ISSN 1027-5495. Functional Materials, 24, No.1 (2017), p. 63-67.
doi:https://doi.org/10.15407/fm24.01.063 © 2017 — STC "Institute for Single Crystals”

Research on processes of texture formation in
"NiW substrate and TiN coating”™ system and
creation of the new type textured

paramagnetic substrates for HTS based on
YBaZCu3O7

M.S.Sunhurov, S.A.Leonov, T.V.Sukhareva,
V.V.Derevyanko, V.A.Finkel, Yu.N.Shakhov

National Science Center "Kharkiv Institute of Physics and Technology”,
National Academy of Sciences of Ukraine, 1 Akademicheskaya Str., 61108
Kharkiv, Ukraine

Received October 12, 2016

The paper investigates the processes of texture formation in thin-film two-component
system based on paramagnetic Ni — 9.5 at. % W substrate with TiN coating. It is studied
the influence of deposition time and pressure of nitrogen on the cubic texture formation
in both components of "NiW/TIN" system by using XRD methods. It is observed the effect
of re-orientation of crystal planes in the Ni — 9.5 at. % W tape exposed the influence of
the coating that leads to a substantial enhancing the cubic texture of the paramagnetic
substrate. It is also established that optimization of the conditions of thin TiN layer
deposition makes it possible to obtain quasi single crystalline TiN coatings with cubic
texture. These textured Ni — 9.5 at. % WI/TIN substrates admit the epitaxial growth of
high quality HTS films with the high current carrying capacity.

Keywords: 2G HTS; texture; Ni — 9.5 at. % W alloy; TiN buffer layer; paramagnetic
substrate.

MsyueHbl Ipollecchl TEKCTYPOoOOPa3OBAHUA B TOHKOILJIEHOYHON ABYXKOMIIOHEHTHOH cucTe-
Me Ha OCHOBE MeTAJLIMYECKON MOMJOKKU U3 mapamaranuTmoro cmiaasa Ni — 9.5 at. % W e
oydepupiM noxpeiTueM [IN. MerogaMyu PEeHTreHOCTPYKTYPHOIO aHAJIMW3A HCCIELOBAHO BJIMA-
HUE BPEeMEHU OCAKICHMA U JABJICHUA IIAPOB a30Ta Ha Ipolecc (GOPMUPOBAHUA Kybuueckoil
TeKkcTypsl B obeux KommnoHeHTtax cucrembl  NiIW/TIN. Ob6mapy:xer spdeKkT nepeopueHTAnAN
KpUCTAILINYeCKUX IjIocKocTel B jdente cmiasa Ni — 9.5 at.% W mox BoszeficTBrueM IMOKPLI-
TUA, BeAYIIUH K CYIIECTBEHHOMY YCUJIEHWUI0 KyOudecKoll TeKCTyphl HOmIoKKU. Ilokasano,
YTO IpPU ONTUMHUBAIMU YCJIOBUN HAHECEHHs TOHKOCJIOMHOTO MOKPHITUSA B cuctemMe Ni —
9.5 at.% W/TIN" umeer mecTo (QopMupoBaHHE KBASUMOHOKpHCTAJLIMYecKUX cJuoes TIN ¢
KyOHMUYeCcKON TEeKCTYpOIl.

JNocmimmxenus npoiecie ¢opmyeanaa Texerypu B cuctemi  NiW migmoxkka ta TiN
MOKPUTTA 1 CTBOPEHHS capaMarHiTHHX CifiJIOJKEK COBOro0 THUINY AJSA BUCOKOTEMIEpaTyp-
HUX HaanpoBimHUKIB Ha ocHoBi YBa2Cu307. M.C.Cynzypos, C.O.Jleonos, T.B.Cyxapesa,
B.B J]epeg’anxo, B.O.@inkenwv, I0.M.Illaxos.

BuBueno nponecu hopMyBaHHS TEKCTYPU Y TOHKOIIAPOBifl ABOKOMMIOHEHTHil cucTeMi Ha
ocHOBI MeraseBol miaxaagku 3 mapamarmithoro cmaasy Ni — 9,5 ar. % W is Oydepuum
noxpurtaMm TIN. MeromaMu PeHTreHOCTPYKTYPHOIO AHANI3Y MOCHiJKeHO BILIMB 4Yacy oca-
JKeHHS 1 THCKY IIapu asoTy Ha IIporec QopMyBaHHA KyOiuHOl TeKcTypr B 000X KOMIIOHEHTaX
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cuctemu NIW/TIN". Busasieno edekTt mepeopienTamii kpucTamiuHmx MJAOMUH Y cTpiumi
cuaaBy Ni — 9.5 ar.% W mig BOIvBOM MOKPHUTTS, IO IPU3BOLUTH O ICTOTHOI'O IOCHJIEHHS
KyOiunoi rekcrypu mizxaansxu. [loxkasawmo, mio nmpu omruMmizariii yMOB HaHeCeHHS TOHKOIIA-
poBoro mokpurra y cucremi Ni — 9.5 ar.% WI/TIN" mae micue dopmyBanHA KBasiMoHO-

kpuctanivax mapis TiN 8 Kybiunol Tekcrypoio.

1. Introduction

Research in the field of high-tempera-
ture superconductors of the second genera-
tion (2G HTS) based on HTS YBCO textured
films is of particular interest because it
opens up the new perspectives for creating
the conductors, which could work at strong
magnetic fields and temperature of liquid
nitrogen boiling point (77.4 K) [1-4].

Architecture of 2G HTS with crucial cur-
rent density j,. ~ 105 A/ecm?2 at the liquid ni-
trogen temperature consists of:

— substrate (a thin tape mostly of Ni-W
alloys with different compositions);

— buffer layer/layers (oxides, nitrides,
in particular TiN);

— a single crystalline superconducting
Y832CU307_6 Wlth :ZWC ~ 92 K.

Elements of such superconducting sys-
tem for effective functioning should avoid
ferromagnetic hysteresis losses in alter-
nating current applications and should be
textured according to the scheme
provides the formation of biaxial cube tex-
ture in the film of HTS.

Therefore one of the main challenges for
the coated conductors is to produce param-
agnetic alloy substrates with the high me-
chanical characteristics and sharp cubic tex-
ture. The paramagnetism property is pro-
vided by increasing the concentration of
tungsten in Ni-W alloy up to 9 at. % W and
higher. However, in this case the problem
occurs with formation of the sharp cube
texture, which is hindered by low energy of
stacking faults Eg .. The E,; value decreases
with increasing the content of alloying ele-
ment in the alloy [5]. Thus the carrying out
a fundamental research of texture forma-
tion processes in the system "metallic sub-
strate — buffer coating”™ is essential for
achieving the significant progress in the
field of effective coated superconductors
creation.

Earlier the new effects of texture forma-
tion in both components of the system of
"Ni-W/TIN" were found in our investigations
[6—8]. The main purpose of the current
work is to investigate the nature of the
texture formation processes in the "Ni —
9.5 at. % WITIN" system.
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To achieve the work goal it is necessary
to develop the technology of the substrate
construction in the following areas:

— creating the high-quality metal tape
based on Ni — 9.5 at.% W paramagnetic
alloy;

— optimization of conditions for TiN
coating deposition.

2. Experimental

Preparation of substrates was carried out
according to scheme which includes the fol-
lowing steps: 1) synthesis of Ni-W alloys
with different concentration of tungsten (0—
9.5 at. % W); 2) thin-layer tape production;
3) high-temperature treatment of Ni-W
tapes; 4) deposition of TiN coating; 5) XRD
analysis.

Initial materials for obtaining the Ni-W
alloys were Ni and W powders with 99.98-
99.99 % purity (by metallic impurities).
The following methods were used for the
purification from gaseous impurities (the
main impurity is oxygen represented as
nickel and tungsten oxides): 1) the heat
treatment at temperatures ~ 850°C for puri-
fication of Ni powder; 2) for the refinement
of W powder it was applied the high-tem-
perature treatment (1000-1200°C) in reduc-
ing Ar+4 % H, gaseous mixture flow [9].
The paramagnetic alloy was synthesized by
means of powder metallurgy in deep wvac-
uum (p ~ 1076 Torr) at T = 1200°C during
t =4 h. Obtained ingots were rolled up to
50-100 um at the room temperatures to
perform the metallic tapes. The total degree
of cold-rolling deformation was about
95 % . Resulting operation during the tape
production was high-temperature annealing
at T = 1150°C during ¢ = 2 h.

Thin layers of titanium nitride (TiN) on
the surface of Ni — 9.5 at. % W tapes were
obtained by method of ion-plasma deposition
[9]. Specific parameters of the TiN buffer
layer deposition varied within the following
ranges: negative substrate potential U = 50—
300 V; arc current I = 80 A; temperature
of substrate £, ~ 450°C; nitrogen pressure in
chamber p(N,) = 1.2-6.2:1072 Torr; deposi-
tion time fjy = 60-900 s.

XRD analysis (Cu Ko radiation) was used
to solve the following tasks: determination

Functional materials, 24, 1, 2017



M.S.Sunhurov et al. /| Research on processes of ...

80001 |
200 311 face
111 L 220
A A | - ¥ 6.2 10-2;
6000 i L a4 s 2
3-. A 4810 .
© . M 38107
S e 28107
. ” A 1.8107
i A A 12107
2000 111} 200 220
L A 311 222 400
l An w0
0L 1 4 ] L 1 L 1 L 1 \ |
40 60 80 100 120 140
20, deg

Fig. 1. XRD patterns of FRONT side of Ni —
9.5 at. % W substrate with TiN coating at
different pressures of nitrogen p(N,)=1.2-
6.2:1072 Torr.

of the phase composition of the system com-
ponents of the substrate + coating; determi-
nation of lattice parameters of Ni-W and
TiN; analysis of the texture of the substrate
and coating according to the method devel-
oped in our paper [8]; determination of the
TiN coating thickness. The method of determi-
nation the TiN-layer thickness is based on X-
ray absorption. Intensity of the beam re-
flected from crystal plane (hkl) of the sample
with the coating thickness % is as follows:

Thp(R) = T (0) - exp(=2h - urin/cos(0)), (1)

I,,,(h) — intensity of the beam reflected
from the substrate with coating;

1;,,,(0) — intensity of the beam reflected
from the substrate without coating;

h — coating layer thickness;

utiy — the linear absorption coefficient
of the coating material;

0 — the Bragg angle.

Equation (1) and mathematical modeling
of the relative intensity of some X-ray in-
terferences, in our case — the cubic plane
(h00) of the Ni-W substrate, makes it possi-
ble to determine the coating thickness Aty
within ~ 10 %.

3. Results and discussion

Main results were obtained by the study-
ing of Ni — 9.5 at. % W tapes with thin
TiN coating. In accordance with the work
purpose the research program implemented
in the present study had two directions:

1. The TiN coating deposition at a constant
time ¢y ~ 600 sec in a wide range of pres-
sures of nitrogen p(N,) = 1.2—6.2:10"2 Torr
for optimization.
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Fig. 2. Values of the ratio Iyy/I59, for
FRONT and BACK sides of Ni — 9.5 at. % W
substrate after TiN deposition.

2. The TiN coating deposition at a con-
stant (optimal) pressure of nitrogen in a
range of times fr)y = 60—900 sec.

It should be noted that the TiN coating
could be deposited on front and back side of
the Ni — 9.5 at. % W substrate. Fig. 1 pre-
sents a set of diffraction patterns for the
experimental series at different pressures
values for the front side of the paramag-
netic Ni-W substrate. There two systems of
diffraction lines, which belong to the FCC
lattice of Ni — 9.5 at. % W alloy and TiN
lattice of NaCl-type. As the pressure of ni-
trogen p(N,) growths, texture of the sub-
strate exhibits variations: redistribution of
intensity in the diffraction lines is ob-
served. With the nitrogen pressure growth
there were not found significant changes in
the distribution of the TiN intensities. De-
termination of regularities of the texture
formation on the substrate back side re-
quires further study and it is not presented
in this paper.

The intensity of the cubic diffraction
lines can be considered as a measure of the
cubic texture development in the first ap-
proximation. In the present study as a "tex-
ture parameter” was chosen the ratio of the
cubic (200) and diagonal (220) diffraction
line intensity of Ni — 9.5 at. % W. Values
of the "texture parameter” I549/I990(PN)
based on the XRD data for the substrate
front side are plotted in Fig. 2. It is found
that the maximum value of the "texture
parameter” is observed at p(N,) = 1.8:10 2 Torr
for the front side of Ni — 9.5 at. % W
substrate, thus it can be argued that this
vapor pressure of nitrogen in a vacuum
chamber can be considered as the optimal

65



M.S.Sunhurov et al. /| Research on processes of ...

Fig. 3. XRD patterns of Ni — 9.5 at. % W
alloy tapes with TiN coating (FRONT side of
the substrate) at p(N,) = 1.8-1072 Torr in the
range of deposition times: a) tr;y = 60 sec; b)
trin = 120 sec; c¢) ity = 420 sec; d) tyy =
900 sec.

for the most suitable development of a the
cubic texture in the Ni — 9.5 at. % W tape.

Evolution of diffraction pattern depend-
ing on the TiN deposition time at constant
pressure of nitrogen is plotted in Fig. 3. As
the deposition time t1jy increases, in other
words as the TiN Ay thickness growths, the
relative intensity of (200) type diffraction
lines increases, while the intensities of re-
flections from the diagonal (220) and other
FCC lattice planes decreases. Such character
of the diffraction pattern evolution indi-
cates qualitatively the substantial intensifi-
cation of the cubic texture degree in the Ni
9.5 % W paramagnetic alloy tape. This ten-
dency continues up to trjy = 420 sec (hqiN ~
2 um). The processes of the cubic texture
formation are also observed in the coating
layers of TiN. This is proved by the presence
of only (200) reflex, which belongs to cubic
plane of the TiN lattice. It should be men-
tioned that other diffraction lines of TiN
phase appear on the XRD pattern at the
coating thickness A = 2 um.

In order to determine fine variations of
texture in the "Ni — 9.5 at. % W/TIN" sys-
tem the algorithm of planar texture charac-
terization was used as a supplementation to
the classical ways. This method is based on
construction and analysis of the “circular”
diagrams of the angular distribution of in-
tensity from the crystallographic planes.
The validity of the hypothesis of the perfect
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Fig. 4. Circular diagrams of (200) planes re-
lated to formation of sharp cubic texture at
p(N,) = 1.8:1072 Torr and hriy ~ 1 wm: a) Ni
— 9.5 at. % W without coating (32 = 0.082);
b) Ni — 9.5 at. % W after TiN deposition
2 = 0.022); ¢) TiN layer (2 = 0.015).

cubic texture realization was verified by
using the well-known %2 method [10]. The 2
value was calculated for n = 24 degrees of
freedom. The ideal texture should corre-
spond to %2 =0 at a correlation coefficient
of R2=1. In the present work, it was the
most important to investigate the cubic
(h00) planes of the metallic Ni-W substrate
and TiN coating. Fig. 4 shows a set of the
"circular” diagrams corresponding to un-
coated Ni — 9.5 at. % W substrate (a), sub-
strate after deposition (b) and TiN layer (c).
The diagrams refer to the front side and
tTiN =120 sec (hTIN ~1 Mm). At this thick-
ness the cube texture of TiN layer with the
maximum sharpness (in terms of the mini-
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Table. Scenario of texture formation in Ni — 9.5 at. % W/TIN system

Deposition time State of structure

brin» sec. TiN Ni — 9.5 at. % W
0 Weak cubic texture
60 Diffraction lines for TiN phase are The beginning of the texture enhancement

absent process

120 Cubic texture is formed The cube texture continues to evolve
420 Degree of texture is reduced The maximum degree of cubic texture
900 Degree of texture is reduced Degree of texture is reduced

mal value of %2 parameter) is formed. The
cubic texture in Ni — 9.5 at. % W is rather
strong, but its maximum is observed at ¢\
= 420 sec (h1ijy ~ 2 um). Note that the Ni-W
texture achieved at Ay = 1 um is more per-
fect compared to that in original sample
before coating.

The subject of discussion in this paper is
a set of observed effects related to peculi-
arities of the cubic texture formation in the
thin-film system "Ni — 9.5 at. % WI/TIN".
Based on the experimental data the texture
formation scenario in the system "Ni —
9.5 at. % WITIN" can be reconstructed (see
Table). It can be assumed that this scenario
results from the existence of the previously
unknown effect “contra epitaxy”: the
anomalous enhancement of the cubic texture
of the metal substrate under the influence
of thin coating. The anomalous effect of en-
hancing the cubic texture of the metal sub-
strate based on Ni — 9.5 at. % W under
influence of the TiN coating may be associated
with the increase in the stacking fault energy
Eys as a result of influence of short-range
compressive stresses that arise along the
phase boundary "Ni — 9.5 at. % WI/TIN".

The formation of quasi single crystalline
structure (200) in the layers of titanium ni-
tride can also be linked to the emergence of
the strains in the system "Ni — 9.5 at. %
WITIN". Growth of the mono crystalline struc-
ture TiN has a purely epitaxial character.

4. Conclusion

The current work is devoted to solving
two major problems: 1) investigation of na-
ture of the processes of texture formation
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in two component systems, intended for
deposition of quasi monocrystalline films of
superconductor; 2) development of research-
based principles to improve the architecture
of 2G HTS with the high current carrying
capacity. We believe that the main results
of the study are 1) detection of the funda-
mental effect of "contra epitaxy” — the for-
mation of a the strong cube texture in sub-
strate under the effect of buffer coating; 2)
development of the strategy for obtaining
the substrates based on paramagnetic alloy
tape of Ni — 9.5 at. % W with TiN coating
having the cube texture for coated super-
conductors applications.
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