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The article is devoted to study of the problem of establishing the nature and mecha-
nisms of processes of texture formation in both components of a thin layer system Ni —
9.5 at. % WI|TIN. Comparative analysis of the structure and properties of two-layer compo-
sitions based on tapes made of ferromagnetic Ni — 5 at. % W alloy and paramagnetic Ni
— 9.5 at. % W alloy with TiN coating was carried out using X-ray diffraction analysis. It
was established that the mechanism and kinetics of the texture formation processes are
conduced by peculiarities of the redistribution of the stress state in both subsystems of the
two-component "substrate-coating” system. Within the framework of the present work, the
strategy for obtaining the textured substrates based on Ni — 9.5 at. % W alloy is
developed, which makes it possible to create effective architecture of the high-temperature
superconductors of the second generation (2G HTS) with the high current-carrying capacity.
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Crarbsi MOCBAIIEHA HCCAEIOBAHUIO MPOBJIEMBI YCTAHOBJEHUS MPUPOALI MU MEXaHU3MOB
IIPOIECCOB TEKCTYpPooOpasoBaHms B 00eMX KOMIOHEHTaX TOHKocJoiHo# cuctemul Ni —
9.5 at. % WTIN. IlyreM cpaBHUTEJIbHOIrO M3YUYEHUH IBYXCJIOHHBIX KOMIIOSHIMII HA OCHOBE
aeHT us peppomaruuraoro cimasa Ni — 5 at. % W u mapamarawmraoro cmimasa Ni — 9.5 at.
% W ¢ moxpoiTuem TiN MeTozamMy peHTreHOCTPYKTYPHOrO aHAINM3a YCTAHOBIEHO, UTO MeXa-
HU3M ¥ KHUHETUKA IPOIECCOB TEKCTypooGpasoBanms O0yCJIOBJIEHBI O0COGEHHOCTAMU Iepepac-
npefiesleHns HATPIKEHHOT0 COCTOSHUA B 00enX MOJCUCTEMAaX [BYXKOMIIOHEHTHOU CUCTEMBI
"momnoskKa — MOKpBITHE . B pamMrax HacTosnieidl paboThI PA3BUTA CTPATETUS MMOJYUEHUS
TEeKCTYPUPOBAHHBLIX TOJJIOKeK Ha ocHoBe cmiaBa Ni — 9.5 at. % W, obecmeuusaronux
BO3MOSKHOCTL CO3TaHUA 3(PPEeKTUBHON APXUTEKTYPHl BLICOKOTEMIIEPATYPHLIX CBEPXIIPOBOJI-
HUKOB BTOporo mokojsienus (2G HTS) c Bricokoil TokoHecyIeil crmocoOHOCTHIO.

Mexanizmu (l)opmynamm TeKkerypu y Tonkomaposux cucremax Niy W, |TiN. M.C.Cyneypos,
T.B.Cyxapesa, BA.@inxenv.
CraTTs IIpuUCBSAYEeHA [IOCHIMMKEHHIO IIPo0JeMH BCTAHOBJEHHS IIPUPOAH Ta MEXaHI3MiB

nporecis GOPMYBAHHS TEKCTYPU B 000X KOMIOHEHTaxX TOHKomaposol cuctemu Ni — 9.5 at.
% WITIN. IIInaxoM HOpiRHATLHOTO BUBUEHHSA ABOIIAPOBUX KOMIIOBUIifl Ha OCHOBI cTpivok is
depomarmitaoro cmaasy Ni — 5 at. % W ra mapamarmirmoro cumasy Ni — 9.5 at. % W s

noxpurtaM 1IN MeTromamMu pPeHTI€HOCTPYKTYPHOI'O aHAJI3y BCTAHOBJEHO, IO MeXaHism Ta
Kimeruka mpoiieciB (OpMyBaHHS TEKCTypPu OOYMOBJIEHI 0COGIMBOCTAMU PO3IOLiIY HAIPYXKe-
HOTO CTaHy B 000X IijcucTeMax IBOKOMIIOHCHTHOI CHCTEMHU  IIJJIOMKA — MOKPUTTS . ¥
pPaMKax IIPOBEAEHOr0 MOCHIIMKEHHS POSBHHYTO CTPATEril0 OTPUMAHHS TEKCTYPOBAHUX MiJIo0-
KoK Ha ocHOBI cmimaBy Ni — 9.5 at. % W, cnpomMoxunx 3a6esmednTH MOMKJINBICTL CTBOPEH-
HA e()eKTUBHOI apXiTeKTypH BHCOKOTEMIIePATYPHUX HAANIPOBIAHUKIB Apyroro mokoainus (2G
HTS) 3 BUCOKOIO CTPYMOHECHOIO CITPOMOKHICTIO.

450 Functional materials, 25, 3, 2018



M.S.Sungurov et al. /| Mechanisms of texture formation ...

1. Introduction

Studies on the development of high-tem-
perature superconductors of the second gen-
eration (2G HTS), which have been going on
for more than 30 years, have shown that
the only possibility of 2G HTS realization
with the high current-carrying capacity at
the level of j. = 105-10% A/cm? at the boil-
ing point of liquid nitrogen is the applying
of thin quasi-monocrystalline supercon-
ducting films, in which electric current
flows in the plane of propagation of a
charge [1-5]. As is known, for the most
promising high-temperature superconductor
YBa,Cusz0,_5 this plane is the basal plane of
CuO, in the rhombic lattice with space
group P/3m.

The architecture of 2G HTS [6-12] in-
cludes the following components:

1) Metallic substrate (single-phase alloys
with FCC crystal structure: as a rule Ni-W
alloys of different compositions are widely
used).

2) Buffer dielectric layer (nitrides or ox-
ides of transition elements with FCC struc-
ture, in particular titanium nitride TiN).

8) Superconducting coating YBa,Cuz;0;_;
(YBCO — 123).

Such architectures, in principle, provide
the possibility of implementing the follow-
ing orientation relations: {001}Ni-
WI[{001}TiN[{001}YBCO-128 [11]. To reduce
the level of ferromagnetic losses during the
transfer of superconducting current, the
metal substrate should be in a non-magnetic
state at the low temperatures [13, 14].

At the low concentrations of tungsten,
Ni,_,W, alloys are in the ferromagnetic
state. At tungsten concentration x>0.095,
the alloy goes into the paramagnetic state
in the entire range of the low temperatures.
However, as the content of tungsten in-
creases, the energy of stacking faults E
decreases significantly. This leads to de-
crease in the degree of cubic texture in de-
formed Ni-W alloys after recrystallization
annealing [15-17].

It was established earlier [18—23] that depo-
sition of a TiN layer on the paramagnetic rib-
bon of Ni — 9.5 at. % W leads to increasing in
effects of texture formation in both compo-
nents of the system Ni — 9.5 at. % WTIN.

In this connection, the main purpose of
the study is to establish the nature and
physical mechanisms of the processes of tex-
ture formation in the system Ni — 9.5 at.
% WITIN, providing the possibility of ob-
taining the high-temperature superconduc-
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tors with the high current-carrying capac-
ity.

We believe that the promising way of
realization of the thin-film composition of
"Ni — 9.5 at. % W|TIN" is the control of the
level of stresses on the interphasic bound-
ary in the system "metallic substrate —
buffer coating”.

To achieve the goal, the following re-
search program was implemented:

— Synthesis of Ni,_ W, alloys in the
range of concentrations 0<x<0.095.

— Obtaining and certification of the long-
length ribbons based on Ni,_ W, alloys with
different composition.

— Optimization of the conditions for TiN
deposition on tapes of Ni;_,W, alloys.

— Investigation of structural features of
both components of the two-layer composi-
tion Ni;_,W,|TiN.

— Investigation of the stressed state in
the two-layer systems Ni;,_, W,|TiN.

2. Materials and methods

Technology for obtaining the samples for
further studying (2.1) and features of the
research methods of thin-film compositions
Ni;_,W,|TiN (2.2) are discussed below.

2.1. Preparation of samples for
investigation

2.1.1. Synthesis of Ni;_yWy alloys

The initial materials for obtaining the
Ni-W alloys were Ni and W powders with
99.98-99.99 % purity (by metallic impuri-
ties). The following methods were used for
purification from gaseous impurities (the
main impurity is oxygen represented as
nickel and tungsten oxides): 1) the heat
treatment at temperatures T = 1120 K for
purification of Ni powder; 2) for refinement
of W powder was applied the high-tempera-
ture treatment at 7 = 1470 K in reducing
Ar + 4 % H, gaseous mixture flow [24]. X-ray
diffraction, optical microscopy, and mag-
netic susceptibility measurements showed
that oxides of nickel and tungsten were not
present for a given heat treatment.

The alloys were synthesized by means of
powder metallurgy. The original compo-
nents were thoroughly mixed in the re-
quired proportions (0-9.5 at. % W). Then
the powder mixture was compressed using a
standard laboratory press in the form of
parallelepipeds of dimensions 10x50x2 mm3.
Finally the samples were sintered under
deep vacuum conditions (p ~ 1076 Torr) at T
~ 1550 K during ¢ = 4 h.
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For the samples attestation X-ray dif-
fraction analysis was used (Dron UM-1,
CuKa irradiation). It was established that
obtained alloys Ni,_ W, in the chosen range
of concentrations were single-phase and pos-
sessed FCC structure.

2.1.2. Obtaining of ribbons based on Ni-W
alloys of different composition

Obtained ingots were rolled up to 50—
100 um at room temperatures to perform
metallic tape. As was shown earlier [19],
the optimal condition for mechanical treat-
ment of the Ni-W alloys is cold rolling with
the high reduction ratio without intermedi-
ate annealing. The idea of using such a
technique is that the presence of stresses
acquired during the cold deformation of the
sample can contribute to formation of the
cubic texture of recrystallization due to in-
crease in E ;. The total degree of the cold-
rolling deformation was about 95 %. The
final thickness of the ribbon after cold roll-
ing was d ~ 100£5 um. The resulting opera-
tion during the tape production was high-
temperature annealing at T ~ 1373 K dur-
ing ¢ = 2 h.

2.1.3. The deposition of TIN coating

TiN coatings were obtained by vacuum
arc deposition method [25-27] using as a
cathode material the technically pure tita-
nium VT-1. Unlike most studies on the
deposition of nitride coatings, TiN deposi-
tion was performed not only on the "face”,
i.e. which is directed to the cathode, but
also on the "shady” side of the substrate,
located outside the line of sight of the cath-
ode spot.

Below are given the data of experiments
on deposition of TiN on ribbons based on the
ferromagnetic Ni — 5 at. % W alloy and the
paramagnetic Ni — 9.5 at. % W alloy under
the previously optimized [see, for example,
[22] parameters: the arc current I = 80 A;
the negative potential of the substrate U =
—3800 V; the pressure of nitrogen in vacuum
chamber py = 1.8:102 Torr. The deposition
time of the coating varied within )y = 60—
900 s.

2.2. Methods of the investigation
of thin-film systems Ni;_ W,|TiN
2.2.1. Method of determination of thick-
ness of TiN coating

The method used to determine thickness
of the TiN coating layer is based on measur-
ing the intensity of X-ray interference from
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the material of flat substrate under influ-
ence of the coating [28, 29].

The intensity of a beam reflected from
the crystalline plane (hkl) of a sample with
the coating of thickness A and linear ab-
sorption coefficient uryy = 880 cm™1, is:

1Ny = INRMO) - exp(=2uriy - B/ cos(0)), (1)

where ,';‘,Q{V(h) is the intensity of a beam

reflected from a sample with coating;

y}e\?’(O) is the intensity of a beam reflected

from a sample without coating; ury is the
linear coefficient of absorption of TiN; A& is
the thickness of the coating layer; 6 is the
angle of reflection.

Formula (1) makes it possible to deter-
mine the thickness of the coating, regard-
less of the composition of the alloy. To
avoid errors in determining the thickness,
resulting from the possibility of the proc-
esses of texture formation passing in the
substrate, the experiments were carried out
simultaneously on two samples, which were
in identical conditions. Since the absorption
coefficient k;; is a second-rank polar tensor,
in general, tfle absorption surface is an el-
lipsoid [30]. However, for crystal systems of
the highest order the absorption coefficient
reduces to scalar. Thus, ury for cubic crys-
tals ceases to depend on the direction [31].
In this paper, the sample of Ni — 5 at.% W
ribbon with the stable cubic texture of re-
crystallization served as a test object for
determination of Aryy. Since the thickness
of the coatings varied in the range of hqyy ~
0-5 um, this made it possible to carry out
the X-ray diffraction studies of both the
coating and the substrate.

2.2.2. Method of texture analysis of two-
layer system Ni;_ W,|TiN

In order to determine fine variations of
texture in the Ni,_,W,|TiN system, the clas-
sical methods [32] were supplemented by an
algorithm of planar texture characterization
based on the construction and analysis of
diagrams of the angular distribution of in-
tensities from crystallographic planes. In
the present work it was most important to
study the cubic planes (200) of the FCC
lattices of the metallic ribbon and coating
in various directions. The samples were ro-
tated by angle ¢ about the normal direction
with 15° step. The validity of the hypothe-
sis of realization of the perfect cubic tex-
ture was verified using %2 method [338]. The

Functional materials, 25, 3, 2018
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x2 value was calculated for n = 23 degrees
of freedom.

2.2.3. Method of determination of
internal stresses in two-layer
thin-film system Ni;_ W,|TiN

To establish the possibility of appearance
and nature of the interphase stresses in the
systems under investigation, the well-known
method sin?y was applied [34, 35]. In the
general case it is convenient to represent
the stress state by means of the following
equation:

_1+v 2y — 2 _
Cow =" g '0¢'51HW—E'(01+02)—
= _Ctg(po((p(p,q; - (Po), (2)

where €, ., is the deformation of a sample

o,V
in a given direction; v and E are respec-

tively, the Poisson ratio and the Young’s
modulus, G(MJ is the diffraction angle; 05 —
the diffraction angle for a sample in the

unstressed state; o, is the stress in a given

¢
direction; (o; + 09) is sum of the main nor-
mal stresses in the plane of a sample. It is
generally accepted that the component
03 = 0 in view of the fact that X-rays pene-
trate the sample only in a small part of its

thickness.
From Eq. (2) it follows:

_ o 4 3
Pphriy = Po + g (51 + 02) £0p

1+v . 9
- g - t8Qq - 0 - sin“y.

It should be taken into account that two
factors hamper the direct application of the
classical technique for determining the
first-order macro strains using the sinZy
method:

1) The studied compositions Ni,_,W,|TiN
are two-layer systems.

2) There is a rather strong texture in the
both components of the system “substrate-
coating”.

These circumstances indicate that the ac-
curacy of determining the stress state of
the research objects is not high enough.

From Eq. (3), one can obtain the follow-
ing expressions, describing stresses Gy for
both components of Ni,_W,[TiN in a given
direction:
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AQTiN = (P, = Po)TiN = (4)
1+ UTiN . .
=——— - tgoyy - ofN - siny,
Etin v=0" e

ANiw = (@, — PoINi-W =

1+ UNi—W . .

- tg(pN':‘W . oNiFW . Sinzlll.
Eni-w v=0 "o

On the diffractometer Dron UM-1 (CuK,
— irradiation) in the step scan mode (step
20 = 0.01°) the diffraction lines (400)\w
and (200);y for several values of the angle
Yy were registered. Narrow range of the in-
clination angles caused by the presence of
enough strong texture. The line profiles for
determining the angular position of the cen-
ter of mass were approximated by the
Gaussian function. In accordance with equa-
tions (4), the dependences A20(sinZy) were
built for both components of the thin-layer
system and rectified by the least squares
method.

3. Results and discussion

It was established earlier [36] that kinet-
ics of the phase and texture formation proc-
esses in Ni,_,W,|TiN is significantly depend-
ent on the coating deposition conditions.
This is evidenced first of all by the fact
that the rate of TIN deposition on the
"front” side of the substrate is noticeably
higher than on the "shadow™ one. Besides
that the difference in the deposition rate
decreases with increasing py-.

The results given below refer to the case
of the coating deposition on the "shadow™
side of the substrate at fixed conditions
(coating thickness hTIN =1 um at TTiIN =
120 s), at which, as mentioned above (see
Introduction) processes of texture formation
in the system Ni — 9.5 at. % WI|TIN are
expressed most strongly.

3.1. Study of texture in systems
Ni — 5 at. % W|TiN and Ni —
9.5 at. % WITIN

3.1.1. System Ni — 5 at. % WTIN

Fig. 1 shows "circular” diagrams of the
angular distribution of the diffraction in-
tensity form the cubic planes (200) of a
ribbon of Ni — 5 at. % W alloy (see Fig. 1a)
and both components of the two-layer sys-
tem Ni — 5 at. % W|TIN (see Fig. 1b). It can
be seen that formation of the strong cubic
texture takes place both in the Ni — 5 at.
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Fig. 1. Diagrams of the angular distribution of diffraction from the cubic plane (200): a) sample of
Ni — 5 at. % W without coating; b) sample of Ni — 5 at. % W with coating TiN (A ~ 1 um).
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Fig. 2. Diagrams of the angular distribution of diffraction from the cubic plane (200): a) sample of
Ni — 9.5 at. % W without coating; b) sample of Ni — 9.5 at. % W with coating TiN (Apy ~ 1 um).

% W (XZNi_s atoew = 0.012) substrate and in
the TiN coating (XZTiN = 0.005) layer.

3.1.2. System Ni — 9.5 at. % W|TIN

Fig. 2 shows "circular” diagrams con-
structed in a similar way for metallic ribbon
Ni — 9.5 at. % W and both components of
the system Ni — 9.5 at. % W[TIN. The re-
sults shown in Fig. 1 and Fig. 2 are qualita-
tively similar. However, the degree of the
cubic texture in the original tape of Ni —
9.5 at. % W (Xz Ni-9.5 at.% W — 0.04:4) is no-
ticeably lower than the degree of texture in
the tape of Ni — 5 at. % W ribbon.

It should be noted that the presence of
the cubic texture is observed (see Fig. 2b) in
the both subsystems of Ni — 9.5 at. %
W|TIN. After deposition of TiN layer onto Ni
— 9.5 at. % W substrate the value of y2 for
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metallic component of the system Ni — 9.5 at.
% WITIN decreased: %% Ni _ 9.5 at. % WITIN =
0.013. For TiN layer "the texture parame-
ter” equals 2 = 0.009.

3.2. The investigation of siresses
in systems Ni — 5 at. % W|TIiN
and Ni — 9.5 at. % WITIN

To study the nature of the processes of
texture formation based on the concept of
the evolution of cubic texture under the ac-
tion of interfacial stresses, it is necessary
to investigate the level of macro-stresses
arising in the two-layer system "substrate-
coating”. In this regard the most effective
way to determine the stresses of the first
order is to implement and use the known

Functional materials, 25, 3, 2018
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Fig. 3. Dependences of the change in the dif-
fraction A20 on sin?y under the action of
stresses in two-layer composition Ni — 5 at.
% WITiN: a) A26(sin?y) for the original rib-
bon-substrate of Ni — 5 at. % W; b)
A20(sin?y) for metallic component of Ni —
5 at. % WITIN system; ¢) A20(sin?y) for coat-
ing layer TiN deposited onto ribbon-substrate
Ni — 5 at. % W.

"sin?y” method in respect of both compo-
nents of the thin-layer composition Ni;,_,W,/TiN".

3.2.1. Stresses in the system Ni — 5 at. % WTIN

Fig. 3 shows the dependence of vari-
diffraction angle A206 on
sin?y under action of the stresses in the
initial metallic tape and both components
of the two-layer system Ni — 5 at. %
WI|TiN. One can see that in the tape after
mechanical and thermal treatment (Fig.
3a) tensile stresses initially present. The
small value of the slope angle of the curve
A28 (sin?y) indicates relatively low values
of stresses in the tape. The data shown in
Fig. 38b indicate that the tensile stresses in
the metal component of the system under
influence of the coating are replaced by the
compressive ones, whereas (see Fig. 3c) the

ation of the
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Fig. 4. Dependences of the change in the dif-
fraction A20 on sin?y under the action of
stresses in two-layer composition Ni —
9.5 at. % WTiN: a) A20(sin2y) for the origi-
nal ribbon-substrate of Ni — 9.5 at. % W; b)
A20(sin?y) for metallic component of Ni —
9.5 at. % W[TIN system; c) A20(sin2y) for
coating layer TiN deposited onto ribbon-sub-
strate Ni — 9.5 at. % W.

stresses in the TiN coating layer are practi-
cally absent.

3.2.2. Stresses in the system Ni — 9.5 at.
% W|TIN

Fig. 4 shows the dependence of variation
of the diffraction angle A20 on sin20 under
the stresses action in the initial metallic
tape and both components of the two-layer
system Ni — 9.5 at. % WITIN.

As can be seen the level of stresses in the
substrate based on alloy Ni — 9.5 at. % W
(see Fig. 4a) significantly exceeds the level
of stresses in the substrate of Ni — 5 at. %
W. As a result of TiN deposition the tensile
stresses in the metallic component of the
system Ni — 9.5 at. % WI|TIN are replaced
by the compressive stresses (Fig. 4b). However
in contrast to the Ni — 5 at. % WITIN system,
there are strong compressive stresses in the
TiN coating layer deposited on the Ni — 9.5 at.
% W substrate (Fig. 4c).

3.3. The nature of the processes
of texture formation in two-layer
systems Ni;_ W,|TiN
The results of the combined study of

textural effects and the stress state in both
components of the two-layer systems
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Ni,_,W,|TIN provide an opportunity to solve
the main task of this research i.e. to estab-
lish the nature and physical mechanisms of
the processes of texture formation in the
system Ni — 9.5 at. % WI|TIN.

In the two-layer composition Ni — 5 at.
% WITIN, in which the material of substrate
has rather high value of stacking fault en-
ergy and as a consequence possesses the de-
veloped cubic texture, the interaction with
the coating leads to increase in the stress
level in the metallic tape. While the macro-
strains in the TiN subsystem are practically
inexistent. As noted earlier [18], with in-
crease in the TiN layer thickness, the tex-
ture tends to get a bit weaker.

By using substrate based on Ni — 5 at.
% W alloy, apparently, one could create an
"ideal” system, in which the optimal condi-
tions for texture formation are realized ac-
cording to the scheme {001}y, _ 5 .t o
wl{001}1iNI{001} g0 195 However, the cur-
rent-carrying capacity of a given composi-
tion on alternating current should be mark-
edly degraded due to the high level of ferro-
magnetic losses [37].

It is obvious that more promising system
for electric charge transfer is the composi-
tion using, as a substrate, the tape based on
the paramagnetic alloy Ni — 9.5 at. % W.

In this paper it is established that the
scenario of the onset and evolution of the
stress state and the processes of texture
formation in the two-layer composition Ni
— 9.5 at. % W|TIN is fundamentally differ-
ent from the scenario of texture formation
in the system Ni — 5 at. % W]TIN.

The main difference is as follows: in the
TiN layer deposited onto substrate of Ni —
9.5 at. % W, the compressive stresses occur
(see Fig. 4c). This circumstance is a conse-
quence of the process of redistribution of
the stress state in the two-layer system Ni
— 9.5 at. % W[TIN as a result of the mutual
influence of the substrate and coating. As
emerges from the above data (see Fig. 2), as
a result of the interaction of the substrate
and coating layers, rather strong cubic tex-
ture appears in the TiN buffer layer, the
intensity of which is practically comparable
to the intensity of the TiN texture in the
system Ni — 5 at. % WTIN. Moreover the
cubic texture of the metallic layer of the
system Ni — 9.5 at. % WI|TIN noticeably in-
tensifies under the influence of the strong
compressive stresses of TiN.

The obtained data indicate the possibility
of realization of three-layer compositions
with architecture of the following type
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{001}Ni — 9.5 at. % wi{001}rinl{001}ypco 193,
which has a great potential for creating the

2G HTS superconductors with the high cur-
rent-carrying capacity.

4. Conclusions

The main results of the research on the
problem of establishing the nature and
mechanisms of the processes of texture for-
mation in the system Ni,_,W,[TiN by com-
parative study of two-layer compositions
based on the ferromagnetic alloy Ni — 5 at.
% W and the paramagnetic alloy Ni —
9.5 at. % W are as follows:

Conditions for obtaining the two-layer
systems Ni — 5 at. % W|TIN and Ni —
9.5 at. % W[TIN are developed and opti-
mized.

The algorithm for studying the inter-
phase stresses in two-layer systems Ni,_
W, [TiN, based on modernization of the
known "sinZy” method with respect to two-
layer systems is developed.

The nature of the processes of texture
formation in the Ni;_,W,|TiN systems is es-
tablished. It is shown that the mechanisms
and kinetics of the processes of formation
of the cubic texture in both components of
the thin-film system depend on the composi-
tion of the metallic component Ni;,_,W, and
the method of coating deposition.

It is established that the driving force of
the processes of texture formation in both
components of the two-layer system Ni —
9.5 at. % WI|TIN is redistribution of the
level of the stress state on each side of the
interface boundary.

The strategy of obtaining the textured
substrates based on the paramagnetic alloy
Ni — 9.5 at. % W, providing the possibility
of creating the efficient 2G HTS with the
architecture of the following type Ni—
WI|TIN]YBCO-128 is developed.
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