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Abstract The superconducting phase, YBa,CusO, (YBCO), was in-situ deposited on the sin-
gle crystal MgO substrates, using an aerosol decomposition process in a cold plasma reactor.
The solubility and decomposition temperature of the chemical precursors, and the vapor pres-
sures of the solvents, were determined to be the factors crucial to achieving a stoichiometric,
crystalline YBCO phase. The deposition parameters for the YBCO phase were 0.3 to 2.7 kPa for
the oxygen partial pressure and 800°C to 940°C for the substrate temperature. The optimum de-

position conditions for the YBCO phase were observed along the CuO decomposition line.
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Fig. 1. Schematic diagram of the aerosol
PECVD apparatus.
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Deposition parameters of YBa,CujO. films deposited in the study of substrate temperature and

oxygen partial pressure effects

Specimen Substrate 0, partial Working Flow rate  Flow rate R.F.
number temperature pressure pressure of O, of Ar power
C kPa kPa scem scem kW
SM134 800 0.3 5.2 15 135 5.6
SM138 830 0.3 4.9 15 135 74
SM136 850 0.3 5.1 15 135 7.2
SM137 900 0.3 5.2 15 135 7.1
SMi127 850 1.3 7.1 75 150 6.5
SM129 880 1.3 7.1 75 150 7.2
SM128 900 1.3 7.1 75 150 8.5
SM131 940 1.3 7.2 75 150 9.3
SM120 850 2.7 8.1 150 150 8.5
SM123 880 2.7 8.1 150 150 8.5
SM121 900 2.7 8.1 150 150 9.3
SM122 940 2.7 8.0 150 150 9.5
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Table 2

Chemical compositions of the solutions used for the film deposition

Solute Solvent Y:Ba:Cu
(100 ml) (X107 mole)
Y Ba Cu
Solution A Nitrate Nitrate Nitrate Dastill water 1 122 2.2
Solution B ACAC* ACAC ACAC Ethly alcohol 0.1 :0.22:0.22
Solution C Nitrate ACAC Nitrate Dilute benzoic acid 0.15:0.33:0.33

* Acetylacetonate.

YBCO2} Y., Cu.0s4to] #FHasjg]on] ogubd
o3 YBCO AXo uld] Ba A2 oFo]

Eoulubse ok -2 um AR AL 2

JAE2 deodgle  particulate HHEH
(Fig. 2) %39 gla}, 53] 2 gz
t}Z4A- Aol Slamovichel] 2l& Rz d A
# fake FeE dEba Ad5] s
YapEo] 7lwe) AgE Atele ol 2FaiA

_ﬁ
i
N, rlo

NI

Fig. 2. YBa,Cu;O, film produced from a ni-
trate solution at 800°C and 1.33 kPa oxygen
partial pressure.
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Fig. 3. Microstructures of films deposited at 1.33 kPa oxygen partial pressure ; (a) SM127,
(b) SM129, (¢) SM128 and (d) SM131.
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Fig. 4. X-ray diffraction patterns of the

four films deposited at 1.33 kPa oxygen

partial pressure ; (a) SMI127, (b) SMI129,

(¢) SM128 and (d) SM131.
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Table 3

Major phases observed in the films deposited in the study of temperature and pressure effects

Oxygen Substrate temperature (°C)

pressure

(kPa) 940 900 880 850 830 800
2.7 211¢011)* 211(011) c-123(211) ¢-123(@-123) - —

1.3 211 211 c-123(211) ¢-123(011) — —

0.3 - 211 — c-123(211) c-123 c-123

* Minor phases appear in parenthesis. The ¢ (or a) - 123 designation indicates the YBCO phase

oriented with ¢ (or a) axis perpendicular to substrate.

Az gl g 3H7HE EkS )l e
Wik, Fig. 59 23s}d 0.3 kPa uje
YBCO®] Z&=72 AAelAd Fdolslovt

AbaRgte] FUlESE FHRENL R 2
EZo g wWestgrt &, 1.3 kPael A%
20°C, 2.7 kPa®] A$+ 40C A= wsst
ARG, olzg FEALZ L] A3lel] thd}o
F7ER1 8 dwo] sbsEtel. AA AbAE-Stel
F7gE Fefxetrl YBCOS| F el v
Ae A% A7 B 5 ok Aadstel
%7kt o ¥2 RF. oux7} dg 37
W&ol A= Fetzvle] £x7 FrkEkAl H
o] o w2 Akx WUAEe] 47 YBCO
o] A BAY ¢ AUA HEE F2 oY
AE Zhe Atz o8 FERLE7t st
T Stk =4, FA2=r} UM E 3
z70] YBCOAS 4§27 (Fig. 59 ml)ol
ZA3A =Ho] atomic mobility?} Z7}8}A
"k, & YBCO 3% ¥Hil= Fepzot
9] ¢3kHt}l= atomic mobilityd] 7]gl&
Atk Bo 2 dAke migair} whg-Zelel 4]
A st thEle] AR AT} FHe
AR & A A Fabo] o]FofA= HA
£ w3l7] SlE, A4 wlgiAte] AWt o
g A7) dg 3o

dhepabpe wAsts] S6 Ahsa
2al(F2 71EHeEst Hesel Fon
SR FAR LS A5
AL 7t BHES) BHEE) v o
Qd Aol wiAsith ma ool 2
g 24%7) s gohe] F7]5k]
Rolob @}, Eepzol g Eulol 4 6ol

aerosol-& E 3 X 7= “"‘ﬂ 0% ¢-&F ko

>~

o
m.?.
)
]o

ll
ox
ol =
i
<
el
Q
@)
B g
3,
HT
2
1z
JE
ofn 'ﬁ)"
£
_(:{.L

£
£

1

-
Lo
a
=
-

B
fr o«
O.‘ﬂ‘.
i
<
o2
N
2
jn

o3

2 ZA¢sd e
YBCO s&lzte] =717}
o] A¥® FAEUL
%k YBCOA S #AFa=72 CuO
ol HFFeoldden], Hammonde] ZA}e}
Abak At Abaistel F71HEE YBCO
x7e] CuO Ao zRE Yo 25
o2 Westry] Aatstglem o fdlew

¥e ouAE ZE o7 4ba, T

N
rlo
i
N

N

o ol

+

Y

lo
W Rl‘ll‘f
o4 T

cE

N _1;‘_
_IU
1o
o 2o Mo

o2

>
N A S

i 4l



wjgedar Eel % YBaCu,O, 28542 PECVD 224y 237

Z2x710] YBCOA S &gx 7o A3}l
atomic mobility7} 34rgl

2 7.

S S

ro

[1] W.J. Lackey, W.B. Carter, J.A.
Hanigofsky, D.N. Hill, E.K. Barefield,
G. Neumeire, D.F. O'Brien, M.J. Sha-
piro, J.R. Thompson, A.J. Green and
T.S. Moss, Applied Physics Letters 56
(1990) 1175.

[ 2] WJ. Lackey, J.A. Hanigofsky, M.J.
Shapiro, W.B. Carter, D.N. Hill, E.K.
Barefield, E.A. Judson, D.F. O'Brien,
Y.S. Chung, T.S. Moss and K.L. More,
195-210 in Proc. 11th Int. Conf. on
CVD, Edited by K.E. Spear and G.W.
Cullen. Electrochemical
(Pennington, NJ 08534, 1990).

Society

[ 3] W. Kern and R. Rosler, J. Vac. Sci.
Tech. 14 (1977) 1082.

[4] RH. Hammond and R. Bormann.
Physica C, 162-164 (1989) 703.

[ 5] E.B. Slamovich and F.F. Lange, J.
Am. Ceram. Soc. 73 (1990) 3368.

[ 6] S. Chadda, T.L. Ward, A. Carim, T.T.
Kodas, K. Ott and D. Kroeger, J. Aero-
sol Sci. 22 (1991) 601.

[ 7] Edited by M. Windholz, The Merck
Index, Merck & Co. Inc., 10th edition,
(1983) p. 252.

[ 8 ] Edited by M. Grayson, Encyclopedia of
Chemical Technology 17, Wiley-
Interscience, 3rd Edition (1982) 416.

[ 9] Edited by R.C. Weast, CRC Handbook
of Chemistry and Physics, CRC Press,
66th edition (1985-86) D214.

[10] R. Feenstra, T.B. Lindemer, J.D. Budai
and M.D. Galloway, J. Appl. Phys. 69
(1991) 6569.



