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Abstract—Since the discovery of superconducting oxides, enormous amount of research has been conducted
on the preparation of high-Tc superconducting films. It is obvious that future microelectronic devices will
require well-crystallized films of smooth surface and uniform structure prepared at substrate temperatures
as low as possible. The high-T¢ superconducting Y-Ba-Cu-O thin films in this work were prepared by thermal
chemical vapor deposition method on MgO(100) substrate without postannealing using B-diketone metal
chelates of Y(thd)s Ba(thd),, and Cu(thd); as source materials and O, as a reactant gas. Superconductivity
above liquid nitrogen temperature(T¢ ;e =90.1 K and T o=87.3 K) was obtained for the film prepared at
650C and 0.0126 torr. The thin films consisted of Y-Ba-Cu-O with mostly c-axis perpendicular to the substrate
plane and with small amounts of a-axis normal to film surface.
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1. M E

Berry ${1]¢] 1988'd 3}%}5-2H(Chemical Vapor De-
position; CVD) ¥ 2.2 B-diketone #z|o|E 3352
Ve EAZ 3o MgO 7] ghel] A% (critical tempe-
rature zero; Tco)7} 20K< YA (YBa,CusO;) EAHE
glukg Xgo 2 A zshed 433k Yamane 52-
43¢ SrTiOs(100)[3] 7154-& AR&-3t] Teow7b 915K
ol A AHFUE (critical current density; Jo)v 77
K¢} 0 TeslaolA 3.9X10°A/cm?e) YA & 2H%
(high T¢ superconducting; HTSC) w}eh-g | z3le] %
A% k2t 7H4A(Superconductive Quantum Interfe-
rence Device; SQUID) =+ rf sensorol] o] 83 5 9l
& B Fdh

a2y 99} o] YA ne 2= wahg Az
) 2325 i 7)¢-L % (substrate temperature; Ts)
& 800T ol oleldt £ 2xoMe Zgxt ¢
G7ko)] Mk o7 Q&) wieA 3 g HAY
Fobs] $8o AR FA2EE P WY
22 o7 AP glck

2%9F Tsuruoka $[5]2 #A3} wkgrl2(active
reactant gas) & N,OF Al&-3te] SrTiO;(100) 7]kl
650T o] Z2FLT oA Tc o7} 79K YA 1& 23 %
whakS A Z3}ed o.m, Ohnishi £[6]2 A3} vk-g-7}
29 22(0)& 42(0)el Hrbslel MgO(100) 7]
sol] 650 o] A Tc o7} 80KQl YA 122 A E uieops
ohe g B v} 9ok ©£3), Zhao[7] 5-& Sal=v}
3}3}Z-2H(Plasma Enhanced Chemical Vapor Deposi-
tion; PECVD)¥ 2.8 ¥grlAE oyx7} & Z
ZolAe 2 o) &8lA1A 670T o F&2xolM T o7t
89 Ko| i Jo3= 77 K2} 0 Teslasl| 4] 10° A/cm?¢) YA 2.-&
2% wube A xsgck 222 Kanehori 5[8]&
uh-g-qtel S 10torrell A 15torr® HEA]AX SrTiOs
(100) 7]Zell 700C ol A YA 22 2HE wtehg A
z3stg om, 2o Yamane $[9]-& 4rEgke 0.036
torr 2 WY3o] 650C 2| F3h-2oll 4 Tc o7} 84 K&l YA
I 2HE wabg AxF v vk

B 7L AAE9kS 0.516 torrel| 4] 0.00208 torr
7] #8271 4] Mg0(100) 7]l Y-Ba-Cu-O#] 32.&
2% ghehg AlZ2F bl gled], AkaEste] 0.0126
torrd o 650C o FALwoN 7PF S WS
A& 4 A0, 11]. mepa], £ Ao 4= 0.0126
torre] Ar2¥Egts 650C 9 FH2EE AFZRACE
A sle], CVDH o2 B-diketone ZHolE 3HES
Y BAE A3l MgO(100) ~1#e] EdAde (4]
7t%, as-prepared)o] wr2 A% vhvte] EAWHIAE
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AdTatgdon, MRz $8-2 Lolur] 9isle] &
(Ag) & 71RO 650C o] YA 2% whors 4=
atodck 99 o] Az uhabo] A7)y, AR
2 v|AT2E 7 2ABIE), o] o A7]xde AC-
432 (four probe method) & AF&-3}om, i n|
ATzet AYFze 747 FAHA21E0) 7 (Scanning
Electron Microscope; SEM) A}#2ls} X-41 3] 4 (X-Ray
Diffraction; XRD) & #4024 utate] Azz7 o
2 EA4E Aok
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o & A4 E Bule] 7| H8lo 4 slEht
S5 oA A FASS Y wHolck

YA =A% vtetel] ofiF Hammond S[12]°] 7]
3lety wiyog a2 we} AbAETle] HAHET o
At #A L ASE FQlEk, YA 2H= dabg
AZE o, Tcot 28 24T EXe) A4 gF3do] &
dag 7 Aoty Big »p Yok

Kanehori S[8]-& 700C 2] S22 X ol A Al 4-B¢h8
553 Pa(4.15 torr) @l 4} 80 Pa(0.6 torr) & 3w HX
G353 2HE BEAo] EdE BoFw glow, Ya
mane 9] 2& x4 Ty=650C 2 P(0;)=0.036
torroll A Azl & W, 2HE EA(T=85 K)°] 800
T olate) ZAL oA Axg uiuta fAR AAE
At

WAl seEa g e 2907]9) e
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3. N ¥ SFuU

3-1. AEI=R

£ Aol A AHE-RY CVDAA = 24 9& FFA (feed
system), Z2}7] (deposition system) % u} 7] A (exhaust
system) 8] 38202 1} 5 glch HREHe Mojo
Azsledon, A2 ML Fig 1o ehi ek

A7 FTFA+E 7k~ A™Y, MFC(mass flow control-
ler), 48 E4E& g B9-E(boat), YEEAY 71
A3 9 tape heater 528 FAFD, Uy YEE
o] enbrkA(carrier gas) 4] Ard} vHE7tA 824 O,
£ 747 AHgslod ek 7haE-E MFCofl 2)3te] 2 fafo]
24 ¥, ztzte] Y854 v#&x =4 7|(propor-
tional temperature controller) & A48l A 7}
5o 2E5H o g 2Ho] A 391 tape heat-
erg Ab23le] Fitgl Qg EAe] 7|H(substrate) ol
E3t7] Aol whe- e Dl 4] dEE g

F3A & gstE3 gkgo] delvhe FEo 24 V)
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Fig. 1. Schematic diagram of chemical vapor deposition
system.
1. Thermocouple(A) 8. Nozzle
2. Thermocouple(B) 9. Notary vacuum pump
3. Heater 10. Source material
4. Tape heater 11. MFC
5. Substrate 12. Pirani gauge
6. Susceptor 13. Vacuum control valve
7. Ring

#e AR5 A (susceptor) ¥ Q- (thermocou-
ple) £ o] 7oA glon, 7ge 7l ZFWET 53
o2 gxsa, 7Ry e vjEeE YR
stz 2aenddA AFzASA sk = £ A
Aol 71 F2g Weal NHeE s Y3 FAH7)
Slste] F AHe] dAYE AHEskded, AAABE
ex zdgos 2 el Axslya, dAH(A)E
73} e X ol AAgozd 22 F HH3] SAHY
T AEE 3ok

) 7] Al ol A} HS-3 W 9] k& Pirani Gauge® &
Aelel s, o 2 AW B ALg-ste] vh-gA W9 FH S
zAzgon AFL Fx3}7] st A AFHZE

Apg-atoch.
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B ooy AHeE gagAde 45 nA2A
MR Ge exeld A P4 FuAel Uk
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ato] uhg-o W) kL dAsA FAAF 4k
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A7 A F}e] o) Hel A7|HERs} FIHZ He A
olt}. o] & #aldlr] fsle] A|HE Teokr} tf e
2ol A AL wEH 7TK7HA] A3 Yzha] 7]
w4 X E H71AYgE Ak

B AgellA] AMzg AR silver-pasted o] &3
QEHEHS Agsigon, FAYE 2EAAME 4
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43}y whate} ArjHaE ZAsdch
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Te msu©| 2} 313 % Flo] o2 =& 25§ Te o2t 317,
T ma— TeoZ Aol %9l ATe} g

3-4-2. v] M =29 A

7l F3E YA 2= o] AAFZ2E o}
27 ¢)8le] A RigakuArbe) X-A s HEAM7IE A}
235190, Cu(Ka,) target& AHE-3ldx 5°-55°9)
Tre 207k o HAAE FAEch

B Ao A% YA 2AE whete] 39S J8
AKASIAt2] SEME $3te] 3asieich
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4-1. MgO(100) 7|®e| EHAENI} YA XM
utolol Olxls HE

B o7& Mg0(100) 7] 2o} iAol 2 2%
upate] £4 W3tE AFsieic}t. WA as-prepared A
€2} Mg0(100) 2} 15 N2] HNO; 4o 4 1417 &<b
A7k MgO(100) 7]} 650T ¢ 32 =2} 0.0126
torr®] AbaRatelA] YA 2UE wtuhe Alzstgct

o}7)ol| ], as-prepared®t MgOS F2AA AAAA
Az Ao Fue o] gl inae TS
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Fig. 2. Temperature vs. electrical resistance for the films
prepared on MgO(100) substrates after (a) chemi-
cal etching and (b) as-prepared at 650°C under
P(0,)=0.0126 torr by thermal CVD.
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Fig. 3. X-ray diffraction patterns for the films prepared
on MgO(100) substrates after (a) chemical et-
ching and (b) as-prepared at 650°C under P(O;)=
0.0126 torr by thermal CVD.
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Fig. 4. Surface SEM mlcrographs for the films prepared
on MgO(100) substrates after (a) chemical et-
ching and (b) as-prepared at 650°C under P(O,)=
0.0126 torr by thermal CVD.
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Fig. 5. X-ray diffraction patterns for the film prepared on
Ag substrate at 650°C under oxygen partial pres-
sure of 0.0126 torr by CVD.
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