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1. —#EN EL Joff, REAEERERSEHBRRZMEEHI
RIECERFHLEL K6, HAFAEET,
BRSO B TR SR BRI B YL EL ZAFME—iH,
s PR &R 2 BRI R EPE T2 oI A, B, L 2N
BENENCEZREERERFAEFEER, M RFBHIRAENR
KB

L=

 reevereeeseeeeeesnneeerenanesseens (6)
2”4” A (n=012,..)

10
2. —FMEYL EL i, REEERBEREENRKZAEEFN
RICBEHFHEL B8, HBMTEET,
B GEBERREENRERBROAN EL RKaHN e —T,
5RRFENRAENRABKARBE KL, $REREAR
15 FIPTRIE T R =D — BT Bk, R Mg E L EL &6
B & BB E R BT R BB B e AR ST e .

3. —FMAEMN EL nff, REEERERESEWERZABRETHEN
RAEBHENEL 68, HEHEET,
20 ERFEERREENTRERBRKAEN EL Xt —mE,
FridE i 2 R RER R ERATHEL TIIAN, EP, LEMT
BENEABREFEEBRBMAIAFER, M ETRFIRAENK
HHAS,

L=2n+1

4

5REY EL RAEHRABRKARBEKELE, HRRERS
W E/ R FRER S BERRE, REMFREN EL K EERY
RIS R BT iR i B BB AR A L

/1 (n=0,1,2’".) secereses s scstssacsers et sl (7)
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30 4. RFWFER 1~3 FEA—TFARHIFH EL T, FHIFIEE
T,
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Frids i Bl 5 R A H LR Inp05-ZnO-+ Iny05-Sn0,. ZnO. SnO,
FIEAT—FF,

5. MRIEANFIER 2 B 3 Frid & HL EL i, HAEMEET,
5 PR % S AR INZUR, B E A A SR AEN EL RAE R
H KL BN AE R R .

6. MRIEAFIEK 5 FriR BN EL oiE, HAMEAET,
FrdHHLEL KB K HBEENE,

10 PR B SRR EH 1% TRER CuO. Co Bl Ti PAEM[—
FHARHT Iny03-ZnO. Iny05-Sn0,. ZnO. SnO, H AT AT —Fikt JF By
)2

P A < L R IR 5 B OB 2%

15 7. RFEAFIER 2. 3. 6 PEM—TFTRMHEN EL ok, HiF
EET,
FIRHHLEL K AR R HEAKE,
PridERERH Zn, Mo, Cr REXLEERBINESMM, Fide
R AR IR IR B B e 2R

20
8. —MEAMRKFHEAEIR, HIFEET,
AARFIER 1~5 PEFM—TFTRKIF L EL Tif.

9. —MBEKHRTXNWBEER, HIFEET,
25 AAPRER 6 FriR AN EL o, BERANERL. Hiok
RIERE,
FFE AL FTRE Y EL TTHHIFTRIE T S BRI,
A e R ERRHTRE R R BB RBE.

30 10. —MEREEHTANEAER, HSEET,
RABMER 7 Frid AN EL joff. BEABKNYT L. Hifk
Bst s,
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Yl EL ok XFHL EL HR

BRI

5 ARKPWRAEYLEL (BBURIL) o XYL EL TR, BN
Y, ARAP R M NEBREIBETFRRTAE, T ETH
B EX EKE YL EL St RAER Zo 4 Hl EL FiR.

BRER

10 EHM 1987 & Tang RRFFANEEEMENREHBREBNEN
HAHLEL JTFLAR (C.W.Tang et al.,Appl. Phys.Lett.51,913(1987)) , &
AR EFRFVEL TR HR, Hb—SHB2BFLFRNA.

B 4 REBHIAEFVL EL TRWER, Bid2ERRERIEH Eik
41 LIRIRBEZTAERE 42. BIGEANE 43, BAE 44, BT 64

15 2 45\ BTFENE 46, EBETEANE 46 LRBEENARKNEEBIK
47, TIHIRLTCAE .

B 4 FrtiE BN EL TN B FRERUMT HEHRE. BT,
MBERA AR R B N B FERENERERE TSR, B
RICHERBR T, ZRCHERFHERBEBAN 25%. H—HH,

20 RICEWERKEEE B TASBHME, THRTARS. XB, &n
ARNERITTEE,

X = 1/2n ceevesesse (1)

@%ﬁQMkﬁEM%%zﬁlé,%u,ﬁ%%@mﬂi%%
20%. Bk, WER EF, SMHERTFRENIRRR KA T4 /K

25 MR (H925%) SHMIEUHAE (420%) BIFEZIR, KAR 5%.

BR, s EFH EL THRSNFETFRERILRIRE, KA%
3%, RAERER 60%Ah, F, FEARIFEE—EZERLM
WA A TSR IR, SFEERTERESANEIS, FEaEEmKmE
18

30 WA, ST EFRMERT S, HAMIAKERNETRR S BB
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SYELRE R, R A SKBRN AP HEE. SEXTLETRNEREZ —&
&R BRSNS K E R
FRARET BRI BEMR LA, X HRNETRE—FEILEL T
1 BAE R A BN EL R, MU RSN E FREMAMES
s EH, TRBHEXILE.

RHAR
FRUARATHREBRREMRE M. BFEKX 1 TRNEAR
—HMEVLEL Tff, REESRERESERERZ MEEHNRIEEN
10 HHLEL &GE, HREET, BHSEEEREE LREBORNE
PLEL FO6ERME —E, LiRE A T R R % e T2 T FIA
X HF, LENLEREHNERABZLREBBMAEER, &L

BRENEEEH R K.
I = 2n +1ﬂ, (n=0,1,2’,,,) ................................. 2)
15 4

Seoh, FIEK 2 FRRRAR—FEN EL i, REESRES
BEBARBZEABEFNRAENFN EL RAK, HEEET, &
AT RBEEREE LIRS R BRHKAEN EL 206NN —E, 5 EF
PLEL RIEBHRICHEKAREKANLLE, # iR &8 sk L%

20 FRENED—TEXTHRE, REMNLEEN EL RIEER K%
KL BB E I B H .

Beoh, MAER 3 rRRAR—MAN EL T, AEESRS
WEERERZEASTEIRAENENEL ZAR, HREET, &
AREREEREE LRESRERMNEN EL KAHMNM—E, LREHR

25 THBRNEEHRKERATHETILAR, BF, L EALBEIRLE
ZERERBEHMHICEER, M R ERAIRSCENRAEK,

L=2n+1 - (3)

A (roog,y T

5 ERHH EL RAEENRAEKAREKKIEK, # LdgRE
30 IREGE/UR EREWFERBRITRY, REMNLEREN EL KB RH
HIB R RI G2 L3R 3% A ra AR St e
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SeSh, BOMESK 4 Frid iR, HAMMEAET, ERFEKR 1~3 b
A —IBFTRF N EL S, LRiE I S 44 52 In,05-ZnO-
In;03-Sn0,+ ZnO+ SnO, F KR —Ft.

BeAh, BURIESK S BRIk, HASMAT, ERFIEK 2. 3 57

s BREENEL oiF, ERBHSEEERMAR, FEERNE L
HHLEL KOG K IR EAHF MBI

Lok, BUFIESK 6 iR, HUSEET, ERFEXR 5 frik
KIFP EL ik, BRFHEL RAEERBE AN L, LRBEHSH
BREEH 1% TKRER CuO. Co BFE Ti FIEM—FhZFE .

10 In,03-ZnO-~ Iny0;3-SnO,+ ZnO. SnO, FHMER —Fh M RETHIR, L&
1% B ER R R S 5 B B 28

sesh, RFIEK 7 FrRMIRE, HAFEET, ERFIEK 2. 3. 6
PEA—IFTRFE VL EL TP, EREV EL KB R BEE RS,
LEREREHEE Zn, Mo, Cr HARXREEBHEEHHK, LREES

15 TRIRCIE B 1 2k .

Besh, RAEXR 8 iR KRB EHREFHEGER, HiE
MEET, BRERFIER 1~ 5 PEA—TFRRE VL EL T

WAk, BHEKX 9 AWK HRFEERFANEEER, HiF
EET, BENRIEXK 6 FridtIF VL EL o BEBAHERL. F

20 BELREESR. FEERCERE EREN EL M LidER S B ER
W, ELREREEMR LR ERERLRHNBEEREN.

BEsh, WAENR 10 R RBRFACERFXNERER, HiF
WEET, RENREKR 7 TRMEN EL o, BEBEAHERL. B
BRHREAE, FEAMAKE EREBERTRY, AR LREE

25 JGRHBFIEGERE,

P P 52 B
B 1 24 KB EL TSR BT,
B 2 RUAAKRBIRFY EL THKE 2 MIEREITF.
30 3 2 A K BARIA N EL ST TR EE R XE AR
AT &
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B 4 RULBIILE B P EL TiERMiER .
FFEULEE: 11, 21, 41 BEHER, 13, 22, 43, 306 ZRIEH
B, 12, 23, 42, 305 ZTJUEAER, 14. 24. 44, 307 KHE, 15.
25. 45, 308 BTFERE, 16, 26 46 BTEAE, 17, 27, 304 &
s BRRHEE, 18. 28, 47, 303 &£EH#EK, 29, 301, 310 4R, 302 TFT,
309 BESR, 311. 312, 313 Bai#iEa 3%, 314 BER4E, 315 4b
AEHF.

RARSEHE T 2K
10 TH, SEHE, MF&R\ASERETNETHE.

B 1 B—HIAERER ERRN AR BHEN EL THRNEWHE,
ZENEL T EFEVLEL XA, HESENRNAENETEIE
R, Bkrbit, #RAEMRKMERER 11 L, IRREESIGEA
B 12. BrAEHE 13, BRE 14, EFEHE 15. B FEAE 16,

15 HEHEFEAE 16 LREEHSFHEE 17, EXBHSHEE 17 L REE
ARBERENER B 18. Wi, FEHMRARPHEI EL ST,
HEERAT AR EEFHRAEHER 11 LREEAERNEBENS
Bk 18 L.

HEMXE 14 REHRET, FRASRESHE 13 NFRE, B

20 TIREHE 13 REREANE 12, NEHER 11 I ES4E, B,
HEEFEEE 1S URARELTBFERE 15. BFEAE 16 K&
FFEE 17, &R Bk 18 RFTMEREDTHEAER. Hitk, wREEF X
RETFEAETAA T EUE Z5ME, REEBREINEEFRE,

B52, BREHBTHNBEFERE 15. BETEANE 16 REHS

25 HE 17T NEEEERN 4 G=1. 2. 3) « F{HEEX o G=1. 2. 3),
MANENE 14 ZE&BEMRK 18 K% L @ TRKSE, &KX
R EREBENEEEZ M,
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FeLktEL R ER 18 SEPSHE 17 WAERERNEN, BT
MARRI R AR EE, Bk, BREEKERA A, SR NRR
KRN

L=2n4+1/1 (Il:()\ 1\ 2 ...... ) ................................. (5)

BT EHER B 18 EAEK, E5KEE 14 ZRNMANBTFE
ME 15. BTFEARE 16 ZBEHSHBE 17, FrOAmkX e R
HEEERTRBELEAR (5) , MTURBIHEFHE,

BE, FEFBETFENE 16 HEERLE 0.5~1nm £4, HINE

10 MEBRFEHE ISHEE, SHATHRESUBLHENHE. B
i, EXRLZBEMEN EL T4F, BSEBRFENE 16 5&RB1K 18
ZAREEHSHEE 17, REBEHSEE 17 HKRE, f&R®B% 18
BT RETHIG & B ERMT &4, FARETMHAR, TRERER
BUH SR, BMATR=EIMFETRE.

15 XEFATEHSHEE 17THEERRENREER, fI/INETFHE
EEERBTE, AMEATAHRCERLFERRENRAERE
RAREAEKR, MTRAGGERE, NEIHCRLEEXEET
B HEDE, FHFEEFTHA RGB ZERMNWTENEEARILEE
H.

20 s, B EL WARKSERRN AR FEHR TR E TR BT LR
TRMEE, REEET, MAREREEBRERRN. REAK
(5) T4, THEREKMBRAEZERE, REFERKICET
wRE, EHit, BEEAHELEAR (5) PAKRK RS EERD, FBT
A KBHFEY EL TR E N EL MR EE.

25 o, AEXNLE, BIUTHFRT4FR, B, BEEERAS
HES5SRE, WRRHE, FiERFEANERSBESEMKRE
B, RREENCETERNNAE, IEEERENMREENAST
W dE R AR, X8, RBEUTHFEEAEKREZEEHE
Wah, B, EEHREBESSERENEENRKWAERKHEH S

30 ¥, MitEBEMERERFZE. i, EXHERT, REUATH
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XMBEE, B, FNTERERSENEZRANER BRI #IEE
maAX (5) MAX, EEFERRBTI.
REREFEERTFAEBAHEHRKRT, ATFERLRER, FUE
ML, FRANBEARFABBRANSBEIRFSBRIEEETR
s B R T LER Zn. Mo, Cr. 1b4h, HEY S HEEENEEKY
J7ik, AT LGB M RS I S B RSB, (RN 1%0L FEH
CuO. Co. Ti, BIETSZIR.
A RAEENLEL THRMAERT B 1 FisimgEz s, bl g
B 2 FrosiiiE.
10 B 2 RULBFE YL EL JT8 T 30 EAR1E N FHAR B L T i
B, HHph, EER 29 HKEES BB 28, FHRAEH S E
27, BREAR 23, BFRAERE 22. BNRE 24. BTEHE 25, &
FIENE 26 FIBARAEH B 21. ik, BFEANE 26 FIHREE
BERAR 21 MO KMERTHAKHZRINT &M, B, @idE. BtE&BHE
15 4. BHY. . EUYREEBEERBETFEARE 26, HiZE
ZEERAISEERNEEE, BER FHE n,0,-Z00 E4E (1ZO)
HI4H, SEERFENE 26 Z EHEHERH 120 £ EHE LR
ROIE B AR 21 RIS,
oAt ARBBRTERATE 1 XE 2 i EREREN EL T4
20 24, EFLLERAT, BlIEATNEEZEREHEEWENNEEN
EL Juf 4R K BT E B L EL Joff.
[SEHEHI 1]
& 3 2 A Ak B8 ML EL oM R BB 3 307 SR B AR 18R
A . £RF TFT302 F%EA4R 301 £, #F Cr (5nm) /Pt (100nm) 4E
25 ARSERNEBEHBEK 303, RAEER EH# In0;-Zn0 E4LE (1Z0:
P EA 2.2) EAHRKEHESHE 304, HARFERANENRN S
BHE&RHER 303, MREMME 4nm UTHEEALSERE &S,
WARRF Cr/Pt KB EAR. b4h, 12O B RE B R E i I 31T 1,
WAL B FREREREENRERESEHERETIE,

10
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A EBEMAGE RS, EiZEHSHAB 304 LIRREREIEA
& 305, ZIUEHIE 306 KHJZE 307, FHEE 20nm ) 8-FREEEEMEE
R EY (Algy) 1EABETFIE4HZ 308,
BFEARS LIEHBERNEES 300 #aN, W 0.5nm
5 M LIF (ENVBRTFEARZSE, EEHEEHER LR Inm ) Al 5
220nm ) 1Z0O, £/ 300nm K SiON 1R {RIFJE.
ZHERAN EL JUHFRIGHEEER, 7EMBAE 9 BIAR T 55 ARk
1ZO HIZE R 304, BIUENE 305. FFUEHE 306 148 Btk
303 B9 Pt RZ BT R, B TFEREESTRE R LRI KSN 470nm,
10 ZEREANE 305 #HIR T 80nm, FAEHE 306 BT 20nm, FHit,
BRI RERN 1.85, REBEAKR (5) BTFHB LM, 120 BE
KWK 183nm. Mol TEVENM AT SR REIEH S 2 304 () 1ZO
TR 0.6%H CuO, ML IER.
X BITTHRZER 301 LREFRPE 316, FH 5WREHIBRK
15 RGB Bl e 311, 312, 313 BER 310 B EAEXT S8, XL
ZIRAEAE B 314 FPRET, E454E, BIAEER 315
EHZHNTEREAREE. XE, AEEREERE—FRESEY
BREARRE/ R R ERAEAR.
W A S B oF BT R 138 RO TETAR AR S5 I 0 X RO TRTAR B ek 33t
20 ATHE, SGREH, SIMBUHRRTMN 2.0%RFE 3.0%, EHARZE
TEIHERTUARDE=22 =, T BB 1000Lx LLIF, 100cd/m2
I B X EE R 200:1
sesh, MARAHRE[HEEEEGET RN R ER, B3k
RREFERE.
25 [SEHEf) 2]
YE R IE B3 B A A}, BIAE {3 LB A 201nm ) Iny05-Sn0,(ITO)
(i RA 2.0) A In,0,-Zn0, FHATSLH] 1 BRI, R
ARG s 1 ABRIRIR . % ITO B LUE T JRET: . 2848,
CVD T E#ATRUE . 1Ah, BI{EEFIE ZnO B SnO, fE4EH
30 SREME, RREBLEEENERT, WREBHRNEER.
Tl bR F BT e
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LTk, RIEARYE, BTEHSHEERREAFIEL THH
ERARMREENN—TE, %EWHIFRRNEERAE, SBEAK
BT R ST R R ZE T BT nag, FTUlRe iR mAMBE T EM A
FEES. MH, BTFHEEKitEETLRBREEHRER

s B, BTULREMESGERT LU, Bk, W CARAt—MA L EL Juik KRR
FiZuEN EL R, NMUEERBIMBETRERMAMERKES
1, TREBESTHLE.
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