Physica C 470 (2010) 622-625

Contents lists available at ScienceDirect

Physica C

journal homepage: www.elsevier.com/locate/physc e

A competition between (001) and (011) alignments in yttria stabilized zirconia
thin films fabricated by ion beam assisted deposition

Z. Wang®*, BJ. Yan?, F. FengP, H. Chen®, K. Shi®, Z. Han®

2 Department of Physics, School of Science, Beijing Institute of Technology, Beijing 100081, People’s Republic of China
b Applied Superconductivity Research Center, Department of Physics, Tsinghua University, Beijing 100084, People’s Republic of China

ARTICLE INFO ABSTRACT

Article history:

Received 30 April 2010
Accepted 2 June 2010
Available online 8 June 2010

Keywords:

Ion beam assisted deposition
Yttria stabilized zirconia
Alignment competition

Biaxially textured yttria stabilized zirconia (YSZ) thin films, were deposited on glass substrates by ion
beam assisted deposition method with different deposition time. As contrasts, films were also fabricated
without assisting ion beam. The orientation properties of the films were characterized by X-ray diffrac-
tion. A comparative study shows that there is a competition between (001) and (01 1) alignments during
the growth process. Assisting ions make the films (00 1)-advantaged and biaxially textured. The compet-
itive growth and the orientation development are explained by selective resputtering and anisotropic
damage on growing films induced by assisting ions.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Ion beam assisted deposition (IBAD) technique, defined as the
bombardment on growing thin films with energetic ions, can fab-
ricate biaxially textured buffer layers of high temperature super-
conductor coated conductors on non-textured substrates without
epitaxial relationships between substrates and films [1-3]. Much
experimental work has been done to study the effects of assisting
ion beam (AIB) on film properties [4-8]. A biaxial grain alignment
formed by the off-normal bombardment of AIB has been reported
on metal [9], nitride [10], and oxide films [11,12]. Various micro-
scopic mechanisms of biaxial texture development, such as selec-
tive resputtering [13], shadowing [2], and anisotropic damage
[11], were proposed and modeled by computer simulations [14-
16]. Dzick et al. [6] investigated the biaxial texture development
of YSZ thin films and proposed that (001)-oriented grains grow
epitaxially on (011) grains. Though lots of research work has been
done, roles of AIB are not understood completely yet.

In this paper, we will study a series of yttria stabilized zirconia
(YSZ) films deposited by IBAD with different time and a series of
YSZ films fabricated without AIB (non-IBAD) with a comparative
method. The difference between IBAD samples and their non-IBAD
contrasts will be shown and discussed. Some opinions for under-
standing the development mechanism of IBAD inducing biaxial
texture will be presented.
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2. Experimental details

For the deposition of YSZ buffer layers, an ion beam assisted
sputtering deposition system was employed with three ion sources
of Kaufman type including two (11 cm beam diameter) as sputter-
ing sources and one (21 cm beam diameter) as an assisting ion
source. The experimental configuration is shown in Fig. 1. Deposi-
tion atoms were sputtered by two beams of Kr* from a 12.5%Y to
87.5%Zr (atom ratio) alloy target and deposited along normal on
glass substrates, while being bombarded by an Ar* beam. We sup-
plied krypton instead of argon for sputtering sources in order to
enhance the sputtering rate. The incidence angle of the AIB, defined
between the assisting ion beam axis and the substrate normal, is
55¢. The substrates were bombarded with AIB to clean the surface
for one minute before deposition. No additional heating was ap-
plied on the substrates and deposition occured within ambient
temperature. Argon flow and Krypton flows were maintained for
the assisting ion source and sputtering sources, respectively. An
oxygen flow was maintained near the samples to ensure full oxida-
tion of the films. The deposition time is 2, 5, 10, 20, 50, and 100 min
for different samples. The parameters used in experiments are
shown in Table 1. As contrasts, non-IBAD samples were also fabri-
cated with the same experimental parameters as IBAD ones.

The X-ray diffraction (XRD) analyses of the films were carried
out using a D/MAX-RB system, with Cu Ko1 source. XRD 0-20 scans
revealed the film orientation. Based on the full width at half max-
imum (FWHM) values of the corresponding peaks, the size of crys-
tal grains of the films was calculated with the software in the XRD
system. The quality of in-plane texture of the films was character-
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Fig. 1. (a) Top view of our experimental configuration, only one of the two
sputtering ion sources is drawn because of the vertical line of sight and (b) Side
view of our experimental configuration.

Table 1

Experimental parameters used to fabricate IBAD YSZ films.
Assisting ion (Ar*) current density 0.5 mA/cm?
Assisting ion (Ar") energy 300 eV

Assisting ion incidence 55°

Sputtering ion (Kr*) current density 3.5 mA/cm?
Sputtering ion (Kr*) energy 1500 eV
Oxygen flow 40 sccm
Argon flow 25 sccm
Krypton flow 30 sccm

About 1.0 x 10~ Pa
About 5.0 x 1072 Pa
2, 5,10, 20, 50, 100 min

Background vacuum
Deposition pressure
Deposition time

ized by the FWHM values of the YSZ (11 1) reflection measured by
the ¢-scans in the standard Bragg case. The thickness of all the
films were measured by an XP-1 surface profilometer of AMBIOS.

3. Results and discussion

Fig. 2 shows the XRD patterns of 0-20 scan of the non-IBAD
samples. We can see that (002) and (022) peaks of YSZ begin to
appear at 20 min, and (02 2) peaks are much stronger than corre-
sponding (002) peaks. The diffraction intensity of (022) peak can
be found to increase in the deposition process, whereas the inten-
sity of the (002) peak shown in panel (b) reaches its maximum at
50 min, and then decreases at 100 min. So we can say that with the
increase of deposition time, the grains with (001) alignment cease
to grow after a maximum, but the grains with (011) alignment
continue growing and dominate the alignment of non-IBAD sam-
ples. The size of the grains can be reflected by the FWHM of
(022) peak in XRD curves, which is also shown in Fig. 2. The
FWHM of (022) peak does not show a change apparently with
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Fig. 2. (a) XRD patterns of 6-20 scan of the non-IBAD YSZ films deposited with
different times. (b) Details near (022) and (002) peak.

deposition time. The size of the (011) grains calculated with the
software in XRD system is 31 A for the films deposited for 20, 50,
and 100 min. Obviously the (01 1) aligned grains do not keep grow-
ing during the deposition process.

Fig. 3a shows the XRD patterns of 0-20 scan of the IBAD sam-
ples. The (002) and (022) peaks of YSZ begin to appear at
10 min, and (002) peaks are much stronger than corresponding
(022) peaks for the thicker films. The diffraction intensity of
(002) peak increases with deposition time. However the intensity
of the (022) peaks shown in panel (b) has its maximum at 50 min
and then decreases at 100 min. It can be concluded that (011)-
aligned grains cease to grow after a maximum, but (001)-aligned
grains keep growing and dominate the alignment of IBAD samples.
The FWHM value of (002) peaks decreases as the deposition time
increase. The size of the (001) grains calculated is 104, 118, and
124 A for the IBAD films deposited for 20, 50, and 100 min respec-
tively. We can say that the (001) aligned grains keep growing dur-
ing the deposition process.

Fig. 4 shows the results of in-plane texture of the films. The XRD
¢-scan results at YSZ (001) reflection of the non-IBAD samples are
shown in panel (a). No peak is found in all samples, even for the
thickest one, suggesting the random in-plane texture of the non-
IBAD samples. The ¢-scan results at YSZ (11 1) reflection of IBAD
samples are shown in panel (b). Four peaks appear after 10 min
and become stronger with the increasing deposition time. The
FWHM of the corresponding ¢-scan curves, a parameter to esti-
mate the in-plane texture of the films, decreases with deposition
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Fig. 3. (a) XRD patterns of 0-20 scan of the IBAD YSZ films deposited with different
times. (b) Details near (022) and (002) peak.
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