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An YNi»B,C thin film grown on a MgO(001) substrate by pulsed laser deposition has been investigated

by transmission electron microscopy (TEM) and high-resolution electron microscopy (HREM). Plan-
view TEM analyses show that the film consists of isolated rectangulagBsRligrains distributed within
a second phase. This phase was identified as monocliht;3B¢ with lattice parametera = 1.42 nm,
b = 1.07 nm,c = 0.96 nm, ang = 95°. Within the YNiB,C grains, a hexagonal¥:dNi4 1B phase
with lattice parametera = 1.49 nm anct = 0.69 nm is intergrown with a cubic0; phase with lattice
parametera = 1.06 nm. The orientation relationships between XC, Y03, and Y1 Nis 1 B are
analyzed, and the mechanisms of phase formation are discussed.

1. Introduction pulsed laser depositio¥f. Most of the investigations into
YNi,B.C thin films have focused on film preparation and
characterization; however, microstructural investigations by
transmission electron microscopy (TEM) are still limited.

Quaternary rare earth transition metal borocarbideBRT
(R = rare earth, T= transition metal) have aroused great
interest due to the interplay of magnetic ordering and ) . .
superconductivity within the materials. (For a review, see, In_ a previous worIZ,.TEM. angl high-resolution gle_ctron
for example, ref 1) The tetragonal compound YBIC (space microscopy (HREM) investigations of an Y#&i,C thin film
group No. 139,4/mmm a = 0.353 nm,c = 1.054 nm), on a YzOg-buﬁgred MgO(OOl) supstrate were reported,
possessing no magnetic order, exhibits a fairly fighalue ~ Showing the orientation relationships between théy
of around 15 K. A study of the Y-based compound is buffer layer, MgO substrate, and Y8i,C film. Moreover,
therefore a prerequisite for the understanding of its magnetic hexagonal precipitate, o¥:Nis.1B, was found at the
counterparts, since it is free from the complications intro- interface between YMB,C and Y;Os. Reibold et af showed
duced by the presence of magnetic ordering, and ideal forthat an interlayer consisting of;¥s, NisB, and YNiB exists
investigating the origin of superconductivity in the boro- in the cross-sectional sample of Y;B,C deposited on MgO.
carbideg With high-quality samples available in bulk Recently, the present authbreported on plan-view TEM
polycrystalline form and as single crystals, considerable investigations of YNiB,C deposited on MgO(001). It was
research on these compounds has been reported. On the othshown that the YNB,C film consisted of isolated rectangular
hand, high-quality thin films are useful both for the study grains distributed within a monoclinicXi;sBs phase. It is
of particular physical properties and for the exploration of the aim of this work to present new results obtained by plan-
potential applicationd. YNi,B,C thin films have been
prepared by several groups, using both sputtéfirand (4) Arisawa, S.; Hatano, T.; Hirata, K.; Mochiku, T.; Kitaguchi, H.; Fujii,
H.; Kumakura, H.; Kadowaki, K.; Nakamura, K.; Togano, Kppl.
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Figure 2. EDX spectra of (a) ¥Ni1sBs and (b) Yo.019Nis.1B phases. Cu
peaks originate from the TEM specimen support grid.

The EDX spectrum of the intergranular phase (Figure 2a)
indicates a Ni-rich compound comprising the elements Ni,
Figure 1. (a) Bright field plan-view TEM image showing the rectangular Y_’ and B, with ah Y:Ni ratio close to 1:8. T_he sample was
grain distribution of the YNB,C film. (b) SAED pattern and () HREM tilted through a wide range of angles to obtain SAED patterns
image with FFT inset of an YNB2C grain along the [001] zone axis. suitable for determination of its crystal lattice. From these

. ) ) patterns (Figure 3ac), it is deduced that the phase has a
view TEM and HREM of YNiB,C deposited on MgO(001).  monoclinic lattice with lattice parametess = 1.42 nm,

The study provides an improved understanding of the growth y — 1 97 n\m.c = 0.96 nm ang3 = 95°. Kuz'ma et al®

processes of YNB-C thin films. reported that the ¥Ni—B system can form a number of
] ) ternary borides, including a monoclinic (space group No.
2. Experimental Section 14, P2/c) Y:NiisBs phase with lattice parameters

An YNi,B,C thin film was prepared by pulsed laser depositon & = 1.4224 nm,b = 1.0679 nm,c = 0.9577 nm, and
in an ultrahigh vacuum (base pressw&0-° mbar) chamber from 8 = 94.37. A corresponding monoclinic phase, #15Bs,
a stoichiometric polycrystalline YMB,C target synthesized by arc ~ has also been reported in the Hi—B systemt! having
melting. The target was ablated using a KrF excimer laser lattice parametera = 1.4223 nm,b = 1.0672 nm,c =
(wavelength 248 nm) while the temperature of the MgO(001) 0.9582 nm, ang8 = 94.2. Therefore, on the basis of its
substrate was maintained at 950. The incident energy density  crystal lattice, lattice parameters, and chemical composition,
on the target was-5 J cni? at a laser pulse repetition rate of it is concluded that this phase is;Ni;sBs, as has been
30 Hz. As a result of the extraordinarily high deposition temperature, reported previously.Figure 3d shows the HREM image of
0 vl el ey e st o emovs) 1 L. G the et v P of s mage i

' is in agreement with the SAED pattern of Figure 3b. Figure

from the peeled-off film by Ar ion milling. TEM bright field . . . .
imaging, selected area electron diffraction (SAED), and energy- 3e is the HREM image of the interface region between

dispersive X-ray (EDX) analyses were performed using a Philips YNi2B2C and Y:Ni;sBe. The interface shown is parallel to
CM200 electron microscope equipped with a kaectron source  (100) of YNiB,C. The FFTs of parts of the image corre-
and operated at an acceleration voltage of 200 kV. The HREM sponding to YNiB,C, Y2Ni1sBs, and the interface region of
images were taken in a Philips CM200 FEGST-Lorentz electron YNi,B,C and Y;Ni1sBs are shown in Figure 3fh. Figure
microscope equipped with a field emission gun, also operated at3h indicates that no unique orientation relationship exists
200 kV. between ¥NiisBs and YNiLB,C.
Figure 4a is a bright field TEM image showing some

3. Results and Discussion precipitates formed within the YAB,C grains. With higher
magnification, Figure 4b, it is seen that two precipitates
distribution of isolated rectangular YMB,C grains of  (B: C) coexistwithin the same YBB.C grain (A). Electron
different sizes. A preferred orientation of the grains is difffaction reveals that the YNB.C grain shown has the
evident, with the straight faces of the grains lying at around S&M€ SAED pattern as that of Figure 1b. Figure 4c is the
45° to the edges of the image. Figure 1b is the SAED pattern SAED pattern of the precipitate marked C indicating that it
of one grain showing it along the [001] zone axis. SAED 1S Y20s (space group No. 206a3) with lattice parametex
indicates that the-axes of the YNiB,C unit cell are aligned ~ — 1.06 nm. F!gure 4d_lS the superposition of the SAED
parallel to the faces of the grains. Figure 1c shows the HREM Patterns of YNiBzC (grain A) and ¥O; (grain C) revealing
image of an YNiB,C grain. The inset is the fast Fourier : )
transform (FFT) of this image, which is consistent with the 82; gllgt\’,:,‘fgk"T?';O'fi‘;f]m’agﬁJgﬁg'cmal‘.teé"}gcigggh%?'ﬁ; Kuz'ma,
SAED pattern of Figure 1b. Y. B. Sa. Phys—Crystallogr. (SPHCAYL989 34, 602.

Figure la is a bright field TEM image showing a
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Figure 4. (a) Bright field plan-view TEM image showing precipitate
formation inside rectangular YpB,C grains. (b) High-magnification view
of one YNipB,C grain containing two types of precipitates. (c) SAED pattern
of Y,0s3 (grain C) along the [001] zone axis. (d) SAED patterns e©Y
(grain C) with YNpBC (grain A).

Figure 3. SAED patterns of ¥NiisBg along the (a) [100], (b) [201], and
(c) [110] zone axes. (d) HREM image with FFT inset of [201]-oriented
Y2Ni1sBs. (€) HREM image of the interface region between ¥BiC and
Y2NiisBs. FFTs of (f) [001]-oriented YNB,C, (g) Y2Ni1sBs, and (h) the
interface of YNpB2C and Y>Ni1sBe.

S nm

; ; ; i - Figure 5. (a) HREM image of the interface region between ¥B}C and
the orientation relationship YhiB,C(100)[001]]'Y205(100) Y,0s. FFTs of (b) [001]-oriented YNB,C, (c)-[001] oriented ¥Os, and
[001]. Figure 5a shows the HREM image of the interface () the interface between YpB.C and Y:0s.
region between YNB,C and Y;Os. The interface is not
clearly defined. The FFTs of parts of the image correspond- reported that the ¥-Ni—

) : : : B system can form a number of
ing to YNIizB.C, Y,0s, and the interface region of YpB,C

o ) ternary borides, including a hexagonal “Y;BI' phase with
and Y,03; are shown in Figure 5bd. The crystallographic lattice parametera = 1.489(5) nm and = 0.691(2) nm, in

orientations of YNiB.C and Y,0; deduced from Figure 5d 55 eement with our observation. They considered thisBNi
are in good agreement with those obtained from the SAED (4 pe a superstructure of the other. However, no detailed

patterns shown in Figure 4d. information on the atomic coordinates is available. Belger

Figure 6a is the SAED pattern of the precipitate marked et al!4 reported the full structural characterization of the
B, which is incompatible with the patterns of compounds phase ¥q:Nis 1B, having similar lattice parameters, also
such as YNjB, YNi,B,C, and the above Xi;sBs. The EDX considering this to be a superstructure of ¥®iTherefore,
spectrum of this phase (Figure 2b) again indicates a Ni-rich on the basis of its crystal lattice, lattice parameters, and
compound comprising the elements Ni, Y, and B, this time chemical composition, it is concluded that this phase is
with an Y:Ni ratio close to 1:4, lower than that in Figure 2a. Y9:Nis1B. Figure 6d shows the HREM image of the
To determine its crystal lattice, the sample was tilted and a Y.014\i4.1 B grain. The inset is the FFT of this image, which
series of diffraction patterns were recorded (Figure 6b,c). is consistent with the SAED pattern of Figure 6a. Parts e
Indexing shows that this phase has a hexagonal crystaland f of Figure 6 are the SAED patterns of ofiNis 1B
structure with lattice parameteess = 1.49 nm andc = (grain B) with Y>O5; (grain C) and YNiB.C (grain A),
0.69 nm. YNiB is one compound in the ¥Ni—B system
having a hexagonal structure (space group No. 191, (12) Niihara, K.; Katayama, Y.; Yajima, Shem. Lett1973 6, 613.
PGimMIY, with a much shorte latice parametera = (13 KUEMa, Y & Krabuileya, b g Matr 197 11 1028
0.4977(4) nm andcc = 0.6942(5) nnt? Kuz’'ma et al*® Alloys Compd1999 26, 283.
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Figure 7. (a) HREM image of the interface region betweei©¥and Yo.o15
Niz1B. FFTs of (b) [001]-oriented ¥Os; (c) [1210]-oriented
Yo.01Nis 1B, and (d) the interface between®s; and Yo g1Nis 1B.

is released from the MgO substrate. The free energy for the
formation of Y,O3 (—1815 kJ/mol) is smaller than that
of B,O3 (—1193 kJ/mol), CQ (—384 kJ/mol), and NiO
(—212 kJ/mol)¥® so the formation of ¥Os is thermodynami-
cally most favorable. Due to the formation of,®3, the
resultant Y deficiency leads to the precipitation of low-Y-
content precipitates such asy®Nis1 B and Y,Ni;sBe.
Reibold et af observed an unidentified phase during HREM
studies on a cross-sectional sample of XJC grown on
MgO(001), besides Y03 mixed with NigB and YNiB.
Comparing the results (Figure 3) of the present work with
the FFTs of the HREM images of the unknown phase shown
in Figure 8 of ref 8, it is possible to consistently identify
this phase as Mi;sBe.

In the case of YNiB.C(100)[001]|Y,03(100)[001],
the c-axis lattice mismatch i) = (Cynis,c — Cv,05)/
_ _ - _ Cv,0, & —0.6%. In the case of ¥o1Nis18(1010)[1210]||
Figure 6. SAED patterns of the ¥o19Nis.12B precipitate (grain B) along Y,05(100)[001], it may be supposed that two unit cells of

the (a) [210], (b) [1100], and (c) [023] zone axes. (d) HREM image with ) ) '
FFT inset of [R10]-oriented YooieNis1B. SAED patterns of the  Yoo1dNig1B are superimposed on three unit cells giO¥.

Yo.01Nisa12B precipitate with (e) ¥Os and (f) YNizB2C. The corresponding lattice mismatchds= (2ay, i, .8 —
3CY.203)/3C\(203 ~ —6%. FOI’ Y()91§\1|4128(1010)[1210]||
yielding the orientation relationshipso¥iNis1B (1010)- YNi>B,C(100)[001], supposing two unit cells 0 ¥1gNis..B

[1210]]]Y;05(100)[001] and o:Nis1B (1010)[1210]]| are superimposed_ on three unit. cells of YBHC, the
YNi,B,C(100)[001]. corresponding lattice mismatch 8 = (2av,gpi.8 —
It is interesting to note that such a borideyoYNis 1B,  3Cmiz.C)/3Cvis,c ~ —6%. In all three cases the lattice

has been observedordering at the interface between mismatch is quite low, indicating low internal stresses in
YNi,B,C and Y,0s in a cross-sectional sample of YJ8,C YNi:B,C, Y205 and Yoo1Nia1B. This may explain why
deposited on a YOs-buffered MgO substrate. However, no Y203 and YooiNis1B precipitates form together in an
specific orientation relationships ofo¥:Nis1B with the YNi»B,C grain. Ways to eliminate these precipitates should

YNi»B,C film and Y.Os buffer layer were found. be further investigated.
Figures 7a and 8a show the HREM images of the interface
regions between o1 Nis1B and Y,0; and YNiLB.C. 4. Conclusions
The interface orientations are not clearly defined. The FFTs
of parts of the images corresponding ta g¥dNis 1B, Plan-view TEM and HREM observations of an ¥R;C

YNi2B,C, Y205 and the interface regions are shown in thjn film deposited on a MgO(001) substrate have revealed
Figures 7b-d and 8b-d. The crystallographic orientations  hree impurity phases: 205, Y2NiisBs, and Yo.s:Nis1B.
of Yo.01Nia12B with respect to ¥Oz and YNiB,C observed  The monoclinic ¥NiysBs phase is distributed between
from the FFTs in Figures 7d and 8d are again in good rectangular YNiB,C grains. The hexagonal o¥iNis.iB
agreement with those obtained from the SAED patterns of phase coexists with a cubie®; phase within the rectangular
Figure 6e,f. YNi,B,C grains. The orientation relationships of BRC

The preceding observations show that rectangulapBidi with Y,03 and Yo o14Niz 18 and of Y g14Niz 158 with Y05
grains exist distributed in a XiisBs matrix, and that the  ge YNbB,C(100)[001]]Y205(100)[001], YNB,C(100)[001]|
precipitates ¥o:d\is 1B and Y,0; coexist within the YNIB,C

grains. Since the film deposition takes place in ultrahigh (15) Dean, J. ALange’s Handbook of ChemistricGraw-Hill Book
vacuum, it is proposed that the oxygen fosOf formation Co.: New York, 1985.
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Figure 8. (a) HREM image of the interface region between YBYC and Ypo1dNis1:B. FFTs of (b) [001]-oriented YNB,C, (c) [1210]-oriented
Yo.01Nis 1B, and (d) the interface between YABpC and Yo.919Nia.1B.
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