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2-1 FADX

B EEBLEEKADZ TOKAHBEPRKERBOEMS, HL5VEREFHEAOHIN
FRERB-T, TOHEBEEEICBREEI>EF L. 2y s ) VITRETE, 75 X<
DEBENMDZIDITRREI—BEHMETHS. KBTI ANy S YV TIBT S5/ RIL
F-RNTFOHEBRNEEREICEZREHELZEZIEE2WEICL, ZOoMFzAL5.
SIT, HRORZVWRFHEEZFML, BRHENFATOIESF 2 v VHEDERIC
L7z, X541, YBaCuOREWITAEKI/ Sy —= v /2T BRAFntEs F
Yy I)VREOERENS.

2-2 #BEOIEYFVvIVKRE

MO KB E, EREEOWE, BFEHK, KEKFOEHREE, REEE, T2
EOBRICLDEAINS[1L,2]. 41T, TESF UV v VEEOHABREZHMRT LI LI
GNEEEABLIZATEETHS. TESF UV VEELGERERARICE TS5 D
HFRBEETHO, EREREH L HMBERE DS > THEIRVKE TSI EZEY%T S, &
WTHEY L vET, " L7 REWTS lepil &, MAEEKRT S [taxis] OAWETH
5.
EEBCYEEEOREBREAMR LU TEZI L LI, K2-2 IKARTLIIC, 5 D08
NEZH5N303,4,5]. (VWBDOEIHIZL B)

O B

EREISOMIBEFIERICHREL, —BEIRHFL, BORKETS.

@75 25 DR

W R EREE AR L, BEFRAto2RkaHEEFEI LT, 77 R ¥ (cluster) &
KT B0, HBHEHARFHEHICHAL TS, ERTS.
O A0S A

752 BREMUBBETFELEOBHBED 2 VCEBHEEFOREZHROETY, EFENHLER
lE#z 5 &% E i (stable cluster) &7 5.
@D K E
BEGREERZA TV TR FOMBEIOCARNE FOREFRIIIDERETS.
CLAGEEY"N



REBRB X SITEEZ R, BT 2 REM E Ak (coalescence) U, 03 THFEH 72 BLE
BB, | | /
IESF VY IVKETHE, BOEARPICHE T, K2-2. 2(DIRT LIS, @HNTOH
M2 > TOB I EPLETHS. (DDLIITED—D>DHA (cEHE) K04 - T
L, RAEEREZD, ODKIICHUNT VS ATHNIBRHRERELS.

BFoEE
K R F & 2g

B AR l
l\iiianzmm:&%>]
KA KREKR BERE

B2-2.1 #HMEOKEET I

B2-2.2 BOERET NV ERKHEREELL].



2—3 YBaCuOxIVPF4%Frv ) VHEDOKE

2-3-1 HRBCEFEEHORE

LESF U VEBOREILDVT, EFREOREEZYWSMITHI LR, RZEL
HBET, BEHETHAS. UTIK, TESF Vv VEREOREERT.
DETTALEHDOA A FA A Y —

ERBEEEORETHRE, RI-21 KR LALIISAy MY DLARTEATE, EX7
2%, FVTLARTRSTRICLEE. Lrd, ChoOBBLRIMEZRS, HOM
EEHEFELE. FIZE, A PER TR VESHKREZSRIHER L THE, TKETH
FEERKRTEE, TRTEILELREBLIOVERREESTS. BEITA M F4 4
MY —%EB7:DIE, HREOHENLELELL>TL B, HPL5BREXTRESEST
ZAMAFFA M —ZHELUEDSRETIREER > TS0, WENESITA M
FAA MY —DENLENESNSE. LOLANS, GREEERIZOBEEZRFCETL
728, AMAFFIA M) —DENIEERZIoHICE, RERICEHEOTR Ot & % =
MEICHIE T 5 E0BLEENLDS.

EFNTE, AMAFLIA D) —=DTNLERICRBEARBENELSEA I . BALY
EEREEEAE, MREOREZZOBMMBEZIEKTS. KRXTEIA vy U T LA
ZTHE, Y Ba:CusO,DENMIY . Ba,Cus0, XS5ICHBMTHSY Ba,Cu,
O, (WbWaB 7Y —vT724X) BWEETSE. AMFAAPMI—NFTHhBENHIE
REICAHEMPELETSICEE ST, ThOoDHPERIKERINIBRNNHEILTH
5. BBRELT, BYE, FHOLAEFIERITTHAD.

(DFOBRFEFRE
() Cu—O 1 RLF =—roDBHHRD B
Bi-2. IR EEZ R LEYBaCulOilsT, Cu-01REF=— v OBE

1)

BIEHITHT B, YiBa.Cus0,0y DENGE~TETEMNTS. THICE S
ST, BT RENENT S, MELSFR LIRETIE, a-b=0.382nm, c=
1.18nmOEHFRKENSE. —F, BEVTAHICA-RBETIRa=0.382nm,
b=0.380nmbktFc=1.168nmOMHEERES6). BEEEEHHEO
BicHh, BMEELPZIFE, B0Tci2RT. 20k, Z0HRIFHHCu—-01
KT = — v OMEA T ARBTIHEASETHLDEDNS B,
() =OT AAA N HEEMEERFE O A 05X
ROTAHAA MEENEOBREFOEAPRIBELEETL. BRIEHDVPOA NS



HE A boD b DIMETHHEEADNTS. BENSKIT S ERHBEIWELT,
CEEEKI T LIRS,
(30K & 75 B A e g Mot
R1-2.1 10574 &31CYBaCuOBliERAS AR FHMEEH-T 5. Zhid
IESEY e VEEAEBICTETHS .
(DA & & D RIS
MR RE T, TEOHEEMNELS. ARSI ET XES S, Tanaka
SIEZANy YREL7-YBaCuOizbnT, 920°C, 5HEHO7T=—I)ViIZL->TMg
PEHIZ0.5 umMBBEHHLTNBEIEEZRLTWAITIVN, asgrown RETH nmA
ORI AER OGNS, TEBEY, TOHTHHEENL DL S 75 RN S
<55,

YBaCuODREHR/ Sy &) v FKEIZEOTULISRUICRERZ EORITED -
TBADTHAID. ANy FBBEIIBOTAr (BEZVRBMOR/Ny S YV THA) W
2Ry S ERICHRINZ I EPREINTVS8]. Zo/mEZRNVF-ATHASE, F—
By MZIRODNBELRLF-—DATAA VY, 7o ABBRTHHEIZN, BRESZ
LItk AEKENE. IOhOoOEBRKETIHE RN F—DORRRFORET SHEITHE S
N5, ThHbL, REBEISEZI RN F-HTOHRIIHEIIEISINTNS.

WEOERERIAAAF VIZEI->THHELS. YBaCuODORIGHR /Ny 7 KK TR
ERICBEOAAF VHABEIIIATLS. BRICTEAEBEM—XEF, ZhoDo
FUAEBNELUEETS. LHL, 21 VF-0+aRE0VE (F—F v bHD0ET —
By b y—ZETRKENIBE) , CHoRERICEHETS. JOBIILF— 5o
A4 A bR x LV F N ERK, ERBIVREFBEIIHERES5Z 5.

COBIANEF-RTOHERIREBOBRA Ny EHI L, A MM FAA M) —DF
hELELZEE, Cu—-01RAEF =~ VOBEROKRBEEALCELY, XoIT, N7 R
A MEENEOMEOBEAZBZT. EHITHLTH, BIRANF-—HRFOBBICL -
T, EWTEOBRARy 4L, KEFEEIERO TROMEBEII SIS, KIS
W2y F YU TRBIZ BT, TOBIRNLNF-—RTOERNEREBRET S I &E0RE
ER5.



2-3-2 BERRySYVITHEOEA

PUEDEH1T, RIGHZ/ Sy ¥ BRETRE TR NVF-—RFOERBHEREZEMINIETR
ZEMbhol. TOBIFNFRIFOBEERICE THETLOTHSIN. LR
WFEF-—HFOBFBREHHEEINIOHIZRE S, SORINEFHAMTRORRICIES
THAHY.

9, BEEHFOA r O TFHERITEEKRD 5. FHHBTER

A=1/(2no) (2-3. 1D
n BHI[ITAFEE (cm™?)
o HEMEE (=2.6x10%cm?)

8 T r

7k p=30 mlorr

MEAN FREE PATH {cm)

I+ "

| o THERMAL MEAN FREE PATH
1

G 500 000 500 2000
IMPACT ENERGY (eV)

B2-3.1 A r FFOFHEBITRO T R)VF—IRERI].
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THEZohs. EAX30mTorr (#4Pa) O, (1) XRLOVBFHATro A3
2. 55mmEHICEL. UL, 2 OFHEBTROR TR F — REEEIEEICA
¢, 2R TEIC L ke VIEBBEBEE6 cmicbBE K9], &5y b—
HARRIREME S c mTHEN S, BIANF—HTRITANF—EHTHS —E b0k
FEMETBI LML, TUDE, BIALF—2RELLEE, K (REWE) 10
EEBIEIHD. DEDDTA—IEBIBbDEFEING.
FHAMTEEECTIFRD (1) RERINTOS. Yo, TRAEETADS
WEN ZEAE T, FHUHBTRIECRS. 2ExE1Torr (133Pa)
FRETHEBFEHET, 2=0.085 (mm) &Y, 1 ke VOEIRILF—HRTOD
FHERFREZO2 0/5ELTOH2mme, HIcmR LI IRE O P E f TR IZ hh
BB, Ry —Fy b~ EREOMREE T b+ TE 5.
PEIRED, BIER Sy &Y v/ RERS LOREMIIC G2 55 4 — U % T 5 5
Bk LTHIBTE 5. 54— DIcBoYBaCuOD MBIl Ui ikl Ex5N5.
7, COHEEEBICHTAEEAT LG, RHNTERNE SIS S R A
HB. UTF, COBFEARNyZZH L YBaCulODzEsF+F L v LEBEOKEIZOWN
TH~G.

2-3-3 BEANy YV UTEILIBZIESYF Y v IVEKE

(1) ZTESFV v LBEDMEL N

BB ERBLERNRERINT, RINICEEAICKRYD U FERRIEE Z /Sy Y ¥
THETHAH10]. KSR/ Ry 5 ) v VKRG HBAERCEZETRES 200, HEXE
HREICHN, GUBRSET TORBENTETHS. BERE TSP ICHET 2 4E
NHBH5YBaCuODKEICEAERNTHS. K2-3.2 ITKAHETHEA Lickittr £ <4
X BV ANy S Y VT EBOBMBHERT. A AL LI ANy FRIA (Ar) 12 -
T, =Ty MRFEZRNy I L, ANy INRBEFEENRETHERBLEIE, EEOK
E%ﬁﬁ%Qﬁﬁé.%Eﬁ(rf)%%%Emh;ﬁﬁ%%%ﬁ%?%%%umN,%
RICBABHERBIIEARTELILICHES>TVS. /2, RBERDZ Ny 5 v FEK
BRIZHHIELT S, 612, BRAZAVLT, BFOERNOHERD KB & ORI 4 ¥
DOF EEH TS, R2-JNCHEBEOKBESRHE4273. as growun THRBEZZKIES
72D, BEETINVIVDRENRAEZFA LTS, REAZAEHR BN 4P aboG
2%y § DEBAERNL D1 20P af TEAIET, KEET- 7.
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—f%}::i: ﬁ]r_ TARGET
k) T o g

_‘ I
H2-3.2 i r f =72 bor 2%y y¥EBOMIKY .
#£2-3.1 YBaCuODmEsEuy

B T 1 i r f<7x b0y %Y 005k
2Ny ¥ H2E 4—-—120 Pa
ANy 7 EH 50 W
HEIREE 660 °C
5 =4y ML 1: (1. 8-2. 0] :[2. 8-4. 5]
(Y:Ba:Cu) BEAE K8 K

AR &L (100) MgO




="y FOHREBTEOMKILIZ2 -3 - 1HiTcd~xizLHIIT, R bLFFA MY
—OTNDELB R TH A0, BELATHE. —IC, /8y 5 ) o/ RIETH
=5y POMBANZ/ Ny FBIZ] : 1KEFESQRZL. TI TRy ¥ REBRO &
BROBHAPAFAA DM w7 (1 :2:3) IZBEBELIR, FERANRYIHFAERBOT
5 —4y MABKOREET 7. ¥—5 v FOMEBIE, Y.0,, BaCO,%k¥ Cu
OZNZNOMEKHIEFHE, BAL, MEEHAH900°CT, 1 2 HRIEEEERFS.
ZO%, BUBRRS LBEREEATS. COMBA3EBIES. -5 LTBshk
WAEEES AL FORBIIICHML (300kg, cm?) ,5—4y h& LTHAL
7.

(1) Ry 575 X<REBOH AERENR

BEBICHT 55 A — V%, 2%y # HREI & > TFHABTRNELT S - R
LTEREERS. RNy I HRAEILEL->T, ANy TS XADRENEAT ST TH
5. TITET, AN IHRAERIRTETS AR AEDO AR PIVBEOELERE L
o, B2-3.3 34Pal80PaicbiFss—4y FEHORERARY MLTHE. T35
A2FXEFIF, BF, 41F 08 RELS/OH, LrdZhTNIIO>OTEHITED
RAEREFODOT, E—JORERELHTHEHLEL. HTRELFRA 2S5O0 20DFE
-7, BREFDPSDE—-7, ZLTBafF2 o0 -/ 2 ROHMTIENTELDT,
Zho2HETEIENSERELTAS. ANy I HRAEA4PailbiF2EKREMD X
RZ MV (a) IZBWT, TVITVETFISORLIERBZLSORBE B LT, EH
L7ciEEZR LTS, ZOTNWNIVEREFLPODOREE -7 3 AAEEEMTSE (b)),
FEEITL S5ICEP LTS, CHAICHLT, @EBRZFD2SO0RCEERIENKEEREH
FOMBIZAREIAL. D7k, 80P ailki}b3AXRY MIGHEKYFEHRIZHE > T3
ERBEREN. BE, TV VDOARRICENEKFENRONEDTHA 5. Bl
BEDEIARYWTHAB. DEIL, MEDPODOREARY FVOEHKEUREZRTAHS
((c) BLY® (d) ) . BEETOLOSDOREDPEETETNED, TVIVEFNSHD
RAE—7 BT L, BEEFOSORXLIENOHMCHTI2BIOEHAE L.
IO &, BROBRREE, 7T ik~ hE, EAREENDZ NI EEZRLT
WS MBI, BREANy S Y v TRBETREROZENMPFTES. (1) THITY
DEIFNF-HNFOERBLOKREEE~NOHROBY, (2) EBRHEETEOKE
WL TREAKERR DG, (3) IPS X</ IIZ 20T, dEHETFL
o, TSIXRHORRDOHMTEEEER NNy S Y VBREIEZYBa CuOD ik
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WWE-T, HELOLWRERBETHL I &M L.

T—0o 7 T T T v T
i (a) 4 Pa I o (b)8OPa
o Ar oAr
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* - - — o
= 5 | Ba
stk 1§t 3 :
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Z-" (o] 2:' 1
o < X5
r - cr T
o) Ba o
200 500 600 200 500 600
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T ¥ T T T ! |
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u Arat. - 10k J
:‘5 10 r(81L.5) m 10
= =
-] 3
o ¥ I
= I b (977,2) r
~ o1 ‘; (811.5)
2 5r (7772) R = 9
0 1 |J 1 M:Ls_k- 0 1 JL\J ] 1 5
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B2-3.3 2Ry F TSI XTDARYT MU, (a) LK (¢c) :4Pa, (b)
BLL (d) : 80P a. ‘



(M) #—%y b EREFEDH AL

BEDANYy FIZBOTRANNy SBEOKRSEZSY —5 v FOREEFITL 55 AL
DEAL, KR ETOELSRSOBERZER T I2BHETIE, F—5 v rOMBHKILE
W—D /Ny ZER{LNB[1L]. ULHALEDXRS, YBaCuODR/NNy & REIZHENT
AEEMMOZ M A F4 4 N Y —22DEBRBICEY —F v MLERLE RS CHEB LA
IhERodh-7c. I, CuDHEEZTHLENS -7, ThiZ, REFEEOHE
ARy IWDIEDELTOBEIEEZRRLTVS. CuDAR/NNy R IFIMOSEITRED X
Wy FRERBLUTREDKYD, BARyIRKEL->T, KEEEDNIS CudBRITZ/ Ny
gEND. THhERBLT, -5y MEECuDkERESE(TS. BER/NyFITL
>T, EREBPRLITHE, TALEEIA Ny sy RECRTNIE, ¥4y PO
F, 1 1R EEBRCETESINETHAH. ¥—7 v PEREEBROMKILDOTHIT,
BN ERDEIERMT 5. ‘
Y=y rOCu/YHEBREEBEDO Cu / YHOENITHT 2EEREEZRNIERE
B2-3.4 =T, KLEDEIZ]I CP (inductively coupled plasma atomic emission
spectroscopy) IZ& » TR 7. BED 2, #HaEkBEINVNIC, MEBEICESoDEN
HHEBONED, BARE (120Pa) TRELLEES, -7 v b ERERO#K
WL 18B%25r354 0 (RPOWEH) EFICHEIE00S. —F, BFRE
(4Pa) THRELIEE, -4 v MEBKICHN, KREBEPTECudRESCHEAILT
WEIENDNE. BHRAERBIZ2HANy OB LIEYHEISDOTHAH. BER
Ny ZiIlEOTE, BZRNVF-RFOFHEMTENELS LD, KEEEANOHENRK
DEBHIET, BRRNyIWVMEREIN, y—7 v MEREBEOMBKLENZIZ T S.

(V) =B Fv v I)UH

UERTE LI, GERRy &Y V7RI E DB RV F —K O &R EE % (KR
UL7CRRET, YBaCuOZRKETAIENTERL DT -2, £IT, EBEICHIKEL
fcasgroon DY B a Cu O#ERIZOWTLU TIcKET 5.

B1ETHERILEIIT, TESIF Vv I)VEEERLIEVRERHTHS. T I TR
I, BEZRSy YTk bYBaCuOMBEOIESYF Y v VESLIUCEBEICOL
TRHE E D(reflection high-energy electron diffraction)d& L E E D (low-energy
electron diffraction)i K T* X R D (X-ray diffraction iz kX DB 21T - 2.

MBS (100) MgOREREICANRy S AXIEL120PaTRELCEERETHS. &
Biz#H100nmThs. 5N RHEED /Ny — 2V AK2-3.5 II5-"9. BFE—LD
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K2-3.4 #—4% v bERBEERESTOCu /Y (nolk). FXFRZI I CPIIE-T
k. IREBBERBERENDZ VD, TOXREEOMEICHXEEOR
EZERTILEND L. ANy FHAEL 2 0P a THRELUCEER, 5
— 5y FEREFEOMBLEIIZIZL ¢ 11T TS, B, HENS
— 4y POMKEZE I LIRRBRLUTEE LTS REZTT.
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B2-3.5 YBaCuO#EORHEED /XY — 2,
2y A ZFF120Pa, EEEF1I00nm. &F
E—2LDAH HmiEMg Oz LT (a) [100]

BT (b) [110] Aft. BFE—LOMEBER
25k V.




AGAEDN (100), (110) DVWThOHEAELA M-I/ XFy—2%2RLTHD,
REEEORE S AIEERBAN TR - T2 I 085S, X561, Mg OXRD a #lh &
YBaCuO@Emnathy (50 3bi#h) oLmN—HLTHEY, TESFL vILKEL
TWbZ ERbh3b. ES5ICLEED /Ny -2 (K2-3.6)D ARy FHBEIZHATL S
e, EREXAMEFTIDOHAUEIHLDODATICKENEOVTWE I EXRDOLS. LE
EDNRy—VOBETREFE—LDNHAHCEBEICAFHF LTS 72DIT, BIFEFRDME
DHTHERFOy X7 Y-V EICEHEBICENSE. ZORONY—VOBITNSYB a
CuOMEN (001) AMICZESF U+ VEELTVWAIEVMETES. £/, &
FE—LOMEZRNVF—N135 e VERKNLHIS, LEEDOHEREIHEREZ@D S
0.2~0.3nmOEVEBICH I S2HEREICESCBDTHS. RIZXRDNY - %
B2-3.7 1R 9. %274 (001) BA%ZRLTHY, MOKEKKEE» SO EYE—7
BRBEINADT. JOZEDS, HEE cHMEZERMCEBIIKELTHWSI L0305
ULo#EREY, BAAETTHRELAZYBaCuO#@EE, cimlicztEsyF o
WIBETHBEIENERTEZ. 251, RHEED/YY -2, o/ — 2 EicErs
NELCZREFEEADNOD/NNY — 2 TiEEL, APV —I7RKTHBEIEDSEERMEMD
ZHEFESMMPFELTO SN, RN FEZEHATHEIENDMS.

B2-3.6 YBaCuO#EBEOLEED/ XYy —2. ZA/Ny & H
ZFEF120Pa,ElEEZ100nm. BFHEDME
Ix)IVF—-IE135eV.
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(V) ciRD R/ Ny ¥4 A FEWKEFE

ANy BB LIYBaCuOIES F v v VEEOKRMICHTE R/ %y ¥ HRAED
WRERANDIY, XRDNRXF—UNS5YBaCuOIESFL v )LEED cMESKD
o, cEHBERERHBETEOBEEDEE, RILBROKI BEEZRMTS. BENES P
AW DAENT (YBa,Cu,0,) BERBTE cHMERL. 168nmThs. B
RORBOVHEZ BT LB cMEGIEML, Cu—O01REF z— L OMEIEL THIF
TPRETIE, 1.183nmé#Ab. THULD c#iEZREEIR0TAH A MEEMED
BEDRBE L THNEIEEZRLTVS. K2-3.8 ICcWMED RSy ¥ H AEKREREFT.
ANy FHAEL20PaTRELAZESF U v VHEBO cERIFEA SBRBHEIZR
WEZRLTOS. TICH LT, BNy I HRE (4Pa) TRELLEEAED cHE
31.193nm&EFHIKRES, Cu-01RTF2— VEEORBEOAKLEST, RoT X
AL MEEWENSOMFEORBESIALTHBEIEEZRLTVS. 2T, KEICHIT
BBLUOBIRANF-—NFOREERNOHRIERTELEL DI, BAZXEIRELE S
IRNF-HNTERBOERK, 77405, FHHRATEOEHOMENEZEITHATL 5.

(VID \EBIRED /Ny &4 A EKGTH

BRA/Sy S HRAETHET 22 ETYBaCuOIES o v LiEDssRMZ, @B
WWEC o, COBEREEEFHIIRBRINGILSS. BERE#EE (a) t8F
REHEE (b) OB - HEFEZR2-3.9 ITHBELTRT. BER4MFEICE - TTF
ol BEKEOHEBIREOETICE L IBRROBLDOEHEI/NEL. ZHITH~XT,
REREOHMEOKIIE, BECEKTEESIEBMICREAMEICH > THITE. +
Y UTHEEOBOHEATY 5. BIEKREEO* v ) 7 HEEEREBIZK~N, 275
DEVEBDLNS. BEEGEBEET c OMNRERON ZEI A CEBINTHD,
BHETR5 OKBEDOSONL 20P a THRELAZMIZSS5KERLTVS. 35T, &
CHEBERERS, BERKETRIELZ20KERXLN, BERKEME TS5 KU TE
®E, BoB—#smELTVS.

BEBRE (Tco) ORBMER NNy ¥ 2AERERER2-3.10 IR, BR/ Sy &4
AEBRELIEZYBaCuOTES v v )LHMBOTcold 8 5KM5 9 0 K& BIFAETES
ALTWE., ZHICH UEBEBETHE UREOBA, T cold & S5 ITHEENLTERZE LD
EMEFICKENIETHE. BMERBOED, DIFELODA NNy 5 ) VIR BDENTK
ELEAL, TORR TcoDEODENKRE R oD EEILNSE. BOETIE
WIEEHN, BARy I HARICLA/IANF-—RNFOFHARTEROARE KEHEA
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K2-3. 11 ERBEEOHESH. L1646, Tc=77KDH 2 FIIEKEFIZK
BEU7o. BB, HIRBEICHT S TAUEENLETHE I EERL
TV5.



DITA—=VORY, TOER, HREOMLE, FITTHULBERNERFICHDAENS
TEREBFRPVTHEEOHMET c Ol L, BREORH LLEWIRANKIILT LS. B
HIT, BOEBKKE U/ YBaCuO@KEL 60T c DBEMIZRN2-3.11 IKFY. BE
LT, 85KN590KDT coMBONTVE. ZORIZIEANELZEBDI—DH B
LiICEL2L. CORBOEEPKNORBERETTON LI EUNBMOEELRELS
BREO.E>TTTKENHIBENT c o2 b OHEBEABBEOEENICHERIRIAPOH
BERTHE. BRIy r2ERALTHWRIEEZZELNE, O EEFHRNINL. Z
DO EH > T ET, FEEZLDOBTNE LS RVHED—~DOTHA .

(V) YBaCuOLUs+s ¢ LBEDEEY

R2-3.12i3Y B a Cu O MEEHOBBEAE R LTS, ¥ TV RREREIE
LT, X501, BREBANY & ARy 2T EERA L TR — BEREE1T -
fo. WIEH, ¥ ILREAKPOBEAI & EER, —HABTEDNS &V BEBELK
BRTHB. ZITHEERANNy Y VK DERELUCEER, KREKRBEE N, S8
A AR U, 300 0 BRI OMIC6EIChi 3 MEEEDELENS, ¥3 A A
BBLTHTc3iFEALELILET, BO0KUEER TS, ZOREHRI, FHEEKD
ZhiCB A2 ESBOLLURILTHE. ZhiTHL, BEZA Xy KELCEEEZ, bTh
| EOMER B BHENHUL, BUICEE LRI L. #OETETHRON, o
ST, BIANVF-HFOFHHEMTROEHMIIE SL I EAEOR EOKRTH 5.
L LS, SEERAOEESNOEBE - bIC LR T 2AMEERER L. €
LT, 150 0KMEBXEHL0NE, TORMMBMALTS. BEDHENTLIC
HOLYFTREY. FAOERELT, BEEFOHLLBOHADNEETE. JOBE,
LA LBOCEMANLTHEALTLE 72D T, TNULOEEERROBMMILE - 72
BB, KE,ISHEVETL, ZOHLEI/ Sy vR—va VBELTHEAL, FH1t
DETENE, EXEX 50D, LHL, BEDEIAZNULOERIKNETH 5.
BIZEHBOERILERE LTORERETHA .
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(ot FOBIFEOEROCKRHITH LK.



(D) BEEKRFHR
INEFTRREERSNy S YV I BRBEICE LU TENKERZ P OICRFZT - 2.
BAHOMFEHICE 51, BYATRELBRESHESPTITOLENHS. YBaCuO
Faflic, REDOXBBLIVEESDOT—F 0D, as grown TRIFHEBIZEKESRT
IESF Uy )VEBEOREROMRELERBEORFREMHB L TAK. K2-3. 131X T.
WO, 22002 HFNRS5NS. on-axisR/ /¥y ¥ B U — FHBHIKIZ T O Mo R
%, tEZRE, BFE—LEZBEPoff-axisA /Ny FEICHRTLERZLE R 1 HIEES L
eI BE. ARy SENRIDOEIICECBEEEZLEETIEHMELTE, ZXLF
~HNFOREHBEANDHEENYB a CuOM@OBILEG T T3, 30 EREHEZR/ Ty
FHF (EBRITH) PEREXEAEZRAMICMEAL, BRTEROBRERIAE XN 3 EHREE
LOE R >TEHEBbhS.
ZENTRYBaCuOTESF Y vy VEEORECAELSBMAEDO TREIENALL ST
HAHID. BEREICHTSTcoDEAER2-3. 141289, EFREAWEBITZ Ny R FOD
@%%Wﬁ?étb,ijyE%40Pa&%E?~%&b,ijyﬁxﬁ§M10
B¥LU30scembé k. BMRERTNVIVEBEMEREORSICLENMEN S
BLTKDI. TIVTIVHRENL1 0 s cembDFs, BAMEENSP all FTETcold
85KTIEIF—ELUEE. LML, THUTOREERBR TR, BEAEFOETIRE G -
T, TceoMEFLTOHSE., —ATNITUVREN30s c cmDFAEF, P TABHDF —
FWFRTEITA—THBEMIZLT7 PLTOAE. ZUTEHEENL 5P aTh TefliizR
BTHOHERBRETE>THRENRRLTVWAIEERT. PIVITVHEEDOENIZE 34
EMEEDOEVIZ, RBBROFE, 1EAEI Yy oI MIEITLSE. &
HREOHFAER, BEEDXOP a THRELTHBIZEGEREZ B THEEINME ON TS Z
EDSBIMTES. TIVTVOEENE/RBZ DI, TIVIVORBEHREE WA X
BTVE0T, BEMENERT VIV ORBOMMCE bR ->TRTT2IE4RBL
RERTHAH. COERBRIG, EHOCOEBILBIIBEMELSD I LERENY
AEDHKBEERBHELZ20Pa B LI (FINVITVKRE1O0scem, TILITUVHE
40Pa).
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(IX) EHEE

HRBRBILE > TERBEREENLNRFIA—FD—-DTH5H. J I TREMEEIIHT
ZBIZEEY (BER) BETc.OEERH~. ANy HTRAEEFE80Pa (Ar:0.,
=1:1) =&l T, VTHOREFEKICETHY, BavkUFCudX b
A FFAPY—RNENBEIIT, F—%y MKLEMHAE L. &7 v MBEKE,
EHRENE BN CunltE2 BT ELENS-7/c. JOBRELTCuD AR
NEZS5NE. CuORHEBTHBNAIUESEARH DI ENMSNTVEDT, KK
BOXEBREE LEFICENYBaCuO#EENNS Cu - 0D TCuDBEREVETT S
DTHAH. MEINAERBEDHEIZOOVTRIA Y PR ETHAD. ThbDL, &
DEIICLTHEZINTOBINENIZETHS. JITHE, EFEHKHEZMOMITOHS
RIS DI REEOREZBEHICL->THEL, BEREBELFATHS.
HMEINERBEEILESF Y v VEBEDO Tc,0BKER2-3.151I7:7. ERREED
FRIZESHBOTC A EATZIENbS. ERBENT 00°CIKHNT, Tcold89.
SKZpRUK., EREBEEE X Bb:%bﬂé%% ETcldXSICERTEETFHENS. YB
aCuORMEERORBED T MBI 2KBETHIN S, REFHFOMBIZI D BE
BHEETH A EB DS, —HFEREENLS S5 0 CLUTTHRELAZYB aCuO@EER
BEZEEBAERI I, ZOZERRBER/ Sy S YV I7ETD, YBa CuOOR
BREICETARBBIRANVF-ORRNBETHEILERLTVS. JITERLTHS
ZENHS. 550 CORBTRIENMNCERMABHEIHALTLUEO, BInldi: ik
DRARBICEZN, COZERBEEGVERELTORENI EERTRTERLTIL.
GBI H RO > S, RHEEDRIES %o v VMO 9 — V5B 5bbLE.
THOLE, BIWESEROREEERIEDFBFEEFK > THI LA 5. BE%
ZHRBRTHICBHEALSLNIVOEEENBERINSEIRTH 5.
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2-3—-4 BEBEOIESFYV Y VERE
COHETREEA Sy FIC L5 EEBHEOMREZENE LT, REXHFOKEFERELHA

N5, BROICEEEOBRIIONT, MhTHS.

OWHETFE B & U8 5B B HE D 17 3

ML ERBEEKIECu— 0, 2REHEZGALEREETHD, BLEKEERT
BANBAER-IOCU—0, BlKEINAEREZIRSEF YU TEFN-TTH5T 0y 77BN
bHBEEZONTVS. IOLIBHAHBEEFRELEFTHSTEDINEV S I L
BAZBEGRECEE TS S R, BEEHRZORBROBLEIOCu-0, AHTHS
LT EE, BEERERUOLHICIE, JOREFHBELIEGETOER (BEME1E)
AR ERAZEETHS. OB, Cu—-0, HETOYy 7ENGES
B FHENOREERLRAT v LTS,
QrESF vy VEEDWFE

TIPS F Yy VEEBEED DI, TORTMPEEAREEZNHIC TSI LVLETH
3. LI, BEMPBRSIVCZORBRBEYOOLTEILBEETHS.
@HEHID 7 /N4 ZIGH

ez, BAtYESEBEEKRERCKFETRF ¥y Y 708Cu—0. 2RTHICKE
LTO2HEAENIULEFTHS. JOXRTOBFICRBEROF v+ RIVDLELELS.

BHEIHEREOMHRETH S, MENKELABILEZDOLITKETSYBaCu
ORI ATHER (YBaCu0) FINRETAIEIKNS. L LABSKREDH LK
Bi2YBaCuORBRo~ATo#f (22 EMg0) ~OKELLE. THbL, Kt
nmOBEKE SR, DAMICRENEL TS, @EBEIES F ¥ v VKRB L TE
EEPOBINEROROEREETERTIEROLIRESL ). THhbL,

EEREICL D EEORIEEEZED S,

WEEKEIL LD REENERREY A PE2EPT IS, ATORETHLHIT,
HEHEETHFARA TV —Ya v EIRRFNEESRONSTH S,

HATF O REOBERE TR b dEAFVIF VUV IDIIKERBFEERRTD
MEHBELTHELPT . ChElHTEIC@ RNy FRFO TRV F— & —E Rk
LCHATRAL FEREAER LATAEE ST,

BHROHFHICDOVTWAR” GER/ Sy " THIRMATHEY, ZThIZMATES5III
CTREHR-F—F v MNIOERIZEZSZ I E2AMUTHREZIT S, TOHRNRU
FTO@BYTHE. THhbb, PIATHOBMOS L F Y —AFITHNBDE DI EMH



MDD, COBEBICEETLEIBLEADAF VEMETHFEMELTOBHRETT
Hb. ZITER-—7—%y FEAEBLAEARATHEERLZETIREZIENTET, 414
Vﬁﬁéﬁﬁmﬁfééctmﬁéﬁ.%:f,%ﬁ*&—fvb%ﬁ%%ﬂﬁtndﬁ
EREL —BICEKTTAIEICRADT, SOOEFFHEAH B THET I RERENS 5.
F2-3.2 T EHEBEREORBKRED TS, (AT 0mm TE#EEELEZO. 09 nm, m
i n EHEFITBOEBREELB TS, K- 16KBEEICHT 3 Te 277, BESKE
WA (>50nm), JIESTOTNOEBIFIFESKEED Tz LTS, L
MPUBEBETIHSMMLIIHTIEFENIRONS. 0 =20mmTEELZ10nm
DYBaCuOHMRIBIEEERZRITIM-T. (Z2REXCTEIEEELZHEILTD,
BIZBEBBENEGLCHAZIENDMS. 1=7T0mmTESnmBLT 4=y b
BOBEIDETTco,=5 0 KRB ONTE. 1 2ILHIKKESTELEEISIIHEVETS
BEEEEEZHONENLANEL. Lo LERS, LEAECT S EBILNR+2ITE
>T, BEMNMETTALE0HEGH H12,13].

ik, BEBOKELS —% v b - EREERICELT, -5 v bOMRLLZHEL,
HEDODZ P FAA M) —ZELLADETVS. /i, BERETH IESF U v W HEE
RHEEDICLWHRLTWVS (K2-3.17) .

x2-3.2 WEHEEE S —5 v bR EEO R

& =4y b — Z AR B HE B 8 T
2 (mm) d (nm/min)

290 1. 00

35 0. 55

45 0. 31

55 0. 20

70 0. 09
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B2-3.16 YBaCuOXES+o v+ LVliOGEBRELEEOME. L5y
b EARRIEEE. 2 b AFA A Y v S AR

K2-3.17 BEEORHEED/SY — . BEF9nm.
Tco=69K, 0 =70mm.



2-3-5 BWER/SvH Y /HREEEEFLORE |

REZRNyIZNYBaCuODIbESF L » VEKEIRFLOVHRA G ST I EEZIN
ETICHSMMI U, ZOHETIZE2-3.3 KRLKEAWRKIEIREEEORAICER
LT, ZORHERS. BEBETHS 2,8y 5 Y L /o0 TR, —hE CERAND K
DI, REOEBABSAL LTS, KEAEOMENBI, EHQLREA
S XLEBRT S ECEAMBARESZ 5.

#2-3.3 AMPAFAALYv7YBaCuO#KEDKEEED
ANy & AERFNT

28y S ARE RERE 5 =7y MR
(Pa) (nm/min) Y:Ba:Cu
4 4. 0 1:2:4.5
40 1. 93 1:2:8. 5
80 0. 7 1:2:38
120 0. 25 1:2:3

EIATRARNy SRFIR, RELHDUT2HEHEORTLIOERII-TE. Thbb,
=7y bOROH U EEARBFULERKE, XSy gV U IHARFEOEHRE
IZ &K o TEF L (thermalize) SNFCIEEFE TH B. ARy IHZAENEL LS, HHL
B =7y P oDHEENE S EHBEBENIEMIZES[14,15]. H+Pa0@EET
T, BRI IEIOXENTHS. ZOL)BIUBRFEROFEER Sy sy ) V72 BEL
TeETIVE, TELRVBEMALLTHEETIZ EE2HA5.



RKEFIVHBEDIZDIZ, BOPOREEFEA L. UTIKZOREZTRT.
DYBaCuOHBEOILESF L+ VEREICH VT, ZROZTODITEBIALD DD 14
HBEENMUHEIN TS,

QOfERALFEEZTHITKREL, RERERICHETSY, BadLUCud3@RBETD
HICKXBRENS.

@3BHFOELBAERELRELL, HuuRELLUTHS.

@7/ - FVEELRBRBBRTEELZELVLETS.

ORI T Ar*A44 @ mdE - HBELINhD. §—Fy PEHIKBTSAr "1+ 3Tx
NE—-DRexRHEL, TOSFGOREEBEBTELEZYV. £LT,

. Ned {_ d V} av
ANW) =53 an P " A V. 1 XV

(2-3.2)

EFB. 12U, d BRBIEMOE, AMAr) @ Ar ‘A4 RSBHOAr RTICHET S
EEXDFHEAMTRTHB16]. H#REDOEAIHL, d EAAr) BRKICELT S0
T, tROEZ3 Ar* 43 Oz VF—FHEHENAEICREEBINZ L.
@A B (~KEBR) &7/~ FBEF—FIKThIZ, 55y hOR/y & RiZ
ERHIZE S0,
DHABED O BHBEEROKUET I XMRKINTHSY, XSy SR TFRILKICED
S =y MO EBERE TRESNS CEEREBOLHFRANBRILT ) .
@—EHHTI XIHITEA LR Sy SR T, BELCHBBEINED, -5y
Fvs R0y & SN EROR FREFTBERShT—8B2S — 5y MECRET S (L
IR 5 AR T b A ARELEN B2, BOTEEEFRO p2ke UTERICH
Mo THRENTIFL)

ULDRED b &I, A%y SRFORNORBALTS .

(A) =5y PODRANy S B

9, REEEEHREEREERICIBVT, BBTCHEEZINTHEDOTRES®, @0
SERENZ ANy FHRTOH (BY, REIWE2 ANy FRFOEER) 3, EHIKK
LFE—ETHS. ThixS, &£95. S, {3,



Sv=sJ./q (2-3.3)

TH5. 22T, s BEBBEREV. KEIFB3RNNy SR, J, ATV ERELTH BN,
HEBRICEMUTE 5.

(B) R/Ny & B DILHE
LRI OD RNy SR FDOEEF, HFRESNSRTHLB ARSI DT, /¥
y IR FHEn O—RI7EERBIZ

on/8t =D(P)V?®n (2-3. 4

TERING LHEH D B4kt CPAERTENTHICED) BEXRIQTLSE
LT, TAVv v a8 4 v OBERLT. TOBHENTHERATECS LT AT S
DT, D bHENOEB(~REFDICA L. EHERBLTETTHY, T I TREEDM n W
BFRAICE - 7 CEAL LD T, (2-3. DA S

D{P)Vin=0 (2-3.5)

EWRE. ANy IRNFOFERIZHOPHA NNy s V7 H AN FEDBTHELS. B
ARy Z N T HAKFEF v SHIZIL —HIZGH L TOEDT, BEEER L.
LT, DOWEROBK TR E16(2-3.5)RiT,

Vin=0 (2-3.6)

THb. §1hbL, ANy IHFOH n dL{Hon/Llaplaced HFEA %L T 5.
HEWERDORAEIRELTLCBRA NNy IR TERTHELT, B Lr #2275,
COMBICHNOBEONFAT IZRTELLS, BUAMETHS. BT & D EFITEHZE
TEIRFRICHRIINETZEEZTRY. 2D, EROBEHERB ANy ¥R FOILEK
WKIRALCDHEEBDEZTVLDTHS. ZDXHICEZSE, XOHKAERIE, "2z =0
OMBIZEINICHBES —5 y MR FO Y — 2%2#H2" JENEREMBICHED, OB



BITHOOTRERAZROBRNTEY. EBOZo—Y 3 VEBIE F—F v YIBRTH 315,
HEAZHBEATZHDICHBICEMNTS. ANy & S B’ —7 vy V2B TH-TH5
o, ANy INFEEGY Yy PELTHENY -THHEBRELTHEAEICELES
. |

SHREREERE (r, 2) TH2-3. 180D Laplaced FEAXEHC L, DWEDRVWEEODO S EITR
D#EERERL. T70bDb,

n(r,z)=N,F(r,z) (2-3.7)

F(r,z>=£Tan-1{ V2 Xa } (2-3.8)
4 ’\/rz—a2+«/(r2—a2)2+4a2z2

LR, a BF—Fy NOEETHE. Nold ¥ —5 v AL (220, ra) 125135 2/
Y SR TRETHSD. 28y 58k Se, 25y M TORAHEL, 7 LTHEKD 3ED
TR No RSB

K2-3.18 n OFEETFTIN CHHRERERE)



(C) BFHEE ,
BHHEICOWTEETS. @TRELILEIIC, BHEIER S —F v FREOW A
BETOAELTS.

=45y VNEOEMNERZ, BEEOIH1 ET5. BNERIENKFENETNE,
BB S, BARILOERIE, F—4% v PEREEBDO XNy yRFHEEn (r,
z=0) IZlpl, R/¥y 5 R T O T4 B HATER A arro2 LB (B2 BTG 45 &
ZZohd. ANy SHFEEn BN, (P) EFIFS. IhEDBRAKILICEI TS -4
v NCRET B RSy FHFE, BUEHSY,

Ne=a AAs) No(P) , (2-3.9)
CHB. BHMalE, 2HREEENLT, 28y SRTF1EIEONTRA~MET 5 R E
BHBEICEENIIO DO DI BBOEZIORE, AJIFEZETHICBISFEFHEHRMITET

H5. LICEZBAHIKNFOREEIENTE -THS.
ULDBRES LI, A%y FRFOHTNIC B3 5ideRATRS.

ASoNs)=Do(A/AINo(P) [ f(6E/62)d S | (2-3.10)
THB. ZIT, AES—Fy L OEMTHE. InkD,

(2-3.1D)

No(P)=

NECNAES] (TR

LA, HHEER(P) IEREILOMBLTOEHH (z2=42) O, #MEHBKRTEX
o 3. ERAEREE1 LB, FFEOOBIIIMBETE.DDFKE (BELT KA
o, ML) 2BELT,

R(P) =BDO(/\//\0)(5 n/a Z)z=i, x=y=0

=B(2/7)Do(A/Ao)XNo(P)la/ (a*+£2)}
(2-3.12)
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R oNns. WEAEER 5 —F vy b -EREEEL OBENHSDITHE > TS50

BRI

KDHDOSNIZR(P)YIZ, RDONG(P) Z2ZRALTCUTOHBLRERREZB LI ENTE S
C,

R (P) =1xc.pt’ ' (2-3.13)

JJ

a
a’+4£°?

szﬂSoA

IIT, Py BEEENT, TOBOILBMERDLD, TH5H. FEC,, C: BEKRLGIZ
WRIC G TE 3 THEN, INETOEIABFRICBETIEHaBRATH S
e, IITREBREKTELL. ERT—I06, 74974 VJIKEOHRETS.
DEokyickponic\BEER(P) IHEEKTRP 2 ICHHITS. —F, KER
BT, R UKAE L THRBAXRNEHEHR TR, —EEIHESTEI L0805,
WIS, EBREREOLBICEDBRHC, C, 2RETS. R2-3.3 IRLITFT—F %
ATAMN, JITEBAETS. §hbE, ANy IHAEN4P aDT—SDERHET
H5. 4=y PEBREBOMBENKRESRL-THD, Thi3, REBEOHER/ Ny ¥
CFBEREPBULARI-TOBEIEEFRT. THbL, RICRUIEREEZRBERROHER
HEZRLTHOT, HBEEERVPRBICETLTOARETOEFIOEEZR LI, Rd
OB EETHAS. HEIKE, 40~120Paicbf2REHEEEZMZONR
BTHAH. ZO3HITHLT, BMZFEFRCIDBREERELL. TOKR, HHEEE
wELT, RRXEHB. EHP OBMRPaTH5.




_ 5.41
1+1.125%107°xP?

[nm/fni nj

R(P) (2-3.14)

WHEEER(P) OFERESLOENMEZR2-3. 1907 T. GEERTRIBEL 7 17 4
VISLTOBEDRbNE. —HT, 4P aDERTF— I BA—ThoARESETHATNS
IETHB. APaTORNy S ) VTR THLBEROERKTH 5005, KREH I
WKH—TIESLRZTTHS. COREBTHLEPRY, " EWOoHEFN FIER/ Ny ¥
cHER LTVARIERERALTWVWEEZEZOLNS. 4Pallbiysm /¥ —HF
OEE KEHEE) EEHREBEHIIRERETHSS.

shTRric, @3 IDREFRAOT, =4y - EREER L SHEBEEDOMKICID
WT, ERERELKTS. £ 2-3.2 IKRUAREIICERBEREBL OBMITE ST VH
B SRR T LT3, —%, FERBOT, RP) &(£74+a?) 1RHLHT 3.
IIT.a BY—Fy bOEBRTHEN, TNETORKTIRSY—F v FEHEBBIKTE
L. ULHL, EBOTo—-Va VEBE F—F vy VERZLTWVS. a OEZ#SIC
THEROESID. 2T, F—Fy YBROBEHERBICHEL, ZOmWHZ KM
WAL $Ba BFF20mmeR3. JOBEEACTHE LRERNK2-3. 20T
H5. WEHBO—BHHEEREENEOMICSE SNk

DY =7y MERDEUAEATEBACIEBRNLETHS. THbL, £ A
WEE, HEMBERRENKRE(HZIIETHS. MMAH, LEXZr=£=0 OHEH,
SEDVFEEIBOT, EBO F—F v VBRE LIS —F v FTldz HAOILE0 &7
D, #HEEESOTHS. LHALENS, My —4 .y MEMZERT S E, HROER
EENBONB I EIB-TLES.

Mgy —7y FMEBUZL IKHLT, COBEETHEATESZTHAID. F—F vV
RDT 7y MEREL, EMRICEBZV I alb—v 3 itk DHBEE L KRD, BITH
EWBAETF oz, R2-32NTHRERT. FEBD L KNIV EIA(L<a=20) T
BRBHFMREY I 2L —Va VEBROBRBIRECRLS>TOS. LALANS, £ BNREL
BBEZDERFEAEELTVEL. ZHEF, £ PREVEIATREIERELELS —F
v PMABICEKGFELTWEI EEZRLTVSE. EBOZX Ny s Y 7IZB0THER,. £ 3H5
BEULOEHAEZ0T, REEEIABRBROS -5 v b TEU L BTRZER T
RELBIENTES.
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Deposition Rate R(nm/min)
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20 | I | | T I I
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[2-3.20 HWREFEEY -4 v b - HRMEEKTE. ORBERT—5. HERERR
ERTH UK. HEMIEE, BEX(L2+20%)7 2L=20 OEIZT 1 v
T4 T UTRDIK.



1 8¢ eeee s Simulation

16k ——— Analytical

Deposition Rate R(nm/min)

F | l L l I | 1
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Distance { (mm)

B2-3. 21 HBEFEO S —4 v b - RIKEERKEE. BAEE -V a V0
g, #—4y MERE, BB TIMHBEBRTEIMN, —FH¥Iiab—¥
a VIEEBED F—F vy YRBREZRLL.
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CITRELLEFVREEMIISY SR Sy SRFOAHERAL TV, OF D,
HoWBEHANOHFORNELELBS I EHNASHBMTSHS. JOBRBEFRMTH
ERKRD ZEDRABTH > R BROREEFVCOVTEDKBELER S ENT
5. —fIELT, off-axisithiC@#M Uiz, off-axisiE TR ERE R A8 o8 L THIE
FHEHI, EREROTAMICTFITICADES. ZORDIZz FEICHES K F
DEHRFEABTE SO THAEHMABRIOIHELTHBESNTOS. 3T(x,y,2) &
I XN ERERO EIEET AR TR (0, v, 2) HTx Al (FhE y KD <
KA - bDIESNE. T4bL, x AHAOEEKKRKRTEENS.

0F(x,y,z)

3 x (2-3.15)

BNy (P)X

FITKOHIZN(P) , F(x,y,z) OBFER(2-3.8), (2-3. 1D % LRITH AT HiFoff-axis
ANy Z Y TN TLHEBEENFHTES. BICER LU on-axisZ/ Sy &) V7D
HRELERQ-IIDDHEMBEEH DY TRL2-3. 2212/79. on-axispk & kbx, off-axis
BEIZD0WTR, =5y MEHETLE ORI TIRUBEREDOEANKRE NI ERbH 5.
F7coff-axisIKTRERY A DRI L NEES > T BT, BREBREIZHHNE
CRPTORTHBED, TOTFHINZHPHOEELZZORMS BB L LI ENTRETHS.
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B2-3.22 off-axis ANy & VU FVILLAHBBEEY -4~ v b -HNEEROKER.

R LU A -5 EH2-3. 21&F—, a =30.



2-3-6 MgORERKEAKOKEMEICHT 5LE
YBaCuODZUEFF LV v )VEREICHOAREBRMBELTE, HHIIMg0Hs0 I
SITiOMEAINTNEG. NSO, TESF ¥ o LMBM LRSS IR
Sh3, BIBLH, BEERHEARALBUEBEL TS, ~HT, &DROERE
B A KDTHEDTON, BATHLaGa0s, NdGaO,&l o LEAL— Mt
ENEHINTVS. ChoORROKRTER, BEERNAELIIL KEEH5. FL
BHLV—-—IFDOYBaCuOLtDBEAUINEFEIZLIOI ENDNE. LHMLAENS, Th6
DR R D SRR E LB & LT, ROl BRRBIRDIEE - il
DTHE. ZDld, EXERMCOVTHHENEC, ~BUEHEBOERE LTH
ZABETIEED. MgOha W dSrTiOs @iEkdrs, BLHShKMETHSD,
GEVE GBI RETHS. ULOLAKS, SrTi0, RBABKEETHD, &iEM
FNA RIEE— DD EEZ 5T B H LS (£ I O B B A & LT, 88
FEBEARL. THICH L, Mg OREFERINEC, BFEHOEAMIE SrTiO,
EHBT S EL D DHERETHS S .

HMERREICE > T, ERORBEIOZOMBEIEELKRFHRETHAH. T I TQE,
YBaCuOzUtESFI v VEKEOERERIEAINSIMg OKHITONT, £O
KHRESE, REICOWTORE, 3LUZho6RYBaCuOIEyF v v L#HICE
AHHE, XS ZTORERELTOT - VABIIFOTRET 5.

(1) HEEEREDHRH

Mg ORI, BREICLVHEL-HERE (100) WTYHHL, SBETEIC
LoTEHAMH LT ZEBLTHS. $TIORBEOMg ORBMET A EAMEFHMBE (S
EM) TBE L. £EET7+0V—%42K2-3.23(a) IZ739. MohrolErRon, »
HOEAPHETH S 00 5. BMEZHAT, 1020CTTHET=—LEEL
7zMg O S E MBIERE RAK2-3. 23(b) IT7d. HENHEL, REOTHE SN
HNBEINTVE. EREAOT = — VAL ZEFLRLOE(ERHEEDICE
> T, I L., T2 /VABOGEDORHEED Ny — U 2K2-3. 281279, 7=
—VHTOEED S DE/ 5 — vid (@ITFTLI, ERPTT, ARy MYTH Y,
EHIZRALOMMAHEIEEZRLTNS. JHhIHL, 7= — VRO ERD S OB
28y — v (b)iF, HEBEEET, () IKRULZBBTFEEE,SOAE 505 EH/ 5 —
v, THROEI VL - IRy MRENB S — VB STV S. TUbL, T

—~50—



S VB BEIRFLRNLVTRTHOEEALFBBARNTZEBEANIEONT VLA 2L
T3, To—)VABIZIDEREFOBHBEKNELEZZ o0 5.

#2-3.4 YBa CuOMBEEBMEORFEH & BRRAEHI1T-20]

o ab TR Y 2 S

(nm) (1/K)
YBaCuO J& Ik a:0.389 8-14x10"°
ROTAHA b b:0. 382 |
c:1.168
MgO =ig 0.42112 13.8x10°°®
SrTiO; RaoTJZAHA4 b 0.3904 9.4x10~¢®
LaGaO; Ro7TAHA b a:0.5496 10.55%10°¢
b:0.5524 (400°C)
c:0. 7787
NdGaOs Ro7T AHA4 b a:0.5426 ~0x]10"°
b:0.5502
c:0.7706
S 14 ¥E K 0.543 4. 2x10°°




(a)

B2-3.23 Mg OXRMBEREMOSEMER. (a) 7=—/ii,
(b) 7=—J)V#. (b)) ITRohAEXHIEY MES
HOEBLHOEABRNT, EFIEHBTHS.
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M2-3.24 Mg O¥WFERORHEED /Y —>. (a)
7 =—Jir, (b)) 7=—J)&, (c) 77
V= EDoZARy b MEHEFEZ 25KV, A
g (100



IOMg OBROERESUEDOEMADNZD LIKLKETSYBaCuOTEs o v Ll
WORHICEDIIICHBEEZEDERANIERNK2-3.25TH 5. BEENS nmDOM
WO — HEFEERA N, 72— VABEBEZCM g OER EICHEE L YB a
CuOMMEIZIFITHRBIRE (>20MQ) T, BRERBIMNERETS . ThiIH
U, 72— VA4 L7cMg OB EICKIE L7 Y B a CuOBEIBIREEDET & &
BICIEMED U, EBERERETL, TORBRERNS 0K TH 7. Ub, K
EXR5 0 nml FOLBHEBENEETEIMg ORKOT - VOFRIILZERIRON
i te. HROBEEREDVBE TH BN, WA EBEYB a Cu 0kKOH
HEETED, YBaCuOHRLIMARERELENS, RETEDOTHA ).
UEED, YBaCuOnMEKIZZDERORAMRMEICHIIKELTLEI E0D
Mode. RIS RS FRENLETHS. X510, TORHOKEEL LTT oI
RBIEHTH DI ENTIN.

(II) EPHERPOC L EERNKRKG ,
YBaCuOZESFv v VEBICEZZEROEEIIODVT, Ik EED K.
SEMERAMM LT, MgOBKDOAY— KAiier2 (CL) BhzEH~k. CL
BREREN, B REIMISBRCRONENSTHH021,22]. EUEMg OEFMLSDC
LREOHF%2EK2-3.26(a) 279, BEOCLEERAEEVERLEIC O > TEEL
TOLIEDS. Mg OERTIZCLEERAEEZTITMS MO RMEIEGZEEKIZHFE
LTwssEXONS. ZTOCLAFRKEXRMEAYBaCuOLEsy v v VEEICKIZ
THEBIZIODWT, T0BTHENSE. ZOCLEFEFEREIIR2-3.26(b) IZFRTLIK
T VABEHB LM g ORRM s RBBEINEN 7. T2 NVABITE-T, 0
e EL, REEMMEREINIDOTHA). TZ—VRABIZLS>TCLOREAEZARY
PLb, B2-3. 21 RN X HREM L. TZ—IVHTREEREL (~400nm) &
REFL (~700nm) ODZODT B— FREFEAENESNEN, T VARKIEER
FOLMENI LB EHIT, FHABIIE -7 VT PBRAELE. IS ITHRBIOLEE I
BoTs. ZH6, CLEAENRNADOERDZVEBRELRARI PLOEAIIOOT, 4%
BEZITORTNEE S0, 72— VAENIOCLEEREREOEBKICZREINH
5 ENbd T
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K2-3.25 YBaCuOBEEOKN - REHE. (a) 72—

WEBLULTOREOMg OEKRE, (b)) 77— )L
MgO%ﬁ#.YBaCuO@EE@Snm
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(b)

Mg OXMFBEHROCLIENAEE. (a) 7=—)Vil,
CLEFFLHEINEZ A0S (HMOAWEK) .
THOKNCABRBAEBEDEDO IO ANE. (b)
7 Z— )bk, MEEEETNH 28Kk V.



Luminescence Intensity

T LS 1 T 1 1
before anneal
o
c -------- after anneal
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© | o
2 3 4 5 6 7 8
Wave Length (X100nm)
K2-3.27 Mg OEMMERMSDCL ARYZ bV, MEEFEIZ2 8Kk V.




ST, COMgOERBAEDCLEFRERHIZYBaCuO#RIZEDL ) B
52200, ROMBETHS. #HiZ, COMgOERDRMOHENYB a Cu O
PN LYBaCuODEEE%LEES, Th-1k.

B42-3.28idYBa CuODHERLALEETHS. MgOXEREIZYBa CuO#EE
TREZIEHPOUIED A M) v TS RTINS —= 074 5(23]. BEHORTIRS
AVIBE100umTHS. CORXMN) v TS VOMEIT/IVIEREZHMYT 5. EIM
BAZREBIZHEMIE T E, BBER2~3kV,  ecmT, A by TFIT4VIFER
MRS S, MBI LI, YBaCuORbMY vy7S540DSEMEENK?2-3.28(a) T
H5. BRAMITICEED /12Ty I NELCTVS. 2075 v 7P HBILOBEEDR
HTH5. (@DEFHUBABOCLBAEET>KHEENEAR(D) THS. YBaCuOizs
Ty I NECKEBEEATCLORERLPBEIN. YBaCuODEWELINS
HEELUTOBRHEBMTHA I L6, Zhid, RiCMh/cMg ORI SO EERNKIE T
HHIENDNSE. THODKEREIS, B2-3. AR TRULALIIK, MgORD
EECLRULXW(a) OBENYBaCuOIE#ML, YBaCuO#MEHRIZEEDS -
reEEEERGD), 2, BERAVEMEINEEI Ty 7 2RELE), RbY vy TS5 4
VMRALT B, ToOCANELEI ENE SN 5 .

ETOFRREMg OERBERFTDOCLEERURMBICH >R THB. TOXKMIE, %
WKl R7e LI, T2V E 5RO FICLD, KEBTEIENTES. THbb,
TZ—=3ZDYBaCuOD#HRBLLBEREEEKTIEREZMOBIGRNS L &
PYHIHE L7z |

PEOMEFIZXD, 72— IVABIZIYBCOOILESYF L v+ VKEAITHYLET, Mg O

AR RORREEZWETIHRPHD, Zhid, YBaCuOBEORK&EEN EX ¢
SMBNRH B ENDI- T



(a)

(b)

K2-3.28 /592424 UC7-YBaCuORMN) v TS54 DS
(a) SEMA A=, (b)) CLAA—Y. (a) &
(b) FH—HEATEBZLTS. MEREE3 0k V.



(a) LY

(c) Y, £ /y’

YBaCuO%Hitr o 20K, (a) MgOEMFOCLEY
FAHEE (X)), (b)) MgORERDRMBOUENLKEYBaCuO
Bzl (=), (¢) BBROMMIZEY, YBaCuODgki

WK T v 7 BRAE.
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2-4 =NFANTFTOZESFV—

EEBEE RO RHEEIR-2.1 1R UcL T, REUBFHEZF-TVS. I0
NI F v VEBOREIZE > THED—D2&EREI 8, 2-1HTwWUEK. LM
LAAS, BICRLFHICK > TR UHTHREICE 2 HEMKR-SEHEOFRIE, 5%, &
REGEROYBNEEED S ETY, FhL 7 b RICAEEBEZCHELATY, F
BUEZEOHEIETHAD. AHTR, ZO0ZEHEOHELT, EFOYBaCuoO
DS H AN IcE@L72ZYBaCuO,/ Mg0/ YBaCuO¥F7)~TotlsF
S v )UK (DHS : Double Hetero-epitaxial Structure) OFBZ A7, ZDRR,
ez (001) YBaCuO,/(100)MgO,/ (100) YBaCuOD&kH7ik
FEFECHESHBERAINERF>DHSOERERIE L.

2-4-1 #HBHELOHE

DHSOERIZETL->T, YBaCuODKRAFMNAERET S FRERTTILEDNSH
. —IT, BEREAMEBKEHBOERNEEICHIKEFELTVLS. £Z2TYBaCuOlE
FHHLDEBEEKEEERA~N . EREBEEICEKST (001) MgOERfEH L. &R
AR 1S EL, EEMEORHEED /Sy — v 2K2-4. 2179 . ERIEKES
5 0°C& KRN T iYBCOi(llO)MﬁTé COEEEIEIRHE ED /XY
—y@)ﬁiﬁiék,ﬂ%%(1E«D7Xﬁ4h>%m%ﬁ%bt@ﬁﬂy—ymé
ZxrL, ERAM (3BT 244 ) #EExRT Ny —vE@BENTHEL. Zhid, Y
BaCuO® (110) WEIKHVTIRZO cHiFms, MgOREKD [100] HEe
(01 0] AAICEMRETH 2o, BEMTEZSDTVIHTHS. KIZ, 60 0°CHE
ETIE, YBaCuOiZ (100) A=y MeUNEKEETHEWICY 0° HhL%
SR TRAETS. LkhioTo0Bas, (110) RMOWEE R UM H THEHICEE
54, TR, K2-4 20)IRTRHEED /Sy — VIid @A YIS 2 KM Uchlfr 88
—VDBBELTVS. EREENGS5 0°CU I bE cMECMiIc/Es. RHEED#
BITEDH2-4. 20)ITRT LI BAEIG/ NS - B S, TOBEREDHEEEENRD,
G T A - 7o A R R B TRETH 5. EHEICIZ a BiE b MO F R E TH LR
WD (twin) ARAETEO THBERBHEEIEALLAN, YBaCuOTidalh
EhHMOEIMIIF—HT B, HERNIESF YV v VBEEF > TELILIANLLRE
AH. XL, BHASAY—-VRAMN)—7RKERD, RAOTFHEIHBNBONTLS
2L, BRAPHEERFT NI —2EIORA M) =038 —VIiZiR-THEL S, Wi
WWHNIZ .



Pbicky, BREEIIHTEYBaCuODmalLbM-7k. TORREDS &I,
DHSHiEDIER AT .

2 . 3
e
MgO (100)
(110) / (100)(010) / (001)
| | i
550 600 650

Substrate Temperature (°C)

K2-4.1 Y B a CuOfid & k& RIEED BB

(a) (b) (e)

M2-4.2 YBaCuOxzESFU ¢ )VEKORHEED Yy — V. REERREIRZZ
hzh (a) 550°C, (b) 600CHLLL (c) 670°C.



2—-4—-2 ¥TW~TFoIESYFV—

DHSH#HEDEHIIEOT, PHLBEHHORBIRIEETHS. THEREBIZEE O
ZHHEELT,

(1) TEALIEBTYBaCuO#EKELIZZESF Y v ILKET D,

(2) YBaCuO&RRFEASUNHBI L,

3 YBaCuO2oBMEDHEEZLIINLWLI L,

(4 YBaCuO&iikoMEHBHAWIE, RIEZLELULNHI L,

(5) TENIZMEZMEA T CORBATEES S &,
EhBEY 5N, DHSEWMEIEATAES, FHEELEYBa CuODORMICHFET S
Fr )T HE30RBILENFN, EEOFICHFEAETLIF vV TEURLTO LA -BEE
THA AIH. TOY, It -V AENMORERELEGTIE, RHOHEDOHKRTDIEN
N, BFEROLZAEZSNZRITTHADH. X610, BEOBREEZAE LSO ORIIHL
T, TEA2, BREMB LAV SKETE R sEF T LI L@,
IHASOBMITHLT, MgORBYLMBO—~D>THS. MgOiRYBaCuOEHK
DOEBEMEELTELBOONTEY, FORBHEIRICAUCHEEZMEL TV S.
oI, MgORBAZHAT TCORETETHS. £2C, DHSOPHEELLTMg
O, Mg ODBIEIEERZ-4.1 IRT LIRSy F ) VI HRZEIT->72. Mg O
B -4y bOSHEWIIZA NNy FEh, ERLICHRE - KETS. 4, YBaCuO
DFEEEERBENS 00 -700CTHEI LA, £2-3.1 IIRLKCBITHS.

#£2-4.1 Mg OODKIEEH

B IRE  1k ri</Rxbo v Ay s ) U Tk
HEH 2 Ar (+05,)

2%y 5% A 1 Pa

28y 5 BIE 0.8 kV

AR TR B 300-600 °C

7=y b M g O BE#5 1k




(110) YBaCuO/MgO,/(110) YBaCuOHi&

B RUEBED S ET, K2-4.3 KERXMICRUDHSZFRYTSE. (110) Y
BaCuOl, REEWREAELTAEIET, (001) MgOLTHERAETH S
2, YBaCuOD c#igzThbhizsikw, ZITIE (110) SrTiO, Z2FAL,
BRI+ p VREET - 1.

127y TFELT, (110) SrTiO, FIXE1IEYBaCuOZEEMEESE O
0CT150nmkELk. (001) MgO#REERLD, YBaCuORZIDRE
TH (110) SrTiO, Litid (110) M35, H1IEERELILEEORHE
ED/S% — L AR2-4.4@)ICERT. (001) MgOLETIZci#idg 0° RIS AMWE
AR s, ERMME R/ Sy — Vb E s Ao f, (110) STTio0,
AR ETRICS %2 v VRETNE, ¢ BOHEEN>ETTH 5. H2-4 42 OE
Y — R EEANT, EEANREEETRTROZE Y PEICERANMEE AT 2HMOB LR
v PR ING. COBE1EEEMNT (110) BEmLT, (110) SrTiOs il
IESF VR VEELTOE I ENDN5.

GNT, MgODHREAEREES 00 CTIT-7. BEERX25nmTH5. K2-4.4
() BZoHMMg OMEBEBEL/LZRIEED/ S~ TH5. Mg0id (100)
ALy E Y v VEICH >TSS, RHEEDBE CREMBDSESBEDEZM T
TEHBORN, MgODBEKERE AN (100) THEEEWA, B (110) YBa
CuOkiz, MgOMN (100) TESFY v VRETEZONAHUTHS. 25< (1
00) MgOMLSBAERLTVWSEbDEELEZONS. JOMBBIRE D S HED X HTE
NS, 20O (100)MgOLEiZid (110) YBaCuOWZESFL v )VINTKREY
LUREHENH 5.

BBICEIBOYBaCuO3ZOMgODLIKKES®EI. ZOYBaCuOEDK
ERFEFEII6CTOCEFELIEBERN—%BTHS. EREIPEV1I50nmTHS. IO
BORHEED/ S — v %5K2-4.4(0)iZRY. ERMP#EEZRIZARy FbRoN, 2
DEBEEBBFEOGMINL (110) RELTWAIELWHETES. UL, BEHF Y-
VEEEIIZY Y SIR ok IRY — U THEIEDNS, BRBIESF U ¥ IVKE
ICEE BRSNS L L IICEDbOS. |

EZATHHROMg O RBTHEBLILERREEITHSID. 55 0 CTHRIEL 72
BMg OB, BLUZD LIZEE L7 YBaCuOBORHEED /(¥ — v %K2-4.5 i
T, MgORFELT (110) BEEARLTWAA, (111) BELRtfro

—64—



FELRON, ZHAMETH-. COLKKBEINKEIBEOYBaCuONhsdR
HEED XY~V RBERAPHENSOETRARy bOAERLTHED, KANEENSOD
2Ry MIRONE., HE3IMYBaCuORFHMg OBOZRERAKERBL T,
EHEEKFOIEbDOWEEDNS.

YBCO(110)

MgO

YBCO(110)

///// i STO(110)
v

B2-4.3 (110) YBaCuO /MgO,/(110) YBaCuOs%7i~7T0o
IESF v LEEGEDOEAK.



(b)

(e

M2-4.4 (110) YBaCuO,/ MgO/(110)YBaCuO
FITNANTOIESYF v+ VIESEBORHEED/ Yy — .
(a) PYBaCuOJE, (b) $EMgOE (300°C
BlE) BEL (c¢) FHYBaCuOkg.



(a)

(b)

Bg2-4.5 (110) YBaCuO/MgO,/ (110) YBaCuO
FINANToOIESYF Y v VHEEXEORHEED/ Y4 — .
(a) PBIMgOE (55 0°CHIE) L (b) EFYB

aCuOljm.



(001) YBaCuO/MgO,/ (100) YBaCuO#Hi&

WICH2-4.6 ISR LOBE TOBTHSAMEEZIEMNHDH SOERERL .
SITE2-4- 1HOMREEM Ui, T2bbEBBEICK D RTEZHE Lk
ZBORHEED/N —2K2-4. 117, £/M2-4.8ICXRD NNy~ %59, BLIED
TFTEYBCORB600CTHEELL. EEEZ120nmTHs. COERBETIEYBa
CuOid (100) 30 (01 0) EMULTZESF Y v VKETERITTHS. T
MR- T@OMNFT LI, TEIF v VEETIES S0, BERODT A1 M
HOE/ Y — v OARN, BERANBEIROALL. BESHBTIOI E2DY 5.
X512, -4 805, EF (00 1) BALAKAA Y EELL EibE.

BONTIZIOYBaCuOxnbESsF v v VEBEEIIMg O%XkEI 7. EWEEII35
0°C, MEIRZ20nmTH5. XRD/¥Fy—2 (K2-4.8(b)) 5, Mg OEFERE K
LicE—2 LRSS, RHEED/SS — > (R2-4.7(b)) &P0REHE T H 50,
(100) My FL»VETHEZ ELNDOS. 2517, YBaCuODXRDE
—JREALTOHRNIENS, 350°COMBMT, YBaCuODKMFIIZEILE
NI ERb - T

BR%IZ, YBaCuO% (001) RMAETHKEX Y. EIKEEEZ670°C, EE
3120nmTH5. RHEED/®¥—> (R2-4.7(c)) HLTFXRD/$y — 2 (2-4.8
(ENH5, (001) RATESF 2 v LEEIBSNLI b5, &5i12, XRD
T, (100) RENSOE—/ bHoN, H1BYBaCuObBlLTHANIE
NER T 2.



;;;;;;;;§§ YBCO(001)

S P MgO(100)

—|/  vecowoo

MgO0(100)

NN

M2-4.6 (001) YBaCuO/MgO/(100) YBaCuO¥7i~7n
TESF U v )VEEEDOEAN.



(a)

(b)

(c)

K2-4.7 (001) YBaCuO/MgO/ (100) YBaCuO
FITNWANToIESF L v VEEEEDORHEED/ Y — .
(a) FE{YBaCuOJg, (b) #1@MgOE (30 0°C
BlE) &L (c) EEYBaCuOJF.



(a)

YBCO(100)
YBCO(200)

— Mg0(200)
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(b)

e
2
——.
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79
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1 AI) I A
20 30 40 50
20

X2-4.8 (001) YBaCuO/MgO,/(100) YBaCuO
FITNANToLESF Y v )VEEEREEOXRD /Y — .
(a) F#YBaCuO@, (b) THYBaCuOE+H¥
MMgOBH L (¢) TEHYBaCuOE+HMMg O+
FEYBaCuOJE.



(001) YBaCuO/Mg0O,/ (001) YBaCuO#fs

FEHRBITERUHEEIN-49 KART LI, LTOYBaCuO@EZEEDBIT (0
01) BES¥~DHSTHS. L, MgOMEOEX %2 nmE@HEE L. b
FOYBaCuOJgid670CTHEL, £/, MgOiX350CTHRIELK. EBOR
HEED/$4~ 2 %K2-4. 101C79. LFOYBaCuOBARHEED /¥y — g ¥
WA M) —=27RTHY, MBEHFHLERERF-T (001) ZESF Vv /VKELT
WBIENRDNDE. —HAMg OBEEOREI/ VY — VZEERENE I THE S NG
AP TH B, YBaCuOsoEHF Sy —rbRSNT, (100) RELTY
BaCuOXH32ME->TIESZF Vv VKELTVBE I ENDNS. Mg OBHEEN
FRICHELCYBaCuODBRBEHTHRELTOENE I NEHANSID, Mg OKIE
BOY U TNATFOIEYF L v VHEEERYBa Cu ORBEEIKMEYMT 56 70°CTM
AN AT - 70, MBAEE, Oy IWATFOIESF L v VERZEZERHEED TH
B UIERI, F2-4.10b) O/ — v EEDb DT, MBREICH L TIRIMg O##
BEEEEEL TSI &b 7.

COMEEM g OFMEAELDHSIKDVT, #CESIETELABEFHMEITL DM
MEEEBE L. 20ERICE3E, ETYBaCuOED (001) =ESF v )b
REBLIUMgOD (100) A7ty F vy v VREMEAINTHS. LHrLAR
SHEEMEMg OFEIL, EBMYBaCuODKEIRNI->TERELTWEIENHSNT
ote., FHEMIZOVTIRESETHENRS.

PUEDE5i1Z, YBaCuOREHMOERKBERFEARAL, MAHMLEMEED
¥ ODHSHERHERSL, ThZEHALK.



:::x{ig | YBCO(001)

/p:xx;?i// //7
7 MgO(100)

:x::i?? YBCO(001)

e 1 Mg0(100)
v

rd
d

B2-4.9 (001) YBaCuO. / MgO,/(001) YBaCulO¥%¥7i~7T0o
IS F Ty )VEEDH K .



(a)

(b)

(c)

B2-4.10 (001) YBaCuO/ MgO,/ (001) YBaCuO
FTNANToOIESYFV v )VHEEEORHEED/ NS — .
(a) F#YBaCuO/@, (b) #HMMgORBEIT ()
FHYBaCuOlfg,



2-5 BRAFDIESFV v LRE

SR EEOMEEED S LT, Ny—= U TEHEBYEARELS, FTNARIEHAE
ZEALLETHROVERVERTHS. RKE - RFHOWRICIRBAEOEAIAL OGN S.
Zo%E, BEFLBAEZRLCHICE, BRI in situ ITX 2@ ERIEEH S LE
NHbH. Z0EE, BLEKONY -V JIIREICE . WEERKREDO Y —=2 7
BREFICEREE /Ny —= 7, BLEKOBRHTE2E D5 &ITE5. Thzh
RIcHDNRy —= U FHHZHRat Lz, YBa CuOREBICRKI/ (Y —=7ahT
WHIFRV. BRRIESF U —THB. TOH®, HBEhE~NTOZESIF Y v VREXE
5. Z0EE, YBaCuOxzESF Y v )VHBIZOA, ~TOIESF L v VKET 5.
BRANTOZESF UV IVRETH 5.

BB EICH 5 UHYB aCuO L RISHOBROMEERNT, <5—=y 7 LTHE,
ZDOLICYBaCuOzH#EaEs &, RISHMBELIZEYBaCulOldkELAZWL,
EBEEAPBE L 2BOMAICRBYBaCuOdnKETEKEAS. Zhd, YBaCuO
DRFIREDEZ FHTHD. TOFEZHICETSE, Si1HB IS 10, 2#HLTER
BEMMEESNTA(24,25). ZOHKEBREAY a7V VEFRBHALTOS. L
NUBENG, Hoid, TOREBROBE I >OTEZICSERLTOLAL., L, T0#
REENZESYF L v )VKEH S VEBISICRRAT O ESF Vv VEEZE THEDH SN
T, TOEWMOBRMIBBICEZEERFICELEESRNTHAD.

AEHTRIDBRIES F LV vy VERE - BIRAT0ZES F ¥ v VKRIZDWT D[ EE
HEH~NS.

2-5-1 BRIEF* v LKE
YBaCuOK#d3S i DEMERERAES I ENbI-> T, 20k, Hx
S i EHEICYBaCuORMEREBITE BIC Ny 7 > BEMMAT 520, 22
T, YBaCuO&LDREIEHBELT, SioBt, BERMIZIISIi OFFERLL. &
RIESYF P IVEREBLIVT2 -5 -2 HTHRNEZEBIRNF oIS F vy VEEDOTE
#B2-5.1 1279 . £9, Si0ZMg O EICEiMBEAEZICLVHRETS (BEX5
0-60nm). —RIBYT FATHE (LIRMEAZ-185010) Inkb, 25—
s 5@). MgORMMENEH LLBE b5, BONS | O CHbNLERNT
5. WICYBaCuOAKMTA®M). REIHEE (MgO, SrTiO,) OHKE
75(0). MgODMMIEL — AdBTRELIEr f2/A2 bOYRSy &) vV ETHRL
fo. —H, SrTiO; (STO)RzF e VL—FHBEIIL-. ZDOHEAEITIYBa



l [ /

(100) MgO
(a)
YBaCuO |
YBa+CuO
—— = sio
(100)Mg0
(b)
YBaCuO+SiO
YBaC
............ Lo [ MgO
- - - - (STO)
(100)Mg0

(c)

K2-5.1 BRAFpoDIESYFL v VREDO L. (a) Si0cksb/N%

—=vZ, (b)) BIRZESYFV v+ /VEKE, (c) ER~AToxl
7F v IVKE.
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CuODHBEdTF < L—WHBETHTL, insitu EREEEZE I ->THS.

P XRD, RHEEDBURICK DR&ME, Tt — Yz BFMhE (AES)
L Xelectron probe microanalysis (EPMA) i2& 0, %HRT0T7 v A IVOBERIT -
7. ¥z, SEMBIZELHEHERIT- .

(I) REEZ7 xRV —

Ny —= xS i0DEI, YBaCuOx#i LAEROERET x 0V —%
RK2-5.2 1279, (a) IKBVT, FoD (A) OEARYBaCuO%Mg O bicpi
BUEs, BAD (B) OWANS i 0/ MgOEICYBaCuOZHRLLERTH
5. (A) EHOBRELEBNTHIOICHL, (B) OWMARBHBEIFEEYTH -,
MBI EFENLEN, (A) LU (B) HEOWKEETHS. (A) HEOHEER
DEBIESH, HHADBRSNWIVPERINICIERTHS. ZOWNEHDTBFEOMg O
HEEERLICYBaCuOZRELLEEZLRONIBETHS. LRABFOCUTSD
D, BEOZ P FAA M) —ZHbENERLABZTHAH. Zhicl, (B) #HK
BEFRERIENTVS. ZOBNVZS i ODFETHY, SIiOEEYBaCuOD
RISIZEBHDTHA .

(I) YBaCuO#&t

XRDERHEED®EILLY, YBaCuODk&aiiss. K2-53ESi0k
YBaCuO%#BULALERDXRD Y~ THB. () BNy —=vranksSi
Otiz, 7 FamESiOLkitEnhEnhYBaCuOAZHEL TS, (b) D/NF —
VICIEBD (001) MgO»oDE—2%2KB0T, YBaCuOREELHLENSD
P—7@EBRonily. Zhid, Si0RYBaCuOD®RtEHY, 7TELT » ZED
IO BIRE F b THB. (a) OEMES [ OFITM g ODE M LA BHHOTL 5.
TORBEHSLDOXRD /Y —(a) BYBaCuOEfahoDE—IBRONE. EDK
EFMERICET LS (00 0) BRLTWS. (@&MELETSE, Si0DFEE
BLTYBaCuOiEMg O ETHESE - KEL, SiO0OLICBTENT 7 X THHK
LTWBIENbh3d. $74bE, YBaCuORBRKELTWS.
WICRHEED#EIZLD, TS F Vv VlEZEH~NK. Z0BE S XRDEE LK
IS i0/y—= v VR ELTS | OMMERERK L. ThENLORHEED /XY
— VA5 4B LM 1ZRT. (b) O/ —VIZRBEEDSONEYTNY — i3 <,
NO—S = U REIREAS. SR, YBaCuORT ELT » B CTEMR LICHR L
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(e)

K2-5.2 BIRTESFL v VKEOXmE7 + 0V —. (A) B
MgOXEICYBaCuOdTtEsF v+ VRELTWL3,
(B) fiZSi0O&YBaCuODMAWKBERTH S
(b) BLY (¢) BENThOHEBOIAKEFERETH 5.
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(b) 2m S i OZAR.

(a) 3 —=27SiO0XiK,



(a)

(b)

K2-5.4 BIRTZESYFL v )ILKEORHEED /S — .
(a) Wy —=—27Si0##M,, (b)) 2mSiOXFix.



TWBIEERLTVA. EOXRDOME (K2-5.3(b)) &—HT 5. —7F, HIFME
BHORENS, () TRAM) =7 —UBRERINE. ZOX MY —7XF—=EFN
D=y —V%Ny 775 FIZEb-Twsh. MgO2HEIIYBaCuOnRELR
HEORHEED Ny —> (K2-3.5) BLUK2-5.4(cODEHF/NNy — LT 5 &
T, ZOEREITRBRZESF v VEKELZZYBaCuO&ETENLT » AFHRLEL T
BZIENDDE. THbE, BOWADOYBaCulOid (001) TzEsF v v VkE
LTWw5. - UkSiOEREFMMATLIIET, BRRIESF U vy VEZRX
HIaIl &0 TE .

B AIZ, R2-5. 4D OEHEERS i ODBOHEBEEZER T S RPN D. I
STHERULENNY -V RBBOEENLED ] 0% BRETHS. XHIT—20FFK2-5.2
(@) IR LEKREXTHS. 94 HEYBaCulOrEmikEdT2mHEE, RHEED#
BILBWT, BFE-LA0EREMZOBr§ 5B ELEXT/HEL. £D®, YBacC
uONSDEHF /Ny — L DBENHL L >7TCDTHS.

(M) #LEK 3

IhETOXRDBLIVURHEED#HEIZLY, SiOLDY-Ba-Cu-0lRTE
W7 7 ABERDZIERNbMh-Tc. Zhid, BASHOMFHNLBEREVEL TS ERED
N5, 22T, BEGRODEI MO T 07 v AV EEEFHE L.

K2-5.5 S i 0D EIZY-Ba-Cu—-OnHRULLEBDOAES o7 » AV TH
5. SiEFNERMICETEELTVS. SiFFRYBaCuODKERETESICY
BaCuOfd~A#H LTI IEERLTWS. —F, Y-Ba-Cu—-ODED»SS
i DBITbk->T, BaFRFOuEMNRONE. oDl ENS, SiLtBadEZED
MEWBENY -Ba-Cu- OHBOMBMLEHTTHEI b5, TOMR, HH
Uit B A S RAEDY -Ba - Cu—-Si—-0&RBZENDDOSTK.

BXAMERRIZ, BAATHOAHMOE%RPLEIATHS. ZOMIEZEPMAITK
> THENK. BEY Y FTLVORRERL-S 6()IC, MELLT o7 74 0%0) IKRT.
LEOBEHS | OBDOYB a CuOMERAMITEHAFNT S, 2 TIEET 5 M
iz, A1 EEM2OERTHS. BadT o7 » A NVEHETEROL, S22
TRBBLELIRSNE. EPMAOARESZERIZONT, SiOfEEI]1 umdbb
WRBENUTTHEELEABOONE. Z0EE, BROSEBGEKRIIRBRIESF T ¥
WEIGHT 5 ETHHITNIETHAS .
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(V) M |
BIRIPSF 2 v /VYBaCuOMBOBRANGSH 24N TEZALTRRE L. BT
O REHEHEAR2-5.T KR, FrRAOFA XEES200um, ELO00um, BE
F100nmTHA. FREBYHENERZ 1.5mQem&EAD, RENLZYBalu
Ot (0. 1mQcm) EH~BERENN, RREEORSBMETREL. EBRE
d 84.5KEBBEMELIEDSN L. —HT7ELT » AEBOY-Ba-Cu-Si-
OBIREBENAMEZO LR THE20MQU ETH -7, Jhid, ZORADVERE
ThHh, ERLOBOTA YV V—Ya VEBRELTHEATESIEZEZRLTVS.
IZTOYMATELE, JORRIES F 2 v)LRERYB a CuODRB#Ee L
T, Bt r t <2/ R bovRSyy Y U7k, ¥V L-FHBEIONDSLT,
AREOERER TS, -
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2-5-2 BRANTFoEFFY vIIVEE

BIRITESIF VP VEENERTEX L. ROBERIBERANToOZESF VY VKETH
%. YBaCuODBRIES F v VMM A(ERE, insitu THEELT, Mg0hs
ST TiO, #HHTS. MgO (SrTiO) 2 ODR - 7cHBICHMT 2
ZEIHBE. 1DERIESF VAN (001) YBaCuOLkTHY, I 127 EN
77ZY-Ba - Cu-Si-OfRTH%.

MgOZ CHRBULY Y PLEXRDICL > THNLWY, BREN-5.3(QERALTH
oli. ZORD, BREIFLTORL. Ry FEELAMgO0E (100) BT 5
EEEZNE, EROE—s EELD, #HLAMgODE-7 RIS TLES.
2%, ZOLEMg OBORITICIEXRDIAHELTHSE. Lrl, YBaCuOFK
SOTIE LM g 0D HREFT » T bZANEN T & BHRS NI,

RHEEDBERIOHBATLEHNTHS. RHELHSOMFrER~BI), EROE
BETRONSTHS. HEENLE8IILHT. 220/ -V PFHELTRS. 12
BAA Y MBS — VT, 3 1DBY Y FRO S~V THB. ThEh, TE&*F
Yl (100) MgOMBBXUSHRIHBELTS. TESFF V4L (100) M
gOFMIFILESF 4L (001) YBaCuOBHBO LITKELLSDTHD, H
BEREBEIOY -Ba-Cu—-Si - OFEBEICHBMULLETSS. 2 - 5fHio~TDo
BEDBEEREFIUVHEIETENLZTEMBEOERLD, =EsF v)YBaCu
OL@MgOMIE&#VVNKETéi&ﬁ%éﬂTﬁD,:@%ﬁ%ﬁMgOQIE
SRy MEENE LT B EBEASRE. $4b5, (001) YBaCu0/ (10
0) Mg ODBIR~NTFToES F ¥ vy VKENEHR SN,

IDEXDBEBLANBHEIIHOTHE, EARBRERSIBVODRBREZHMT LI LITL
LEAI A SN - .

Fi, TRV L—HFHBKIZTEIBZSrTiO; iZ20Td, BRANTODIESF I ¥
WEEDSM g ODH A& ERARICER L.

CORRAFOIESF L v VRERELONEBE TR H 22, 4ROBEHERERD
FFEKRZEITO LT

() YBaCuOEXHEI MBETHRESILTLS,

(2) YBaCuOMBRERKINIKTAVL—PLTHD,

(8) insitu MEREINEZETHREBE-YBa CuORHEMDETIHFEINS,
Eos T, BOGAEREREEDNS.
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2-6 F&H
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BIGHEZ %y ZEEICEB3YBaCulOnttsF v v VEREIKE LT, UTO®HR%Z
"/

(1) TESF 2 v VEREOREAWEICL, RSy FBRETRIORENE R F—
BTOER - REHEE~NOHETHEEEZ . 22T, ANy F T RAEDOHIBEZTH
ET, BIXUF-HLOFHERTRAGH L, EH - REMEAOHRO &M Z RS
. TOXTHNORE, BARETTRE, FICAr OpE R )VF —OEKICHEZF LR
LY SR Nl OF oD AR

(2) WERGH T f v/ % boy 28y 8 U v /ikick-T, YBaCuOTES+o
y)VEBOREZ R LI, 2518, ANy S A 2FEEZELTAHIET, YBaCuOx¥t
Sy VIO RY, GRS, FRIES L CRERNH L UL, SO EDS,
RISHEA Sy 5 ) v P B IES 2 v VRER, REMO®I AL F—HTFOER
TR ) PN ey

(3) YBaCuOZP4s s v/ Lo @iz iIEkoMEMNEKEES X 0%
RS I DT~ Te. BEMEE— N LAETHE - Edbinote. %,
SEARIELEE O b 54T > T B EE DY U7

(4) YBaCuOxbts+o v VEBEEROIERHERSI. -7 v b - HIRHEREEE
ABIET, REEEZHE, 250, HROBBEZEI L. TOKRS5nm (W42
Zy b)) OBICENT, FETEES 0 KER/k.

(5) BEANRN Y v VOHEBEETTINERELL. EOKERESLTSY T v b -
EWEESEGEHICE L TRBLOBWERA B/, X567, EHMEELEL, KTV
DEYUYMARL., X512, AEF )V Eoff-axisgkIic@MA L, off-axisiklz & 2 RED 4
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Fl, SNFAToDIESF - ICHALTROBRE/ .

(7) (001) Mg OX#BHGE EDY B a Cu OdRE MBI R EE 125 <
HBELTHD, &E (<550°C) TR (110) iH, 60 0CH#%TIE (100) K
M, & (650°C) BLETIE (001) M LAZESFY v I)VKET S I ENDI-
Tz

(8) YBaCuODWEHMEDERFEEZENILILYBaCuO " Mg0 ./ YBaC
UOFTIANTHIESF L v )UHEEEEH L. ZERBEEZEZAZTYBaCuODKE
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O/ (100) YBaCuO,/ (001) Mg OXiRHHE, FHOMgOEA2nmé& L
72(001) YBaCuO,/(001)MgO,/(001) YBaCuO#H&EDSHEET
H5. WThOBELEBOKEEZORHEEDEEICLD, TV F L v VKELT
WhHI Ewmli. '

T5IZ, YBaCuOx s :y v VlllEZERERIZ NS —= 7, insitu THREE
EHRTHEBIRANT O ES F U v VREZHAK. TOHR, UTORREZR .
(9) YBaCuO®S i Zxd2EMEBMEOREIZMML, SiOFREII/ Y —=
VI UREREFROCAIET, YBaCuORRRMIZS i OTEDLATHELMg 0%
WM ZESF vy VEKETS. —F, S10LETIE, SisBadMHAERKIILDT
BT s AMEPEERIH, COBRBREEERTHLI EBbh-7c. ZHIZED, YBa
CuODBRIES * ¥ v VIREVER L. CHEETLICENT, T4V Lb—vay
EUTHMHETHS.

(10) YBaCuODRBRIES F¥ v /VIREMIK EITHEEK (MgO, SrTiO;s)

AU T AL, TEYF N YBaCuOEEBitE~rozElEsyF o v VRET A &
Nbohote, Th, TEAL7 » AFBRICBEEEAVKETE I ENDM 7. ZHhickD
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£3% YBaCuOxb4Fy+v V@R - EOBE

3—-1 FANX
W2HEOMFMICEDYBaCuODERBEILESF L v VERNEONB L IITHE -T2,
AETRIOWEORESLVCEROBEZITL, YBaCuODKREER#BELLUS
BEEFRAMg OBORTFIZONT, X512, YBaCuOXESF Vv VEROKRED
REEICONT, BiE1TS.

3-2 BBEAEMBEITELE~T 0 RiIOBE

EBEFEMEE (TEM) R TRAIEBEBRRILIENTES. NIBEZILKRT S
DT, 2HRBEBRTAIEQRZEENLELZY, BaMMBErzSODTHEIIRL,
COMRANESNE., JITIRED2 —4 - 2B THEELLS T ~NT o ESF ¥ v )b
WEZTEMBIZL, YBaCuOMMBKERARKBLUYBaCulO LOoBEEMg O
DEEIZDOTHRFTEZITS .

3-2-1 YBaCuOXIE¥F+ v VMO KEZBRE

TEMBIRZT -7z 2 -4 - 2HTAHERLZ (001) YBaCuO/ (001)
MgO,/ (001) YBaCuO DHST®%. MgODEXRZ2nm&ABLIIT, X
Ny HEREFFRI AR Ui, K8 in situ EHRKEEZT > T3

B3-2.1 BAHEICETR LD THONMATEMB FETH L. RREEOYBa
CuOWRTEMBERY VITIWERDIHDAF VI U TILKODBD T A—T%%Y
TO5ED, BDEFMIEK->BEBICEIDZENEHWHTES.

IOTEMAA =V ORETRHEIIYBaCulOBRIIODOTHREEITH. Mg Ok
BESBRIZBRENTOHALDOT, ZOMSE, TESFV v VEITODOTRERAWUT
HBH, YBaCuODBEBALKEL TS Edbns. FHYBaCu0 /i
Mg ORMIZ, FEHYBaCuOZKBUABETRIZTDORMNICK ST S. insitu £
EEELIESF Uy VEETHEDS, THYBaCuODEHIEZO LITMg 0N
HBUTHRBEEZLZZLR@ABVESLS. 0P ER5E, YBaCuORKREI
y o RERTE T4 — 5 — TOFRMERH > TS, 510, YBa CuOokmicids
RMBFOBMEDZRT v PRRONE. ARTRAMDOY B aCuOkm (Rim) &AM
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OXH (RE) Ab&HIEYBaCuODlazy bABFTFhTHEI EDbME. X
SICILVEEH TOBEZT > cER, WIFhdYBaCuOXmIFZAI= v ML OEHE
DRAT vy 7 THRIL TV, FRREAHRAIOTNORT v 7RO THR—DFEFMH
THHI Db,

K3-221 (001) YBaCuO,/(001)MgO/~(001) YBaCuO
T ITNATFoIEYF Vv )VHEEOHE TEMETFE. Mg OBOHEF
FEEXFI2nm. MEBEEIFI3 00K V.



CHhoDIEMS, YBaCuORRERARBICHIAHRELTUTOI Ebh 7.
9, EEICB S22y bEVFDATyFiE, YBaCuODHEKENS i PGa
Astlo kY BREEORETICA SN, kinkikETH Y, £/clayer—by-layerfy
BETHZIEEZRLTS. H3-2.2 XRTLIIT, FHBETRVERER@DICHET 5.
THhODAENEE T/ TRI~ELTOAZy PENVEEKTS. 27 T3R5 =0
EHEREA L — LT, kink#IZHRELTEMYRAENS. DT ot A ERFE
LT, HRZERICEETS. 20, YBaCuOnEXEIZREEZ LD v b
CIBHEDRATF v FHRELEIEIAS. £, ZOREMBITNTH—OEH THRE L T
5. COREBBIZOVTIE, L-PHRBO insitu RHEEDBZIZBWLT, KEIZ
ELHE AN BROBERNR SN, layer-by-layerfIRE L T 5 2 &V BERNITHER
Ihrzl1].

Substrate @ YBaCuO

B3-2.2 YBaCuOODKEZBR



a5, TEMBOa Y FSAMDSLIDHIECU-—OLIRTFx—THHENHIH
BRIBOVEENHBE L. ZOKREHEHIC OO TIEEREE, 0ak Ridge National Lab. (k) b,
BOBPMENSRFEDOEREZRELTNB[2].

83—-2-2 HEEEMgOPE&EODIERK

XTHRIZ, Mg OBMIIZ OV TH#HTS. MgOEYBaCuOLimoEsdy vl
BELTWEIENRDbMS. LHhLANS, ZOBRIZE—HETIZA L T, islandkic
WoT3d., CTHIZBHUTRERTISICE RZIT). YBaCuO&EMg ODREICE R
M 5E, TORMIAMTH Y, BTFOHNIEMMUATH B Edtbh s, KL,
THROMHEWENEDERESANEIIDOEEISIZHEI TSR0,

ZNTlislandkOM g OIX DL THH%FH. Mg ODislandDBEXZH4 nmTH
5. CNRBHEBTERE2 nmO2HETHSE. MgODRHEHRANLHFETEME
Baiiotc. H3-2.3 D DOBERERTHS. TETUVHROMBIEIYBaCuODKFEH
EMg ODHRFEHR P OHBEINZE EIZIT—H LTS, 48bL, ETLVHOELT
WARHAIMg ONEALTVRHEMTHS. CORBRIBLNLBERDONS 0% TH
5. Zhdt, MgOOBERTFED 2518 - BHTH 3. |

EZATMgOEYBaCuORMERET VRO AME BT RFE—AHZERNTHS
N, BEICHi - TEHOLEL., Zhid, OCINDLHE2EH ORI ERICL>TT
NTWBIEARLTVS. OFHOEKELTRES, YBaCuODsub—gr
ainPEIZSNS. YBaCuORZOKKEETRESFRZRTHY, REDKTIIO>H
T, BERZRRL, BIARNEATE. ZOBEBEDEMMICE STV RBOFKARZ RN
B, TESEY P VEBIEBOTORREEDST, TOIES ¥ v VBAICES <
Dsub-graindfFETS MgOWRIDsub—-—graindFiuiKit-T, B

YD ETVROEBRERRATEZSNS.
d,- d.
| di— da |
dn: ®T7 VROBK, d,:#&&1OEMERK, d.:¥&20HMEME

dn=

diZM g O (200) D E0. 210Tom, d.12Y B a Cu O(200) D mEAME0. 1943nm%- 48
AT BE dnld2.4963mmE LY, M oA E - T fE~2.5mE—XKT 5.



K3-2.3 H3-2. 1LRAMBEDOFETEMEK

4 nm

3-2.4 (001)MgO,/(001) YBaCuO
SUINMATRIES F Y v VHEEOKE T
EM#. Mg O@IRDOHER T EKREIE 2 nm.
MEBEEE3 00k V.



EThid, Mg ODislandic LS ET VMO AR INTLE Y. 561, Y Uik
DINPECBFEREIE, Mg O BROREHFMOINTSHS. YBaCuOLMgORH
FEEDN~10%BRNLBID, TEIFFV L I)VRETEIDIIBEIDNITZEDOLRESZR
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YBaCuOMBIcak UrERFER - BREEORANIHNELED SHIC, BIEE
IOV TERAT - 7o
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(I) 8 A _

FEAEMHDOYBa CuO#ELAWIEIZOVT, B -ERAFHZH~L. J0E
BRICE->T, Da—)VBAADOEENEOI EVERINS. MEABOEI - BEFHE,
B4-3.3 DHARITFT LT, BRED LA >N TEIEIBATE. 2L I0H
BHIHBOTIE, Pa— VBRI Z3RBEED EENE LN, ThiICE b7 - TETIEZK
V95, 2ORKR, BREIBROEMICH LT, A—L20EA& D BEICHENZIEREH
AFRTTHSS. IOIEARET BB, FTEREERERE DM L TRHEZT -
2. TOMRMRIIHE-3.3 DATRTEIIICEROBEMICH LT, BERGBFEREHELEE
ARUT. DI 2~ VROHENRELTOEIEDRDMNSE. —F, Va—LBORES
BAMABE520n sO/VRBETHE LLBEE, RPOOTHRT L, @izl
MERBRIC, MAERERENECTHS. JOERERIE, 20 n sETO/IVRHAIE
KTV a—)VBATRZOBR - BRAREOHEREREERPIT LI LB TERLILE,
AUTWAS. §74b5, YBaCuOXtEs &y v/VEBITA UBMERBEEE, Y
BaCuODBTHUDFHEILL->THLBZRRETHS .

Wk, SITERBEICHEHALULHEESHF - 1 0%HEOAFI>0TH LN THL .
COWBIBERO BT TBEREEEFOLOL LTHONUDIE S+ v VKEED
I RIEZOEEABEEEF + NI RBLT40 0 CREQDEXT Z— LA iid.
COBBIIEOTHEEZEZHAOCU -0 1RITTF 2 —VH>OBENKIH LT, k-
DF—TE80NRYTE. TOKE, BEEROBIERIHERT S EITHEST - BERSENE
HHRPUBODICBIRTHS. JITHHATNZ LR, AvtEEoKRBEERET
bDTH->T, KB F—TRBOIVEBINIKETITHS. UEDI L0 5B4-3.3
DF—FRBHFCEREHE OO THBEEFTALLT. |
(m) HEEERFH® .

Y B a Cu O OFMIBRAED KR KFEZ T~/ Ki-3.4 1220 1HlERT.
BRECETIZESHVE WAL, EREADPEBCRANTHEI b0 B, ZhiF,
Fr ) THEEOBTLEBHEOHMOLIO->T W24 EEXE. EL..OBBEIZHT S
KBRS EEEDO Ry b F» VTHRREFAKOBEHMERL TV 5.
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4-3-2 A3y sEH

WIVZBEIEZERERESDRT, F14F+ Iy 7 BRROMEEIT-T2. FA4F 1y
JERMITER - BERFHEOMPER (V0 1) KHYTS. FREOELLIER-&E
REENS, FA4F I v 7R ED IV ZEH (V1) ERUSHEEZTRTIENT
Baxhd. ZTOMB/SWIAEHEIYORELBLB3TTHS.

FA4 Iy 7 MIPOBEHEGUTORRY THS. K-35 ORPITR L2 ZEH
L, BERRE Ky bF+ ) TRE?) 20T IVABECERLT, Yo-T7L&
HAHr tMEEAREICHMT S, r f To-TESOEBKIEIS0~100MHz, 8
FEWE#W0.5V,_,, T/ OVABEDOEIZ200n sZHHALKL. r f 7o—-T7TREHI
YBaCuODzx/b¥F—EfFMicsl, +HMECHEBRTHLLEDNHS. ZOHRE,
BIEFICH DRy bF v UV TRENESNE. YBaCuODTx/)VF— KM OIE
WEEEARETH B2, FEEDOL I LBEOMBO X /)VF—BMEMIMaA 10°1°
Mol 0 MHETHY BEYEREEEAOYBaCuliliTs T NIELEEDLS L
WKAS. YBaCuODOBEBEMEWI EEZRIIVLNS L, T )VF—BMKFHEIET X
SITELBBETHAH. COWMETHEALLHLI OMHz BT 0 — 7FF 384710 &R
KA., FA4F Iy 7RG SOV ABEAHMUCRBO 0 — T 50O BEELEHAYTS
BERMIOSEBEFE L. BoncBlEBEEILNILEDN S, FEAFRPWINITHER SN IR
BOMTHE. TIT, ABERNORBEOONIFEFEOREEZE LIV,

150 KTOEREREAREL-I5 IRT. NWVRAKRESFMF I vy 7EHBOLTNRD 2.
5kV,/ cmlUdTORBERBHETRIZIFRALMERL, FLBRIIFST—EDOA— I v
JEWEARLTVS. MMBRZXSICHMT 3 EENEIENTI2MEANrROoNS. £
OEMOEFIE, PRI LIIT, F1F- 1y 7EIROFPH ST/ IV AR KL H K
XL, ZOIZ&EEYBaCuOItESF Y+ VBEOEREER - SREUIZORE N
SELTVBEILERLTLS.
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4-3-3 FylrFrVTETIVORE
HETHRLELIIKYBaCuODz s+ v VEEIZENT, FEKAOHE EHMU
LB BRTICH I 2EREHIBEINL. LHEOBEE Ky FF+ U THREELT
HM5N5. YBaCuODXIRHBETRIZBELTS, hy bFv UTHENELBH,
EhEOBA, B -BREBEIEORCEMLTIVELERNICRITS.

(1) ¥HEEOoGERERGHE[LL 12]

RO EFROHERNRICHMNTHL. BRBERFERTE, FEEEOFY) 7 FH#EE v
BERICLHTS (vi=pE ). 5T, BEErEERITKGFLLEZL., LLAENS,
BEATTREHEICHERELAEL, WO2DOBHAIKE N7 MEEORIINRSNS.
SHORBERANRCES EHAEMRER (inpact ionization) N = 5. ‘

BTPHRETE, F+ VTR 74/ VORI, BEZETO, EHREZRILF-DEL
BETHS. CRVHMENEEF+ ) TRIALF—EBRNGEX SN, F7, B
TE5374x/0&DBLDT7 /) vERELTZOZRIIVF—2K, BFHIREBERD.
X BANEHZEF v Y TRERDNSGEAONLIXLF—%T 5/ v ELTHE
Laniiiy, F+ IV THEOZRNF-EIBEHFICHUNRT, B35, MLz x
WF=—DF+VTHT, 7HINBIEF ¥ TR TEHMICBEARENERLL, F+ U
TOEYMBPICBRET. DEHRTES. T. OEEHET »/ VORBIZLEZ R )VF-—N
TUANEREINSETHMT S, CORT. IRFEET, ICHUNELRZ50T, 0
KEE Ky bF ) THREBE PN

n—Ge OBEREE - BRFEZKL-3.6 1257 [13]. BRBRATRVTHhoBETHL
DWBELF— LDIEAIZHE > TS, 6T, BRANEMT 2 LEREENA — LD KD
5, BRI R LD 5. BEENT AL, CORMIEEE UHY3ERE. b
BB ENDNS.

HOFEEMBTERY PR+ Y TBENETLS. KA-3.7T ITEMEDGe, Sikk
UGaAsDrEAERd[14,15,16]. GeDEFBLSKR—Lof@fi Ny 7 FbEFIZH6
X10%°cm/s, Sidl1x10"cm/ sThsb. GaAsDEAII3IX10*V, cm
PEOBRTABMABMENLAEL, BERO FY 7 MEEE6X10°cm/ s C#
ETE. COBAUMABEEIIGaAs 0)17\/1/#—/\‘"‘/ FHEIZL->TWA. [EET
PN, RBEEOLEFORK (F&FENs] PO BEBHEOR ORI F—KREBIZHSLY
T34 MNOBIIBETEIIETHELZBETHS. '
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REEDIHIEECF vV THBHELZHORTE, ROTHEATELIECHRERD
ROBFEEDO EEPELR . TN, EBOIHICEF v Y TEETEOF v Y
TERHEOHB TR, BERATTLF vV 7TEEOLREIRSWT, RIIZLDEENAE
CTh20ER - BRAFEIERBRELCTO.

(1) FBEBZEEEOKRy b ) THR

4 - 28 THERLEZYBa Cu ODERHBEICEFEE, TOE.. DNEOBHE 1 IlH
LT, ZOEMNS, TOREREy PFr VU THRIZLS O TR IO L
gLz, LhL, EROLIITHEBRFZRTIDOL ) WIEMBHHEIHRESINTOAEL.
EBIZZYBaCuOTES Y v+ VKO F v ) 7T HEEER4-2.1 TR LI, Kl
T5Xx10%°cm &, 2BEFEHOFHICMBELTNS. ZhiEYBaCulOisl
THEBEHUENE LB TEEEZTLTVS. 22T, BllXncEREEQERNTEE
Ky P22 VTHRICKBEREL, BITElA 5.

BT RNy < g AR L PERHERR2ICE SO TH#EDI. ZL,
BHRTR 7L - RV v EEMLTOEN, CORBKTR 72V -F45y
7 afmEROI.

QOEBROEH

—BICEHTEE RO FOMBEEFICHTIAME, HTEHEOES, AHhBLV
OB FEDOHIEICE - THL2AL2EMRTSE. JIT, NFOMNETr EHEHEX7 MILER
NS BEMTEBFRPR— NV EOH TFOBAL KB RBERET S 2WEHS(r,
R, t) #REFNMEr , BWEARZ Mk ORBICHIHERELTEETS. T5&T
Er+dr, k Ek+dk OEBICEENEERAdrdk RIZH SR FHE,

Nf(r,k,t)drdk , (4-3. 1)

ERBH. 2T, N BANTHTHS.
MHEEHOKBERAdrdk RORFIF,
(1) iz & vEHI 5,
(2) HAIE > TMES MMk PEDS,
(3) OKTFEDORHILL > THE Kk PEKED S,
D3 ODMEITL > TERAORBIZES. UL, Liowilled #BO & NiE, ~EDH
HEST GEET AR FRESZZFIRINE(r, k) ZHOBBICH->TEEHL, LT
R4-3.8 1md kS IcBat cEEdrdk MICH - M T, B8t +dt 1S r+d
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r, k+dk b licdr’'dk’ Wit b, Likcd->T, RKEBEEINTFOEHIC
S TEDLS T NERFORENS,

flr+rdt,k+kdt,t+dt)=f(r,k, t), (4-3.2)

WEROIALD. UL UBEYRS S LR FRREOANRIHB LD, A0S A->TERD L
TU-3. DANKILET, HEICLBEAASZLTRAt EWRAt+dt ETHRBHENR
5. THOLLEIAIHZBONFORFUEEZ 5 E%,

as_(or) v ok, _
dt B ot scattering Vr'f ka , (4-3.3)

RELY LD ,

(4-3.3) XOHEHBOHE I HBBWEIT LB FomDE, H2HBEMYENFEED
HEENH SEFOIBIC XN FAHDOERI, FE3HBEHFPRBICL - THAERIT S
HDILBRIZNFRHHORMEEZS. EHRETR M EMBHRMICZ/ALESdSf/d
=0 THsH5,

(ii) VL fAR-VaS (4-3.4)
67 t cattering

L5,

— I ESTEBMOMEICE TSGR EIC & » THM B B-FEIREO 5 H B
fo ERESTBDITAEBN, BEBZHNBFHEISTNEOZME L S ITHEEZHIR
WMEMEOHT. LD > THYETBRMER c 2 EHXTHEBEICI2HIAHOTFEHIS
DEN(f—Fo) ITHEUMICHHAL, ROXIITHFETS :

g f . f—1Ffo )
( a t >scattering_ ) <4 3'5)
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¥

dk
(k)

7

/ir,
(k+ kede, r+ 7dt)

M4-3.8 LiouvilledDEH
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h, AHEROBTHRENSOFTho(r, k, 1) DAIVELTHRREE
Fir k, t)=folr b t)+gir k. t), (4-3.6)

EE. FYT MCEBERANE LTBROSDAMSATOEEL, X5IHBO K

DEFEES L CREO GRS ERET S &, BPEREO S B S0 JBHHI

—KT, V. fol3BTHB. ZDIZ&Edk/dt=eE/ N ZH0VEE, -3 HALD,

é’f) _e ) \ ]
( a t scattering_ _ﬁ E Vk\f0+g) ’ (4 3. 7)

EY, Vilfo>Velg) EL,

J— a e a fO (9 fo .
Vil = e 5e (4-3.8)
e F+VTOIZRIVF—
v ¥y VT ORE
ERW3EU-3. DRI,
ii) _0fo . . N
( at Scattering— de ev E ! (4 39)

E78B. Lo TU-3HDREU-3 DRI ) 2 HBEHOBFHERENSDO TN 3,

zev - E | (4-3.10)

-5

TERENS.
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HERIBREBEROMBRAEETOCT, HERLKDHDICEIBREES 2B TILE
NH5.

J=fevfdk=fevodk [ fvfodk=0)

=<e?>2J(— afo)rk(k«E)dk
m de
(431D

BRE x FuEdTsrE, J bx ARADOATHSE. LIR-T,

. m e .

J=(etﬁ)2 J(— %fo)thzEdk . (4-3.12)

BEMNIKITTHEEXICE, dk=4znk:dk THY, e=h2k2/(2m*) , {(v?)/
3=(v,?) OB ERVE E, J 3,

_1Bme? _6fo) ) )
J_——_3ﬁ2 j( P vEeZ{ie)de . (4-3.13)
IhhEDEERo T
__167(62 _5f0 , ~
o’————g_Flz J( r )z‘sZ\s)da , (4-3.14)

LA CITERHRBANFHOFHE< c > %
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(z)= , (4-3.15)

ERETSHE, U3 IDATERINZ 0, Fr IV THEEn , FHEEM ZHOT,

2 |
s=lelT) (4-3.16)
m

—%, BEN2RTBWITE I 38481, (v),/2=(v.?) OBKEHVT, J &,

2 2
J:ZEfEJk—afthsZ(Mds , (4-3.17)
m de
EHE. LkdoTold,
2 2
6=2”f Jﬂ-aﬁ»tazw)ds , (4-3.18)
m Jde .

LR, o3 I)RERRITEIND. SKEEDE 2 KAEEDOR I, EHES
FIUEI 35 & COR A B I A 5

ST, BEEREOMENE LTHERATEOSEE TS B, ALY B R
*id, TORZCERBEBHEOLLZST, Fr UV TENT7 2NV IHENIHZ0EE D THEL
NEFZICBEROAMDNBEZATHA. I TR, BicAE ) — N—T XN BEKRT
EHTESE L,
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fo= L (4-3.19)

DT 2V -T4Iy /3 HhBERERATE. $HLBFRET. 372V -F45y
I AMEBICTENSOT, oikTe ZRBUICKEZLALES. Licdt->T, F+
THRKy bbb T. >BRFRET, ORBIZX>ToBBITENE DI OB T
HEIZHL D, ZOBMEZITHOE, YBaCuODF+ ) 7TOXEEICHILEEEZEEICA
NELENSD. BRITHEIERICEIIC, F+VTO2RIGHEBHIPFEIN TS,
EHEETREIE. ELHIEBBICI>OTH 7 +/ VEELIT 18], A ROES &
WK BEELLIY], Aoy - RE VEELL20], ETF-BFEEL2IIENREINATH 3.

SO DOBEEE 3.3 ROADE LEIL, ¥4TIREEROTEMEDE TRA
Th@ﬁw.Lbbaﬁé,%ﬁ@ﬂ%ﬁ%uiof,%%u7x/y,&(K%$7g
JUNEELERELTENTHS. /2, IARET - BFHALEF v+ U THOZRLF
—DRFEBRBTIBERBEHTHS. LU, LoltAF v ) T7THRERBICHEAIET, &
DEHBIITERET>TLB NI 7 MERIZHLTOFSR/NI V. 22 TCUBOKG
WKREET +/ VBEOAEZEB LT, REZEDS. $HhbL, F+VTEFNELT,
(DXFET7+/ VEETHD, GDF VTR 2REHICKREL(cHED L /3IKBET
5EME) , TOREHICOCTIRAEID 2RI, @i 3REMTH S, 2IKEL
e, 2ZRIEWEF » Y TOEHITOOCTRFER~NT OBEICL > TERINE, BEFH
FERLLOFRET 3.

@3RILF v+ U T OB - BARARFHEN12]

CITRETF+ YV TOBHLEIRAKBHAIODOTHOERS. THhdbEF+ ) TH
72V IA VT, BELWIRTERMHNTRI S LT S.

4-3. 1OKXL D BEREZ KD S1TIF, EHERAEN c ZHILENHE. JITLT
RIVF— e 5 e, it TEBMREI 3HERPL,.IT,

2xt

= |H 1.|8(e.1—e0) ' (4-3.20)

Pi.=

EEAINDE. CITH  3EBWNBOBH AT VY vy )VH OIFHERERTHS.(4-3.20)
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REAOT, F+ ) THREICE > TRIEE 257 4/ % 1 DHHH 5O REIRT 5 B
BT ) OBBREERDS &,

L= 2Nkt @, No— LIH [, N (76 (& pva v = 0,

+ [ (k—q,No|H | k,No) |28 (€ ra vas1—Eruna) )
(4-3.21)

ks BIHE T+ VBRI EBE, B2ZHRB T +/ VEBIZKBZHTHS. N, 3
KEN7 Mg 2FHD27 1/ VOFHOHUT,

N,= L (4-3.22)
fw,
eXxXp -1
ksT, ;

ke KLy =EH
EEXNh, T, &ETS. 2T,

gl
2m*

(2k-q+qg?)—Tho, . (4-3.23)

€ ktq, Ng-1— €k, N¢g—

(4-3.2)RKITHBNT, 2TDq KO THEESHFNEB LS. £ THREESR
(a, 6, ¢) TOWAPZEEZXLELBHTHS.

' a=q. (=7 (¢=2x y
ZF(q)—»J J J e (4-3.24)
P (2m)
gq=0 Jeoe=0J¢=0

XF(q)g?sin6d&de¢dg

L, V BEROKEEET. 432D EU32RED, T4/ Vg ARINTS
BAIKOVT, L0720 THEAL, BEHIHEZRBRHNTHEL &,
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G=m
ﬁQ ) 'ﬁZ 2
I(k+q)=I 8(——*ch0sz+ ?  fiw,|sin@de
m 2m

Atkq/m* +h%2q%/ 2m —hw,
m*
_ﬁ2qu 5(x)dx
~f’kq/m +h%q%/ 2m —Hw,
’ (4_3025)
LB, ORET 4 I BEMEICDNTH,
m*
okt @)=, — (4-3.26)

)
for k{(1+ﬁ§)°) —1}<q<k{(1+ﬁj°) +1}

ERY, 7/ g ERHETEBER,

*

m
A2k g

I.,(k—q)= (4-3.27)

1

fo r. k{l—(1—ﬁ;"’°)?}<q<k{1+<l‘ﬁ:°‘)?.}

DEHIITHLNS.

(4-3.200KXB L 'U4-3.2DA LD, H¥T 1+ /) VHEAOEHEBFH ¢ . 2Kk 5. &
HEENFHNIBERAMOEGHEBICHUMNTS. 74/ VOBRK, RECHRBZAZH, &
EHERIZHLT, (1-cos@’ ) BLT (1-cosb” ) ZFLHLENHB. Z
ITO BIVO" BEhThk Lk+q B5LUVk Lk—qOHOHAETHS. k IV
HBEREIZFLEALEEZLBVETHERELER LDl —cos8=q>/(2k?) DEFEN
BRI L,
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) v ' rk(l+hw. )%+ k \
_=__T_)_1:_ / s \ ]2 q
P g% I I\k+q|Hop|k)|q2k2dq
|J k(l+Hw. €)?*—k
v ' (k+k{l—Hw./ €)' \
m* 7 — b v12 q
+27Zﬁ3k J l\k q|H oplk/l a K daq
J k—k(l—Fw, &)
, (4-3.28)
EBond. kL, TTHERBIROLIITIES.
o thKzﬁ{ o EN.,}
+ql|H oo |k)|?=————N+—+—— -3.
[{kxq] k)| SV o0 -+2+ 5 (4-3.29)

ON,=%1

722U, D,  MEEAEH
K ¥~ 7 bV

T. kg 50, (4-3.20)KZ2U-3. 1O)RITHRATEILICLDBONS.
@2KRGF ¥+ T HROEER

QRFTEM B EHIT LI ZBTFHFORRIZIOVTREHO DT DRI ZHBRRERET
5. F¥ VTR z FEMREBF LTINS SDETS.

TV IMMNERDBE, FIF TNV FOEBEIRLVF-—PECRBEELZ IR,
X5, B2H TNV FOEEIRNF—RJELIF TNV FOABEERECNES. £0
redd, FE2ULOY TR RICHEETEIF+ VTRIBEAERRTES. £2T, ¥+
TRELFT NV FICESR LTWAELTURBRDERZED TS, BERELBRHIEASS.

QRTF+ VT HROBAEDLIKRTHEERBIZLT, T. ZHTE0%5KHDBIENTE
5. TOROBHAERCRNG. 3RAROHIER|(kEq|H o k)| %2 RFTRT
F(kxq|H ool B2 12T HIE L. 2RTFOITHEREF RidleyPROXZEEZTH
%0221,
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[(kxq|H op2| k) |I*=|(kta|H o, | k)I*- |G(g.)|* .
(4-3.30)

q, B7+/ VO2RTF +—Vy— MZEENAHRE (2 BWAHR) OEHTHS. 2T
|G(q.)|? BEKRAF (form factor) EMEN B DT, z BWHRMOKEIHEFEICER LT
WA, BL1Y TN FOBRBEBICHLTIE, UTDLH 152 50[1238],

L,
G(qﬁ=]- ;Zsin(ij)exp(iqzz)dz . (4-3.3D)
0
%;z}“’
.(Lqﬁ z
S1n 9
1Glq.)|2= : . (4-3.32)

JIT, L, BF »—VV—OEITHS (ZITRcHWMED]L /3TRIZEZS) .
(4-3.30)F 2 5 (4-3.3DREF 2R EF T RICHATEBRTHB. EKIKS 1 -MO
SFET®ZHAIFN—FFETOBFORAIABLEZIALTHS. ZhoidEm (FMH)
TOBFTH-Tlc. THDLE, F+VTRY— 7+ EHE, EFEI LTS, —4H,
IITRS-TVWB VAT AR, REIKBRONHTEAEL, F+r—Yy— FREAD» S
FOLERICBRICEIN VS, $5bE, YBaCuODF+ ) 7RI UHhOEHET
CIRREBS. §HHOBYBaCuORBWTERBE T +/ V@Y —T TR ENNVS
T4)VTHB. TDLD, BEACHDDEIEDTEL T +/ Vidqg, HADKRKERK

BO7+ /) VIKBEONS.
g. =0DBA, (4-3.3DR1EAB. ZhiIRL2RAZOBKREFELTHASHS.
IOZENS, 2RAFROEHRENIEM ..o,
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. S DK k{l+Fw./ €)'+ k X
=2 {Nf[ h(q,0)q——daq
Icop2 475pr0 Zk
k(l+fw./€)7?—k

k+k(1-Tiw,/e)* 2
+W”+“J hiq,0)q—2 d%

2k?
k—k(l—Hhw./ e)?
(4-3.33)
2 2 2 .2 2y--L
h(q,0)=2{(ﬁ* kQ> —(—ﬁ q* +ﬁwqj } : (4-3.34)
. m Zm l .

EWRB. T, S LUV BZThENF+VTORELTVSHEEF + )V TRER
BOKBEICHYTS.
@DFEHER

ULo@fizdbIcHE LK, BEROBHETHRAL LKy bR+ VTOEBERE
B4-3. 91T R Y. BB FAF+VTHEETH 5. %‘—v')'f’b\“szcﬂ“léibio‘cszwkfc&@
EEERTERELUIEREZRLTWVS. #4311 KHERALUEEHZTRY. YBaCu
ODNFET /) VIFNF—HEVBEWEEL V- TCEHIT, BELEIAHTHD,
HET A/ VERNF-IZOOTRGeDfiRwi=26me VEFERAL. 7, FHE
BIZO20TEKRIZZm, (my HEMEBEFOHERE) & L1k,

CORMOHONZT. BTN OKDEFRT, o METFTAHIEDNS. 25T,
CRIGEHESRTEHOVTHOBETD, cDERTVLELLIRRDF Y VTEE n.
DEELTHS. b, ¥EKOLIBLEF v Y TEE TR oDETHEL, EBD
LONBF YV TEETRoDBETVELCBILEILEEZFLTHS. R4-LITHOT,
n. OEDPBRIAOBHITHNZRTOBFAESBEEF. YBa CuODKERICE
52F v YUTHEEE~5X10°cm*THY, ZOILEEEETHE2RITEFRNER
HWRARWTEZITHS. SRIEHRTIEYBaCuODF » ) 7HEMBAM TIIIERIEHE
ZHEUBIELERBASIZHITHS. THhF2RARICFHOT, HFOBBIEKL BHLEE NI
RGO CTIRBEREEIHEML, TOERT VI VRIVBIRITICHRETTEIENDS
BUTED. |

2RIEFRICHEOTT. OBMTESRL, BERICHEIT S 0 ZR4-3 10ITRT L HITE
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FLTWV3. L LEXS o, DR, T. OLRICOD2DOT, HEOHEMAELEL.
HEEABIZ . BT. THEVEELLVERDLDOLE. THhICH LT, FHHEEM OEE
BIEFITREVI ENR-L NI AINTVE. SIThbF v ) TREOHMIBOKT
ELTVAY, n. dm* OBy, BFicEmMLTH3. ROEAKIEHTH
DOBPEBRALTH AP, m* OBMITEGLTOHMBEEIF vV TEEOR I~V T b
LT, Z2ZTYBaCuODF+ )V 7HE (~5x10%°cm™®) Z@EHTHLm’
DFRIZ~2m, EABELSNS. LRITHODVLTIRET, &RI 5.

HExhiom® KERIRBEEOERMAICL > THRPINS., R&EAm” BREEFEZ
KELL, 72N IVURILVEBTERSE. 20k, F+r VTEEINGLTHELDF +
TR EMOBICEEST LI EICNE. T, BATHEEOBEORRKCEELXE250
T, Z7x)VIVRIUVDENFRIEERY bF+ U THROZEN®RCHNS. LULMINE,
bULREBEENEFICARSITNE, BEEOF v YTHATS, HHAZDLIITRSH
CRBEVNIIETHB.

IIT, RFT A VIANF-DOEOEEBIIOVT, M TES. FAHZ26~66
me VORBEATT 72, TORBERZ 2l E L HEBELSABOI LB LE.

#4-3.1 FEIHFEALIZYBaCuODWBEH

003 m?*/ (V-s)
5xXx107' m
70x10°% S/m

BEE 17
FHEBITE L.
BKEREEBER o
¥+ YUTRER L.
i s o
HEERKRE DK 1. 40x10°% eV,/m

4 nm

o N N QO

38x10° kg/m?
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4-3. 9

1.0

0.8
0.6k 3-dim )
Te = 200K
0.4 ™ Tl = 120 K N
Awo= 26 meV
0.2 m* =2 mop 7
1 | 1 |
10" 10" 10%° 1021
n (cm3)

Ry bF+ )V TOEBREDOF v ) THEKRFE.
TEHEREFEBEAEBRTESRL LK.
RE L.
TEHE L7z,

BT, LT, 80KLE

HEaIhlky b Y

F

2RIFF v VT HIUIRTFRF+ VT EENENREL
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T I | ]

1.0F -
Te=200 K

_ 0.8} 300 -\
bl—q-’ 06' 500 "'
> oa} _
021 | Tt =120 K 4

hwy= 26 meV
O | | ] ]

21

10'® 10'® 10%° 10
n (cm™)

R4-3.10 2Kk y FF ¥+ VTOEBHEOF v I THEEKFEE. EH LI/ IT X —
IR T.ZBROTHRE-LIERLTH 5.
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........ =5 My
I 2 Te =200 K -
—— 1 Tt =120 K
| | | |
1 018 1019 ‘;1020 1021
n (cm-3)

B4-3. 11 2%Giky M+ ) 7 HEROHHE BIKFEHE.



OF+VTHELER

KICHMBRE F v V7EET. OBKRERDS. EERZEYB a Cu ORFHIHIMN
T2E, FrVTRERPS ZRLF—2ME XN, BRTRIBTFEET, HARHRE S
—H U REER-> TS, EFRETE, ZoWMUZRxVF-RB7 1/ VORI
YoTHF+VTHELOHEERTF (BROBRAER) KBEINE. 070 REBT. >T,
ORETELS. 120F ¥ )V TH7 4/ v EOHRICL > TRIFHZRIVF—IZER
NOWBINTIANLF-IHELL, TR T. KEFELTVSOT, HIMEREF v Y
THEOBEGEA KDL ENTES. BET+/ VE-FIIHLT, FrUVTHKITA
WE-DEHL— Fde  /dt) BBRIOEZONEEZoN58N%EF+ ) THn T
oIz EFLL. $0bD5,

nifde
E= ;<E“F> (4-3.35)

/5. 2T, HAART. oB¥THE. ZoRid(de /dt) PEMBREF ¥ UT
BEOBGEE5L5IEATFLTVS. 22 TR, (de/dt) 2RKHDEIEICTS.

k+q DF v VTHEEENLTR ~BIEX, U 2DXOBELITIDEMT ST
/) VDN, #KDHBEIENTES.

N, 2=«
gt Hh
(

k

X I(le’{k+Q>|2 6(8k,Nq+1_8k+q,Nq)f(k"'Q){]._f(k)}

—[(k+q|H 1E)|? 8(&rsanami—Emna) f(R){1—f(k+q)})

(4-3.36)
Fp T (k) DoT74/ v (@) ZEBTEEEDIRNVF— 3T (dN,dE)

EEBEIZ. ToxNF—%4k EHBIOLq ZRTEASTHIET, KH>x/)F
—L—bdedt) 2885%. 3RTFHETE
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de\_ Tw, ,ON,
<8t>_2ﬁ2n "> da . (4-3.37)
g=0
[ 0]

67Nq_ Vm*D,.2K? / : o
dt 2mpw.hlg k(‘N”'l’f(k'*'Q){l f{k)}

, (4-3.38)
LD, 2RTFHRTI
do
de\_ Tw,S N, )
<at>"27znv a7 da . (4-3.39)
g=0
(¢ ]

N, _ m*'SD’K? , - o
8t rmpw.htVq k(\Nq+1)f\k+q){1 fik)}

kzkmax
‘ kQ_kZlQ
—Nof (R){1—F(k+a)}) k2_<_q__m*wo> dk
2 THaq .
. (4-3.40)

IIT, kalidze/L. T, L, 3F ¥ VTRER (cWMEDOL /3ZRKELT3. )T
HB. X5, knaxldk Ella/ 2)—(Mmew.,/qg)|ORKEVFEELES.
COFERRERL-JNUIRT. 2RITHFEIRITRIIOVT, T, 2’1 2 0KD5HE
ThHd. RKEEDBNICL->TT.—E HFHICKESWEOHPEL TS, 2RTHRTEHA
MBRMLOLV,/ cmTHhiET. F250KEFTERTSE. Thicl, SKERT
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Carrier Temperature (K)

N O w S o O
o O O o 9O
O O O o O

o
o)

0 20 40 60

1 1
80 100 120

Field (kV/icm)

R4-3.12 F+ VTRELMMEROERE. FHHEERL Z2mo .
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BRIUT. =25 0KETEREIER7HITET0KkV,/ cmbDOBRLZHMT 5 LEN
HbH. CITHBEICHEAULHBERZERO OB ONTCEREROBHELRET S L HITE
AT, ZDed, CRAFESRAZFTERERBHERIFEL(ALS. £hwi, ZD2-D
DHBEDOBNIBEEROBHEUNOERICER LTV, v ) 7TEHORTHICEL S
BDTHA5.

SN E I, BROMEIE > TF ¢ ) TIE b7 b N BEDEH T 5 L F—
BEZRALVF-—F 2V THLOoDT7 5/ VORBITE > THEFPITHBENS. DXV
F—BHMTovRI, 71/ VEHOEERIXEMTEI LI ->TEIOHMBIZELS. 7
A/ VIKBELULTRB2ZRAF YV THRTHIRAF Y+ ITHRTHOTNSIRITT +/ »
(N2 7x)0) ZMOFE->TER. F+rVTORTHEDENITELS T.— ERFHRD
KEAER, COT 4/ VORBEEDETHSS. LRTEEHEFTYBaCuOD*
Yy UTAERETHERBTESL 7+ / v bE/qg.=0 DT+ /) vDATHSB. KHDE
COEMDT +/ VEF ¥ )T EDERITHFEETER . ZORD, 74/ VORTHER
WIEFITIER S, SRITHRITHNRT, AUREZOHMBRIIHLTZRTF v+ YT HRDA
NE vy )V THRENLEALPTHLEDOTHA .

©® Bk — BRI ,

Utowd#ETT.—c OBBRBLUIT.—FE OBFILHONMIE -7z, 0 EE BT. %
BUTHRLTED, VEPo (TRHLLBREE] ) LHMERE OBFKEKRKDH B
ENTES. 2RAEF+ YV TROBREE -BROBBKRERI-3.13II7-d. BFEEZ /Y
SA=FITLTVE. BRICHHMEAPECEZEREIT, =9 0KIZBLT, ¥BLE3
kKV/ cmdHp7ehTHS. THhIEBREREABEOERTHS. 2617, BEKFRES
EREREICUTVS. BFREINGCHEBICONT, FREMABBERDEGE (L > T
5. TOHBEEDOEEGNITODOTHREIMBENVIIEBRCEHNTVS. EREREYER
MIZ-BT BRRANB SN, ThiITHL, SRERTERREF L TN, JFRE
B EBHERS OKV  cmllETho7c. ZO3IRTROMBEREBRBICHNETES. 3
RTE*+VT7HRTYBaCuODEHBREUEHMTI0IRETSH 5.

ULogsE»S, YBaCuODOEGREREBIIHENT, F+ TR 2RI EEYER
L, £k, TOBEEXRI T+ /) v THEEEZEZISNS.
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1 i ! | i
LY — 90K B
'§ | g
1, 7~ - _
~ |——-150K o T
- 9_ - - —
= - LT
2 L~ i
8 °r > 0, -3
= £ n=5x10" (cm”)
E 3+ mM=5me =
g |

1 1 | 1 |

0 3 6 9 12 15

Electric Field E (kV/icm)

H4-3.13 BABECAMBROBE GHESR) . 2RITF v VTEHREZEE L.
NS A — I TRE.
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4-3-4 EBE ,
IhETYBaCuODHRBRTIKBWAEREHIIONLT, ERES I CHEHO M EH
SBRHEZEZITY, BENTETNVERETZICE . LOLANS, 2T, TOYBa
CuODEENEENEIWEONS SN MEOER, Bl GERRRICE > TE U
7DD ZEREIZ L THELLENHEKEAH. ERICFHLAZYBaCuO#KRIIRHEE
DBSULEEDBEIZL - TIESF Vv VBB TH S I LRBERINTLEN, 20
iz 2 < oK R (sub grain) DEEL TS, REDOHMMAOWHRITEIS L, KA
REOHEXICE 2 DDA TPELIENRESINT LS. 1 ORBEETRAEVIRSH
Wi24), I 1 ORPEENLIRAETH 5025,26]). BabcockFiFHHEHBEYBaCuO
D& KM IEN C S L (near-coincident-site-lattice) EWMIZN AR TFARELTH S
&ERLR24]. CONCSLOMER®I Va7 Y Y REERST, 7597 A7
OD—DOFRB\BEOTHol. THREINCSLICEEAHFRBEIEF ¥ TEHEIZENT, @4
BN OREERIIF . BHoRESOR, BEAERLOIESF Uy VERORAKT
HBEBRTVE., zhwZ, KETHRHFZIT > CWMERFHIZENTH, YBaCuOnN
W DREWEHREDIS, RELBTNABDOTRHENTHAS.

EZATYBaCuODm' OLEREBENSOWTHAID. IHZRARBEBLLHIZ
T} "EBR BHEOREKEHEEZHETRD L. IOHERREEBRERTLET S
ZETmt KD, YBaCuOZESF Y v VEBEOEKERBEEIIRE-2.2 IR L
ek T,V il 2 ENKLHMONTVA[27]. 22T, ZhETHRHLLE
FIVLE->T, ZOHEEm” 21534 —-5 L 0LTKRDI. Borke ¢ —T,"° DER
HErom* DENRFEONEKEAI). Re-L MR ZOHERFKRZRT. m* B’ELIE,
LERBEDIBEERONKRELLES. —F, m" PECRBZLETIREREHIE>TL.
EOREFTEHNAEHEEITE2NIMETEH AP, S5m BEXZTIEOHEIEATRNL
WA, R m® O@EEELTIE, 2m, »55m, DHEEHERE 7. YBaCu
ODm* KHWTR, MOWESN—FHZNTNREDFETRH T H28,29]. *
AR HBCRBEHI VT 7 T4 E4 T 1 DBEENS, RIED2~5m, EWMELTH
h, BEFLT, AEFTIOERE—HLK.
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EZAT, YBaCuODNY FEDHMIISEHNEREICIRABENRHS1ZA 9.

CHUCIR > BBHEMENI EDS, FHECRELFANOEHEEN! ZCE@ICRD
FHEOmME iCHNXKEWES). 20k, AHEHEORFHEEZZERLT, Ky bF+
TOBBERBLUNT.—FE BHOHEEIT - 7z. Convell[12]D 5 Z e FIHITHY, RGH
ORBEIE, me®2 Amimi? KBEBIBZIETHRET +/ VRIZDOTHETE S,
mi=2m, , mi=10m, &LTHELLERER, EOEHERONRIHEE —F v )
TERESEICEN:. TORKREN-3I KHBOT, BBLZ2XKOMOFRICHE L.
LhLENS, T—EfBEREERMcy 7Lk, Te 21 00KEFEELDITHh
EHERZLIO0O0KV cmMEicdELAL. IHNEEBRBEZREENIBATVS.
/ BRIIKEEEADO T /) VOE—-FIZD20THATE. ¥ 74/ VERBRERD
/) VAEREMAE LT VLM TR LK. BET 4/ VREDENEEEZRD
FARAERERARENET RIS, Ui LANS, BERRIE, KET +/) v EF
By 4+ ) OMICHERZERROW BN -1, ERWICARZLENELLAS. L,
B, PURNANZART PORAE—IZEOTHRET+/ VOV Y APYEICEHNS Z &
NEFTHLUONWTVAZEEZEZ S E, AR TR > KBWEBRROBEBEHIZONTH
KET+ /) VEANRBEELIE. FHIRFAE, HEEREERBLICIDET VB
BREICH LT EORLERDPTEEMEAWUTHS. EBRMEL LT, T2 BLER
HOBHE TR, EVEREITHS.

il



4-4 HEECEAEOSE RS BEEE (M1 S) BRZE
FEHTRYBaCuODOMI SERBRICHTIERICODVTEXRS. WHEMI SHF
BOBERFHEZHEN, TOEREYBaCuODF+ ) TEBANAETH S EART.
BETE, TORBELEICMISFETHEORBEMAERL, £+ Y TOFY 7 FHH
KHLUTEBEAEHLSM] SEREMML, ZOBBERA L. TOMKE, BEHRE
KM SBRNMEALE S Z EEHEA L.

4-4—-1 MISEBRHE

4-8HiTRYBaCuOMBICEEREZAML, F+ ) 7TOWMEREEZZE L. K
HTRHEBEEZNLTYBa CuO#BICEERZHML, T+ v J7TORHZEZRT
5. &F— ik — BizEMKk (Metal-insulator-superconductor : M1 S) BRIETH
3. —MIEMI SEREFSE M4k - Bk (seniconductor) Mi&Iic MY 5 BARZ
BT, TOFREEFF 2V TORY 7 O TFERPIIRATIBATHS. TOE
B S BAixE K (superconductor) ICHIMU B EICBMI SBREBATELIZ R
THBS. |
YBaCuOitkaMI SERAMBROBET, (ADYBaCuO~NDEBERDRADEE
t, MDYBaCuOD*+ V7707 74N, (QOBGERE~OMI SEROBADT
fEtE, (DMI SBRICLZBILERHOBFEHOUEE LS LARIFONIES .
HROBLERIEELTEBILIUVAETHOF Y VU THEEIEIMI SERIZK S
EIRERTH >, BILYREBLEROF vV T7IE~10% cm*LHBEMIEL,
BEEIC NI FEAEBIEN. X512, YBaCuODBEA, TOHME
P (ECIKCU-01RITEFz— V) OBREABZEZISB I ETHF» Y THEERI@ TS
5. WbEF-EVIEOF Y VT THS. FIZEF » ) TEEZEZENICRLXE, 3
RERFANRDL LV S EROUETHS. 2D, COMBTEIMI SERDORABLYS
FP U TEHRHT, EROUWEREISS. MI SHEERBEICYay FF—BETLEBERD
HIMEwRETHS. LErLENSYay MF—HAE, BRAEYISEEZERKOESENI—
HEZRTLIDTORBRIHNEINHEONTHS. ZOMBHIHNTEA—I v 7 ELAE
BANLBHBES THEIEN0 D, FIIRFEMEZFET S 3y bF—EEDOEKRITH
ﬁ?%&b.bkﬁof,%%ﬁﬁﬁﬂénéMIS&%ﬁKHﬂKﬁbfﬁﬁ%?%é
5. UL USRS, gk - BIoEKOXRMEMEE, PAVEBEBECETHEREZ DL
WHNEYBaCuOIlERNRBATENE O SEEENRD Y, TORENBES TR
EHEHBETHA .
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MI SBROBAVPREICHETHNE, ZhdF+ V7 (F= Y b)) 774N
OMFIIEATES. 2RAMICKEL TS F 2V Tid, PERKRILFETREDLTTH
BIERETEAEY., ZERAF-—E Vo7 olE&FEEERICL-T, RETE1IEFELY
NNWVD R—EV T EZREICE>TWB30]. 2OLINRF+ VT 07 7 A IVOFEMF
BELTYay bH—FBEHDZVEMI SEROBEKFHOMEN LI LEHHAZINS.
BHEMHEOLERDO S FEILBREZRAILTEAIREZBEZREIE, TOEZERE
PET S, F—U PIEZBWMERSTEZERERDLDT, FEICF—/NV MO
TOT7 s ANNRENE. COFEPBEREEERIOIERATESKEA9.

X5, MI SERGEBEERBICEBATSE, EVIFEFITRKRENRREZHANS
EDVHEETHS. BIZERBICEREAPRBATELRLILRLCHSNATLSD, Z0
BAOBREIF vV TO®WEEMEI FY T VERTHS. MI SERITLSZF+YVTOF
7 MBEUEY. JOXIRERMBESRBICRATE B0E I MCONT, JhE
TOeBEHBEEMBTIBEZI B/, MI SBERORADTREHLH 58
R EBEERORRICL->T, BULDHTHRELZRIBINTINILEERS.

BERANROFBRTHEEBIOFRMEMDHFLETH 5. HRBOBMEE D 5 W IFHR &
SEORETREERETOR Y ERARBUCRET 50, ¥/ ) 7Ry FORRD
BEFOBHRINNELE. ZORFOTHICK > T, EEEMEFIEHIEMPNY FF v
y THICBASND. I REELEIENIEITZTNE (EBICAAERLTE OO
), BREGSISSEMMEMIFULTEREZDPHEDL, KROBEHEPTOENEDIE
mﬁmé<&5.MIS%ﬁﬁiﬁﬁﬁu&o%y—wFéhé:&uﬁé.Si—Mo
SFETOREKINE, Si—-Si0, AHRKEBIOEREMBEIEF IR EV D IHFE
BHotcthdpTHS. CITHIHIHLSIYBaCuO - BBIEARICD ZORMEMND FE
BREETEXRO. ZORDITZETEMFEETEZERTERITEIEEZELLLEND
5. XH¥EMO TR FEREIERMBEREFORBRTFAEIGOTNTHS. £ZT, Y
BaCuO-#EAREWTIOTNETEERIMATRNEIRY. THbL, 52
BETEBRLAAT OIS F UV VERERZD 1 DOBETHS. ~ToLtESsF vl
RETIE, EHORFEBIWEFPOMNEER > T, BBERTEOREFLHESLTVS
NoTHD. FBIZIE, ZTEURAOERVPER TE TLEDI TRV, REEME
EORKAEAKETHIENTEZAHIITTHS.
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Metal
¥

\

MO | i
(001) YBaCuO

(100) MgO Substrate

(a)

metal

| |
o
7w insulator Y
(001) YBaCuO

(100) MgO

(b)

K4-4.1 YBaCuO-BRUBBKTF. (a) MISFAA—F, (b) MI S
FET. '
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4-4-2 YBaCuO-MIS%¥1A—Fors - B

(1) YBaCuO—MISﬁ%ﬁ-F%ﬁ@ﬁﬁ

MM S REGEEEZF v Y TH Cu- O HIRAELTHSEEZ LN TS, 20
T(001) YBaCuOBEMWAMI S¥ 44— F (R4-4.1(a)) OEE-BE (C
— V) BEIOCENO 2RTHERS Z ENTEBWEEMENSS. YBa Cu Ok
E RRRICHR 3 2 5 RAEE LA, $FYBaCuOZcHMED 1.17nmoMNTER
F—Fahicp MEHkE LTRY, ZZBEMEROT, C- VEHERE LTSS
MISSAA— FORMERS Y OBBEE CiX, RREOHMER C, &FEhKD
HAUHHS)OEZIBER C.OEFNEGHICL VKD SN

C=CiC/ (CitCo

(4-4.1)
EREINB. Cild
Ci=e/d (4-4.2)
TH5. 1T, ¢ BRBEOFEFBE, JR3BBEOEXTHS.
am%z@ﬁwaﬁ&fm%%ugzgﬁW%mmr,
Co=e /W (4-4.3)

END. e B¥ERDOFEBERTHE. WIMI SHFA A - FOMMEBE Vick > TEAL

T5. VENRBUAMEBLTHRSIONE. BNAGRETY VOFBERDSRE
5. REICEBIZ z8HEE 5 &,

dz¢ qNVA(2)

(4-4. 4)
dz £ ’

ERB. N DRZEZEBBEMEE THS. YBaCuOTRBEFLLIYAERAL 2HDC
u— O, HDOBBMITF + VTHEBREMBEINTLAEAY, THhEHMICKI-4 20k 512 %
YV TEEP=ZABEYEIIEALTAG LTS ERETS. ZI@EEH G - hIcEL
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.
CARRIER CONCENTRATION

M4-4.2 YBaCuODKMEARERELF v ) T4,
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TWha EREL,

Na(D = Nall4cos@rz/ o)) (0<z< D)

|

=0 | (—d<z< 0, W<D
(4-4.5)

Ed3. I THEBEEYBaCuODERE z- 086X, cREFAMTHHOLE, Y
BaCuO®cHMETH2. N3YBaCuODERETEAE otk + U THEETHS.
e HFEBRT, -

£ =€, (0< 2D

ThH5. HEREHER, FEANTOBEMEREIILT,

do (W)
(W) = ———— =0 (4-4.6)
dz

ETB. ZORTY VOFBREROT (DD RHSNDE. TOLSHMBE Vid
V=9Cd | (4-4.7)

TH5.

UEDHEROCTMI SFA A~ D C— VigHEHE LIERZRLI-4.3 12559 M
I SERBRBEBEOHMICEL R VB LTS, 51X, BF+ UTIKHBEEFRED
AWK ELHS., ZZEAEMICLBEFECHRILLIEFIVEERL, 5 — MEET
BYBaCuODNYRR75y FERELEDT, WTFhOli#gd V=0T C/ Ci
=1&K3%. bo bFEREBEEFINTEZSLNLE, YBaCuOD75y bV FBER
ERTNET, TOHELASV=0I12B0T, C/C <1&RBEAD. ZOK, AELEE:
MU CTERPEUREES, COMBRBIIKIELTHWRTTHS. TORTHRSHK
C HAKEMIE, M1 SEEBNRATF v TRIKEMATZIETHAD. ABRORT v THIER,
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V (V)

K4-4.3 MI SER-~¥— METXHEHK. ALl-MgO (100nm) - YBaCuO
MISHFAA—F. FrUTHHICBTBE—THEDI/2THBNLZ /YT A
—4&#&EL7. YBaCuODe,=6¢,& Ui, HinEKE.
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Ha-4 4z FF LT — PEFERRTIEZEBEOEMICSELS. W4DRTEAL
RBIGE S v ) T AR DRT » TROMEEFTERTH 5. LEROEAEF L%
£22E-OBUENRRTES. A5y TREZEORENE v U 7 OF H2 R A B
TEHEXWAELS. ThITHL, FOUMPIEZBERNF + ) TOEF LTS E S
Fibs Cu—0,HIHENEREBBTIEELELS, BF v ) THREICTIE,
BEERBF— FEELE 5.

ZD&HIT, YBaCuO MISHFAA—FOBFEMERZYBaCuODBFHHESE
EABEELLTHABLEITHSE. ZhTE, MI SEROMELEBIITIZEIRTS.

°o

Depletion-Layer Width(A)

@)

n
O

b 2 's

1 2 3 4 5
Vg (V)

B4-4.4 YBaCuOZEZBEIROY— FEEICHTSAE/. HEIZIENA=5X101°
cm P*BIUMgOBEE1IOOnmAERELK. e,=5¢ecck L. TOHEE
bECERBTH 5.
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() MISHEE-BREHME

YBaCuOoOMI SERHEZMET 12, REOYBaCuOMKLIREREFEYB
aCul/ MBEREIVDETHS. T OOTRE2EORIFICKYD, T4ERICH
ABZREIBON. COEBRTREISIC, ROMIZERLKL: F— b —78HK%
TEXLZEYMA B L, 351, YBaCuO#BOF+ )V 7HEEELFHTLIIE, TH
5.

F— M) —J BRI, REBOEEBELHBLTTEZLEKY Y -0 ROEIIT L.
EEAELTAESZENET Y — 7 BHRE/NX S, YBaCuOBBIHMNEERO
P YUTERDREITEIEITHD, ZHEANBETHS. ZITIE, MgODEXH
75nmé& U7z,

YBaCuODIESYFL v+ VEES66 0CTITo7%#%, MgODKKEEKES 5 0°C
FTTNTUEHST (BEVY ) TERBHZT /2. ZOHKIKELHYBaCuol
DF v+ VTHEEFETIELIENTES. BRENSTHBALZIN/IZYBa CuOillix
2HiEML, EHEEFA/RRZTRF YV TBHEIF vV TEEICEFEASKEFLL
o kXD, IO LTHEEXNZYBaCuO#EDF v ) THEEEZ~10cm *ET
Hotz, HIT, TOYBaCuO@EBEOEN - REFERFEAKNTHSY, 4. 2KU
ETRBIEER LRI - .

MgO,/ YBaCuO~AFonIt¥sF: v v VEEITA L ZBRIUMBESEL, V7 47
HBET200umXx200umDy — FBERBEBK LK. —F, insitu TEHELTMgO
#YBaCuO RiclEd37%», YBaCuOEHIZATMg O THEDLDI TS, TD
e, Ny zarvy s M, MgOZBBMIKHoEELL, TICEE n 28 LOUT
AvH s b EEST. ZHLTYBaCuO-MI SFAF— FNRHETE. MgO¥—
MeREOERIEEESOMERATH S22 OMQUUEEAR L. TOLHITKRETIERA
NESNKEDIF, YBaCuOEMgODRMOFHEE L, MBRNREREFRIES FY vV
Mg OMMOBETHS. o THEELTHL I L, U— s BHICE->TM [ SHERN
BEICE>TEALLEEICRAZIETHS. ZOHEIEF, BEOHEMEOEMITIE U
TRENBYTE. 2OV - BHEOKRILELEERDN S C— VHIRNRE X NIHN
»HAH31].

MISEE-4/— FEBEHEHRI, FHECHEZARMIMHz, EE15nVOTo—7

EEABOTHELL. NAT7TRABFEE, ~10V»S5+10VETE4V /s TELLS
B, Fr Y THEEAETXELLZD, YBaCuODy— MERMAWM L. 51N
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vy73ar5 7 PORELHESHEIEAEZHME L. M1 SFA4— FRBIFZHEIEHR
HHEINA2BFRBE2EDOEMSEMAZXES. 22T, T 3EHINENOXLELEE
BLULTRIEZINERETHA ).

Al -MgO-YBaCuO MIS#A4A—FDC— VHIRERL-45 IK7-T. F+
D7HEEE~10" cm *BETHS. o5, MI S (semiconductor) s £ A4 — F4¥F
HEHEUOHBELEM TS, HFORHIEHMEEDOEAD A MERL TS, I T
BEELQILZ, Y~ MEEOEFMOBMIZEDRL, HZENBRILTHWELEIETHS.
ZHEYBaCuOHOEZEXy— FEBEOHMICE > TEAISRITHITHE I &
ZRLTWV5S. YBaCuOHFRBRANMBALIBILEZFRLTVS. EBEILL->TE
ZEVBLEN->TWWS. ZHiZ, YBaCuODF vV THNKR—INVIALTTHBEIEERL
THEY, ERDPOBMEINTOEIHYE, FHLEFESOFR—INVHEOKEREEFHELLEL. P
HEOFETOHLDIZANE, T0F14A—-FE” YBaCuO p#A7MISHF A4~
F" ThHb.

$59—HYBaCuO MIS#FAA—FOC—VHEEZRI-4.6 IR, ZOmmEI
HIFEOMBMELN, BEEACINILA TS, ZO220BOENRF v+ VTH
EThHd. ROBBRIF+VTEEN~10"cm *TH->DIIHL, TORABDOF +
VT7#HER~102cm 2L 1HREL. ZOFOF UV TEEOHICHMEE IS
AERMEOEALDIEL B o7, CORFRBFEKXMI STHES M URRICH 5.

B4-4. 56 L U'RA-4. 612 BT, FHICKELERTVIYABFLELTVS. Zhidy
—F%ﬁﬁ*@ﬁb%ﬁyFU7hitﬁMgO/YBaCuOﬁ@@ﬁ%bb?vfm
BHEICEZHEELAS. SiTREABASI 0,25 — MEBEICH WA I ETC— ViR
WERTLVYABRONE I EFEBEAEES LS. LHALENS, {bEaWEEHKOM
I SHFAA—-FIZEOTRVELRITIDERT LY ZADOBBEPREL TR, L& +d
BEOWBBIZZIRBEERTIME, fIAITAL:05, SisNHBZWEPsNsZHANT
WE. ZORRIFAL-MgO-YBaCuO MISHFAA—FTHREET, L XFL
VAIKBEUTILAERERBOMENH L EBEDNS. YBaCuO MIS (O-
VEHIZREXTF LY 2D FRIZHIE o2& 0H 5. Zhid, L AT VY RELELSLEHE
DERDHI L, ENPFEELBEIIMEI->-TELDERDNS. REDEKEMITE XA
RETHY, TORHHLHAMTIECW (clockwise) THH, EhHHHABTIEICCW
(counter-clockwise) Dbt X7 LY RA%ARY. Ihoid, FREAFHEM B L UM B K
BWDEFITEDBRTETHAD.
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50

[ 1T T T T 7]
Sample A
EI: o
=2 45 sanpce®’ ®e,
L % %
> %, y
o
< Oog
&)
&
<1'IQO“— —
QO
test signél : 1 MHz, 15 mV
dc bias : 4 V/s |
35 | 1 | ) l I L 1 ]
-10 -H 0 5 10

VOLTAGE (V)

B4-.5 A)-MgO-YBaCuO MISFAA—FDOC—VHEH. v ) TEE
Na~10'Ycm % KETORE.
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47

‘5 46
45
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>

Z 44

=

< 43
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<

O 42
41

B4-4.6 AQ-MgO—-YBaCuO MISFAA—-FDOC—-VHEHHE. F+ ) TEE

test signal : 1 MHz, 15 mV

dc bias : 4 V/s

| | | 1 | L |

-5 0 5 10
VOLTAGE (V)

Na~102%2°cm™®. EETOHE.
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ZHETOEIS, YBaCuO MISFAA— FOREEEIAEMI S&FAA4—F
OEREBOPRSIZS5EN. DI ENS, DYBaCuOHFDFTHLDAA V23 E
ELREMEME LTHRF v+ VT ERELTHY, (ShFEGoF /b UicEE
EWMTHET 7275 EHUTHHAH) , WHBBRIEIPBECESYBaCuOdiz<o
01>HAMSBATETHD, TOMRE Y PO ) 251FRI L, @R, FEKE
DAYEFAT IS LERBO N FBEPYBaCuOilb@ATES. JEERLT
5.

INETIR/OSNLC— VBB ER, ROTALIF v VT O 2RTHEZMB L7
HERLTORED. BonBFURF v )7 BT 7 A NVEFERLTOSRTE G0N
5TH5H. NMTHIRLASABRBRIRERIITHS. 4%, OMEEZMRTLIZOD
MANLETH 5.

Pt, BeHEBEBEEAOMI SEBRAHREHANSHAL -MgO0-YBaCuO
MIS#FAF— RZFERLT, C- VEEZHEL, MI SEENT - PEEXL->TE
ITBZEEHIICROE L., ZhdD, YBaCuOHITERNRAWNETH Y, &
B R EBUDO N Y FHENTETH LI E0DI - 7.

4-4-3 YBaCuO-MISFET

HXDOBIZEHMBIEDORKEAVERNCF v VU THEEN 10 cm *REOERTH
D, AMEBERIZEIEF+VTOLERATBODTHETHS. LN ->TMI SERICLDE
RERAZTOEIBLEFETREANBLOSDTH 72, T MICFioryED, HITFH
+yVTEEORKRNIn,/ In0, (~102cm™?®) #HOTFETHEEZ/ERL, BRI
LOEBREOEEBE L T5032-34].
BIAYESEBZEROF vV T7TEERZ~1 0 cm *BETHY, AaLEBREREEZES
B0 bod, Fy ) TEEGPEAMBOFERIEN, DEVKRNMETHS. F,

KT BT ST PP S OEAVERTE, AEMICE v Y T RELRH T

ZHMBTHS. COXINBEBEZEZALEOMBICLIBLEEFE TOERRIYFTE
%

BEEBZEFETIRLXZ2BERIROEZRICIVEFEMICL, TENIZLE%RNDS. B
B EEOD S BIEEREOM I SBRICHTIRLIBOUERARLILETHS. TOHE
BEBCHEERTMET LI ENERENLS.

TENBDIEMEZEZDE, MI SHEEFp nBEAERAT, HOLERNIT/SAZ
BETHE. BULOERELEED T NN ZERPRYD, Va7V VEGOERNEEK
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TR O-EONDOABEBTH 2, FRERTORARB TR ESTERINL TS
WETH 5.

SITE, COMISFETHERTHABZHEHL, MI SEBHRICLS FL A VEBRD
EAERS5.

(1) MISFETH#oRE
ETBICHERBOMI SERDRAZFR UL, MELLFETHE (K4-4.1(0)) 3Y
BaCuOF +RNVOEZN2nm, ¥— MRBIKESrTi O:2HL, TOHEXR
20nmTHs. JITEF, WEHIIHLT, Y— MEBEEZSrTi 0,28 LK. Sr
TiO3UFBRNERT3 0 0REE, EKEBICHEAEHL100001IbETS. ZOFH
HFBREIS - FVEEZDREMICYBaCuODBHEF +—V - F4 X F v+ —UF3C
EZBRLTVS. ZOEMg ORMFEBERNL 0BRE LKL, BHICHTIHMENED
BB o7, E5ICYBaCuODF v+ xVEEEFHIZHS L. Zhid, F+ ) T7#
EVEOD, - MlE->TRFFRECAMENLS. ZZEOENINENI 28
K95 BREFOBRTIZHEBILTEHICR, FyRNVOBEXZELTEILEND B.
Bla-4. TICHHIC L > TRO L BIZEBROY — PEEFRERT. BERLERZ 7S v 7 R
To—=l&BEEZON, TOBKME (BABERM BFvr V7 EEICEBORLHATS.
F— FBIECEBEZHMULABE, $4bb, F7U—YarveE— FCEE+ U 7 HHR
V4B~ VETOBRABRENMET T 3. £oT, BEBEFLA VERREYT 3.
BERARDOOA VS 7SV ADF Y YU TEHEEIEKELTVLETHA). ¥~ FEEIHEE
E, Fr VTEEORBRVICE>T, aVF I8 ANETTE. —F, ¥— rEBEICAR
JEZEIMd7ibL, 7FaIilb—ra V- FTREBBELEEROHMIAWTHS. Th
&, Y= FETOBABRMESWEMLTHTF + 2V OMOMA>OME RBHR TLENHIR X
N5, COBHRMBOEMBIMFEFTELL. L, BEREBRDIVS 752K
—MATFTTHMLTVWEDTRLA L aVs s v RELTHHEMBRSNS.
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Drain Current I, (mA)
-

]
3 - -
2r 1.5 -
1+ n

0 | | l !
0 10 20 30 40 50

Drain Voltage Vp, (mV)

K4-4.7 YBaCuO FETOFRVA VER-BFEHEHE (Ft81E) . YBaCuO
OFEEEZ2nm, BEEEZSrTiO:A28MEL20nmETH 5.
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(I) YBaCuO MISFETOFH ,

EBORFOEBMIZIZ2, SOEERFEIH -7, 1DOHREBREAOBEKRYBaCu
OFLEETEIETHS. RiZilixik&kdiIL, YBaCuODF+ YTHEE (RRIXE
WT~5xXx10%°cm™®) BEBKENNEENERVZ, F¥EKRFETOF v 1V (~
10'cm™3) EHBETNEEEICE. 201HF v+ x/VYBaCuOBEREETE S/
G BLENSD. RICEAEMETE 3R FMWASBICRIFEYBaCu0,/i#
BERATAHETILENHS. £, FFRROEKICL->-TYBaCuODBEDK
FTHENZEEEDY — 7 BREBEMILEEINIE, EV-TCEATHS. IHoil20T
2 EOMEIC L DB FE TRRBOERNTRICE 7. $5bB, YBaC
UODBHEIIS nmTHBIEHEEBTIZIES F UV v VEEIBONTHS. 51K
MgO,/ YBaCuOANFoIbEIF Y+ /VERERBTFHATERBRTIFEHEFRTD
DI EEA— 4 - 2HDC— VEROKBICEDREN. SLLBRAFOIES F
Ve VRERYBaCuODNRNy—= v I UTHENEERTSH 5.

BBEIZREFEEROBLS r Ti 0:2MAT 5. TORY, KKRKEZF < - b—
PHBEEFFERA L., F < L-FHREICELSESTrTiO0s/ YBaCuO&BR~AT O
IESF Y PIUEEILDONTS, MERZLI ERE2ETHOL.

WS AF4-4 1R, YBaCuOZIESF Y v VEKOBIZEERELZIFET
KEALZ20nmDDTHS OKERBERGEr f v/ R v ANy s YL TITE
L& NS AEON, MISFETORMERESITKRETIT-> 20T, FHITHEL.
SrTiO:sDEFEBRIINI-4 QIRTEERUEES > TR, NNV 7ED3 00 &M
ZEEoNHIEE]L 30 ENI0A, HEELUTRBEFEMETH S35, EEICESE
HFBREHEMT S, 50KT450-ETHS. BRAREEETSIX10'°Qecml
B tersL TS

MgO/YBaCuORRIESF L v VKEZIT-1HARBYBaCulOLnary
7 MERICHEERS 7. YBaCuOLHEMgODPE > T57®H, fISHDHET
MgO#aBEL, YBaCuOXHZ2BEHIEEIENLETHS. LrLAENS, YB
a CuODBENEEICHEN DA A VI v kYR y TV VBERTET,
FIALFEWAT Yy F VIOV THIIMgORYBRE v F Vv /Ty F + 2 PO
MNote., ZITEBMIIMgOIEERZVN, ZI05YBaCulOillnzHLOoTa
VE I MERBRLTO DAy s PEIEREEBBRBTH - 2.

zhictl, SrTiO:0BARFHEHFNRRI y F U /&I L. RO E
2SrTiO: HYETyF /L, YBaCuORIFEAEEMLED -/, LHLK
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M5, YBaCuORHF EDORISIZEWT, RMRIGEEEKL, Tkt hll B
JEINEIT LN EW I T ENHM L. ZORBERIERICHEED 2D, SrTiOs
ODHASI VI 7 VORENREIBE UILRTREN . £IT, AR5 I Y —
ZUTEBRL, COXEEEERLL, X510, BERMWLEBEHALT, 257 FEE
BLTH3.

R4-4.9 YBaCuO MISFETHEXERF R oLA%ZRYT. £9Si00/N
Y- rEfF(), TF Y V- PRBEEICELDYBaCuOZREZES (D). K
winsitu TEHELTS rTi O:2KEIEEC). BRAToESY F ¥ v )VEKEEWH
Thb. 20T, ALIZED 7 —rEREEKRLD, 5XRHFIZLDSTrTi Ozl
v bR—IERATS(e). BREBEBBMICInZEERL, Au7A4YVITELDIT- k.
Ba-4 101C/ER LM SFETOXRFHMETELZOMEAKRANZRY.

#4-41 YBaCuOBLUSrTiOsmkiEgE

RIS ik ArFxxo< - L—YHHEE
L—HkE 193 nm
R JH B 10 Hz
NIV A LRI F— 180 mJ,/ shot
& =y MalEEE 200 rpm
YBaCuO

H AR E 720 °C

& T 300 mTorr
SrTiO;

¥ —4y b SrTiOHiEs

W E B 660 °C

[ i 300 mTorr
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Temperature (K)

B4-4.8 SrTiODLFBEROEERHYE. %Ki (001) YBaCuO
IESF v )VEE, (100) MgOEHR. SrTioO3xts
FUPNVEELTHWS. BEE300nm. )LV (Z2HE~300,
TTK~2000) CHNTENMET, BEZLLEDNTHS.
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SiOx sERD )
| (100) MgO Sub.

(a)

YBaCuO )
YBaCuO =\ =7

. Si0x o= 2222

(b)

(c)
N
(d)

......

(e)

B4-4.9 YBaCuO FETHHotR. SiONNyg—=7
(a) 1%, #£HA1020°C 7THEHE7=—ILL, MgO
HRETDFHAL, #5RKHEDOIKBAET D .
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YBaCuO
SrTiO3

YBaCuO
+ Sle

=

MgO Substrate

(b)

B4-4.10 FETOXYHEMESHE (a) LHEEAR (b)) . ZO0H I ITE
V=R FLA VEBREZEELT S,
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() MI SFE TH#o#z

R L7cYBaCuO-MISFETOERBHUZRE LK. V—XFL 1 B 48
FHERICEDREELTH 5.

BlA-4 1R REERT. MERER26KTHY, ZBEEERI Kby, @iEH
KRBIZHLIENDNE. ¥~ FEEOHMZE Y, FLA VERICERAIELTH 3.
SO EREEERBIIMI SERANBALBLZELIEEEZRLTWS. BRFYZ b
BERABELZERBICEIRBALE o2, MI SBREIZOF+VTORY 7 M 2#db
BORRE, BLRERBIIBOTORAL, F+ VU TIRERRTEIENTEEL5THS.

EDT — FEEV , ZHMULBAICEELC FLA YEREIZENT, V.= 0084 L
e, EFTBEY R FUA VHBESAKELE>TWE. Zhid, ¥— FMEFICE -
THF+VTVBNHEN, 7539/ AT D ILX3BEREEBNRKRELL L 22D THS.
TROLTFTI) -V a VE— FTEMBELTOEI RIS, BEEBRROEAMHE
i, 759y 7 A7 0L 5BEREABBIERMBMAETY - - NLa Vv EBEE-BRE
LR LML TSN, WoHNIT — PEEOHMIZESBOHEREBRMEOIRY LT
. &5ITHailb—va U, THbE, A0S — NEEZEMLABES, V-2
*PUVAVEBE-FLA VERORBHEIEMLL TS, TOEADOEFIZ (1) THRIL
RBODEHZRLTVS. IOBAGEAERMEOZMRBWHATRTOIESIEMALT
WHEIITRZB.

(1) THRE UIHHEITHN, BohcBHRIEMENIEREITNIL. ZhiIZiZ 3> |
M EFons. 1 2D@3FTHEDOH A XDETHS. #HEIFIYBaCuODEEA5n
m&Ufe, KBOMETIE2 0 nmENEDEL LTS, 20k, 2EE2HEINIE
WICH U TEMDESEODNELAEE. 22HBSrTiO, OFEBEDETHS. e
320000e, THH-72. LOLANS, BESNASTTi 0,0 LFERIEET
PAS0RETHS. WE50BDENRDZ. TOLY, EBIZRF vV TOERAMDBINE
HICBEOTHS ). BB, IOV ERBEREEZ LN, EHEMOBFEETHS. Lk
MRS TT 0. AMALTOHRTRBISZ LR TEANTHSS. ORDERD
ELANKRAENANDF v+ — Y - TARF +—VilEbh, Y7 BHEAH TS F 4
DT #RZHATER . BEREPGRELCTE010E, UbdxIz0TFhENESBDOKAEN
HETHAD.

COHBENIMI SERICLZZERTHIZLOMREDLDIT, ¥— MY -2 BiEH%
H4-4. 1219, EBEAMTRY -~/ BHEnAX—4—7T, zhizl, FL1UvaE
WOZMEHT 0 n AZIUTHD, ZOZME, Y-/ BRTHBH TSR, 21,
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Drain Current

(&)

10

05

Ka-4. 11

T=26K

.
.

o*

' |
|1
!
G3worn &
<<<<<<

0 5 10
Drain Voltage ( mV )

15

YBaCuO FETORNVLVASVER-BEHYE. ¥— FVEER2/SF X —
&L, YBaCuODEE2O0nm, F+X/UE100um, ¥— b
ElOum. SrTiO:#EE200nm.
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HOF— PEBEILFOTH -2 VETRIEBELAEY —7BREFENLRZ L. 2Dk dizl
LT - FPEEN-2VLUTTRE, BEINL VA VEBROEHIZY— bY — 7 Bl
LBHDTRML. oIy~ PEEZRESSTILE28uC) — 7 BRVEMTS. Ly
LGB F—VEEN -4 VOHBETDS, V-7 EBRIKNBZE LA VEROELRR
I EREL, =M -V BROATRNLA VEROEAZHWT S EIIHRETH
5.

UEDEH>IKYBaCuO MISFETO®KHMS, YBaCuO MISFETO
FUA VEBREHNT - VEEICL > THEAZI L, SHICEBRERBIIMIT SERNE
AR EPHERTE .

3 T
26K
™ 2 n
<
=
- 1F
g} OF e r 4—"':
5 :
O
-1F
O
o
O —2 L.
-3 1 i ] — ’
-10 0 10 20 30

Gate Voltage ( V)

B4-4.12 R4-4. 1HOEB DT — b Y — 7 5.
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4-5 F&w |
YBaCuOTEs o v VMMOBERTOMBEHERHN L. ZTOREUTO
EDbino T

(1) YBaCuOIbP4F L v VHEBRZOEERTOER - BREMITEVTIERE
BB ATRT I EEAHRLICROIE L.

(2) ZOFEBEBAANMBELOFEHIZEEKITEIT SRy bF+ ) THRICLAHR EHU
LTz,

(8) Ry bF+ UTHBEERELT, KUY VBEFBERXNED &I, HBETHT A%
FHLT, JOFRERMAZOEABNBINEZIT 7. TOMBLERNICI OIFRPE
FBRRERy bF 2 U THRTHYTE LI LD T

(4) MBHBREIT-72CFNELT, YBaCuODF+ Y TR 2KREWEE, 2R
TEBAELTED, XOICKEBEKRI T +/ VERELLEFUNBESRE L —HL
. ¥lhIoBF+ YV TOEMEEIZ2~5m, EREbLNL.

F72, YBaCuOxzbsF vy /V@BITHTAIMI SERMELHFHAN. TOFREU
ToZ &Enbhsik.

(6) YBaCuOd<001>HMITMI SBANBAFEETHEEVIEERERNE
Lz, ZOMI SBRICEDYBaCuOXMAERPIUVEZRBIZTAIENTRET
H5.

(7)) YBaCuODHBIZEBRIZH LM SBRICKD, BHEOEHANURETH - /2.
Thi, YBaCuOODBEEZERBIZIMI SEAWRATEZAERI ENERTE. 20
BABMISERICEINDYBaCuOXmMAEHBIUEZREBIZTAIEDNHRETH -
1z.
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X512, MI SEEZRFIIOVT

(8) MI SERMBEOMENTEETHSYBaCuO  #Ek (MgO, SrTiOs
ATFBIESF Y P VRMIZOEHEMDBBICHRNEEIONS.

(9) MI SEBEOEEKEUENMSYBaCuODF+ V7707 s AV ERHBITIEFE
LA DDLETHS.
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