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F—E fFa
1-1 HESEEKCETSINE TORE

19864F, I.G. Bednorz ZK.A. MiilleriZ & V30K %2 5 BIBEBIREEFD
La, Ba CuO 0 R EINI[1]. TORRIR, BREOBEEBEBRELZZNE TELEEL
5C EDTEAED - I NbROBKA SREI A LS 0BT, 13 U TRIEBIE
BOEHOTREMZRE Uz, EERICES ERONICKRAEREBEE 7KL ETRBEEERL
7o' dLla, Ba CuO, R UK A v MU D AF3F TR LE S OIRERLYLBa,Cu,0,
THY, ZOBLEEBEEIIN~3KIZHET 5[2].

~ Bednorz EMillerOF R S ML) % .0 BiRBESHEYHORFAIEITIIATD
i, ZORRE, WEOHMITR . SHEBESEIRREN, EBREIRBCAEL
7z, BEE THEBLEARE UTHRZINTOAIAMIE, KEMICEBIEED20~40K
DLa%k, YBa,Cu,0,ilfREINZEBIRENFIOKDYR, BiFk, TIHRT U THgRIZSH
T&5. BIRRUTIRTIREBRENBIKEBZ 2WESH 5. BERDEVERRE
7R3 HIE 1$Hg % DHgBa,Ca,Cu0,,, T, MET CEBREEI4KERT[3]. THh oDHE
(LR EBEEFRIITNTEBREEERD, LTHCuEMEON S SE (Cuo,H) %
HD. IhETOYWEERTHRONIERD S [REBLZERERICF YV VY—D -7
XN IcCuOHEHOWETHET 5] 2 E0bh-> T3,

ERBLEAORRE EFERIC, ThooYHICET AR BAIITON.. BEEE
BHEOYHPIERIIZDICKHITES. —HIIREBEEAOEBREEN EToYticEE
L, 208 o aRBEEORBBEBEBHL LD ET5METHY, MAREBRERE
UTOBZEHEENR TS SDOTHS. EROSEBEEKRTIE, BBEREU L (B
BREE) TREANICEEOEBEEFRTERINS. LIAVRRBLEATIERR
B FOBEERENS LTEETH D, NV FERMERATERIOLI E0FHIOBRED
SIS TE[4].

—%, BEBCEAOBGERBRIMEREDESEBEERLLRLT TS, EROE
BREEAOBILERBIEMEIZ DU TIZ19574E 12 Bardeen, Cooper, Schrieffer 512k - T
FRINHER BCSER) [lIck->TRHHIN S EPHSNT NS, MIDHH

1



HogET, REBLEERDOY a7V VEETRONWS Y vy EnXT vy 7OMKE6)H
KUNMRDOFA b7 FOEEHREETIHN S, BEBIZEATLBCSEATRINLE
FHPERESN TSI EMfERHIN. Lo, UTFIIRT L) Hx A THERZ
BRIIBCSHAR UV SBBEEAR L IIRT SR BVLERT I EPHSMIZIN TS
7-.
O LEBREERVEBEEF+v v THOBCSERATIRHWTEMEEKEZU89).
® FEiEBEEETIIRMLENESERN X NLONIEEIT/NZU10,11].
@ BHMIERTLEOERIZENTIE—LV Uy XE-70BAlZNI[12,13].
® EFNOEMBMBENY ZRTIE— LV REICKETREHIND 5[14].

it
CHODRERRAIBOEHSMNIT I -DICEIREBLEOREIBE, SVBRINIE
FHERD 1D DFIIHHEIEFDBIERFET 5 EHNBETHS. 5 HEFIEEBITH
BERRUTOERICKEIN 5. ‘
® E OB
® ENTOBEBBRIZORLH
MEFESIIBEERBTORETH 5. ERNICBEERBEFANDIHFELLT, Bz
BEDTA 7 0D SEFNEBOBRBICNT 2 I0E HEEEKISEER L) 2lET
L5FENRHD. COHETRBEEF v v 7LD /NI RIRNVF—DBHEE S 0—7
HELTRHWAIZ LT, BEEEFHEMESTICZONEEZANDL I ENTE S, #k
HOESBBZEHIIE VT HERICEOHEIXBCSEMOA AL A RESIF[15,16], EE
REHERI-Uic. GRBESEDO< A 7 oih SERNMERICE T 2 BREOBAER
1000~2000ALl ETH 50T, BRIGEIEMREBICEEINICC L, B0/ V7 ik
HERBT 5. Uleht-> TEHICEZRFEEIZHIC WREBEEKIHLTOER
HFEEELDS 5.



1-2 AWPREOHW

APETIE, BIREREICH 5 SEBLEARD I ) BHEHIBEICKIT 2ERSE (VG
L) o, BFHOME, F+ ) VY—DORAWTERIOVTHSMITEI EEHEY
ELTWS. HIRBICIE< v/ Y 2 VT —BIFESREFZHNTNS. ZOSKETH,
RO <A 7 0 KCERNEIBICH T REFELIIELY, [{oDREDLELYE
T, FEBETHAROEREFTRE L IERERCEEOER LB AMIITkD 5 2
ENTES. AEAREEILT5S~170GHzDB TR ETH D, I SIFHEAEE UIREEL
EREBIHETH L TES.

APFFETIRU LOFEE AW TEESBZEEAYBa,Cu,0,, (YBCO) DBEEREICEHT
SEMICEEZTE L. I VEFERTORRER, ChETEEAETONLTEST, 20
TR TERICEN ED LD BRABNETRTOERANSL I LFEERHFE LT > TN 3.
oI, ENSOEMISEDHEZRN S, BANLF v Y Y—ORE#EIEL OB
DOXMIEIZDONTEE L.

1-3 ZFXDHEK

FHRLIT6 DOEIDHERINS.

FLETREESBRERE, FICEHETEIR > 7YBa,Cu,0,; (LIFYBCOLMES) D
PEMNE (EadE BFREB) oW THlET 5. £, EETRERSEOES
PEIZBHRIIOVWTHBNE. EZBETRAMETHWHEERHES JUPEBICONT
BT 5. FRMEICHWICENI OWT b5, FUETIIBEEREBICKIT S
YBCOD I ViRICEDEAHEZAEL, BANLF ¥ ) Y—OEEHBIIONTEERTS.
ERETIE, YBCOD I Y WIEEDRERFER LN FHBKERORE LT, BF
SOMBREERR . BAETIE, AHETHRONIEREBEL, FKAXOHRETS.



F_E RESBRBEAKOVENHEH
2—-1 F

AETE, ROETORRICHANVS, SEBEEROERNIYMEL L OBEEHERIC
DWTAENRS. 22 TRBEEEEORMIY SREBE I OWTHET . SRt EE
BIZEEIIERE L TCuo,m%EFD, TORHNDOBEFIIBEELES EEX SN T30
T, CuO,HIDEFRBICOWTHEICRHTS. 23T, ThETOBRSEICETS
PIRICDWTHEST 5. COHTREOETHN 3 BERISEICIR L BOEE DTS .
2-4 TRIZEDHERI OV TIBNG . #EREE BB EEMARII U THREBCS Bk LU
ZNZELR ELERSEOHERIIODVTHENT S, RIVERETEZH LALETF LD
PEIZDOWTEEAT 5. RZIC, HERTRD 3D, BEBLEERDEBRISE DFRTIT—E
BIZANSNTOS SR EFIMCONTIENS. AFETHENELERRT, itk
ETIVERWICEIZIT > TV 5.

2 -2 HEBEEEROHEE Y
2—2-1 HaEELXIUomOHnE

AR EBEERRERYETS 3. £ LTINS EBEEAIILS Culoh
615 2RILIEFRTCu0,HE S > T35, H2-1IEAHRTHAN L EBEBIZERXK
YBa,Cu,0, DitaatEE 2R Uz, QIZ D0 TIX2-22TEHAT 5. ) K Oclihmic
CuOJ&, BaOfg, QuO,f, Y& CuO,ifi, BaOSEYS, ZODMATHEE L/ LI - THA.
CuO, T BN faHic 2 EEL T3, ORI NIIRM I RRBEERE O LEE
B2 21077, TN CUO,HEFTA TS, HBEIEEIXCO,MICEEICF+ ) ¥—
ER-TTH5IEICLDELBEEZSNTNS. #IdNB LI, F+ U vr—%F—
T3 HHEIWEICL > TEL ->TNS. )
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2 —1 YBayCus0p ;D RAEE.

@ 2 — 2 ( a ) Bi2SI'2C3CU208+80);(ﬁ§BEé%ﬁ,
ERIBRRFEFEHAILODTHS.



vCu

2 =2 (b) Lay,Sr,CuO Mk fHkE. 2 -2 (c) NdyCe,CuO,D% dRtfiE.

H2—3 CuO,EDHE.



R[2-3IZCu0,MIDHEEEZRY. Cufl A VIZEARTFOHEEZED, 014 VIiZADF HIT
MELTHS. F+ U VY—0NF—TIRTOROERITE, Cufdt Vi, o014 Vi
2% &5, R2-30HAMIZIECur A VA1 HE, O VN2 EEENE DT, Cu0,H
RS D 228 > T 5. EBREORKRE TRESIPEEEIMROBITNIERS
TODT, CuO,EIZ ETFTEIEICHELT oy Z7ICHAATN TS, Z OCu0,HHE
REBLEEEHEIGEIENL >TNEI E0obhd L)1, HRtYREBEEKROYH
BEFNTHS. FUETIERICEORLIHEFANTNS

KIZT, CuO,MDBETREBIOWTHEERTS. LBIlblBRELIIICF LIV —DF—F
SNTWVENFEITR B LT ER STV, QM4+ v OBEFREIZGBA &7,
BABIC OEDIETA . MBI RAE Y HHELEHT] 0EOBETEIAT 32

EMTEBDT, R 1BEOKR—NVEE DI LTS, —F, 04V OBETFIRELE
Z5&, OD2pHLEIZTRNTEFIZCL->THEZINTWS. Cul Y1 FHDITH—IUH
1fETE 506, BEREEBENLITTTHSD, EBICIIERETHEZ L0 5, BF
BEEF24DEI IR >TNBEEZ SNTNS. C* M VO3B FIEA 4 U Bic ke
BWBCRBELTED, 3dNNV FEBOWETFH/— o RN X040 X5 1258 T
5. Cul YA bHDIZTEDOFR—IVPPRNEIN, 02p/ Ny FRETEFICL-TEHEAR
NTHBED, BOKRADID, CutrA FOF— VIO CuY 1 MIRUB DL Z DT
T, VWOWBEEy MERIER LT > T A.

I RIVF—

S —

Cu3d MMHIHIT>

i BE 2R B

2-4 FyYP—DF-=FINTHEWL
CuO,H DB FHiE.
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CDELIECUO,HIZF ¥+ UV — (ZZTRRF—INEEZD) 2 R—TT3LEBHNT
EHETT & D, - ORETOEFHEERIIICH SN ST, IR
DREFE[TNE EN S, 20 EK2-5(a)FHIEOG)D LI ITH > THWBEEZ SN T A.
EB56d, F—IVD F—7 12L& > TCu3d#al & O2p BB Lo/ Ny RO IN B &
THHDTHSB. TONY RIZT7 z V3 « TXAF-EEPD, Cuo,HITESEEST
7

U LDCuO,HDEFHEEL, /N FRENSIZ &L FRINEI - 72[4,18]. CuO,HD
BEFREOHERE, OO TRFREZEORHEADIDICIE, EANICEHBF v ¥Y—%2E5
N FERTRAC, RODISEWETHEEZE U CERVDE XN TV 3(19].

ERYE = “)lif#—

Cu3d

v |
Y

Cu3d
O2p B> e
— R
N AR

2—5 FyY¥—NF—7IN/CuO,mDEFHEE.



2—-2-2 YBa,Cu0, 0%tk

YBa ,Cu,0, MM D SR L) FHE RIS & il U TSR DL, Cu0,mLAMI S Cu
g%, TDCuk ODbEIA TN —RIGERICES LB EZH S ETH 5. ZhikK
2-1DCu0 LR LHAHIH Y, CoOBEMREN TS, Bl TFISiE~< 3 &5 12 YBa,Cu,0,,
KEOTIRIDOCUOEFNEESHE L KITT. CuOHFTOOMEE (RHB) Le93<, #
ROBMRBESE - IRE X EIS U THHNITES - B#Ed 5. YBa,Cu,0,,D0I3E2IERIL
SNTTRBEHUBEAXRBOEEZER LTINS, i, CuOHDI2HIZIYBCO D#E LS
FRLROMBEERL, 00HE, HBTEMILa=3.824, b=3.89, c=11.69ABETH
%. 8~1Tida=bDIEHFRITILS. 7535, YBa,Cu,0,,3LIK, YBCO EEL Z &ilT 5.

CuOSHTDBREBIIRDOF + )V Y —BELECHBZ LTS, §70bB, YBCO TidEE
FET-JUL U TCuOHANDHR— VD F=TREZ 5. £t UTRIREEBREET, b
ZLT 5. 73ETORRER2-6I1IRT. BMEENEZNITE, Cu0,ANDF—ILD K=
ENLCRY, 0o EUTT. S ERTS. 127U, TORKIEDIIKELEHK
BRFEEIL7-0=6.95 (8=0.05) ETHBZ EBFMONTWNS. 7N hULEAELLS
L, BT TNS. 7-0RERFZELD PR THTETNED, b5 HHOBWE
BTT, M0KT—EDEXE->TWS. ZDEIIZ, YBCOIZIET 90K, 60KD _DDE
ERBIZEHNEAL, ThEh T0KM], [60KM] EEENn TS,

T
]

g 100

7-0

2—~6 YBCOOEEZET-0&ET DRE.
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101/~ __ PCC E

el Y1 VS N ——
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< Bi2201 0

5 La1.85Sro.15Cu04 \‘\ T
NLLSC 0.08
600r 1001 ~—_]
Nd1.84Ce0.16Cu04 g
- , Tl2Ba2CuOssy & ~._LSC0.14
—_ /y a YBC 60K
g 400 BizSr2Cu0s 0100 N\& ]
4
% i L;f'g’S'g”CC“g“ LSC 0.20
(S D122 al n2us YBC 80K _. —
2 | ~ =
Q 200+
r YBazCu307
Tf—- YBazCu4Os YBC 90K
0 ] 1 | I L 10-3 1 ' L 1 L
0 100 300 500 0 100 200 300
TEMPERATURE [K] TEMPERATURE [K]
K2—-7 #eiyEobEhEo K2—8 #xRKYWEDHETLHD
ERiEpER2]. B I HTR[23].

THIBMEIN TV 354, ClOHBERDEEENE, THRbbcuog hicam+ v
VY —D0FHET S ED, ERIMEARFRIE, SBEINTVS[2021) X561, &
DCuOF LD HMF + Y T—RTUT THBEEF + ) ¥ -T2 5F, EEH - i
BEr U Y—DEFTOB I ENBEINTNSR0.21]. & OO EDOEEEF 4 ) ¥—
BENESXUOBRETINS LI VEREIOHELRKITT.

2-2-1 TR &5 IHR R IRBEREO WML, B R LabiE b & TRAD,
BAENTHS EHMHFINSD, YBCOORAHIIMARET-IIKRE {IKETS. Efitab
HAE (§78hH, CuO,EITEAT) I L 78B4 DT L TOEGEI R, 1%, K2-7iC
R &3 ICYBCOA GBI LA EOMEITOWTREICH LIRIZEES, SENTEDE
WERY[22]. EZAD, cHBHOBERERReIL, K2-8IXRYT & S ICYBCO LSO

10



BT, BEOTHLEBISHKRT S L) AFERNTRIFBERT[23]. —FH, +4
IZE L XN 0KAHD YBCO Tldp 3B EICH LIZITHAIL, EBHNLIRSAEB A RT.
90KfHDYBCOTIXT,E LTDp, &p, Dlldp./p, ~T0BE E, #OWHE LU TELHIX
EO/NIKTT->TNB. EZAD, BEEDOVILIVGOKHDYBCOTIE, p ldtoWE &
RUCEIIC, FEEHIIRABNERLTNS. T UTESHIZ0KMEDYBCOTIITE
ETp/p~170 R LTS, ZD&HIT, YBCODERAHIIMERIZ K -» TEALT 5.
TIEHD, YBCOTHEBREIDRHEEDRINBERIKTFETS. ZhiZCuOHDOFENEE
LTWa7) EEZ o TV 5[23].

2-2-3 fthoERICYERBEEK

FHTIE, BROFETEAPILTRNICYBCO LHH U THRART IWHEIC OV THEICHHA
T5.

@® Bi,Sr,CaCu,0,,, (BEFRBSCCO)

R IIR2-2() IR U, TUISOKEETHS. =2 TOMIBLO,EICIAFHT
NHEHREORETT. T OBMBENTE ¢ ) v—OURETHS LT HELSP, ©
NERBES>TF ¥ VY —THBH—IIVIHRBWICCQO,HIC F— T3N3 L) #iED
& 5[24]. BSCCO DEHITIBE OESHIERIIFTHNI & T, THELTDp/p,310°2L LI
5. BREENBULY, KEL, ShWWEERRLEZLBEETIHE CLEFMEE, b
FWGHIEIZE) ITHVWAZ EINTE 3.

® 1a, SrCu0, (BEFRLSCO)

FERHEE IR 2200) IR Ue. T3x=0.15D & *|JZAD37KERT. BHEIZLa,Cu0,T
H5B. 3liDLaA A L& LRMOSIA A L TEBRTDI LIZLD, CuO,HICH—IVD F—
TIND. BEVPBMT, TR REIEF->LBEOKGIEONS Y, WHllEL
BIZRAVSNS. Bl F—FHEETIE, THEETO/p, i3450BRE TH 5 23],

11



@® Nd, Ce CuO, (BEERNCCO)

BEREEIIR2-2c)IR L. COWEDRRKOEFEHRIZ, £ OBEBIZEKIKR—IV
R—THTHEDICKL, BFRN-THTHEZETH5. BYHEIINI,Cu0,TH5. +3
MONIA A % 4l DCeA AV TEBRT ST LIZLD, CuO,HIZEFNK—TEh 3.
T$x=0.15D & 22K E 4R 7.

® YBa,Cu,0, (BEFRY124)

AERR IR ER2-9ITRY . YI2ADHIL, YBCOIZHIF 5 CuO S BT FICEL - T
2ABET B ETHD. SO, CuOFEFALOBENTEED, YBOOLD bASARE
HtEERT. i, bEITTATIS CuOBAS 2 AITE B 720, allidi Il &bl D E I K
R (ZhThp, &p,) REFMERT[25] THEHLEDp/p,6 LUp/p,DEIZZENEI150&
400R2FEITTL 5.

2 —9 YBa,Cu,OgD#E s,

12



2—-3-1 BEHILEDESE

[EREINE ] ICDWTHAT 5. WHICA BB o DRt U BHEBNAS LIcBE,
PEFITRRRTITREN S ERGITHEN 5.

J(0,7)= o(w,T) E(w) (2-1)

ZCTCEREREDESENY MTHS. EDO2F LICHATIHIIERTEXIEBED
REXTHBHIEZBELTNS. QDIIWEFITXEICHA LULEBRIFNS 2 LE2R
LTWB A, 20 KRB o3WE I EELRICHE>TW5. old—ic, EREOHE
oL WEORETOBMICE > T3, %/, oldERBEORESAICBKETS. =
Do, DIFEEHTH B9 (o=0-i0,) , [HEBLKEEE] SHTh3. B O
5l BETEYa—VBEOETHS. Ua—LBOIRLE—IBRED S M8 X
n3. ThHbb, o IEREOBRIUILEILRIZE > TS, BT 75
RFEADELEERLTEY, o EnTHNEXE, WEHOES (BREBOSETS
5 ERWEEICHY) EEBICHN I RGERICIEENE LS. JoBs, BHIEE
DS HERICHN S 1 EREL, WEONBICR—ITOBHE UMBATEY, BORK
HEND. ZOX I BRBEORME IR S ) -2V P OESVERTRICE ST
W5,

BRERICYE L HEFERe=e e, 3L TO— RO EFHE THIZN TS,

we, w (800-81)

"

o 22)

e IEAREEE COFERHE THS. X012, EERERIERBITEBN=n-ikZHT
ROLEHITHEHINS.

13



e=n"-k%, £=2nK (2-3)

BRICE &3, WHOBEMBITN 75 REBPLERRBERET S &) UHEICEHE LR,
TRbL, BRERCEE, ERERE HRFEE birnikzhdvokvonigr:
9. BEEPHEOSE TR, [BEZEROBRINE] L) 56, BiEBREICET 3,
BIZEF v+ v 77X D /NI VIRNVF—DOBERIRICH T BINEEET I E0BL. 2D
&, BRICEDREZMNHEICINS. BEEX v v IHE BLUFhUEOTRIL
F—OBERRISHT BILEI EEEE] EWRIh, Z084, EIXBBRBKELE,IME
IKENn5.

2—-3-2 BWHWISEOWEE

H2-10ICBIBARDOERICE B LUREREDOFBMEEER L. HHhD 2385
Frov TOREETERLTNS. ZhETERGEOMEIX, T4 7 oEES TER
HIRF[ETANTITOO TE . ThidERBIRBO—HEBEEERTEIRZ 52 &I
KU, HRBEEOE S LCHIREOBOE(LZHEL, FhohoERSM v E—
TR, WHEBARD D VIEREREEELRDLHETHS. EEI SEEELE
BEIREERD LI, TOEMEEMB I, BREREBTOXRES v E—F v XDE
MEEMEELNWEBLBED, BASHORENBETHS. Fi, HBREVDHBE
Lt BBEBE—8S0AELE. LHL, 100KEBEZ TS, BRISEOEREEILEREE
ICHETE 5.

BRAMEB T, 7—Y ZREEZANTINE TRAICEFISEAEIMTHON TS,
CDFERBERNFROZRRE IIIRA RN &, EREIEZEEDRBEENE—EIC
RODLIEMTEB LV IFHEROD, /< —R - /a—=y bERERNS 20,
BBRBEILIRHET -5 ONENIBETHS. 7005, BREJCEEOIEZRIC
BMODDRENEETNTINS. T, ARZ baRIE Y I BFETHE 0, BEE
{2, DORBICHET SDIIRETH 5.

PBED=A 7 niEfgEs KCEFAFEBETEINETEIHED LI TEL. 25

14
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1010 1011 1012 1()13 1014
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2-10 RBEEEXOBRIGES LUNREGEDOERAELRE.

2, CNoDOFHEDORREPEETH S, I VEFABTIRITIEA EHRITIN T
= OB BB U TR D B ST o e d TH B, 22 TARF
HTIE, R OMEETRIEI NI, BEFEEREE Licw v+ Yz vy —HFH4H
KHEtZAWTEEBZEAERED I ) RERICE I 2ERICEZHE L. ZOoTESE
SHC kT, BEETHU OGBS LS 10, BROBENEEHORS LEHE, 5A D
REALE L TIHIRD S - ENTED. Z05 4 FOFHBARIHIRRTOHE
BEL T 505 TH5. |

2—-3-3 WEHERAE

ARETIIEHRARICOVTHAT 5. BEEREBICET 2ERICEMETIE, <17
DERO ERERBEE AV BEBAEOBREREEIROBIANLGNTNS. &
D, BILEOHRTOWERARDBREKFENHEINS Z N, KPFETD
WHBARDOREEFEEEZIEL TN 5.
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B2-111C, BREHREICH 2 HIRBEEAREHNT, F (CuO,f) 1ZFATICHEB, %
EIAD U 7oA D R E R OB T A RMICR Uz, B FHERRBSLITT, 3N
A RF—RBICH B LT 5. ERERIBLEF v vY—0HhThHY, RBOER
fHEZREIO A XITHN S . ERERIZabEHE & A IICHN 205, 8% ERBE
BRDREMZ R U TabE AWM OER BEREE XA RNICHARKREZ LB STHS. B
e, EREROWN TOSHEE (K2-11T/y FLEES) ITIEBATE A, 3
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BAREBRFEERD, R2-11TRUICL ) KA EADZEBENELETS. \OBFILEB
EEEREROWN 5 HAERL TS, fiF: ENRSBAE], %E4t [ERRE
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2 ©
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0, _ 1 (" [-2f(etho)lls>+A*+hae] ,_
O hof A2/ (ethw)?-A2

0, Lo IR IZBRBICK I 3 ERELKLEEDOER o, TRIBMLIN TS, eldT 2V T -
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) EFEBIC B bo/0, DEEZIEZFHEUERER2-15IIRT. F, H2-1512132-
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BORBIT B L, BLIOETHMERINIZ LIk B BEFOHERER~DOEE (Jk—
VY RZFR) ITERTS. EBICBCSHATTHINBZHMRTHY, o(MIZBENWTTET
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[28]. TEFTE—7%2BEL %, BEOTERE L BIZo IIEHBEENITEI LTINS,
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HEIEEYDO X E VESIRDO LI L 5.
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D7 —B VYRENPENETHE20IZ600 06T, KIBEENKIEVE (WoX) 2
NETBHHICKD, BEFRHVPERINE EELSNTWS. ZOHE, 77— Fkh%s
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PUEOHRBERIERLVBREIN TV HOT, BRBEEAOBEINSBREED &
OF ¢ ) V—DRFNITEEHBIZEINTOAEN. BE INoEEBU-ERIE
E3h, HRRSRAROBEEREENL DENBHEETH S LFEEINTNS[33)
T, BERAROEREKENE LIS, BERAROBHSEREEEHWICHEED
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SYBCODEFXT DM DHE A T 5.
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) Y —DEBFBRIILNTNE12) E2-13)D L) ICET 3. |
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HNEFHDOIE— L v AENHAEOVERBEERIIH UTIRBOVDEM SRS, F,
HIEEE v U b — 2T OB v I U BB AR LGE L, SEOH AR AN
T3, el dBERREDREIEZRFDL, Fr UV —DFh—ILEOIE, BFROoAEENLS.
m*iEF v ) VY —DOFREE, rér,ithThBEE8F+ ) Y—ELEBEEF+ ) ¥ —Ofik
UIEZEF v ) Y —OHELEFBTH 3.
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E725. o BEPo BENZENBLEF + ) Y- LBEEEF v ) Y — 10k 375 X< f
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o= en,t 2-16)
L m*(w?12+1)
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T 4ro, 2-18)

o WHEZERBICHIFE TS XARBHTH D (2-19) TEHEIN DY, KBIKRo 3%
ICRT(2-23) THEET 5.

2
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@-16), CINBLUQ1YEMHND &, &F vV V—HETHBL SNBSS+ V) ¥ —
FEEn U TDOLH 1T B,

ng 4o (w?t?+1
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FETHE, BRBESEOEANINIES L CRESERIOVTENL. 22 THE
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- 1 : + - 2 ) :
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REYIIEBERE TORFREZDOMNMHETHS. ZHHE, N, RELUYiInk ZU«xDHE
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LREINBDT, n, xOHELZHPHED S HFE L TEHDOn, wdvbdhiud,

My = finpx T59)

3-4
K 1 = Sn K, 19) &9

DEIITH+HIFEBIRD SN, BREMTHIEHNTES. MEMEE LTI, TERN%E
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WU TBIGEDMERE - 7. EBROFETRI0EREO REHETIRL, n, kISR
wohtz, ZOB, EELETAERSKLI ERMHEDY 7 MR TEBEORBICIEET
BLETHBE. ZOREDOEVHFICE-T, n kiFNALAEEEEDVES. L,
HIBRERISECTZOME TETE 50T, BREnENTEES 2 L5 IckE%E
TEFTHIT L.

RICEAR RICEB I h - B0 EROREREE I >VLTENS. ZOFEIHBTH
NBER IR SN B RS EEOERR TR LIRS ENEOIEICH
WHNB. ST H—OFAT FREAM OB R BEE LMY 7 b OFEERI3-10)IC
RENB LI 2 @ISR A HTEEABOBSITIRT S 5225, 1 BELIESR
Bir#n-ikOFEE, 2BEIEEER Bo-ikOERICHYT . ThEhOBATOSE
Rt 2R U CEREOEERREFH-10)ICRT LI icET. Bk, AP EEAHNT
5 NG BRI DI MZzB A FIC E > T B, k=ok, k=kn-iK), k=k@-i)idZH
FREZS, B ERNEEETAEREOEETHS. SER TEREEIESETH S
CEEZBR U TERBREBE/E-Trexp(-iQ)ZFEIT B ELUTDLI TS,

2%k,
(k) T (o i@ )

JTr exp(-ig) = (3-5)

TridEE /R, GIMEY T TH B, 1, t,ZUTORXTEZ SNB4T5IT, T,DH
TT,ODEXRTH 5.

oo LRk ko)1 (Rk)e O (Rt
V2K kg ketky | TP 2R\ (kok)e A (o) R
(3-6)
[t
Lh= (t21 tzz)

GS)RRIFEFICEREIREZ L THEY, EROEREFTEEn=1, «=0&35L (BILE
BOFE LSO ERELEES) , Bl E—DFTHFRABOERZBRIFE S
N5 ENRINS.

EEROHE TR XY, ERVMEHEINTORVER (ERIFEHTEFRTH3) £H
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B, SBicib~i HETEROEEEF Bn-ic 5 XD 5. RICHBEUN OBBE &A1
7 b, BBEHROEADTIEERIET S. JlEIN/n, &, Tr, o5 (3-5)E(3-6)
ZROCVTHEREOBE REIrBOEn, EE—BIIKRDHB I E05TE5. LHL, BH—
DT FRDF A SRS, nExZTrEoDEREHE LU TR EERETHS. 22
THEEEZHAWEDTH 54, H—DOFTHROFAD(B-1'), (3-2)HRTHIET 5 FR
ERRIZHE USROS 780 - 7272 DIRD B-IZART L 9 IRBE Fo, ) 21ED, v
TV y 7 AL - TRo )P MEE &5 K9 WnkxERDB I EiCLic. — BRI
YTV I RABIBROEECIOREEMBOFEL D bE B, KB LENEMTS
5Z &, REHEEB/NE (B0 IZHRDIZSWL, IREDHREZRF->TH5.

F(n>K) = A[V Ti"(l’l,l() _m]2+3[¢(n”()_¢m]2 (G-7

Z ZTHMETI(0,) Ed@mK)iEnEkNEZ SN E X @5 THEINSGEAREMMEY 7 b
ThH5. Tr,lo BENENEINIBBREMEL 7 N THS. AEBEEAMIHTH
D, GNOFADE 1 HEE 2ENFABEDOREX XN S LI AMEIZ L. SFERBLD
BEAWGRL, Fox)OB/MEERDIFE ZENTES. WMNMEESEZ 50, kHIHEROER
BHETHS. JOLEGNOHEEMZI0ELATHD, BRITEARBA, BZLT
n, KOFMEOTHITIZIZEA EFBINTNWI Ebdh -7, Boifn «%(3-5)
IRALTTIE 0% T 5 &, BEI1RLUANTRARMETH 5 ZNENT, & i1i—FKT 5.

PEDXHITUTK® o7 BEOERETI Fo-ikd 6, 23)ZFAVTHEEFER: s,
ARHONG. oI, CDEAVS Le-ie,hoBRERLEE oo, Rbob. (2-
)HDe DY, BEETHLBNSE LI, FEFNARHRIETHREINTHSHE
EBEICLUTRELK. BL, SEBEHEETILEE, « OMHEI I Y EHEET O I
T2 o SHBE/NZVIY,  DEOFMIFRERMEIEITIILALEEERITE
A /AN
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3 -3 THSHE

e OMRZTHRINIE v/« Y = V&7 — BT H5 3 36] DBAK % 32
Ry, £, REZKDOBEEAK3-3IIRY. FHESRHHERATEF o —F T IVIAH
BRELE LT, BEKE (BWO) 2RA UK. BHEM T, BEREIEERETLE (
GaAs, InP#H 5 A4 — F) ICHNTHITRERVCZOEERS 6, EEOESS, &%
B EOETENTNS. Kx OFFAE TIIRIEE K HFEIHA75~110GHz & 110~170GHz
D2EHDBWO (EBH6b Y — A VRHD) ZHALTHS. RIRFEEIIBWO XA —73—
NONBENMBEEEZZEAASI TSI ETaAY bo—)LT& 3. BWOTHREEN I YR
MR-V LS HERERANRHEENS. ZOI VHEEEZIZIE—L Y Y —BB D
HERFNSDORHENPT vy VTOEFHA LI L > THEREDET % b7 5+ 4AEL
THERECPT V. KA OTEHIREFTIITEZ R ITREOREL BT 2120, £t%R
(IZiZIH Y/ EDKozlov 5 D 7 )V — 7 THRE I N cEpsilon 32D L 5 WHEEBHK L V XIZAL
FI[B7), MESEEAW. £, AERFOy DTORFHEEDELTEH, K
HEOEETESXIIAREL L (HR100mm) , REFEORE YD UNIKAREHIF
TeBRERIE T IV IV T2 RESEOFICE . X 51T, BERAEETS ooicxs
e EBREDIBE A HITAFERIC L.

R—VLphoBH N I Y EE, @A UBESEM, TEIERERD, E—LXT Yy
F—BS, (AR v 7%, TA4¥ =7V v R2B5umAR—Y U 7) 1Tk > THEWCEE R
HERO2 DORFICHISNDE. —FHOHK GRRHEE R T FEHEEM, MESEM%E
BY, APBETEESINS. AR EBEE L 72 3 ) KIEMESEM, THORATERICEY
FHSEM,, MAZBY, E—AL 3 3AF—BS, (BS, ER—H#) ic#hh3. BS,EBS,
DTAY—=7Yy FOMEFEWVIEETHS. fiihFodt (BEREPEIR) FFHEEH
WA ZRS. $UDLFESEM, MERD, MESEM, TRONKE, MEHEM,,
EHEEM,, %8 - TBS,IC# M 5.

kbt &SRO DR VRS Z2RmIEFP (BS, BS,ER—HBETHY, 74 ¥—7) v
FOR%IEBS, BS,DENENIIN L4SSOAEELT) TRY, WhETHEIEE,
S U ESEM, TRAIED LICEN T 5. BIEAEEREONE T E LM EN
ZLOMIVY, BRASEBREORY, BENY T LREICHH I/ DSbHRy =L
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K3—3 JWEYRTLOHE.

JbharRat—F—%FA Lk REESI, HEEIMEOBIZEIMMICTF 3 v/ ¥—C
(FavyEVTREHH) CRBELEERGEZT Yy 742 « TUTTHIE L,
AVEL—F—ICHDAENhS.

BH, M;, M, M,, M 39 XTHUESESE (f=500mm) OMEHETHS. 7z,
M iZa v Eai—F—§lHXI NI SNVRAE—F —BEORH X T—Y (179X Tlum#¥
Buek) OLICEINTVS (K34) . MZBNT &L -T, SRADHKELE
EEEBZIENTES. L EOKRFERIINED S ORENZ#T B 7oL N\ FE2FEH L
e LicEM N TS,

ABPHIETO I VEDZXRy A XZERK20mmTHS. MOESBEBIZRy b
YA XELD bHHRENDT, IVHEEE-HICH VIZIZEEAS T 2. Ak, BETE
NV L#ERTIO—RI FAAZXT v b (Fy 7 X7 %— Kk, 10~300KH]%E) 0¥ 7
WRIVE —EICEING. 754F X5 v FOFEREEZK3-51ICRF. A0 LEICT -
F ¥ — (RE320x20mm’, EZ0SmmDFARD F.LICERTMmOREMITI D) %E&E
&, EhEY VTR —IZxVIkHTAEIETEHLZEE L. 0K, xVUE#L
ROTEBETNN—F v —EH VIRV —DEICERENIHENEN T UL S HAEN
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HBDT, HEEETS. 33 TRRELIIITA AR v P NOERE OELRH %
BB 57017, 8H Y —)V FOXREBLLOAM, FHEOT N—F vy —DRHEIEE, &8
OBEHLTHWEEAICBRERNALIY VT (EX3-5mmBE) ZED M1 (K3-6
). 734X AT v FORITIE, BHATETOI VEOZERMNIZESTEHE XTSI,
BEX70umDE N AT —Y— e £, ADVOOEELHODOEDOHEK KUEE
ABOMTI VEROZERAPEL 50%H 72, K3-7ICRT LI, AbODEE
HODFIFZhELENTE LKI30° 9D, BV DAEELETLIIC L (A,
K3-8ICRT LI, InSbARAA—F —DISA AT v FOBEEDOAD ODE bR
DEEIZUT. ) 7 54FRF v bOBS Y —Ib FITITBRERIUAZERD 13T 5
ﬁ,:hﬁbfﬁﬁ754¢z7vb@%&&%ﬂ?%%ﬁﬁibt.:@iﬁﬂ%é,
NAERETHRHINTLEY, 75A4F XS vy FOBITKENOW. CHhIZBICERS
Z2EREMIEHN, 77 VICKDERTEIETEBEINL.

| e
' 1!0 “| om-
i i

M3—6 2754457y FONBEEZTOHNL, NEEETEH LIk
FRIZRA TS ORBEEEIMAD Y L/ 1 K.
TRIASEE DORIEICHNIC SAFZT v NDOREEDERF-.
BHBERINATEBDN T 5.
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RIZ, RiTdd_fcwy Y 2 VT —RTFHHRFEZROTHEABO I Y EEERTE,
IVEARKE BB TSI EIC k- THE UMDY T b oFRIET B HHEIZONTE
5. BBRBETIOREZY ¥+ v & —SEHA LU TEERORBDAEZHNTITONS. REEE
IKEBZBENCEE EENM IV EXOBBROBRELZAEL, HEO,E LB L TEBR
BERDB.

RS 7 FODRIEIR Y ¥ v 7 —SEROWTH OB E A NTITON S, TR
CHEERE ANT TSR OFESEM, 2B X8, EE5RENRRRICNL S Ex(0)
(X IV EOEEEED KD, RBROME TR, EE5RETHLLETE Y — 2

WREZBME L, E—7ALEETM, 250mmRET10H GRIE B A%110~170GHz
@%%)55meﬂjwymmmh®%é>@§b,%@ﬁ@%%ﬁE%Z&ﬁﬁf
T4 wT 47 UTRD. RICEEERA LU TRBEOAEZIT, T —URA
KIS BMEXERD S, Ax(w)=x(0)x ()& &, BHEANKL EICL38RHEERE
D= D Abh(w)i,

hw) =[224D] 3 Ax(w) tan6 sind

= 2 Ax(w) cosf G

LREND (K3-9) . OFFEEM, ~DODAHATHY, ZDOHFERTiIan(20)=0.5 &7 -
T3, G)RZEAVTH0)E DHIMEY 7 Fo(0)dKD SN 5.

- Pw)= @ hc(w) +2N=a | (3-9)

CCTREZESTTORE, NIBEHTTHEOREEET.

FITHBARID, IVENREOIL—L U Y —RBOHEELEIL A v METARS
BETBEPELCRTL, MERECRTEZEL. i, BHEXHLBH - OB TTFS
MECEIENUVELIEHS. ZoFEICE, B2t oki0EF, ABEETD
REARE—-VICROIBWOEDIICT B ETYNESM LD BEINSE. ZDLE X0DT,
¢DRIIB-1), B)FKIIES) LD bEHIZKB.
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B3—9 ZROLMOATEFM, 1Tk S AHERE.

3 —4  HIERE O

FHETHEA UEETIIUTOL I BEESNRHS. BEE7 544 X5 v MiTAD
e, BBHCAH L IV EONE D OEANHABEA TRAINSGD, ZOXO—H
B 5AFRT vy PAZELRFE LTRIITL 5. EEMBEZLELTEIHDIIITAFX
%y MAIKIENEE URIVLIERA#THS. Z0-D@EL, RBOEOEECXD,
ERBLI MY 7 FOREEEDRT N6 3N 5. UTTEEBEI SAA XS v
FRIANIZE ZORAIEEDFEHEBEIZOWTEMRT 5.

FIFI5A4F ATy PRFERALBWERICONT, VUEF—=FULknSivon— (&

- $i#0.8~1.2Qcm, FEX0495mm) OEREHFROMERERZK3-10ITRY. F+ V-8

ENEL, MOEADHIEHTH S, BEEBEEEEFARICERRIINELST
W3, HAFOFEBHRIT110~170GHzD M T2.3x10°-3.8x10°LI T TH - 7. AFOERII
100mmiZx LT, AHT 3 IV EDXRy EN2mmTHY, T/85—F » —iC LS5
ez, FADICENTODOTRFLDERAPELENI EhoIEEA ERILER
FELBEWEEZEZONA.

43



n-type Si (p, =0.8~1.2 Qcm) |
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R3—10 GEHESY 2/ \—ORERH
L 2 I s BRI ERTE 35,

4w | | H
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:« in Cryostat
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FICHBARIEHIC, BEEISAAXS v MRICEE UTHIEST 254, BFEROL
HDOREBNERTEIN. Z2IT, 7544 RFy MO, 8B Y —IV FOERE IR
fl, FHEDTNN—F » —DRBEHEEEGBOZEH L TOBHMERERIE I IVT

(BE&E3~5mmBEE) 2RO MiI. COXHIBITSAART v MEERA LIEAIInSIY -
N= (HRD YV 2/ N—&F—) OBEREFRENE LIHRERS-1LIIRT. KLY T
AFXRT y MCRETH1DU 2 =280, BiAEsBELTAV, £ER7mm
DT R—=F ¥y —2EA L. K3-11OERIIRBNANIZEAERVBEORERE &—H
LTHY, T DES>ZbABETH -2, TXbbL, 75445 v MRICERE
BIRGFZRO I LI XY RIVERBE S N, EBRN/NSLEDICEBELTTD
NITRNEDORERE RIS T IRBIIEHTE A Ehbd - 7.

3—-5 #HH

BB ORI B DR 5 27O YBa,(u,0,, 3 (LI'F, YBCO#E) TH53.
—J5EMg0 & 3 W iZLaAlO BEIR RITEE I N /cc M YBCOBEETH , A
LaSrGaO ZEt_LIZfESl S N7z fliECH YBCOBE TH 5. RIFIIHEHAN D, BEIHBEOE
RELKGIEEOARICAL OIS,

3-5—1 CcHE#iEERYBCO®E

APFFL T3 2 B D AL YBCO #E % L7z,

%9, 1 DBIEMgO(100) i MAER (K& X12x9mm? EX049mm) HiZL—H%— -
T7V—Y a VRIS KD fEB SN I cBifLM YBCOMIK T H 5. MgOEIRD# T EH T
42ATH 3D Ta=3.823A, b=3.886ATH 5 YBCOHMM & EMUIRFEAE L OBV, H
BEHREORBINZMICHE NS EpoETHINTNAS.

ARAETIEHABOEBRAEELT I 7o, ERIE I ) BISH UEHIZ S ONEE L.
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MgOEMiZ, PATICART XD I ) HERTEITRIVNI W), BBRIZ+FHREL,
UELDEREZ#HIZ LTS, K3-12ICMgOBERMDEBREAMH T 7 - O R REBEEEDH
FRERERLTHWS. BREOFAKREEMITICERNTO I Y BEOLERMICL 5T
MRIZLDBHDTH 5.

®
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A TDD
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K3—-12 MgOXERDEBR (L) LAY T b (T) ORBEEIRER:
A RBETHELLHER. o bBEEERMLITITEAEL.
FEBROEEEENIERTD I VIO TEHROZETH S,

46



K3-120ZFE@HEE KM Y 7 b o MgOEBIRDERBITREZ KD S EH3-131TRT LI
2755, MgODEIERIIn~3, HERHII0THY, BEEMMLIVUI Y ERERKTORH
BEEAIZEAERL, AHEOHBOEBRMBE LU THELTIA. —7, SITiO,(100)
UL, MgOEIREL D HYBCOE DR FEAUNE L, REDEENMGONRPT VLI &N
AMonNTHS., EZAD, H3-14ITRT K DITSTIONT I VIKEH TERRINI L -
THD, FHEOBEIZIIMMNEL. K3-14DF7—F M SSITIO,DRFEHK KD B &,
JEHTRIIn~25, HERBIIkOVEL 5. ZORRRBYA 7 oBEEETREINTVWAE
EFBLITWV[38]. 7, IVESEBETEIABMEAIBHEINT -7 (K3-141R
N BEBBOE — 7 IEBNOERKEOLERFICL 5 TEHIRICELE6DTHS. )

BE, EREENSVEES (700°CEE) [TI3MgOXER LD YBCOcHECM &5 5. ¢
HIEAICY UBEIC > TO B, a8l (bfh) (IMgOERHD[010]8H 5 L iZ [001)HhIC
TS UL TE Y BRI XDEROAMPERIE > THNE) , WhWwARGEEL->TH
5. T7V—Ya VT BREFHELINSEEZTY, +oBMLIE. BER
1000ATH Y, BIZBEHIEEZIIOK, EBIE (10-90%) KU T TRELAMEEZ S
n3. ERXBEFRAEEZIT-72EZ 5, 0mBOAHEN, AEHIHMERLTLSZ
EMERINTC.

b ) —DDCHIELH YBCOMEIZ, LaAlO,ZtR (K& X10x10mm?, EX05mm) EiTL—
Yo TTV— ¥ g VEEICK DER I N EEHN300ADCHERYBCOERTH 5. #ix
HiBREIIBKTH - 7-.
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3-5—-2 adliAimYBCO

a$iiFC M YBCOHRE (b & Uiclilh b ZEARICFAT LA THEEM)D 13 LaSrGaO (100) Bk &L &

B LIRS N TG, £ LaStGa0, (100 BRI (AT, LSGOZMR) &1 5 Mk
ERICOWTHMAT S, —REVICRICEEERIT cHifEmEEDE <, EROWHEIZLS
THEROBENELNTNS. LHLENRS, BEHE Y a k7Y VEAETF (BIEME
SRR B 2B UBESESE 2 E4EZ KBS, bEIEEH IS UEAT
A0 72X EMEDIFTHIBEFHATH 5. I HiZBRIBIEEADbE RO I E—
VY ZAREBAEATICEARBEROCY, RAEEER LSS I ERELZEL T
%, Va7V VEAOERENESIIESI.HTHS. YBCODIE—L Vv ARRENE
BB\ T, abTEAMTI6A, clihR TIAREITKE > TWA([39]. ZD/-HEL DAL
[40,41]IC THMEEFHEEZ T Z (100)F 7213(110)EEESBIT 3 RANIL IN TN B N, +44
EORENEONTWIEOREDRH D, BT UL LT,

re—Q

La (Sr)

Ga

3 —15 LaSiGaO,D#% ik,



RIRBREROERE U TR TYWEMEE LTREITF STV AN, BEHERICZX
DERFIINGEEL, FERIE, BRESTHIBRON, BKEMENSD S bR
ZU. LSGOIZIZE LD & 5 AMAEIRE L, BN BEEAERIZINY 55 2 E8FS
5. LSGOD#:H##iE IIK,NIF EHBETH ), YBCOLDEENBELMENE N (K3-15
) . EIBRFERIIHENYBCOIZIEEL, a=3.843A, c=12.681ATH 3. Zh oD &M
5LSGOD(100) FiZEAR LT YBCOMK Z BIR T 1T REF/SaBliBL ARG 5 B & E VR X
5. LSGOHUERBEMR L Dadlift MEII Wen 5I1Z & » THID TR XN [42]. Zhil,
LSGO(100) E&EAR LI aBh B AR %2 BIE T AR AAMEHHITIL &N, BETE ALY BIF
TSRENROND LI - 72[43].

LSGO(100) HiEAR D I V) HFHKICK I 2 E R B LAY 7 NOBRERENEZ KOO OR
BETHE LSRR ER3-161277. EBERIL, PRIOVERAO I VEOZERSIZLS
THUNROFEEZITI TS, K3-16DFERREMME L T Mo, LSGOOERBITED
RERAERD S EX3-1TDLH I 572 BB 1TICREINTNA LS ITBEELIZIZE
AETZ. Ef, RIBEXF v VRIS ORFBBINREABRBEADIZEALTNI L%
MR L. 350, HEEITRIZ010)85 M L0018 AMTRELIL-TEY, BF
HWERILNI EREA LK. 2D D ICLSGO00)EERDE T HRITE TMgOEK L b
REVWDHDD, EBBIITHIKREL, FHEOWEICKEZZV. 708, DL LEOKRIT
<A 7 BRESICE T BLSGODFEERMUEDRE EF G LIT[44].

APRFE T Ui 8B YBCOMSRE L LSGO(100) &tk (K% &10x10mm’, JEX0.5mm
) BIZAFFLV—HY— « 77U =Y a VEILIDERINICLDTH S [43]. Z OFREHZ
NITV AT A« V7 b= AFERFOMHESREEBERBRIEHE L TH KN
fo. BEEIZ2500ATHB. CuKodi B - XEREIFTHIE OS2 & YBCO M Dalii3 5t
BICEEICER UTHY, I5IXBRoXF ¥ VflES KO RHEED/ VY — 2 & afliBL[A]
JED cHliILSGO EAR D001 EIZEE R LT3 Z EXEMD b T 35[43]. £7-TEMAT
b CuO,HIZERD[010JENITIR - THM L TWWB Z ENRAI I i, Lich> Tl
i3a, b, c3EHEDEMAML TS,

TEM&EZIER L TH 5 Lol A EICRIERR SN 5. KNFE (100EEERER NS &
YBCO & Dk Sk DEUNMT K 0 4 U 5 antiphase-domain NFE T B [45]. Zhidciliz—h
FHZTER U T4 3 Aidomain R TYBCOD CuO, i ABED YBCO D CuOSKIZ D843 5 KRG T
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F9°12HIE, 4-3-5 Tt /- Klemm & Livic & » TRE XN - HH#BRAENOEE
R SHIET DHETH H33]. #HSIE, YBCODISHIHEEEAERLI-ETI T,
ADDIRBFENIEF ORISR EEKET S EFERLK. Licdd->T, EBIMS
YBCODA(T)%HE T IUSHRREDOHEICH NS Z ENTESE EL TS,

b9 12i3Yip&Saulsit &k - TREINFET, BHBERAEOBBIEKELE
M) ZHZICHNS DD TH B34]. T OHBIIBERENE &SI ORIEFERTH 3.
U7 - TIREKEES KUBBEKEFEREOMEZR— DI DN TITH 2 & T, Bk
DEWVHEEIT)  ENTE B LHFFEINS. LML, BEFZTZOL) BHREIRLIN
T,

ZITAPETIE, aBEEAYBCOBRICOWLTD I Y HISZEHIEN &, HEEAREBEA
ROBREEREEND B LCHNOBBRARED BRESBEREEN ([ EH~N. O MODE
EEREEORERE RITONTIHA-3-1 TN ) 5-2TATIZDL S'c, 53 TAH) IZDW
TERRTS. WHEIEDICAEOMNHREEE O EERBLTINS. REIZ, ZORRE
HADEHRARL(T) DREZEMOEEHEIIOWTEHRT 5.

5—2 MHEHEBRARDRELEL
5—2—1 Klemm &Liu®H & D

Klemm &Linll X > TREZIN/EHR[BZIUTOLI LD TH 5. YBCO IZIECuo$y
EiZ, TUTTHAENICBERICIFELRWF v VY —0FET 5(20,21]. Klemm &
Liu (32N SabHISHT U B IREEBENEZEKT 5 &£ X, YBCOIZ DWW TR4-19II7R
TEIBETNWERRELL. FrUV-ISEENBORE M VRV UV 7E B3Ry EY
ZICEOBENTS. Bold, TOETNED EICSENSIE 7idd, dRONHERFDOH
BT, N, ENDBEREHEEZFE L. TORKR, BS-UIRT LI, A(T)DIESEU
AT HAETHIREA EENLL, EB LSBT, LD HHMER TREITH U ICELT
5. 3bb, MDOWBBNIEFIOMNMHREEZHET S -DDORME UTIIER L
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A2 (0) /A2 (T)

A2 (0) /A2 (T)

1.0 . ! :
0.8 - —-s-wave |
——d-wave
0.6 | T
04 §
02 r 7
1 1 L { AN
000 02 04 06 08 10 12
T/T,
5—1 Klemm&LiuDOE D 6EE I NIA (D).
B EEBR TN ENSREEARE UZBSOEER.
1.0 S~y -~ ~ 1 i R |
N
AN _ 4
0.8 | \\. N \L/s wave
06 L -... d-wave |
. \
% \
04 E // ¢ /’o. \ ' -
Experiment AN N
02 B ....\ -
0.0 ] 1 | | ...
00 02 04 06 08 1.0 1.2
T/T,

5—-2 ZAMEOHENSH/SNIAK /AT (BH) &
Klemm & LiuD B D FHEAE & D .
B & ERIT T T s EdE 2 IRE UIc 8 DO ERE.
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W, EVIFERMEONT VA, oA MPEFHOHMMEITITEA LEELEZLOD
i3, NEOBEEILLEBDEL TS,

BREOHEDRIED/NT A —F % Bomn 51 & > THEIEINICA (T)[83]IcH D &I I
w’D, ND%EFETS L, A(DOERS|NMIsHEEGRTAZIBRUABZEVHIEREMIES
5. TOZEMNS, Kemm& LinldHHEERIGEDOREDL (YBCOIZDWTD) HFHL
BHOMNMREOHETFEREERD H 5 EERLUTUVS. Klemm ELiuDEHR TIEsiEOER
R LGS, HS20BITRT L9 I 0/ A (D RT,L D +HHERT, ‘iz
BEX v v THELFICHEL Z E2RBUT, BEHLBOEMBEN TR B ERT.
TRDDB, sEOAO/A(DITIRT, LV +HAHERTERAIMESNS. Zhicl, K520
ERICRT XD ICAERERE L2 B4, MNOAXDIRT, L +4/EE £ B UIRiZ
2y AN L (A R

AP TR S NIAZ0YAAT) (BIS2020 ) 1, TT 0113 TREICH UIRIZER
IKEMALLTWS. §78bb, +4ICBLINc YBCODHEMESRAEDBEKE IZ,
Klemm & Liu DEFRDAIFEDHEIT—H L T 5.

5-2-2 RBRAUBEFHED-KWE O

LSCO[58], BB M XR#E L7 YBa,Cu,0,,[59], F LU CuOBEDO_EE%: >
YBa,Cu,0,[66] DAKO)Y/AX(D)IZIIT, & O +HER TRANR N, 4-3-5THhRNIzsiEDA-B
SRS |UODEH SN TS, TRhbE, ZhoOWEOA /MM, YRTIXZ b,
ATFEO+5FICBL SN/ YBCODBE LIZRL - T, siEDLIBESBENERLTH
5.

URIZB I8 % REHEDOR & WIHICHENS &, YBa,Cu,0,,, LSCO, YBa,Cu,O,
RERICAHFEDOHHCEBRILINICYBCO 72 5. T iZHi) B clilihf & ab AN DE FiikH
RO /o, 2T EZNEN1700[23,59], 450[23], 150~400[2566]), 40FRE &715 5 T3,
DL ITEPEDYBCOLUADHETIIEAMNKREL, SEHOHEENHEX->T 3
EEZ oS, —F, ZLOHBLYRRBLEEL, 22ThERLI L, ZLOEE
BxEbD. ZOZEDS, —BICHRILYFEBEZEEIL, FHETHANHSICEREX
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N7-YBCO ERIBRIC, dEOXMBEEFOEEZ OGNS, BLINDELWWET S E, +
BRI NICYBCO U DHH I DV TEHRE INTA-B (IR BARA(O/A(TITDNT
& UToLHicEZons. +AICBILINIYBCOD L S BE A HED/NIVHE T,
AFFEE TR U LD 1A OYADIRIBEISH UBEIZE B0, BEAHEORETHWE T
EZAEDHABEE D > THTH, T.EDTHHRBETABHRRLIBHNICAR OGNS XS
EMERT LIRS, (ZDZ EiF, EFENERIYNE WH53ICBIEI N2 YBCOD
AOYAIMDWXABREICKRECKET B LEER/ET IO TIEHAN. ) T THRKLL
AOYAIT)DEF I T BEEHEE, Y& (373bBYBa,Cu0,, YBa,Ou0,8&L0+
B LI NIYBCO) 122U TldAtkinson & Carbotteil & -» TEMRAIIC TR I N/ m &
—H LT 5[70].

RIZ7E - T, Jacobs 51T & > TBSCCODA O DA A 7 ik fEIR DO 2RIz bk
IC& - THEE XN, AY0)/ANMIRBEISHUIRIZREBICENRT 52 ENRI i [84].
BSCCOIZFEEITR EREF HE D > T A7, KICHf Ut E A HRERIC Lhid,
ANOAXDET, LY HHMERTENT H1ETTHED, Jacobs SORERIXIZNEEFELT
W5, EZ AN, NOYAAD) Il B O R ERE K] (T) ERREER 5B E2RTIRT
THBH[68], Jacobs H5ilk » THR S NICREIZNT UEEZAA0/AA(T)IE, BSCCODj(T)
DAB (sl) WITIRABOERTI ES6]1EFBLTNE. CDLHIT, BEDOLED 3,
BSCCO Dl 5 M DIZEDIMEIZ DNWTIRIRM E L RBIZH S, FRO—DELTHEZ
6NBDIiX, BSCCODAMFEFIZENIETHS. 0w, HEBEEENLEALT
2ADRERE DI ARIDEX EREBEICERS E, - 2)BXUE3)REIBVLEMTH LD,
ADIERE/SEHNATRE LS. Zhd, \OBREKREEEELL TWA TS D 5. 4
%, XOICAREAHAMTOWUELT B EORIANPBHETHS LEDLNSD.
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5—3 I VEREEDSHESRENE
5—-3-1 H#

Yip ESaulsiC & » T, BIZEEBEET LV +HMEER, Hhovaf XF—REICHNTH
CAHTRABHIC & - THREAE U (372b bBEES v ) T—BENRIT5) , Wi
BARMMBU B Z EOERIICTRIN TV S[34]. S ERBEEH % abFIZEATIZ L2,
HNDOESERARL MMV S EFRINTVED, XSITESIEA OEMAS
AN (H)=A(H)- (H=0) DA S5 KIS B EEA — 7=/ 5 A — 7 O ITRET
5EERLTNS. AN I, sIEOMMELZFOHASITIIHICHAIL, dBOMHES
FOGEICIEHICHLAIT 5 L FRINA TS,

AN, H) DGR ISR HAINTILUT O LS ITEZX ohs. NEREHNEImMX N3 &,
TROBRICEBIZ L ZBEED DS &, BREBRBICH ZHMADO—ED, BEEF v v
TULDEM LB UZHANELS. THROLEFANHEIH, -1)TEZ o 355
HSBESF v U VY —EEn, PRI T 5.

*02
Ny 6

CIT, IRRRYE] LU, n({)IINTEHIC LD BEIOF R A DAL O
THY, BEDATRELBEOBEZEF v VY —HBELRERLILHDTH 5. siEDH
f, BEEF v+ v TRESNHNTHNEDT, BBITLIBEOEELY 51712 (%
PMDOELY /M), BRI AN (H)IEHMEICHAT 3. (H3WES X URBO
FBRICE->TREDEHMTHY, FHROBSIIHIITHERBBEE LT B[34]. ) =
UKL, dEDOBREEBEEF v+ v TREHFNT, IS5IF v vy THEERT S/ — K
$%. )= FORMETEE v TOKE SIS M- THBEH, BOBBISHLTS
BEPE CRF V. S D7), ERITIZA, H)IZHH AT 3.
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5—-3-2 HWEAHE

ABHIAAREEZ I U 7c S & D I ) BBERROEEREST D70, Tv/ Yy
F—BTHFHHDY ¥ v F—SEMAL, BRXONNXDEEH NS (K32) .
NEEGIRS3DELI LI FTAFRTy NADY LV J A NIZBHAEHKTZ LickhEl
MUz, BB EE->TO B — L FERD AL, b DICRB6ICRT LI, T2
JIVOAEICER CEEINENRETRBRINTNAS) 2BVLTE-IY V) A FERES
L7z, BRHIV L/ A RO EITEONSZ &5, YU/ A4 FIZRTERIZY 5
AXRY v FOART & —ZHEHRINIANEPERBIC L D L.

VDB EESITTNES, YU/ A FO—HIZEBgIIHEIMNTEST, D727 Y
VOREIEAS OB KCHFOERT . b, 754+ 25 v NAOERBEOERS
ICKBEDABZEN ST, VU /A FIIAS OF XOHS OLAN O BEREBE TI A
LaAVNTTE-7 (H3-6) . BEMIEMETOY L/ A FOHFLEIIH 3 550 F
fitEe|mn 5 o, K530 L) I8 ITEBO LTI, 2L, BHidEOLE
ETFTETRA-THS. Lk L, ABMIEMETOMBOREIER—IVRFERANICH
TR+ A=F—THUELIEZ A, WEDYV V) A FOFLEICEB S HROKSE, F
DT PAT IR URK T5%RRE T, SEATHIEH IR IchTns. U, @i
FOBIHTRRAG DA EBRZS. B, REEOHTIR « A—=F—%RNT, YL /A
P 5BMOARE S THMIE COMBORE I ERE L.

NS Z NG 5729V V) A FICEEERRT EREAL, RBOBRENERATS. %
BER/NMRITT BIiE, BEIIRD D, BORKWEIEREEEX, BHEAEZ{HLUTHEOX
EFIZBRCIEIVEFITHS. AHEDOY/ V) A4 FTIROImm OFFREH TS, Zh
&Y, RFETHERLREIOEE (10gausstL T) ZHI04 38&1E, YL/ A4 KO
BB X HEBORE LRI EA L.

FEHT alf AL YBCOEEA V-, JIE DR B2 5-412779. Yip &SaulsOERIZL
7285 T, NGB OIS TICEIM U7, 378bB, VU A FOHOEC bl
PEATICRE D K IR BE .. BBHNCAR TS I VHEOEHNX 7 MLVER 7 144X
%y FPORHCEBWTA Y=y NItk >T, HBObEE zidciisFTIC L.
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PFGAF AT v b

DHEE

K5-3 73447y MOV L/ AF.

ASHE (110~170GHz) @

W /b
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USSR RN
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SHERES D ETINZAE D BRROEAIIIEFIT/NI . 2Dk, UTIIRT &9 HAE
ZRWTERRBOHNIELERR Ulc. BRIHFROBKEK %R S-510R3. kI
BEEMT 57, 70 0vay - VR V—FDOEEKFEERREXE, ZOXEMER
A RBEMEREIICL OB L/, YU/ A4 NIEELL. BREREESOHO—
HEavwrA4 2 - 7oTOEREFTELEUTAV . I VROEREEL LURBOERELE
ELUIRET, BBHI FBEI=21.6Hz DX MMHHEEIML, T ERBPLE I ) ERES
SRE DD 25T AP(H)=P(H)-PH=0)2 0 v 7 (> « T THRIELE. Wbw3, &
AL LIS FHREM N TS, 208 EREAT 5 DI, RS HabmE iz H SR
D, B5-6IXARRIISRT & 5 IZEBRDEIATI(H)=Tr(H)-Tr(H=0) 1, HNHELREBEDA X X
DAIKIEEL, TOFRFS (&) IMEEET, A0 DD THS. L EORIE
T, BB320XFNF g v/ S—ClMEALEL. V77X EUT, AR EETNE
I, BED, HENTF a v N—2FHL EHEOBEBREPH=0)DHAEEIT- /2.
AP(H)/P(H=0){¥, ZBBARDHMEIAT(H)/Tr(H=0)EZE L. U LEDFET
ATr(H)/Tr(H=0) % % 7S A E SO BEICEOTHE L. Bk, BICHEL (A~ s X
1T, ATY(H)/Tu(H=0)}IIEX /2i3B DEX & 5. ATI(H)/TH(H=0)DFE % EREIZHET
1, By 74y T UVTOBRESOF 71y MIBZHIERIZ—EIZ ULk,

Speoms SHIES
77/7~/5/ ZT W F”E‘ N ~
UxxL—y [ EEEGIES S
| GES%# 216 Hz)|
A | ZEEE
HHifE

BWO “ o —- -t-— < —
TV —

»>a— InSbRp A —%

R | ‘ RIS

K5 —5 MWMEKMAEBRAEICEITSBREFZOBKK
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MAGNETIC FIELD
o
ATr (H)

TIME
R5—6 SHEBEINSEHEYE S BBEORLOMHR.

KIZ, AT(H)YTr(H=0)) SAMH) (E/bDHAIIAN(H), E/cOBERZAH) 2HUFO
LU TEH U, ZHRAET NV TRBEZERBOFEERRLUTO L5 IR h 3.

2
o H? @,
w? w(w+il)

/ 4mwe?n (H) 4me?n,,
wps(H) = T— ’ wpn = m* (5-3)

0, ()5 L T o, H) SERBHICHET 5,35 A — 7 —T, H-0DBAICIXTNTNBIE
B¢ ) Y- BLUHEES v ) Y — 075 I ARBRMICES. FEEHG2)D O HE
DERBIFREHEL, ThEGS)BLUGHIRAL, £ IUEBESTTOIYED
ZERNZZRB LA OERARTIH) 2HET S ENTES. 2T, BATOHKEL
BRM=1/tb XUF + ) V—OFHEEm* E2F + U ¥ —EEnD Hn/m* I3RS OET
MZK->TEIELENBDEREL, H=0DBADERRE JUMMHY 7 MIELSES

eH)=¢-

-2
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izt ECym*=A05. &F ¢ VYV —HBEETHREAINTZBLREF + Y Y—%E
n(H=0)nd, & Sh UDHINEFREIEEENMN UIZWEEDOERRE LMY 7 FIED 53K
HTHL. T, )P0 BREABRFEHE TOFERTH S, BFRNRH BHE TH
EINTHBEREBEIZLTe =4LT 5.

P EDEREDD &ETIX, T H)En M) (b5 WidnH) OADBEHMENLS. Lich-T,
HE TR S NI ATI(H)/Tr(H=0) ) 5n,(H) (HBWEn,H) %, FEFEICLDEKDE I &
DNTES. n(H)En (H)OFIE, HMFRBVEE LREVEE (H=0) 1Zidn=nm &7 0,
BRETS. LML, BRAEROAXIZEHEOESICE, n(HIZBEOMREEZEVAAL D
DOTHBHDT, n(H) EnH)OFMPLT UHRET HLEZDD. 2 2 Tldn(H)Hin, (H=0)
EFELL, n(H)DANEAT S EKELT (n(H=n(H=0)) , ATi(H)/Tr(H=0) Sn(H)*%
Kbtz 3E, nH)En HOFPMRET S EIRELIZEE (nH)=nnH) TH, 1TEA
ER oMot 7z, BREREBTIERKE, FIBEEF+Y VP—Il&->TR7
== 7ENB 72, T(HIXIZEA EnH)DEDH THRES EEZX 5015, n(H)=n-
n(HZERELIHE L, n(H=n,H=0)%KELIHET, Ti(H)»SKDIonHH—H L
72DiE, n(HBZBVEMNALTHTIH)IIKI LA EHELARITIB N D EELI SNS.
D& ITLTE SR ) 5G-1)EHRNT

ANH) _ [MH)}-MH=0)]
MH=0)  AH=0)

4

MNRDHD SN 5. ,

ERE LVOHEEFTO IV FEOZERFICLZTESRDID, AT(H)/T(H=0)IZED
EEEBIENDD. THRUTIORT LD BT TIVEROICBIERBIC X > T
hHohD. T, dEOBAICHIRIND KO, AEBG I UREBICHE AT 215
BAEMH)=NH=0)[1-(23)H/H) & RKE L7z[34]. I TMH=0)IE, K4-31ZR UI-EAE
RELKGEEDOREREED S2-4) L2200 TRD . HIZH/DDOBEAIZE TS
YBCOD TR BBZDOR X X[85]2EFE L, HOFE IN/AT(H)/Tr(H=0) D EEEDH]
ENSEBOSNLBEDMIZIALS X D I1T500gauss ERE Uiz, Fio, AFKKSHIZBEEL
AT, I TREHEDODIZOKUT T, BEEMLMITVWIDO EMKELK. Z0K
I BEMH=0)D S(G-1)Z AN T ) %KDz, X512, H4-31R LcENE REREZEE
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2 5(2-18), (2-19)% KU(2-23)& AV T (H=0)n, T=l/vk XTnm* &R, ThoDR
En(HH S ZHAETIN(G-)EAWTHAERM S KOCERBRRERDI. 46, T=lh
B & Uo/m* I HEFBOEHMIZE » TEALILWERELZ. FREGSIRALT
ATr(HY/Tr(H=0)%F1E U 7c#E R 2R S5-71TR T, ATe(H)Y/ Tr(H=0)i3 AN (H) & RIRE 7SR 5 &>
ARG ENDNS. H5-7(2) TIRAT(H)/Ti(H=0) I VTNOBEETHIETHS. LI 5
D, FREHEEZ S ERS-70)D £ 5 IZATH)Ti(H=0)IIBEIC X - TRIFEE2EZL 545
BENH5. IVEERTY) - VT EEHNTBEREF v Y —EEyHDPRD T S
ERELUTHWADT, TrdW KT 3139 THS. ZHIZK U TATH)/TiH=0)NEIZH 5
DI, EtE KTHERFTTOI VEOBERFIC L5 TEHROIDEEZLSND. A
HEICBRELFEEL, N TBWBEOBIDAE2EAIEIEEAE, BREET
ATr(HYTr(H=0) i3 BEFRICEKILT 5 DA T, FEOREIILE UK. Thid, HBEosR
KL LEBROBITROE/E, I VEOBERIMILITHHIRERE(ELZIFERE
(IBNZ EERLTWLAS.
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=

B
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g
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0.0

ATr (H)/Tr (H=0) [x1072]

0 5 10
MAGNETIC FIELD [Gauss]

1.0 |
(b) 160 GHz
20K

0.0~

S
~-._ ~~_._40K
- \\
—
S

- —
- S—
- —

[

-~

60K T

ATr (H)/Tr (H=0) [x1072]

-

0 5 10
MAGNETIC FIELD [Gauss]

5—17 ZHEETIVCKBAT(H)/T(H=0)DFHEHER.

15

MH) IS ERET IR U IS LT 5 D LREL TV 5.
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5—3-3 MREIEDFHEBIKEFE

H/b, E//cDE5E D ATr(H)/Tr(H=0) DREHER %K S5-8iZR 7. ¥, Yip& Sauls6DHE
AT, COEREEBICHTABINITELNI EE2EELTEL. THhbb, HERIETN
DOXMREDHEITIZANS Z ENTX L. K5-8(a)IZ140GHz, [F5-8(b)IZ160GHZIZ 351
LRERERT. K5-8a)Tid, BEZEBEELVHHMEET, ATI(H)/TH(H=0)I3835D
BINELEBITHERTBD, VTN b9gaussfHETHAIL TS, FIERE TE— 703
CTW356bH5. BEDOTHEEEDITAT(HYTI(H=0)IZAEIIZ/NE D, 60KL
ETRIZLAERMRBACAL > TS, WKL TSKTRERABHEBOBREL BIC
ATr(H)/ Te(H=0) {(XIE SBITIZ - T 54, K 5-8(b) 7R L 72 160GHZMD ATr(H)Y/ Tr(H=0){3,
SKUTTRRECAIRN TS, T, S0KUETIHEEA EBMLIZE 75 - TNV,
532 TBNIEH T, R5-8TRONB LI, BEXEEL THARBBERILI-EX
IZENSATIH)/Ti(H=0)DHF 5 OREL, ERBLICERFOSERIICLETFEHET
BEIVFILWL. ZDLHITH/D, E/cDEETIZAT(H)/Tr(H=0){3EHTE 2 B E R
LT3,

X 5-8(a)d & 3K 7o AN (H)/ A (H=0) D F R 7 % K 5-91T7R T, AAHYA(H=0) b
ATr(H)/Tr(H=0)IT56 i U TR IR B U2 R LTV 5.

Yip &Sauls 5 D/ TIL, TORBICHT HMEITIITER. ENTHEDT, cEiihH
DIEREEZE L THRINT 20ENHS. 7c& X1, BSCCOTIHE, clibRICSISE D
Intrinsic-Josephson#E & ETEAR L TV B2 2R U T, cli DR i abif i< SFAT
BAMESZOEHMICL > TERIN DT ENMEINTNB[56]. cliiF D ERER
KRz, \BEMNTBEEZOSND. ZZTHEODIZHDIZT, BSCCO & FEEIZYBCO
BSISHESP BB LicEE (THDLBICLETFIV) 2 >EEELUTHETE LTAS.
YBCODEAL g D 3 DDJE Cu0,-Y-CuO WBIZEE SEER LT B EL, OB,
BEBIZERLT WS ERETS. Tbb, BAREEOYa w7y v EE&E2EX 5. &
D & ZTabE I FATRANBREFHOEMZ L O cl FR OB R ERLIZRAD &5 ITER/X
N 3[56].
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4.0

5 @) 140 GHz 12K
S H_b FEi 020K -
X
— 2.0 -
o
1]
< 0K
S 00— b 60K
=) :20 K
- 0K
> N45K

0 2 4 6 8 10

R . . +50K
S (.0 =t=tF—=—>—> *—F%—+(0)K -
X, 100 K
/?T 45 K 7]
= -1.0 -
= 140K
;;: 2.0F (b) 160 GHz : _
> ' H_//b Ellc 020K

0 2 4 6 8 10
MAGNETIC FIELD [Gauss]

5—-8 TWEREICEDHNEISIREM. |
S ERRESH//D, E//cDBE DATI(H)/Ti(H=0)% 7R LT 5.
(a)c‘:(b)li%n%“nMOGHz&_160GHz0::Fo‘UZ) HERHREZRLTNS.
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15 1 1 I T
&
5
X 1.0 7
3
T 0.5 -
CSO
T 0.0 -
(<O
<

-0.59 2 4 6 3 10

MAGNETIC FIELD [Gauss]
K5-9 EMEHRARONBRIGHETE. WERBIZH/, Bl

sin (mHLd/ @,
1) = 1,0) |2t

(5-5)

LH=0)IZWHENEMIN TRV OE REREE, ©IMKETFTHS. O=HLIII—
DOEAIBALUHMKRTHS. LIISBEOERET, cibioRFERDI2ALILS. d
IFEAORT, BKED2500A 755, RPFETEHMU 7 RADHBI13H=10gauss TH 5.
H=10gauss®D & &, (5-5)% AL TLOEALERE KD 5 & [1(H=0)-1.(10gauss)]1(0)=3.5x10° &
o7z, SISEESIHEE UI-EERO>BE, MIRATEZ S 5[58].

[ cD,
)"c': 8 nZdIc . » (5 '6)

(5-6)ZFWVD LEMMIZ, AN HYA(H=0)~[I(H=0)-I (H))/I(0) 7% %. Lichi->T, YLD
ETFMCENIE, KL THOICHESEERE TIIAMHY/AH0)TEDEERED, ZATH
I0BETHLIENTEHINSG. E2AH, H5-90KHIT, HEDISHE SN
A BN H=0)ZADEE EB5EDHY, RATIOCEEIIL > T3,

UbD &S IT, BMZICLET NV TREMISEDON HRESHKEEIIRET SN, Z0
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Z &, YBCOTIiZ, BSCCOTHR &7zl DA BN ONERESKE tIdElxh
F[56], BMBICLET IV TREWUTEMRMNI EEFE UK. HHEIGEDO#SE HEE S
5-1 THRANIREEEE ERRIC, BRESBREE KUE T OMRTEL ZE LU IEHIN
BHETHHEBbh5.

5-3-4 EABEOBRIBKET

Yip &Sauls 5 OEEROEE, 378 HH/b, E/bDELE TOATH(H)/Tr(H=0)DHIFEIER %
B5-101Z7R7 9. K 5-10(a)D140GHZIZ 3 UV TIFATH(H)/ Tr(H=0) 3FFEMEL, RRAYITHIE
KBRS N TR, THIIMgOZEIRPICEIT 5 3 VRO THBRIR D70 Tr(H=0)
PINEL B oTNWBpEEZONS. ZHITHL, E510(b)D160GHz DA
TrH=0)DHEHK &, Eo52FDPR VT BB ONTNS. BEEEBEET L
O+ &R T AT(H)/TrH=0)I3BH It U, 13T/ BIEMLL TS, ZOREHEET
FATH(H)/Tr(H=0) I3 KT BE L7 -> TH D, ERDLETHEST 2HEE L TR
ICRESE->TWS. BEOMAL EHIT, AT(H)Y/TIH=0) DEREENIZEA L, T
TThHHDIZHEDH ST, WKL ETIHIZEAEENMIB KL >TWNAS., T HIIT(H=0)
NEEDOLEREEBIIHKRT BT TEL, ATIH)IBRY LTIE, 40KL ETIIZEA
E¥RIZREBI LITHIELTWA. U, BERERBIIEVLTHOATIH)ZE0TH 5.

K5-10(b)iZ~ L7zH/b, E/bDERE TD ATr(H)/Tr(H=0) % Yip & Sauls & DE A FHU T
WddZEEELD. HOOHRBITARF—REERELTNEDT, REANIOHS
DI TEHERBSE LD /NI B> TNEBEND S, KREBEHRICLD, BB
TOWBFORIAIL, BEIIEENCEIN U A S#REHL D S RE 5. HidH=H/(1-n)
TEZ 503, ndREBEET, REOBRICERET 3. HIZIEREIERTHNIE=1/3
ThH5. RENEEEREOSE, KESFEIIRS110K1285. Ks5-1105, EIM
L7-REBOH MR +4ET NS, 00 LR TE 3. RFETIXETINEES (XH/b,
TROBERIHTICN > T3, BBICHTEAROREH10mm, EEZFHIEE
D2500A (HEERAOERICHY) THEI EEBETHE, n 0> THBE
EZZ o0 5.
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0.0 2 4 6 8 10

RI/EE

X5—11 FELREEAEOSEEORESRE. BiEEEMNED
EILERTHEBELILBDTH 5.
RIS D W) & HVBIEEFE RO B I FIT RS E,
B oEic UEERES.

& - TOEHT AT LR IS DT S S AR N OB OB X IFIFE L. Wi
DF A ab I AT R S D YBCOD T EEER BEH DK & X1%250gauss2E[85] TH 5.
AP TENN U 7o B35/ A THI9gauss T, THIEBRBEE LD dHmhx <, #li~<
A ZAF—REBIZH D LEZ SN 5.

5-10(b) DAT(H)/ Tr(H=0)D 53K 72 AN ((HY/A (H) 2 BS-1212779. 40KLI ETI3AIC
RBHBEDH B, THIIEENL KCERFO I Y BOTEHREZL2ITIIBRETER
MolcledEZZ oD, RKBEXUWK, TRHOLEBLEEERRET. L) 1T4HERTIE,
AN (B /A, (H=0 )RS0 U TRITRBICEA LTS, ZD &) AR S HUR Yip
& Sauls 5 DEROARDOHEIZ—HK LT3,

BENEATS &, A (H)/N,H=0)IT/NX7ED, 0KLETRAZEZTLUTTD, &
EAEEDIR TS, ZDIZ ED6, UTOXHITEZ 605, T.LDT4HERTIE,
BMAYLBIEDORRIVNE {, BBOHNNIC & A MBIEN KBTI > TWB EEZ oh
3. BRTI, ZOBGEIEERL, BEOHMI K5 EREIIMATHNICEATE 5BEIC
755, L7cht-> TAN (HYA H=0)ZIT LA EERIZIES.
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5-4 BEERSOEARSEAR (EEEELE)

HHE#ESRARDEREKER B LCHNESRAROBBEFEII L BIZ, YBCOOE
FrHIGEORBREEF O EERLTNS. LIAN, 42THhEREEERILE
ENOEH U ERNRSEAR (RIRRLTUVEN) i, dEOBACTEINBELE
WERL Y, KR TEVENZRT. 4-20BEN1000A0BROAEICE T, KET
B ER U7 VBOBENEEIINS RS0, BREE IUMMEY 7 M+4
WREETHRINTH ST, TODEBERARDORERFEIIERTIOIEENS 5.

ZITEERERELSTH 70, BEI00ADE HIELR YBCOEB DB BR L LU
fHEY 7 MIED S, 42LRAUAETHERAREOREKFEHE KD, 7, £8%F
BEMHEY 7 PO REBERFEREZRS-131ICRT. BEEERRE (88K) H TICEBRIC
E—7REUTHED, ChiZBROBKRENEEICEWEEIZ, TBHIRICL-THENS
bOTHBHI LA BB ET NVEAOIBETETHERL 2. EARIWERERED
BKIZEWNTA1x10° ER->TED, T.ED+HHERETH AR BE TAEMERIAE X%
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FoTW5. 150GHzICE 2 ERBL LUHHH Y 7 M oBROTMNER EXEEE S
RdIAER AR S141CRT. Eifo, HTUTTHREOFTRE Ebic AT 5. BRI
WEREREDOIBKE THRIOTNS. Z0O L) KRS BUOIIR4-3ITR U EED1000A0
BB Do, EFRBETHS. 4-2-4THENRIEHIZo, WTLUTFTEEOTRE EHITHERLE
BRAEAELTZODOERMNEZ o5, THbL, (1) TEAVHHERETHEEEF+
JY—PBRELTNEZ &, BLU (2) BHREERLUTVIBIVEORETHS. BEED
300ADFEB TIIKS-131IZR Lz k) 1T, BRRIZ41x10°L LIZE->TED, (2) OR
NAEOHBII LA CERTE S EELONE. $ iz, BEEMN00A LIEHICHE D,
BEORERIIIEFOEIBISNL . LI - T, o, DIEETOHKIZ (1) ©
BLEEF Y Y—DBREICERLTNWS EEZ 5004 THS. Eifo,, bTLTTE
EOTHEEBIHKRTS. T.LDHHMEETIIEROEEREBAT 500D, K4-3D
BEEH1000A DER Do, LR - T, BAZSR XN

H5-14 DEAERBRUREED SHBRARZ RO IHERERS-1SOBVATRYT.
5-1SOMENIIERBEE TRE (L INZBET, BN 20N (DI ->THS. A (0D
HEHERENELTRDSB &, A 0)~6300A E75 572, Z DEIZERERARE KUBEEN
1000ADFEBHIHANKRE L 5> TS, (K4-31TR L BEEN 1000AD R OEHNEEE
SUEEDN S, FHROHE THENZEICKY 5 MABBRARERDI:EZ S, A (0)-~
4200A L7557z, ) BEED300ADREIDA, 0V ATHE, K5-15D 558 TR L7z siEDBCS
HROFELIRDY, EKETEMIR SN L. 0.3T LT TAA0YAAT) (i
AN (D)) BREISH UBRIETH 5 LD ICRZ 3D, THAYBCOIZEB RHED» &5 Wi,
ABOGEOMENH 5D THFIETEARL.

Klemm & Liv DD & FR I N5 N0 (H5- 1508 JUEE) 38z R
Y, BETHOGEBEER LTS, BEA300ADREDM20)AAT)E, 1000A0H
BHIHEAN, THODEHRIZESNTVNS. 2D XH 1T, BEBRIZE T 20 (T)DHERR
2, BHOREIHEIXH S DD, Klemm ELuDERDIEDOBAITFIE LT EEEH
N5,
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5-5 F&¥

YBCOMME® 3 VHEENEN S, HHSBARDREKENE & HAREBARDT
RBRIFEE ROz, ZHh o RBFHOMKRIEISET 25 LS, D OB HEETH S
ENHRINICREINT VA, HHERERARZEEICH L TITHEIZERL, BT
SHDAEOMBEEF O L2 RLTWS. BREESSBARR, BEEEBEELV+4
GIRT, SRR UTIZIBSIBICELL, ThbdEOMHREEFL TS, 1k,
FHE TR—OEEE Az, WEOHERRIMLFEEICE S bOTHBH, A—o0D
ERMESH, HEDEHEERIEEEIONS,

U EOHEE TIRABOMFIE DI EREI N, JORE, ANBBRAR
DEBEZMNFE UL E) DERENS 1D, BRROBOEREOMSBAEDERE
BEMEIE U, ZO#KR, BARSBBAEDEREEMLRE, sEOBEICTHEINBE
BTORVEFIIRE S, dEOBAICTFRINBEEBNEFELRLNI E05DD - 1.

IOk ICBHEZENEDORRIE, YBCODBIHIROMMIE 2D L5 R
BLTWH3.
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BAE B

BEBEEORIME, SURINIBLEET v ) ¥ —ThSBEFHBRO DTN
MR ORBEEMET S C &3, WHYEORLERSHED—>THS. 5IH%E5I%
BCTHERR, BLERBICHT 2+ v ) Y—OREEEL L ETHOMBEICR
BXNB7H, THOERSHIT A ERESNEEEL > TS,

AT, BiEBEEAYBa,Cu,0,,(YBCO)DF v 1) ¥ — DIz &S LUEFHD
S DV THIR AR - LAHME LT, BEEREBICENT 3 ) HERTOERR
ERRE L. BEICET v Y UV —BTFBARHEEALTNS. ZOlEFE
FRER DB B D BRI EUFEITII R oN NV EBINT 0T, BBELTa b, ©
D 3 M YBCOEELHNE Z &tk D, ZhEFTHRE#EELEINTE/YBCODEIAHD
BHICEDEEDOE VIENTEEIC - 7. Zhickd, BEEREIZET 52 YBCODE
FHITLE v ) Y —DEBEE ST Ui, £, BFRRENK 2 BEOH/THERC
b ESE, BREED S YBCODETHOXMIES HE~ .

U TEARLONEEBIET .

BE—BETRAPROTR LAY, ZLUTEZOERIIODVLTHEN.

BEETIE, BOETORRICH NS, BRELEKROERNITYEICDONTEN.
FICATIE TRV YBCODHE D 5 WIZR AN, MO SRBEEERLE~HRTH S
CEEEWMLIL. £, FLETRBEERS KCERSEOHERICOWTHIER U .

BB TR TO I Y s (75~170GHz) IZ81F 5 BERICEOREFRE L LU
BHIDWTBA . AR THUEICA Wz v/« Y 2 V7 =BT M OMERE S
FOGEHA RS U, X561, ER B AN BREGEREBEOEFIOEEREK
DBEEER UK. REBICEE EUTR W, BEARAN 2R 2 BOYBCOBED
B DU TR

EHETIE, +MCBEIN/IYBCOEED I ) FEBICEKI) 2mA (abfEAN, CuO,H
T BXUEBE (i) OERESEEEDRERILOAEEFT - 7.

HAEEBRCEEDBEEE: HEETFVERWTERL, BEEBEELTT
BEEF v ) Y — OBERERNZBICBL T5Z ExWAoMI Uz, BEEROZID LS
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KRR TERERNAL BRERETOXENIHIESET S ICELTEROBREL, #
RESBBEEEEIIERTD, BOETFHBEIGERTSZ EARBLTNS. FBRE
EREREXO+HHMERICE T 5, BAEREIGEENOREEZEF v Y—Fl3H
BHEER UL ORNEOEE I ONWTEE L.

SET, BIBRBICE) 2 EHERERCEEOREL AR IIERLRBET LY
TOhhTE 6T, LHdEROGBEEIIMED - 720, AHEOFERXIVEENTHEED
BWHERETH S &R L. HHEERESIEZEREIENOSES LN, EREXV
B E S 2HRENE(, SORKZTNODREEMAORIT>TEY, BERIEEITEIRERD
REUDNHDZ EEHASMI LI, ZOZ LIZEAEER ETRF v V¥ — O8N
B> TWSARERZRE L THY, BREIFENICCOATEL S EEZ 2. X6
IS, AFETHOW LD B+ ICB L XN /cYBCO DEMISEDE/LEHIH T 5 /o diTi
BIREEBEOFEL KUEFHONMMEAEBRET IMHENH D Z LEERH LI

FHRETIE, YBCOEKD I V) HIGENEN S, HEMSRAEDEBEMKFT & AR
BRARDOBESIEFERE KD, TholXBEFHOMHREOHR L, M OoBERTHERE
TH5HI EVHERWICRESIN TS, NIFOHRMEERARIBEE IS L TIZITHEEIC
ZLL, BFPAROMBHEERFOI EERLTWS. BEOHARERAREIL, B
HEBEB XD HHMRET, AEHESICH L TRTHBICEARL, b dEoNHRE%:
XFELTWS. ik, ZHEOHEERISH L THEH—ORBEH N, ZhoDHEER, £
NENEWNIHEIIE/ NS A —% (RE, S 2RIV DTHBH, F—0#
mrE o, HEDEHEEIISNWEEZI OIS,

ULDOHEENS, YBCODEFHIAIROMMELZ DI EWRBI NI, Z DR
S, HARBERARDEEZMICFE LZ D EIDERANS D, BAENEL, BE
DOENRIE R 7 5 BHEE (BE300A) OMBRAROBEHKERLME L. £
DR, HARERARDEBEEZRELIL, sEOHAICTEINSEKE CO®OERIIRS
T, dEOBEIITFRINBEBBOEFELEN b 7. TOK) ICEREE
HEDRERIL, YBCOZAHEDMBMEFFOZ LEBRLTINS.
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PRI, KBEAEAEE TS AEE S T > bDTH 5. &
ROFATICH 1 D HEEE - BE— KB S IAEBIEEIL 7 ho=y AP%EL
VI —FATEBHRITO) SCBE L, BHEHLLTET. ARXOMERICHY, F¥
KR T2 IR B B R 7L & IS K — SR e B S B S 2 THE S U, &
ZIEIALE U B E T

BIGTEY)SAIBY S LR LA THE & UcA Kb T SRR B 5L B 22 1 R o
LT, E7/8 % OFFRICE O THIEEC - AR ERERE T EH AR DT E & A
o BRI RSO LE T

REER Y 7 —RESGEOMIRFEEEL SITHINEERICIE, ERICHELEAHE
B LTIV TR, BIRENCHE LUTHS S L. B RBOBAELET

KRS & U CEREOHAPERLHNE UTHO:, FEREETEHRREL
FEOFEHEKZ SNIHAHE—RIT OO SEH O LET.

FEBEEIL Y M0y AR L 5 BT ESME ) 13, FHEO
BOBRBTERICHN LTHSE L. BHOBEELET

CHIPR IR A FEBY U T UV 10U A R AR T MR SR I R 2 L& T

A BRI BPE EBL U T UV N NTTY RF ALY 7 b o= 2 X BFEFOFE &
HREEBEABRICER A UET

BRBIT, SHE CHICHEEE %> TE L FEFEEOBRITERE - LET
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