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ABSTRACT

We have grown superconducting thin films on various substrates using a pulsed laser deposi-
tion (PLD) method. YBa,Cu,0~8 (YBCO) superconducting thin films with the superconducting
transition temperature (T ) of 87K were grown on Si substrates using yittria-stabilized zir-
conia (YSZ) and CeO, double buffer layers. We have developed a large area pulsed laser deposi-
tion system. The system was designed to deposit up to 6 different materials on a large area sub-
strate up to 7.5cm in diameter without breaking a vacuum. The preliminary runs of the deposi-
tion of YBCO superconducting thin films on SrTiO; substrate using this system showed a very
uniform thickness profile over the entire substrate holder area. T, of the deposited YBCO thin
film, however, was scattered depending on the position and the highest value was 85K.

INTRODUCTION

Since high temperature superconducting
material was discovered 10years ago, prepa-
ration of high quality superconducting thin
films is one of the hottest research subject.
Almost all deposition methods available in-
cluding typical deposition methods, such as
sputtering!=%, evaporation%, MOCVD
and new processes like pulsed laser deposi-
tion (PLD) method3~'% were applied in prep-
aration of oxide superconducting materials.
Among those variety, PLD method has been

known as the most successful one and has be-
come a standard method in depositing vari-
ous kinds of oxide superconducting materials.
This is because it has many advantages like
very high deposition rate, coincidence of
chemical composition between the complex
targets and deposited thin films, and the abili-
ty of processing in the high oxygen pressure.
Some of disadvantages like small uniform de-
position area and droplet (boulder) formation
on the surface have been solved considerably
now and recently the capability of PLD is ex-
panded more to the fields of large-area depo-
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sitiont~13 and the layer-by-layer deposi-
tion (laser-MBE)!416),

The most frequently used superconducting
materials in the thin film application is YBa,
Cuy0,-# (YBCO). The high quality thin films
of YBCO is now routinely obtained when the

film is deposited on the single crystalline sub-'

strates like SrTiO,. In the practical applica-
tion to the electronics, we need to use a sub-
strate which is cheaper than the single crys-
talline oxide and also it should be easy to ob-
tain a high quality large area substrate. In
this context, silicon is the best candidate sub-
strate. Unfortunately, however, silicon Is a
bad substrate for the oxide superconductors

from the materials point of view, because the

lattice mismatch and the difference of the
thermal expansion coefficients between Si
and YBCO is considerably big, and more over
it reacts with YBCO at the deposition temper-
ature. Therefore, we need a suitable buffer
layer between Si substrate and YBCO which
can prevent the inter-diffusion and facilitate
the epitaxial growth. Yttria stabilized zirconia
(YSZ) and CeO, have been known as suitable
buffer materials" !9, YSZ is stable at high
temperature and has the similar structure
and lattice parameters to Si. YBCO grows
along c-axis on YSZ, but two types of in-
plane alignment of YBCO are possible on
YSZ and this introduces the high angle grain
boundaries and degrades the critical current
density of the thin film. In this work we have
studied the growth orientation of YBCO films
on Si substrates with the YSZ single buffer
layer and the CeO,/YSZ double buffer layer.
The research on the application of super-
conducting thin films to the electronic devic-
es, such as superconducting quantum inter-

ference devices(SQUID), microwave devices
for the mobile and satellite communications;
digital and analog signal processing devices,
has been progressed much and some of them
are almost matured to be commercialized [,
In the practical application, high quality large
area thin films of which diameter is larger
than 7.5em(3 inch) are needed, especially in
the field of the passive devices. Generally, it
has been known to be difficult to deposit a
large area with PLD method although this
method gives high quality epitaxial thin film
with very high growth rate. In this work, we
developed a PLD system to deposit supercon-
ducting thin films on a large area substrate
up to 7.5cm in diameter and YBCO thin films
were deposited. The thickness and the critical
temperature distributions over the entire sub-
strate holder area were determined.

EXPERIMENTAL PROCEDURE

Deposition of YBCO Thin Films on YSZ/
Si and Ce0./YSZ/Si Substrates

The CeQ,, YSZ and YBa,Cu30,-# targets
were made from source powders, CeQ,, ZrQ,,
Y0, and CuO with the stoichiometric ratios,
Y:Ba:Cu=1:2:3 for YBCO and Y : Zr
=1.8:8.2 for YSZ (10 mol% Y, 0,). The
mixture for YBCO was calcined in air at 900
‘C for 12 hours. The calcined powder was
reground and pressed into a 2.5 cm diameter
pellet. The pellet was sintered at 950°C in O,
flow for 24h followed by the oxygen anneal
at 500°C in 1 atmospheric oxygen for 10 h.
For the CeO, and YSZ target, the ground
mixture was sintered at 1500°C for 2h. These
targets had high densities over 93%. All
films were deposited by KrF mode excimer
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laser (Lumonics EX-700) with the wave-
length of 248 nm and the laser energy
fluencd on the target of 2 J/ci. The substrate
temperature and oxygen pressure during de-
position were 810°C and O.4mtorr for YSZ,
810°C and 200 mtorr for CeQ, and 780°C and
200 mtorrfor YBCO, respectively. The detail
experimental procedures are described in
elsewhere (213,

Design of the Large Area PLD System

Fig. 1 shows the schematic diagram of the
system. Laser beam is focused to the rectan-
gle of 2x2.5mm* on the rotating target of
which diameter is 2.5cm or 5em with the inci-
dent angle of 45°. In order to scan a wide
area of the rotating (with 2 rpm) target uni-
formly, the focusing lens is moving up and
down. The substrate holder made of stainless
steel plate of 86mm in diameter is rotating
with the speed of 1rpm in front of the heater.
The heater was made of funnel shape gold
coated stainless steel with a 1.2KW halogen
lamp which is located at the focal point of the
reflecting wall of the heater.

Deposition of YBCO Thin Film in the
Large Area PLD System

YBCO thin film was deposited using KrF
excimer laser(Lambda Physik COMPEX
205). The thickness variation and the critical
temperature of thin films deposited with vari-
ous conditions of laser energy fluence, and
the distance between the centers of the plum
and the substrate holder (off-set distance).
The target-substrate distance, oxygen pres-
sure and the substrate temperature were
fixed at 4cm, 200 mtorr and 750°C, respec-
tively. The temperature distribution of the

substrate holder during deposition was mea-
sured by the optical pyrometer(Minolta PR.[®
. In order to measure the uniformity of the
thickness of the deposited thin film, 3” silicon
wafer was used as a substrate and the thick-
ness was measured by the optical
interferometer after the selective etching of

YBCO with dilute phosphorous acid solution.

Fig. 1. Schematic diagram of the large area PLD
system.

RESULTS AND DISCUSSION

Growth Orientation of YBCO Deposited on
Si Substrate

Fig. 2(a) shows 6/26 scan of YBCO/YSZ
bilayer on Si(100) substrate, and (b) shows
the X-ray ¢-scan of YBCO(103) peak. Only
the (001) peaks of YBCO thin film are ob-
served in 6/26 scan indicating that YBCO
film is highly c-axis oriented. Fig. 2(b), over-
lap of the YBCO(103) and YSZ(202) peaks
indicates YBCO[100] direction is parallel to
YSZ[100] direction (YBCO[100]// YSZ
[100], 0° rotation) and the separation of two
peaks by 45° indicates YBCO[100] direction
is parallel to YSZ{110] direction (YBCO
[100]//YSZ[110], 45° rotation). The volume
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Fig. 2. (a) XRD pattern of YBCO/YSZ bilayer on

siicon substrate, (b) X-ray ¢-scan of

YBCO(103) (solid line) and YSZ{202)
{dotted line)peaks.

fraction of 45° rotated portion obtained by
calculating the area of each peak was about
70% . The introduction of CeQ, layer between
YSZ and YBCO reduces the 0° rotation por-
tion. Fig. 3 shows the X-ray /2@ scan and ¢
~scan of 100 nm thick YBCO thin film on the
YSZ/Si substrate with 50 nm thick CeO,
layer between YBCO and YSZ. Fig. 3(a)
shows that c-axis oriented YBCO thin film
was afraction of 45° rotation portion became
muchlso grown on the CeQ,/YSZ double bufi-
er layer, but in Fig. 3(b) the volume
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Fig. 3. {a) XRD pattern of YBCO/CeO,/YSZ
trilayer on silicon substrate, (b} X-ray ¢-
scan of 100 nm thick YBCO deposited on
Ce0,(50 nm)/YSZ/Si substrate,

higher if compared with Fig. 2(b). The vol-
ume fraction of 456° rotation portion is higher
than 97%, which means that the in-plane
epitaxy was improved very much by introduc-
ing CeQ, layer. '

Fig. 4 shows the 0° rotation and 45°
rotationi using Cu-O plane of YBCO and
(100) planes of YSZ and CeO, schematically.
As shown in the figure, the interface of 45°
rotation is more stable than that of 0° rota-
tion due to the direct matching of all atoms
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Fig. 4. Matching of YBCO Cu-0O plane with YSZ
" or Ce0, plane.

in oxygen sublattice. In the YBCO/YSZ sys-

tem, however, considerable amount of 0° ro-
tated grains grow together with 45° rotated
grains, because the lattice misfits between
YBCO and YSZ are<0.2% and 6% for 0°
rotation and 45° rotation, respectively. On
the other hand, in the YBCO/CeO,/YSZ
system, the misfits between YBCO and CeO,
are changed to 4.9% and 1% for 0° rotation
and 45° rotation, respectively. And hence,
45° rotated growth is prevailing.

Deposition of Large Area YBCO Thin Films
" Fig. 5 shows the temperature distribution

of the substrate holder (the diameter of the -

heated area was 86 mm). With the oxygen
pressure of 200mtorr, the temperature deviat-
ed by £1°C in the circle of 25mm in diameter,
-16°C in 50mm, and -40°C in 75mm from 750°C
at the center. In order to deposit the uniform
large area film with a small target, the posi-
tion of the rotating substrate holder was
adjusted so that the center of the plum
reached 15cm apart from the center of the
holder. Fig. 6 shows the thickness variation
of the YBCO thin film deposited on a 3inch

1ecm'x 1cm STO

Fig, 5. Temperature profile of the substrate holder
of 86m in diameter.

silicon wafer. The uniformity of the thick-
ness was vefy good through the whole area.
We used laser fluency of 1.7 J/cnf and the de-
position rate was about 5.5 nm/min. In order
to check the deviation of superconducting
property, we deposited YBCO thin film on 4
SrTiO; substrates of 10mm X 10mm which were
placed side by side 1mm apart from one anoth-
Fig. 7 shows the

resistivity-temperature curves of YBCO films

er from the center.

depending on the distance from the center.
The critical temperature(T¢) was 80K at the
center and in creased to 85K at the position
of 11+5mm apart form the center and was
83K at the position of 22+5mm apart form
the center. We speculate that T¢ at the center
is somewhat lower than the neighbor site be-
cause the central part was mainly deposited
by the edge of the plum because the offset
distance was 15mm. The film deposited on the
substrate placed at 33 +5mm did not show the
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Fig. 7. R-T curves of YBCO thin fims deposited
on SrTiO; at the different position of the 3
inch rotating substrate holder.

superconductivity above 50 K, probably be-
cause the temperature of the substrate was
too low to form a good superconducting
phase at this site. The temperature at this
point was about 710°C. In our deposition con-
dition, YBCO thin film with Tc higher than
85 K was obtained in the temperature range
of 720-8207C 4,

CONCLUSIONS

YBCO superconducting thin films were pre-
pared on YSZ buffered and CeO,/YSZ buff-
ered silicon substrates by PLD. All YBCO
films were highly oriented along c-axis per-
pendicular to the substrate surface. YBCO
film grown on a YSZ single layer buffered Si
substrate had two different in-plane orienta-
tions: YBCO<100>//Si<110> and YBCO
<110>//Si<110> with the volume fraction
of 0° rotated grains was about 30%. By
using Ce0,/YSZ double buffer layer, it was
possible to reduce the volume fraction of 0°
This is be-
cause the lattice matching of 45° rotation be-
tween YBCO and CeQO, is much better than
that between YBCO and YSZ.

We developed a PLD system to deposit
YBCO thin films on a substrate with 7.5cm in
diameter. It was possible to deposit YBCO

rotated grains to less than 3%.

thin films on 3 inch silicon substrate with
very uniform thickness. The T however, was
low with the maximum 85 K and scatters
much depending on the site. Further optimiza-
tion is under investigation to obtain a high
quality large area thin film with uniform and
higher Te.

ACKNOWLEDGMENTS

This work was supported by Ministry. of Sci-
ence and Technology of Republic of Korea.

REFERENCES

1 Poppe, J. Schubert, R. R. Arons, W.
Evers, C. H. Reichert, K. Schmidt, W.
Sybertz, K. Urban, Sol. St. Comm. 66,



436

Journal of Korean Institute of surface Engineering Vol. 29, No. 5, 1996

10.

11

661 (1988).

C. B. Eom, J. Z. Sun, K. Yamamoto, A.
F. Marshall, K. E. Luther, and T. H.
Geballe, Appl. Phys. Lett. 55, 595(1989).
X. X. Xi, G. Linker, O. Meyer, J. Geerk,
J. Less-Common Metals 151, 349(1989).
R. M. Silver, A. B. Berezin, M.
Wendman, and A. L. de Lozanne, Appl.
Phys. Lett. 52, 2174(1988).

T. Siegnist, D. A. Mixon, E. Coleman, and
T. H. Tiefel, Appl. Phys. Lett. 60, 2489
(1992).

H. Kinder, R. Semerad, P. Berberich, B.
Utz, and W. Prusseit, Proc. of 5%h Inter-
national Supercon. Elec. Conf (ISEC95),
Sep. 18-21, 1995, Nagoya, Japan, p. 521.
R. Hiskes, S. A. DiCarolis, J. L. Young,
S. S. Laderman, R. D. Jacowitz, and R.
C. Taber, Appl. Phys. Lett. 59, 606
(1991). '

D. Dijkkamp, T. Venkatesan, X. D. Wu,
S. A. Shaheen, N. Jisrawi, Y. H. Min-
Lee, W. L. McLean, and M. Croft, Appl.
Phys. Lett. 51, 619(1987).

A. Inam, M. S. Hegde, X. D. Wu, T.
Venkatesan, P. England, P.F. Miceli, E.
C. Chase, C.C. Chang, J. M. Tarascon, J.
B. Wachtman, Appl. Phys. Lett. 53, 908
(1988).

S. G. Lee, D. S. Hwang, Y. K. Park, and
J. -C. Park, Appl. Phys. Lett. 65, 764
(1994).

_S. R. Foltyn, R. E. Muenchausen, R. C.

12

13

14

15,

16,

17,

18,

19

20,

21

Dye, X. D. Wu, L. Luo, and D.W. Cooke,
and R. C. Taber, Appl. Phys. Lett. 59,
1374(1991).

J. A. Greer, J. Vac. Sci. Technol. A 10,
1921(1992).

M. Lorentz, H. Hochmuth, D. Natusch, H.
Boemer, G. Lippold, K. Kreher, and W.
Schmitz, Appl. Phys. Lett. 68, 3332
(1996).

X. Li, T. Kawai, S. Kawai, Jpn. J. Appl.
Phys. 33, L18(1994).

H. Koinuma, M. Yoshimoto, Appl. Surf.
Sci. 75, 308(1994). '

D.P. Norton, B. C. Chakoumakos, J. D.
Budai, D. H. Lowndes, B. C. Sales, J.R.
Thomson, and D.K. Christen, Science 269,
2074(1994).

X. D. Wu, A. Inam, M. S. Hegde, B.
Wilken, C. C. Chang, D. M. Hwang, L.
Narzar and T. Venkatesan, Appl. Phys.
Lett. 54, 754(1989).

D. K. Fork, F. A. Ponce, J. C.
Tramontana and T. H. Geballe, Appl.
Phys. Lett. 58, 2294(1991).

C. A. Copetti, J. Schubert, W. Zander, O.
Hollricher, Ch. Buchal, H. Schulz, N.
Tellmann, and N. Klein, Appl. Phys. Lett.
10, 1429(1993).

J. M. Rowell, Advances in Superconducti
vity-VIII, Springer-Verlag Tokyo(1996)
pp. 3-7. ‘

Doo-Sup Hwang, Ph. D. Thesis, KAIST,
Korea(1995).



