MOMeM,
Hanuuue Kpuna noToka, Hanuune cnabbix CBSA3EW, No-
KanbHbIV neperpes npu 6onblwmnx MowwHocTax CBY Toka
1 Apyrve MexaHu3mbl, KOTOpble, B CBOI ovepedb, MOryT
3aBUCETb OT HanM4uMsa npumecei, 4edPEKTOB KpUcTanu-
YEeCKOW peLUeTKn U COOEepKaHus KUCIopoaa, MexaHude-
ckor 0bpaboTkm obpasua U Npodnx aKkTopoB.

B HambBonee 4yacto ucnonb3yemblx MraHapHbIX TO-
nonornax MOCTPOEHNS MACCUMBHBIX  MUKPOBOJTHOBbIX
YCTPOWCTB, AaXe MpU CPaBHUTENbHO HEOOMNbLUIMX MOLL-
HOCTSIX MMKPOBOJIHOBOIO MOfIsi, Ha Kpasix MIIeHKM MnoT-
HOCTb TOKa MpEBbILIAET KPUTMYECKOE 3HadeHue. ITo
ABNAETCA NPUYNHOW NMPOHWKHOBEHWSI B MIeHKy abpuko-
COBCKMX BWXpPEN, WHOYLUPOBAHHbLIX MWUKPOBOMHOBbLIMU
TOKaMu, U1, Kak crneacTBue, — BO3HUKHOBEHWE HEMWHEN-
HOI 3aBMCMMOCTU MOBEPXHOCTHOrO COMPOTUBMEHUS OT
aMnnuTyabl MMKPOBOSTHOBOIO TOKA.

Mpy pasHbiX MexaHn3Max BO3HUKHOBEHUSA MOTEPb
3aBMCUMOCTb OT aMnAUTyabl MMUKPOBOJIHOBOIO MONst
MOXeT OblTb 6nmnskon 1 gaxe ognHakoson. Hanpumep,
npy NpoTEKAaHUN MMUKPOBOJTHOBOIO TOKa BO3HMKaET Bbl-
JeneHne TennoBoW aHepry Ha aedektax, NnpmMBoasLLee
Kk pasorpeBy BTCI1 nneHku. Mo3aToMy BO3HWKHOBEHWE
HENUHENHOCTN 4acTO CBA3bIBAKOT Takke C 3PHEKTOM
«rnobanbHoro» WnM «rnokanbHoro» neperpesa BTCI
NEHKN n3-3a HeLOCTAaTOYHO ObICTPOro TENNIO0TBOAA.

CoBepLUEHCTBOBAHME TEXHOMOMMM NOJydeHus nre-
Hok BTCI1 npvBOAMT K 3HAYATENbHOMY YMEHbLLUEHMIO



yncna akTopoB, BAMSIIOUX Ha XapakTEpUCTMKKM nna-
HapHbix CBY cTpykTyp. [Ons COBEPLUEHHbIX MMEHOK
BTCI1, ocHOBHble duanyeckne npoLecChl, BRUsoWmne
Ha HenvHeWHble CBOWCTBA NPU CYLLECTBEHHO HEOAHO-
pOAHOM pacrnpeaeneHn NNoTHOCTU Toka [4], mpucyLlem
NonockoBbIM NMMHMAM CBY ¢ TOHKMMU nneHkamu (rny6u-
Ha NPOHMKHOBEHMS MNONsA A CpaBHMMA C TONLUIMHON
nneHkn d), GyoyT 3aBUceTb OT aMnnUTYAbl U ANUTEmNb-
HOCTW BO3AENCTBUS MUKPOBOJTHOBOIO U3Iy4eHusI.

Mpun 6onbwon amnnutyge CBY curHana n manom
BPEMEHMN ero BO3AeNCTBUSI OCHOBHYHO POJib UrparoT npo-
Leccbl pacnapvBaHusi, reHepaumMm BUXpel U ux nepe-
meLeHus. MNpu yBenuyeHun AnMTenbHOCTU — NpoLecehl
neperpesa, KOTOpble, B CBOIO oyepeab, 3aBUCAT OT Ma-
Tepvana noanoXKn U KOHCTPYKLUMU MIiaHapHON CTPYKTY-
pbl (ka4ecTBa TEMNOOTBOAA).

OueHKN, nNpoBeAEHHbleE B TPEXCAHTUMETPOBOM
aunanasoHe ans BbICOKOKa4YeCTBEHHbIX NIeHoK
YBayCuzO75 (Te = 92 K, je = 2:10° Alem?, Rs(77 K) = 0,2
MOM) Ha nognoxkax u3 Al,Oz n LaAlOs, faT cneayto-
lWMe 3HaYeHUs OTHOCUTENbHBbIX MOTEPb Ha eAVHULY
AnMvHbL (cM): ans MO - ~ 7,1-10°...2,36:10 (d = 200
HM, h = 0,5 mm, w = 0,5 n 0,162 mm); gna Krjl - ~
6,42:10*...9,16:10™ (d = 200 HM, h = 0,5 Mm, w = 0,186;
0,1 mm, a = 0,346; 0,4 mm).

YyeT pacnpegeneHns NAOTHOCTU TOKa B MNIIEHKe
NnoKasblBaeT, YTO yXe Mpu BXOAHOW MOLLHOCTU ~ 10 BT,
Ha Kpasix MIeHKM BenuuMHa Toka MOXeT npeBblwaTb
KPUTMYECKOE 3HaYeHue 1, crnegoBaTernbHO, MOTyT BKIHO-
4YaTbCsl MPOLIECChl, OTBETCTBEHHbIE 3a HENMWHEWHOCTU B
XapaKkTepucTuKax.

[1l. 3aknoyeHue

Takum obpas3om, B pesynbraTe MpPOBEAEHHbIX UC-
crnefoBaHWIA NokasaHo, 4YTo rnybokoe oxnaxaeHue (0o
77 K) MUKPOBOMHOBBIX NIT@HAPHbLIX CTPYKTYP MO3BONseT
3HaYNTENBHO CHU3UTL NOTepu B Ux paboyem AnanasoHe
4YacToT (ONA CBEPXNPOBOAHUKOB CHWXEHWE MoTepb O0-
cTuraeT noryTopa NopsiakoB) U, COOTBETCTBEHHO, OyaeT
CNocobCTBOBAaTb YMEHBLUEHWNIO 3aTyXaHWUsi U UCKaXEHWN
nepenaBaembix U obpabaTbiBaeMbIX CUrHaNoB.

B Toxe Bpemsi HeoOx0OUMO OTMETWUTb, YTO Ansi
BTCIT cTtpyktyp OyayT cywiecTtBoBaTb OMNpenerieHHble
OTPaHNYEHNSA Ha BENWYMHY NepefaBaeMblX CUrHaros,
00yCrnoBneHHbIE MPOSIBNIEHNEM HENUHENHbIX 3hEKTOB
M CyLLEeCTBEHHO HEOL4HOPOAHbLIM pacnpeaeneHnem CBY
TOKOB B MIlaHapHbIX CTPYKTypax.

OdbdekThl, NPUBOAALLME K PA3PYLUEHNIO CBEPXMPO-
BOASLLErO COCTOSIHUA U PE3KOMY POCTY COMPOTUBIIEHMS
MWKPOBOJIHOBOW MNMaHapHOW CTPYKTypbl, MOryT ObITb
MCMONb30BaHbl MpU  CO34aHUA  ObICTPOAENCTBYHOLLMX
3aLUNUTHBIX YCTPOMCTB PaAMOSNEKTPOHHON annapaTypbl
CBY gmnanasoHa.
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Abstract — Properties of cooled and superconducting linear
planar structures of a microwave range are considered, results
of theoretical estimations and experimental researches are
resulted. The analysis of possibilities and restrictions of use of
cooled and superconducting structures of planar type is carried
out.

I. Introduction

Growth of volumes of the information transferred and pro-
cessed in unit of time conducts to representation of digital sig-
nals by more and more short impulses and, accordingly, to
displacement of a working range in area of ultrahigh frequen-
cies. Realisation of tiny microwave devices for transfer and
processing of similar signals assumes use of planar technolo-
gies. As a basis of the majority tiny microwave devices are the
elements executed with use of pieces of microstrip and coplanar
lines, carrying out of an estimation of their basic expected char-
acteristics and the analysis of possibilities of their improvement
is represented expedient.

II. Main Part

Reduction of losses at temperature 77 T for lines on the
basis of a high-temperature superconductor in comparison with
the cooled lines with conductors Cu and Al in all working fre-
guency range makes about one and a half order (fig.1), thus
losses in dielectrics already become comparable to losses in
superconductors and it is necessary for considering at design-
ing of such lines. Growth of losses with growth of working fre-
quency is proportional f for used dielectrics and f* — for super-
conductors.

Despite considerable decrease in losses wide practical
use high-temperature superconducting (HTSC) materials in
microwaves to the technician first of all is limited by their nonlin-
ear properties and transition possibility in a resistive condition
under influence, both external factors, and directly transferred
microwave signal.

The estimations spent in a 3-sm range for high-quality
films YBa,CusO7. 5 (Tc = 92 K, j. = 2:10° A/sm?, Rs (77 K) = 0,2
mOm) on substrates from AlL,O; and LaAlOs, give following
values of relative losses on unit lengths (sm): for microstrip
lines - ~7,1-10° ... 2,36:10 (d = 200 nm, h = 0,5 mm, w = 0,5
and 0,162 mm); for coplanar lines - ~ 6,42:10™ ... 9,16:10™ (d =
200 nm, h=0,5 mm, w = 0,186; 0,1 mm, a = 0,346; 0,4 mm).

The account of distribution of density of a current in a film
shows, that already at input power ~ 10° W, at edges of a film
the current size can exceed critical value and, hence, the pro-
cesses responsible for nonlinearity in characteristics can join.

I1l. Conclusion

Thus, as a result of the spent researches it is shown, that
deep cooling (to 77 K) microwave planar structures allows to
lower considerably losses in their working range and, accord-
ingly, will promote reduction of attenuation and distortions of
transferred and processed signals.

In too time it is necessary to notice, that for HTSC struc-
tures there will be certain restrictions on values of the trans-
ferred signals, caused by display of nonlinear effects and es-
sentially non-uniform distribution of microwave currents in pla-
nar structures.

The effects leading to destruction of a superconducting
condition and sharp growth of resistance of microwave planar
structure, can be used at creation of high-speed accident pro-
tection devices of radio-electronic microwave equipment.



