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An YNi2B2C thin film deposited on an Y2O3-buffered (001) MgO substrate by pulsed laser
deposition has been investigated by X-ray diffraction, transmission electron microscopy
(TEM), and high-resolution electron microscopy. Cross-sectional TEM analyses show that
the YNi2B2C film grows in the [001] direction while the Y2O3 buffer layer exhibits columnar
growth in the [001] and [111] directions on the (001) MgO substrate, with the growth in the
[001] direction being preferred. The orientation relationships of the YNi2B2C film, Y2O3 buffer
layer, and MgO substrate were obtained. The primary orientation relationship YNi2B2C-
(001)[110] || Y2O3(001)[100] || MgO(001)[100], evident from X-ray analyses, was able to be
confirmed in the TEM study. A hexagonal impurity phase Y0.915Ni4.12B with lattice parameters
a ) 1.491 nm and c ) 0.692 nm was identified at the interface between the Y2O3 buffer
layer and the YNi2B2C thin film.

Introduction

Intermetallic compounds of the series RNi2B2C (R:
rare earth) have aroused great interest due to the
interplay of magnetic ordering and superconductivity
within the materials. (For a review, see for example ref
1.) Nonmagnetic members of the series (R: Y and Lu)
exhibiting fairly high Tc values of 15-16 K are ideal
for studying the fundamental superconducting proper-
ties of the materials, uninfluenced by magnetic effects.2
Considerable research has been reported on these
compounds in polycrystalline bulk form and in single
crystals. On the other hand, high-quality thin films of
RNi2B2C are of great importance for the performance
of several key experiments to understand the nature of
the superconductivity in this class of compounds and
to explore possible applications. YNi2B2C thin films have
been prepared by several groups, using both sputter-
ing3,4 and pulsed laser deposition.5,6 X-ray diffraction
of YNi2B2C thin films on MgO repeatedly shows the
existence of an Y2O3 phase,4,5 considered to result from

the chemical reaction of deposited yttrium with oxygen
released from the MgO substrate to produce an inter-
facial Y2O3 layer. As a result of this uncontrolled
formation of Y2O3, the stoichiometry of the borocarbide
is affected, leading to the existence of impurity phases
such as Ni3B and YNi4B within the films.7

To avoid the uncontrolled formation of the Y2O3
interfacial layer with the intention of eliminating these
impurity phases, in the present work, an Y2O3 buffer
layer was first deposited on the MgO substrate and the
resulting Y2O3-buffered MgO then used as a substrate
for deposition of YNi2B2C. The objectives of this inves-
tigation are the fabrication of an epitaxial YNi2B2C thin
film on the Y2O3-buffered MgO, and the characterization
of the microstructure of the thin film by transmission
electron microscopy (TEM) and high-resolution electron
microscopy (HREM). Such a study will expand the
synthetic realm of borocarbide thin films, providing a
better understanding of their growth processes and the
relationship between their microstructure and macro-
scopic physical properties.

Experimental Section

The Y2O3 (206, Ia3, a ) 1.0608 nm) buffer layer was
prepared by pulsed laser deposition from elemental yttrium
(99.9% purity) onto an (001) MgO (225, Fm3m, a ) 0.4212 nm)
substrate held at 700 °C in a 0.5 mbar oxygen atmosphere.
The incident energy density on the target was ∼3 J‚cm-2 at a
laser pulse repetition rate of 5 Hz. The Y2O3-buffered MgO
was then used as the substrate in a subsequent process during
which an YNi2B2C (139, I4/mmm, a ) 0.3533 nm, c ) 1.0566
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nm) thin film was deposited at 750 °C under ultrahigh
vacuum, exactly as described in ref 5.

The superconducting transition temperature of the thus
fabricated YNi2B2C thin film was measured inductively to be
14.2 K, with a transition width of 0.7 K. X-ray diffraction in
θ-2θ geometry was used to obtain an integral measure of the
phases present in the sample. TEM bright-field imaging,
electron diffraction, and energy-dispersive X-ray (EDX) analy-
ses of the sample were performed using a Philips CM200Twin
electron microscope equipped with a LaB6 electron source,
operated at an acceleration voltage of 200 kV. The HREM
images were obtained in a Philips CM200 FEGST-Lorentz
electron microscope equipped with a field emission gun, also
operated at 200 kV. Cross-sectional samples were prepared
by a standard technique involving cutting and then gluing face
to face before mechanical grinding and polishing, dimpling,
and ion milling to perforation.

Results and Discussion

X-ray Diffraction Analysis of the YNi2B2C/Y2O3/
MgO Sample. The θ-2θ X-ray diffraction pattern of
the sample is shown in Figure 1(a). The Y2O3 buffer
layer shows both [001] and [111] oriented growth similar
to results previously reported8,9 for Y2O3 films deposited
on (001) MgO substrates. The YNi2B2C film is predomi-
nantly [001] oriented although a weak (112) peak is also
visible, suggesting the presence of a small randomly
oriented volume fraction. The weaker peaks in Figure
1a, indexed as P(hkl), result from an impurity phase of
Y0.915Ni4.12B, to be discussed in detail below.

TEM and HREM Characterization of the Y2O3
Buffer Layer. A bright-field TEM image of the sample
is shown in Figure 2a, revealing a sharp interface
between the columnar grown Y2O3 buffer layer and the
MgO substrate. The selected area diffraction pattern
(SADP) of the interface (Figure 2b) indicates that the
interface region of Y2O3 comprises crystallites of differ-
ing orientations. Figure 2c is the SADP of a single-
crystalline region in the Y2O3 buffer layer along the
[100] zone axis. Figure 2d is the central dark-field TEM
image taken from the (002) spot of Figure 2c, highlight-
ing the [001] oriented grains of the Y2O3 buffer layer,

which are seen to grow preferentially to the exclusion
of other, less-preferred orientations.

To determine the in-plane orientation of Y2O3 in the
buffer layer, HREM imaging of the interface region was
carried out with the result shown in Figure 3a. Two
distinct Y2O3 grains are clearly visible. The fast Fourier
transforms (FFTs) of the parts of the image correspond-
ing to each grain, as well as the substrate, and the
interface region, are shown in Figure 3b-e. After
indexing, it is clear to see that the Y2O3 grows with [001]
and [111] directions perpendicular to the (001) MgO
substrate. Thus, the HREM results are in good agree-
ment with the X-ray diffraction results shown in Figure
1a. The relationships between MgO substrate and Y2O3
buffer layer obtained from the FFTs are Y2O3(001)[100]
|| MgO(001)[100] and Y2O3(111)[11h0] || MgO(001)[11h0])s
the same as those reported previously7,8 for this system.

TEM Characterization of the YNi2B2C Thin Film.
Figure 4a is a bright-field TEM image showing the
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Figure 1. θ-2θ X-ray (Co KR) diffraction patterns of (a) the
YNi2B2C/Y2O3/MgO sample and (b) an Y0.915Ni4.12B polycrystal
(calculated).

Figure 2. (a) Bright-field TEM image of the sample. (b) SADP
of the interface between Y2O3 and MgO. Indexed spots (and
corresponding spots of higher order) originate from MgO; the
others are from Y2O3. (c) SADP of a single-crystalline region
of Y2O3 along the [100] zone axis. (d) Dark-field TEM image
taken from the (002) spot of (c), highlighting the [001] oriented
grains of Y2O3.

Figure 3. (a) HREM image of the interface region of Y2O3

and MgO. Selected area FFTs of (b) MgO, (c) the interface of
MgO and Y2O3, (d) [001] oriented Y2O3, and (e) [111] oriented
Y2O3.
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YNi2B2C film also comprising differently oriented grains.
Panels b-d of Figure 4 are the SADPs of these different
grains along the [110], [310], and [100] zone axes,
showing in each case that the YNi2B2C grows [001]
oriented (again in agreement with the X-ray results of
Figure 1a) but with several different in-plane orienta-
tions. Close examination of the TEM image shows that
grain B is not growing directly on the Y2O3 buffer, but
rather upon a grain of another phase (labeled Y0.915-
Ni4.12B), formed at the interface. This phase was then
the subject of further investigation, below. Panels a and
b of Figure 5 are the HREM images of the interface
region of the YNi2B2C grains and the Y2O3 buffer layer.
The orientation relationships between YNi2B2C and
Y2O3 buffer layer obtained from the FFTs for these
grains are YNi2B2C(001)[110] || Y2O3(001)[100] and
YNi2B2C(001)[100] || Y2O3(001)[100]. The first of these
is consistent with X-ray texture measurements (not
shown) performed on this sample, indicating that this
is the predominant orientation of YNi2B2C. The second
in-plane orientation is a common occurrence arising due
to the very close lattice match to Y2O3 in this orienta-
tion.

TEM Characterization of an Y0.915Ni4.12B Impur-
ity Phase. Figure 6a is a bright-field TEM image
showing a larger grain of the impurity phase (labeled
Y0.915Ni4.12B), again found bordering on the Y2O3 buffer.
EDX analyses were performed (Figure 7), comparing the
impurity phase with the YNi2B2C phase. The EDX
spectrum of the impurity suggests a Ni-rich compound

Figure 4. (a) Bright-field TEM image showing differently
oriented grains of YNi2B2C. SADPs showing YNi2B2C along
(b) [110] (grain A), (c) [310] (grain B), and (d) [100] (grain C)
zone axes.

Figure 5. HREM images of the interface region of the Y2O3

buffer layer and YNi2B2C grains (a) A and (b) C.

Figure 6. (a) Bright-field TEM image showing a large
Y0.915Ni4.12B grain. (b) [001] stereographic projection of Y0.915-
Ni4.12B showing the rotation route under TEM. SADPs along
the (c) [010], (d) [013], (e) [001], and (f) [123] zone axes.

Figure 7. EDX spectra of (a) YNi2B2C and (b) the Y0.915Ni4.12B
grain of Figure 6.
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comprising the elements Ni, Y, and B. (The Mg seen in
both spectra originates from the MgO substrate during
ion milling.) The Y/Ni ratios, which can be reliably
extracted from the scans, lie close to 1:2 for YNi2B2C
and 1:4 for the impurity. Because the SADP of the
impurity grain proved incompatible with the patterns
of known compounds such as YNi4B, the sample was
tilted through a wide range of angles (Figure 6b) to
obtain SADPs useful in determining its crystal struc-
ture. From these patterns (Figure 6c-f), we deduce that
it has a hexagonal structure with lattice parameters a
) 1.491 nm and c ) 0.692 nm. YNi4B is one compound
in the Y-Ni-B system having a hexagonal structure
(191, P6/mmm), but a much shorter a lattice parameter,
a ) 0.4977 ( 0.0004 nm and c ) 0.6942 ( 0.0005 nm.10

Kuz’ma and Khaburskaya reported11 that the Y-Ni-B
system can form a series of ternary borides, including
a hexagonal “YNi4B” phase with lattice parameters a
) 1.489 ( 0.005 nm and c ) 0.691 ( 0.002 nm, in
agreement with our observation. They considered this
YNi4B to be a superstructure of the other. However, no
detailed information such as atomic coordinates is
available. Belger et al. reported12 the full structural
information of the phase Y0.915Ni4.12B, having matching
lattice parameters, also considering this to be a super-
structure of YNi4B.

The calculated X-ray diffraction pattern for Y0.915Ni4.12B
is shown in Figure 1b. Comparing this with Figure 1a,
it is seen that in the YNi2B2C/Y2O3/MgO sample the
strong peaks P(332) and P(302) of Y0.915Ni4.12B are
visible although the P(600) peak is not easily distin-
guished, possibly due to overlapping by the strong
substrate peak. Therefore, based on the crystal struc-
ture, lattice parameters, and chemical composition
analysis of the impurity phase, we conclude it to be
Y0.915Ni4.12B. The weak X-ray diffraction peaks resulting
from Y0.915Ni4.12B indicate a very low volume fraction
of Y0.915Ni4.12B in the sample. That this phase was
always found bordering on the Y2O3 buffer is an indica-
tion that it results from the same process that leads to
larger amounts of impurity phases in films without
buffer layers, i.e., reaction of deposited yttrium to form
Y2O3, leading to a deficit of yttrium and resultant
formation of Ni-rich phases. Figure 8a is the HREM
image of the intersection region of Y0.915Ni4.12B, YNi2B2C,
and Y2O3 buffer layer. The FFTs of the parts of the
image corresponding to each individual grain are shown
in Figure 8b-e. These indicate that there is no well-

defined orientation relationship of the Y0.915Ni4.12B to
either the Y2O3 buffer layer or the YNi2B2C film.

Conclusions

YNi2B2C thin films deposited on Y2O3-buffered (001)
MgO substrates were successfully fabricated by pulsed
laser deposition. In this manner, it proved possible to
greatly reduce the volume fraction of impurity phases
formed during deposition. TEM and HREM investiga-
tions of the cross-sectional YNi2B2C/Y2O3/MgO sample
indicate that YNi2B2C grows in the [001] direction, while
the Y2O3 buffer layer exhibits columnar growth in both
[001] and [111] directions, with the [001] growth ap-
pearing to be preferred. The Y2O3 buffer layer and
MgO substrate have the orientation relationships
Y2O3(001)[100] || MgO(001)[100] and Y2O3(111)[11h0]
|| MgO(001)[11h0], while the YNi2B2C film and
Y2O3 buffer layer have the orientation relation-
ships YNi2B2C(001)[110] || Y2O3(001)[100] and
YNi2B2C(001)[100] || Y2O3(001)[100]. Taking into ac-
count the preferential growth of the [001] oriented Y2O3,
and the predominance of one particular in-plane orien-
tation of YNi2B2C observed in X-ray, the sample as a
whole can best be described by the orientation rela-
tionship YNi2B2C(001)[110] || Y2O3(001)[100] ||
MgO(001)[100]. A small remaining volume fraction of
the hexagonal impurity phase Y0.915Ni4.12B having lat-
tice parameters a ) 1.491 nm and c ) 0.692 nm has
been identified by TEM analysis.
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Figure 8. (a) HREM image of the intersection region of
Y0.915Ni4.12B, YNi2B2C, and Y2O3. FFTs of (b) Y0.915Ni4.12B, (c)
YNi2B2C, (d) Y2O3, and (e) the entire image.
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