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The conditions necessary for synthesizing thin oxide superconductor films in vacuum deposition
systems are described. It is shown that the oxygen partial pressure on the substrate kept at the
crystallization temperature must be higher than the oxygen dissociation pressure of the multi-
component oxide films. This condition can be satisfied for the YBa:CusO7-5-O: system when the
oxygen partial pressure lies in the range 107'~107% mb at the substrate temperatures of 800-900 K.

For the Bi-Sr-Ca-Cu oxide system,
utilizing the multilayer deposition technique.

surface and contain no grain boundaries or precipitates.

the number of CuO layer in a unit cell can be controlled by
The multilayer films thus obtained have smooth

The large solid-solubility found- in these

multilayered films shows the possibility of obtaining films consisting of non-equilibrium phase.
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Fig. 1 Schematic illustration showing K-cell
temperatures, Tk, obtaining
1072mb pressure and the heat of formation
for the four components of the Cu-Ca-Sr-Bi
oxide system. Poxia(T'+) is the equilibrium vapor
pressure for each oxide at T%. Puaec(Ts) is the
dissociation oxygen pressure at T, for the
resultant film. Po, in the chamber must satisfy
the above condition.
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Table 1 Comparison of RF and ECR plasma.

" RF plasma !ECR plasma

Gas pressure (Pa) 10-1~10? 1073~10"!
Ionization rate (%) , 1075~107% | 107~10"!
Ton temperature (K) ~10% ‘ 103~10*
Plasma density (cm™%) 108~101° 10°9~10"2
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Fig. 2 MBE system geometry using ECR pla-
sma as a oxygen source®,
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Fig. 3 Sputter system geometry that avoid
negative ion resputtering effect®.

RERFE $£10% F4E5 (1989)

B3, BA A ICKBH Ry 2R U T HEOR
EM#% Fig. 3 10R9Y,

3. RRAPM7=—NEEHEE UI-piEE

RAMT=—NERHRET 2O RRBEEAEDDH O H
FTRET LSRN, CORBICHEZEEERESAN S A
Vo FRREOH - EET LRV TOH—-BREAEE
ot HMBYENBEOLNE LWV HAICR & 5, £
BEBUT TR, BoncBERIVREERZE>H, 7
=it L ORERILT AT Eick D 0.1~10 um DR
WHBEROESERENL S, YR Bi REtHmE bicc
M~ SBAMEDSH L, BRE LRI c AR & FTi
RRY 5 c WML R EASEN, Y ROEA
I3 Ba K& H.0, CO: &5, #iE?s BaCOs
BT 50T, ThEfi< BT BaF: 28T E%H
RYEE LIcEE, RERESE LN D &L O RENE
L\S)

Bi RED A, @ OREFHE Tld Bi2SraCanCun10.
DM (n=0~2) TRENZEZEMHBPEELTELN B,
n=0 8 T.=TK, n=1280K, n=2p107K T% 3
DT a=20 WTK HEEFL LTELELB LM
INT &7, BHE EREESFL D/ 95 4 —203E
IS EREIC L T 107K HABES TV 39,
FTx OHBETIR vy M THRIHLTWS Pb Hillno
FH” 2B IO LT HEM: K 107K M (Rl
9% PE) #BTHEY OTHMBICHEAT S,

COFHEOREA VY FREBEFLAINTOHE—MA2E- 7
JEREEE Ry 2L TERT 2 0 OHFT S, £
—4" v M3 Bi-Sr-Ca-Cu BLMIOEERATH D, =R
EiRo bic 0.3~1.5um EOBEAMRIEE, BEoM
B%i3 Bi 15.6%, Sr 18.6%, Ca 21.5%, Cu 43% T
%o ZODEIL Bio.se Pbo.2a Sr Ca Cur.sO. OHEKD ~< L
v b% P O#ARE LT, BEAH U/ FhTy =—
NTHZECEDEEIC PO AN —7F 3 & T
X5, BALFEM A B IC T 3 &, GHEMOBNET
106 K % KIGICHEMI ¥ 5 &0 T& %, Fig. 4 i€
BULEIERY 30 43, 180 43R0 T = — VD X BT/ <
B —VEIRT, T =—VEIHOBRE ClIERELs i ht
Fio7c 80K MM ET 543, e & bic CHAZEE
ESEITICRIRBAD 106 K HHskE T 5, Fig 4(b) o
12 Te=106 K T aiffit R U7,

RRA LT = —VEFHEE LI T N4 2D Bikhs
MESNEEOSMEOM, (1) T=—nigk 3 1T
EDIE, (2) HEDOVEE I BEbN B, (3) #E
BORAKRESD, KRR BITH L, wbw3
weak link ZJEF 2 ATREMEDS D 2 E35 MR L7S i huid s

— 12 —



ot

— 235 —

L{008)
L(115)
L(0010)
Lo

L(0012)

Mg0
o

o~
=1
<
~
o~
o
)

Intensity (a. u.)

H(0010)
H(0012)

H(0014)

2 5 1‘O 15

2l5 30 35 40

2 8 ( degree )

Fig. 4 X-ray diffraction patterns of the films after annealed in a
controlled Pb potential. (a) 850°C Xx30 min, (b) 850°C X180 min.
L(hkl) and H(hkl) show (hkl) lines from the low and high T.

phases.
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Fig. 5 Orhorhombic and tetragonal (order-
disorder) phase relation as a function of oxy-
gen deficiency. (s: order parameter)”. The
isobar curves (107*—107¢ atm) are referred
from 10). Open circles, a-d, show the substrate
temperature and oxygen partial pressure ranges
in the reactive evaporation and sputtering
processes for the synthesis of YBa:xCusOr-s
films. a: from ref. 11), b: ref. 12), c: ref. 6)
and d: ref. 13).
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Fig. 6 Sputtering system geometry for syn-
thesis of Bi-O/Sr-Ca-Cu-O/Bi-O... multilayered
oxide films.
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Fig. 7 High resolution SEM images (surface
view) of the as-deposited films. (a) multila-
vered film (T,=650°C), (b) co-sputtered film
(Ts="700°C).
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Fig. 8 X-ray diffraction patterns of the as-
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Fig. 9 Cross-sectional view of high resolution TEM image of the multilayered
film (A4=21.6 A, corresponds to Fig. 8(b)). MgO : substrate.

— 15 —



— 238 — KRR

Fig. 8 it 2t =%y 2 & (Fig. 6) Ic L DB/ H
BEOEHT £ — v Of% R, BRI 3T (004)
WELTHETS, TN cHMEAMLTWACZ EARL
TWa, <OELBEIIR, hEh 18.8, 21.6 BLU
25.8A LU cWEELTED2/HEE & hiT 37,6
43.2, 51.6 A QHIOERERINIC LB, &
o055 37.6 A OFHOMIATHENCBEONDE
T. 8 (T.=106 K) icHZ LOABZE T B 5, c=
43.2 BLU 51.6 A OEIZBTHIIICIE FE € 3 R
I X > THID TAMREEL 8 -1 b DTH %,

ZOXSCHBETEEORM, o #WEmkid
RBTEN, AYMCERICT L TCETIcERI LA BT
BELTWEDLERERT Bnic, Ba IESEERD
WEAT A=21.6 A(c=43.2A) o WEEREEI
-7 (Fig. 9), MgO &N EHICERT S “B> &
DIcHBE S ZEIEEE R > THIR DD, ke LTHE
BWEFTICEINT Bl BRETNBECEBLEELT
Wa, LPLUIERBOERIGROBRENA LN, I HIKE
PREEE RTHEHBNE CALECAICERELTHS, i
o7 ==Vt LD COBERBIZEERT L HIKE 5
2, EHEEOMREL, NENBE RS EBEEER
BBRIC IS A1 E DAL ET LIcBE R LTS, &
OBBED S 5 1 >OK XM, BEESIERICK
EWET, Sr & Ca OFE#, BHEL Cud CuO ZHH
TAHRLERLEDAL T ENTEL, TOXHIRALH
AR U DSBS A RT & & BIEFICRBICE &,
ABOMTICIEHEZEATHEEDEEL TN D,

6. BHbHoIC

HEAGHROARE VOB TEENLEREBCES T
ETH-7chs, HEREECROESEZBVEDEE-
7oo Culz 4 v b7 —7 % ATHIKEKRT ZFIHIS, #
LB O NIEWBEBLCEILHD, Fo ) T—B
B (EA &7, ETHE#LI S BEEERCHET
5EEZOND, - THLOEBEEAIERE,LOAS
NAAEER G H D L HFEN S,

X 73
1) BEARD X ICD TR, BAZNEELE

11

12)

13)

14)

15)

16)

17)

18)

— 16 —

W10 A4S (1989)

131 REXF (WLREDE, 5§ M) “EE v ¥
Two” (A—ott) EBHE.

NLE #, KUEEE, PHNES, NIE—, FI
R, WA SHPIARHEEE 102 (1989).
G. K. Wehner, Y. H. Kim and A. M. Goldman :
Appl. Phys. Lett. 52, 1187 (1988).

R. L. Sandstrom, W.]J. Gallagher,T. R. Dinger,
R. H. Koch, R.B. Libowitz, A.W. Kleinsas-
ser, R.J. Gambino, B. Bumble and M. F. Chi-
sholm : Appl. Phys. Lett. 53, 444 (1988).

P. M. Manhiewich and J.H. Scofield: Appl.
Phys. Lett. 51, 1753 (1987).

H. Itozaki, K. Higaki, K. Harada, S. Tanaka,
N. Fujimori and S. Yazu: Proc. Ist. Inter.
Symp. on Superconductivity, Nagoya, Jpn.
August (1988).

M. Takano, J. Takada, K. Okada, H. Kitagu-
chi, Y. Miura, Y. Ikeda, Y. Tomii and H.
Mazaki: Jpn. J. Appl. Phys. 27. L 1041(1988).
H. Hayakawa, M. Kaise, K. Nakamura and K.
Ogawa: Jpn. J. Appl. Phys., submitted to.
K. Nakamura and K. Ogawa: Jpn. J. Appl.
Phys. 27, 577 (1988).

K. Kishio, J. Shimayama, T. Hasegawa, K.
Kitazawa and K. Fueki: Jpn J. Appl. Phys.
26, 11228 (1987).

T. Terashima, K. Iijima, K. Yamamoto, Y.
Bando and H. Hazaki: Jpn. J. Appl. Phys.
27, 191 (1988).

Y. Enomoto, T. Murakami, M. Suzuki and K.
Morioka: Jpn. J. Appl. Phys. 26, L 1284
(1987).

O. Michikami, H. Asano, Y. Katoh, S. Kubo,
and K. Tanabe: Jpn. J. Appl. Phys. 26, L
1199 (1987).

H. Adachi, S. Kohiki, K. Setsune, T. Mitsuya
and K. Wasa: Jpn. J.Appl. 27, L. 1883 (1988).
T. Kawai, M. Kanai and S. Kawai: Abstracts
of ISTEC Workshop on Supercondudivity,
Oiso, Feb. (1983).

J. Fujita, T. Tatsumi, T. Yoshitake and
H. Igarashi: Abstracts of ISTEC Workshop
on Superconductiviey, Oiso, Feb. (1989).

K. Nakamura, J. Sato, M. Kaise and K. Ogawa :
Jpn, J. Appl. Phys. 28, 1.314 (1989).

WHE E=, KR E- BN EE - OReE %
1989 EFMHRLTHE.



