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Growth and characterization of YBa,Cu;0, and
NdBa,Cu;0, superconducting thin films by mist
microwave-plasma chemical vapor deposition
using a CeO, buffer layer
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Superconducting thin films of YBa,Cu30, (YBaCuO) and NdBa,Cu3;0O, (NdBaCuO) were
grown by mist microwave-plasma chemical vapor deposition (MPCVD) using a CeO; buffer
layer on a MgO (001) substrate. In this method, the CeO, buffer layer was deposited on the
MgO (001) substrate at 1173 K by MPCVD. YBaCuO and NdBaCuO films were then grown at
1073 K and 1223 K, respectively. The T; (zero resistance) values of the YBaCuO and
NdBaCuO films obtained with a CeO, buffer layer were 90.1 K and 94.1 K, respectively,
about 10 K higher than those without a CeO, buffer layer. The surface roughness of the
films was less than 5 nm in each case. The interface between the substrate and the grown
layer was confirmed to be extremely sharp by Auger profile analysis. © 2000 Kluwer
Academic Publishers

1. Introduction CeQ buffer layer has not yet been performed. In par-
High-temperature superconductor YBaCuO thin filmsticular, the preparation of a NdBaCuO superconducting
have been successfully deposited on highly chemicallyhin film using a buffer layer has not yet been reported
reactive substrates (such as silicon or sapphire) usinig the superconductor field. In this paper, we report the
a variety of techniques and buffer layers since the disgrowth and characterization of YBaCuO and NdBaCuO
covery of these new high-temperature superconductinguperconducting thin films by MPCVD using a CeO
materials. In particular, the buffer layer is useful for buffer layer on MgO substrate.
the growth of high-quality superconducting thin films
and epitaxial growth of various materials. In recent
years, Ce@ has become a popular material for use as2. Experimental
a buffer and barrier layer for high: superconductors, The MPCVD system with a microwave generator and
YBaCuO [1], BiSrCaCuO [2] and TIBaCaCuO [3] an ultrasonic wave oscillator were used in the growth
films. CeQ has a fluorite structure with a lattice con- of thin films. The Ce@ buffer layer and YBaCuO
stant of 0.541 nm at room temperature. By rotating thdilm were grown by normal MPCVD [6], and the
Ce( basal plane by 45 the lattice mismatch is 0.16% NdBaCuO film was grown by dual-sources MPCVD.
and 1.7% along tha andb axis of YBaCuO, respec- The schematic diagram of the MPCVD system with
tively [1]. Therefore, Ce@thin films have been used as dual-sources is shown in Fig. 1. The sources for the
a buffer layer for YBaCuO films and as template layerssuperconductor were prepared by dissolving metal ni-
for formation of a bi-epitaxial Josephson junction [4]. trates in deionized water. In the case of NdBaCuO
In a previous paper we reported the new techniquegrowth, the solution of Nd(Ngs and Ba(NQ),-
mist microwave-plasma chemical vapor depositionCu(NGs); in the dual-sources MPCVD were supplied
(MPCVD) [5]. This method possesses several techfrom separate bottles. The substrate used was a MgO
nological advantages. In particular simple preparatior{001) single crystal. Prior to deposition, the MgO sub-
of thin films of various materials utilizing an aque- strate was mirror-polished using 0.26m diamond
ous solution of nitrate materials as the source in possipaste and was then heated to 1660n a furnace for
ble. We have succeeded in preparing YBaCuO [6, 7]2.5 hours in air. The mean square roughndlgs
BiSrCaCuOQ[8, 9], TIBaCaCuO[10, 11]and NdBaCuOin a 30x 30 um square of the MgO substrate was
[12] superconducting thin films. However, the prepara-ess than 0.4 nm. Typical growth conditions for the
tion of superconducting thin films by MPCVD using a CeG; buffer layer and the superconducting thin film are
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TABLE | Typical growth conditions

CeO YBaCuO NdBaCuO
Total metal concentration in solution 0.2 mol/l 0.4 molll 0.2 molll
Atomic ratio — 1:2:3 1:2:3
Substrate MgO (001) MgO (001), CeMgO (001) MgO (001), Ce@MgO (001)
Microwave power (substrate temperature) 350 W (1173 K) 300 K (1073 K) 350 W (1223 K)
Ultrasonic power of mist generator 14 W 14 W 14 W
Mist supply rate 80 sccm 80 sccm 80 sccm
Total carrier gas flow rate 300 sccm 300 sccm 300 sccm
Input molar ratio of oxygen 0.3 0.3 0.5
Total pressure of reactor 50 Torr 50 Torr 50 Torr
Duration of deposition 0.5 hours 5 hours 5 hours
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Figure 1 Schematic diagram of MPCVD with dual-source.

eter. In addition, the substrate temperature was cali-
brated by a thermocouple inserted into the back of the
suscepter. A mist of the source solution (particle size,
1-2 um), produced by an ultrasonic mist generator,
was introduced into the reactor using Ar as the car-
rier gas. Microwave (2.45 GHz) power was supplied
by a magnetron generator. The supply rate of the mist
was determined by the flow rate of the carrier gas. The
total flow rate of @ and Ar in the reactor was 300
standard cubic centimeters (sccm). The introduction of
oxygen into reactor was necessary for the oxidative re-
action. The input molar ratio of oxygen s defined
hereafter as

I:oxygen species

Or

[8].

B (Foxygen species" I:Ar)

where Foxygen speciedS the flow rate of @ gas, andFa,
is the flow rate of Ar gas.

Fig. 2a and b show the YBaCuO and NdBaCuO film
growth processes using a Cgluffer layer. The growth
progresses through two stages. In the first stage, the
Ce( buffer layer was grown for 30 minutes at 1173 K.
The thickness of the Ceuffer layer was 50 nm. The

summarized in Table I. In order to investigate the ef-temperatures were then changed to the growth temper-
fect of the CeQ buffer layer, the growth of supercon- ature of YBaCuO (1073 K) and NdBaCuO (1223 K)
ducting thin film without a buffer layer was carried films, respectively. In the second stage, the growth of
out under the same conditions. The temperature of ththe superconducting thin films was initiated by sup-
substrate was measured by means of an optical pyronplying mist into the reactor, and the films were grown
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Figure 2 Time chart schematically illustrating the growth process of YBaCuO and NdBaCuO films by MPCVD using &t layer.
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CeOz/MgO(OOl) goor trztj.':,:—%gg)r(;)van films over a range of temperatures from

CeO2: 50 nm

3. Result and discussion
3.1. Growth of CeO, buffer layers
Prior to investigating the effect of a Ce®@uffer layer
for the growth of superconducting thin films, the GeO
buffer layer was characterized by X-ray diffraction
(XRD) and atomic force microscopy (AFM). Fig. 3
shows an X-ray diffraction profile of the Ce®uffer
layer. A strong diffraction peak at 33.torrespond-
ing to (002) of CeQ@ buffer layer can be seen for the
as-grown layer. The peak at 42.B assigned to the
(002) diffraction of the MgO substrate. From this re-
o ) I | sult, it can be seen that the Cg0uffer layer can be
N il T grown successfully by MPCVD. The full width at half
Ly . maximum (FWHM) value of the (002) Ce(eak of
the as-grown layer was about 9.0 minutes.
10 20 30 40 50 60 The surface morphology of the Ce®@uffer layer
20 (de ) was observed from the AFM image. The AFM image
g is shown in Fig. 4 with the corresponding surface rough-
ness.Rmns in a 30x 30 um square of the Cefbuffer
layer was less than 0.4 nm. From this result, it is clear
that the surface of the Ce@uffer layer is very smooth.

MgO

Ce02(002)

Intensi

Figure 3 X-ray diffraction pattern for the Cefbuffer layer deposited
on a MgO (001) substrate.

for 5 hours at the each temperature. The thicknes8.2. Growth of YBaCuO superconducting
of YBaCuO and NdBaCuO films obtained was about thin films
650 nm. The effect of a Ce® buffer layer on the growth of
An X-ray diffractometer with Cuk radiation in the  YBaCuO superconducting thin films was investigated.
20 range from O to 60was used for characterization The X-ray diffraction patterns from the YBaCuO su-
of the as-grown films. X-ray diffraction patterns of the perconducting thin film with and without the CeO
film were measured using a diffractometer operating abuffer layer are shown in Fig. 5a and b, respectively.
25 kV with a filament current of 20 mA, using a nickel The diffraction intensities of the (0preflections for the
filter for CuK, radiation. The chemical compositions of YBaCuO films with CeQ@buffer layer are stronger than
the as-grown films were investigated by electron-probehose without the Cefbuffer layer. The FWHM val-
X-ray microanalysis (EPMA), using a probeidn in  ues of the (006) peak for the YBaCuO film without the
diameter, a probe current 0of>x310°8 A, and an ac- CeQ buffer layer was about 31.5 minutes, while that of
celerating voltage of 15 kV. The surface morphologythe film with the Ce@ buffer layer was about 13.4 min-
and thickness of the resultant films were observed byites. This result shows that the Geluffer layer pro-
atomic force microscopy (AFM) and scanning electronmotes the crystallization of YBaCuO superconduct-
microscopy (SEM), respectively. The film composition ing thin films together withc-axis orientation. The
was profiled in depth by Auger electron spectroscopycomposition of the YBaCuO films obtained on a GeO
(AES). Electrical resistivity was measured using thebuffer layer was determined to be ¥Ba; ggClp 950y
standard four-probe method with silver paint contactausing EPMA analysis.
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Figure 4 AFM image and line profile of the Cebuffer layer on a MgO (001) substrate.
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Figure 5 X-ray diffraction pattern for YBaCuO films (a) with a Ce®@uffer layer, and (b) without a Ceuffer layer.
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Figure 6 Resistance normalized at 300 K versus temperature for YBaCuO film (a) with al@éf@r layer, and (b) without a Ceuffer layer.

Fig. 6a and b show the electrical resistance normalare shown in Fig. 7a and b, respectively with the
ized at 300 K versus temperature of the YBaCuO thincorresponding surface roughness. The surface of the
film obtained with and without a Ceuffer layer,re- YBaCuO film with CeQ buffer layer was much
spectively. The resistivities at 300 K of the YBaCuO smoother than that of the film withouRysin a 30x 30
superconducting thin films with and without the CeO um square of the obtained YBaCuO film on a GeO
buffer layer were 3.4 1f2 cm and 24.5 e cm, respec-  buffer layer was less than 5 nm. Consequently, the use
tively. The T; value of YBaCuO film obtained with ofaCeQ bufferlayeris useful for growing high-quality
the CeQ buffer layer was 90.1 K. Thig; value is YBaCuO superconducting thin films.
about 10 K higher than that of the same material with- Fig. 8 shows the AES depth profile of the YBaCuO
out a CeQ buffer layer. As previously described in superconducting thin film prepared with and without
Fig. 5, the Ce@ buffer layer promotes crystallization CeQ, buffer layer. As can be seen from Fig. 8b, it
of YBaCuO superconducting thin films togetherwith  was found that Mg diffused into the YBaCuO layer
axis orientation. Consequently, the increaséofalue  in the thin film obtained without a Ce(buffer layer.
may be attributable to the enhancement of the crysOn the other hand, the interfaces between YBaCuO and
talline quality of the YBaCuO superconducting thin CeG,, and CeQand MgO are also very sharp, as shown
film in the case when a Ce(buffer layer was used. in Fig. 8a. The results of the Auger depth profile of
However, the exact reason is not well understood a¥BaCuO with CeQ buffer layer suggest that the CeO
present. buffer layer may be a good candidate for the tunnel bar-

The AFM images of the YBaCuO superconduct-rier needs in superconductor/insulator/superconductor
ing thin film with and without the Ce@buffer layer devices.
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Figure 7 AFM image and line profile of a YBaCuO film (a) with a Ce®uffer layer, and (b) without a Ceuffer layer.
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Figure 8 Auger electron spectroscopy depth profile of a YBaCuO film on MgO substrate (a) with-atlDéer layer and (b) without a Cebuffer
layer.

3.3. Growth of NdBaCuO superconducting superconducting thin film with and without the CgO
thin films buffer layer are shown in Fig. 9a and b, respectively.
The effect of a Ce@ buffer layer on the growth of As shown in Fig. 9, the enhanced intensities of the
NdBaCuO superconducting thin films was investigated (00) reflections for all the films indicate that tieeaxis
The X-ray diffraction patterns from the NdBaCuO are preferentially oriented perpendicular to the MgO
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(2) NdBaCuO/Ce02/MgO(100) (b) NdBaCuO/MgO(100)
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Figure 9 X-ray diffraction pattern for YBaCuO films (a) with a Ce®@uffer layer, and (b) without a Ceuffer layer.
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Figure 10 Resistance normalized at 300 K versus temperature for a NdBaCuO film (a) with,2bG#€¥ layer, and (b) without a Ceuffer layer.

(001) substrate surface. In particular, it is found thatT; value is about 10 K higher than that of the same
the diffraction intensities of the (0Preflections for material without a Ce@buffer layer. The increase of
the NdBaCuO films with the CeObuffer layer are T value may be attributable to the enhancement of the
stronger than those without the Celuffer layer. This  crystalline quality of the NdBaCuO superconducting
resultis similar to that obtained for the YBaCuO super-thin film in the case when a Ce®uffer layer was used.
conducting thin film. The FWHM values of the (006) The AFM images of the NdBaCuO superconduct-
peak for the NdBaCuO film without the Ce@uffer  ing thin film with and without the Ce®buffer layer
layer was about 40.3 minutes, however, that of the filmare shown in Fig. 11a and b, respectively with the
with the CeQ buffer layer was about 15.6 minutes. corresponding surface roughness. The surface of the
This result shows that the Ce®@uffer layer promotes NdBaCuO film with CeQ@ buffer layer was much
crystallization of NdBaCuO superconducting thin smoother than that of the film withouRRys in a
films together wittc-axis orientation. The composition 30 x 30 um square of the obtained NdBaCuO film on
of the NdBaCuO films obtained on a Cebuffer layer a CeQ buffer layer was less than 5 nm. Consequently,
was determined to be N@iBa01Cuz000x using the use of the Cefbuffer layer is useful for growing
EPMA analysis. high-quality YBaCuO superconducting thin films.

Fig. 10a and b show the electrical resistance normal- Fig. 12 shows the AES depth profile of the NdBaCuO
ized at 300 K versus temperature of the NdBaCuO thirsuperconducting thin films prepared with and with-
film with and without a Ce@buffer layer, respectively. out a CeQ buffer layer and with Ce@buffer layer.
The resistivity at 300 K of the YBaCuO superconduct-In analogy with YBaCuO superconducting thin films,
ing thin films with and without the Cefbuffer layer  the interfaces between NdBaCuO and Geghd CeQ
were 1.50 &2 cm and 20.0 2 cm, respectively. This and MgO are extremely sharp. The interdiffusion
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Figure 11 AFM image and line profile of a NdBaCuO film (a) with a Cebuffer layer, and (b) without a Ceuffer layer.
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Figure 12 Auger electron spectroscopy depth profile of NdBaCuO film on a MgO substrate (a) with abo#er layer and (b) without a CeO
buffer layer.

between NdBaCuO and Ce@ negligibly small. Con- at 1173 K. YBaCuO and NdBaCuO films were then
sequently, it was found that the Cg®uffer layer is grown at 1073 K and 1223 K, respectively. Theval-
useful for the tunnel barrier needs in superconducues of the YBaCuO and NdBaCuO films obtained on a
tor/insulator/superconductor devices. CeG buffer layer were 90.1 K and 94.1 K, respectively.
TheseT, values were about 10 K higher than those with-
out a CeQ buffer layer. The surface roughness of the
4. Conclusions YBaCuO and NdBaCuO films obtained were less than
Superconducting thin films of YBaCuO and NdBaCuO5 nm in each case. The interdiffusion of elements be-
were grown by mist microwave-plasma chemical va-tween the substrate and the grown layer was confirmed
por deposition (MPCVD) using a CeQbuffer layer to be negligibly small by Auger electron spectroscopy.
on a MgO (001) substrate. In this method, the geO In addition, it was found that the Ceuffer layer
buffer layer was deposited on the MgO (001) substrat@layed an important role in the improvement of the
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