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The influence of TiN deposition conditions on the morphology and structure of the
TiN/Nig go5Wg go5 two-layer system was studied. The effect of the simultaneous formation of
a cubic texture both in the TiN coating and in the substrate based on the Nijgo5VWg gos
paramagnetic alloy was detected using X-ray diffraction analysis. The composition
TiN/Nig go5Wg 095 can be used as a substrate in the conductive architecture of 2G HTS to
improve its critical current density.
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agnetic substrate.

HJocaigxenns BnauBy ymoB ocamskeHHs TiN Ha 0coGAHBOCTI TEKCTYyPOTBOPEHHS y XBO-
maposiii cucremi TIN/NI, 05W, 095 10 NpUIaTHA IS CTBOPEHHN NapaMarHiTHUX IigKia-
IOK 3 KyOiunow rekcryporw mias 2G HTS mapuposignukis. T.B.Cyxapesa, M.C.Cyrneypos,
BA.®inrxensv, 10.M.Illaxoe

Hocnimxeno Boaus ymoB ocapmxeHus 1IN ma mopdosorio Ta cTpyKTypy ABOLIADPOBOL
cucremu TiN/Nij gq5\Wy gg5- 32 IOMOMOrorw pPeHTTeHOCTPYKTYPHOTO aHANisy 6y/0 BUABIEHO
edeKT OZHOUACHOTO YTBOpPeHHA KybOiuHOI TeKcTypm AK y HigkJIazii Ha ocHOBI mapa-
marHiTHOrO cnnaBy NijgosWg gos, Tarx i y moxpurri TiN. Kommosuris TiN/Nig gq5Wg gos
MosKe OyTU BUKOpUHCTAHA AK HifgKJagKa y crpymonpoBixuiin apxirtextypi 2G HTS pas
TIOKpAaIleHHA KPUTHUYHOI miinbHOCTL cTpyMYy.

Uccnenorano BausHMe ycuoBuil ocakaerusa 1IN Ha MOP(OIOrUI0 U CTPYKTYPY ABYXCIIOH-
mott cucreMbl TiN/Nij go5Wy gg5- C IOMOIIBIO DPEHTTEHOCTPYKTYPHOIO aHANN3A BHIIBJISHO
addeKT OZHOBpEeMEHHOro OO0pA3OBaHUsA KyOMUecKOl TeKCTyphl KaK B MOAJIOMKE Ha OCHOBe
napamarauTHOro cmitasa Nig gosWj gg5, Tax u B mokpertun TiN. Kommosurms TiN/Nig go5VWg gos5
MOKeT OBbITh KCIIOJIb30BAHA B KAUECTBe IIOAJIOKKU B TOKOIpOBoxsaiiell apxurextype 2G HTS
[UIA YIIYULIEHUs KPUTUYECKOUN ILJIOTHOCTU TOKA.

1. Introduction tion (2G HTS) based on YBCO textured
films is of particular interest because it
opens up new perspectives for creating

ture superconductors of the second genera- coated conductors, which could operate in
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high magnetic fields at the temperature of
liquid nitrogen (77.4 K) [1-6]. First of all
this refers to the transfer of electric cur-
rent over long distances (in particular from
the nuclear power plant to the consumer),
the creation of powerful magnetic fields, etc
[7, 8]. As known, the architecture of 2G
HTS [9] with the crucial current density
above j, ~ 10% A/cm? at the liquid nitrogen
temperature should consist of three main
components [10-13]:

1. Metallic substrate (thin, flexible tape
mostly of Ni-W alloys with different compo-
sitions);

2. Buffer layer/layers (oxides, nitrides,
in particular TiN as seed layer);

3. Quasi-single-crystalline film of a high
temperature superconductor YBa,Cuz0;_g
(T, ~92 K [14]) with a strongly reduced
fraction of high angle grain boundaries.

Fabrication of high-j., biaxially aligned
HTS films can be achieved due to epitaxial
growth on rolling-assisted biaxially-tex-
tured substrates (RABiTS) [11, 15-18]. The
texture (100)[100] of the metallic substrate
is imparted to the superconductor by depo-
sition of intermediate layers, which serve as
chemical and structural buffers [19]. The
conductive layer acts as an electric shunt to
prevent the effect of thermal destruction of
superconductor in the case of over-current;
titanium nitride can be used as the main
seed buffer layer in the complex architec-
ture of 2G HTS [20-22].

Moreover, the metallic substrate must be
in a paramagnetic state at low temperatures
to reduce losses during ac current transport
[23-25]. The property of paramagnetism is
provided by increasing the concentration of
tungsten in the Niy_,W, alloy to x ~ 0.095
[26, 27]. However, it hinders the formation
of a cube texture (100)[100] due to a de-
crease in the stacking fault energy E_ of the
cold-rolled alloy. The Eg decreases with in-
creasing the content of the alloying element
in the alloy [28].

The main aim of this work is to find new
ways to control properties of paramagnetic
substrates based on the N|0905W0095 alloy
for creating high-temperature superconduc-
tors with high current-carrying capacity
(2G HTS).

The following research program was im-
plemented:

1. Experimental study of the effect of ni-
trogen pressure on the structural features of
both components of the two-layer system
TiN/Nig gg5VWp gg5 during titanium evaporation.

Functional materials, 28, 4, 2021

2. Experimental study of the influence of
TiN deposition time on the structural fea-
tures of the components of the
TiN/Nig go5sWp og5 System at the optimal value
of nitrogen pressure.

3. Experimental study of the influence of
TiN deposition geometry on the structural
features of both components of the
T|N/N|0905W0095 system.

4. Development of new ways to control
the structure and properties of materials
based on paramagnetic Ni-W alloys with a
TiN coating.

2. Materials and methods

Preparation of substrates was carried out
according to the scheme, which includes the
following steps [29, 30]: 1) synthesis of a
paramagnetic alloy Nig go5VWg gg5; 2) produc-
tion of thin-layer tapes; 38) high-tempera-
ture treatment of NiW tapes; 4) deposition
of titanium nitride on the surface of a NiW
tape; 5) XRD analysis of obtained samples.

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 to
remove gaseous impurities (the main im-
purity is oxygen in the form of nickel
and tungsten oxides): 1) heat treatment
at temperatures ~ 850°C to clean Ni powder;
2) high-temperature treatment (1000-
1200°C) in the Ar+4 % H, gaseous mix-
ture flow to clean W powder. The paramag-
netic alloy was synthesized by means of
powder metallurgy in a deep vacuum (p ~
107% Torr) at T = 1200°C for ¢t = 4 h.

Obtained ingots were rolled up to 50—
100 um thickness at room temperature to
make metallic tapes. The total degree of
cold-rolling deformation was about 95 %.
The last operation was high-temperature
annealing of the tapes at T = 1150°C for
t =2 h.

Thin layers of titanium nitride (TiN) on
the surface of Ni — 9.5 at % W tapes
were deposited by the ion-plasma method
[31]. Specific parameters of the TiN buffer
layer deposition varied within the fol-
lowing ranges: negative substrate poten-
tial U = 50-300 V; arc current I = 80 A; sub-
strate temperature f, ~ 450°C; nitrogen pres-
sure in the chamber py = 1.2-6.2:1072 Torr;
deposition time Trjy = 0-900 s.

XRD analysis (filtered Cu Ko radiation)
was carried out for the following tasks: de-
termination of the phase composition of the
N|0905W0095 substrate and TiN coating; de-
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Fig.1.Set of diffraction patterns of the system
TiN/Nig gosWp 095 for the experimental series at
different pressures ("shadow"): a)
Nig 905Wo.095 Without coating; b) 1.2, c) 1.8,
d) 2.8, e) 3.8-10 2Torr.
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termination of lattice parameters; analysis
of the texture of the substrate and the coat-
ing [31]; determination of the TiN coating
thickness [32-34].

To determine the TiN lattice parameter,
the diffraction line (220) was analyzed. Its
position was measured with an accuracy of
A20 = 0.01 deg. The diffraction line profile
was approximated as a convolution of two
Gaussian functions (parameter RZ = 0.95).
The lattice constants calculated for Kol and
Ko2 lines coincide with an accuracy of Aa =
0.0001 A

The method for determining the thick-
ness of the TiN layer is based on the absorp-
tion of X-ray radiation. The intensity of the
beam reflected from the crystal plane (hkl)
of a sample with the coating thickness £ is
as follows:

Ih = IO . exp(—ZhTiN : uTiN/sine), (1)

where I, is the intensity of the beam re-
flected from the substrate with coating; I
is the intensity of the beam reflected from
the substrate without coating; hqjy is coat-
ing layer thickness; Uy is the linear ab-
sorption coefficient of the coating material;
0 is the Bragg angle.

Equation (1) and mathematical modeling
of the relative intensity of some X-ray re-
flections, in our case, from the cubic plane
(£00) of the Ni-W substrate, makes it possi-
ble to determine the coating thickness Ay
with an accuracy of about 10 %.
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Fig.2. Set of diffraction patterns of the system
TiN/Nig gosWop.095 for the experimental series at
different pressures ("face”): a)Niy g05Wo.005
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Fig. 3. Values of the ratio I(200)/I(220) for the
Nig 9g5WVp o5 substrate after TiN deposition.

3. Results and discussion

In the present study, the TiN coating was
applied to the front ("face™) and back
("shadow™) sides, i.e. outside the line of the
cathode ray hlttlng the N|0905W0095 sub-
strate. Two series of experiments were car-
ried out:

— The deposition of TiN at a constant
time trjy = 5 min in a wide range of pres-
sures of nitrogen py = 1.2-6.2:1072 Torr.

— The deposition of TiN at a constant
(optimal) N, pressure of nitrogen for differ-
ent times Ty = 1-3 min.

Fig. 1 and Fig. 2 present a set of diffrac-
tion patterns of the experimental series of
the T|N/N|0905W0095 system at different

Functional materials, 28, 4, 2021
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Fig. 4. Lattice parameters of the TiN coating
deposited onto both sides of the Niggq5Wg gos
substrate at different pressures of nitrogen
depending on the coating geometry: a) face;
b) shadow.

pressures for both face and shadow deposi-
tion geometries. There are two systems of
diffraction lines, which belong to the FCC
lattice of the Nig ggsVWg gos alloy and the TiN
lattice of the NaCl type. As the pressure of
nitrogen increases, textures of the substrate
and coating change.

Naturally, an increase in py leads to an
increase in the intensity of TiN diffraction
lines, but at the same time, there is a ten-
dency to redistribution of the intensities of
diffraction lines for the N|0905W0095 sub-
system.

The Fig. 3 clearly shows a considerable
increase in the intensity of lines from Ni-W
“cubic” plane I(59q) at py ~ 1.8:1072 Torr,
indicating the sharpening of the cubic tex-
ture of the metallic component. The ratio of
intensities of "cubic” (509, and "diagonal”
I 990y diffraction lines was chosen as a "tex-
ture parameter”.

The Fig. 4 shows the dependences of TiN
lattice constant a TiN on the pressure of N2
for different coating deposition geometries.

As can be seen, in the case of the
"shadow™ geometry, the curve a weakly de-
pends on the py, while for the "face™ ge-
ometry, the curve b decreases monotonically
over the entire range of nitrogen pressures.
Dynamics of the change in the TiN lattice
parameter during the formation of the crys-
talline phase in the coating can be associ-
ated with the change in the flux densities of
titanium and nitrogen atoms, depending on
the deposition geometry.

The above data (see Fig. 1-4) give reason to
believe that at pressures py ~ 1.8:1072 Torr,

Functional materials, 28, 4, 2021
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Fig. 5. XRD patterns of Nijgq5Wy g5 alloy
tapes with TiN coating ("Face”) at py=
1.8:1072 Torr in the range of 0-8 min (from
bottom to top).
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Fig. 6. XRD patterns of Nijgo5Wy g5 alloy
tapes with TiN coating obtained at optimized
conditions (py = 1.810"2 Torr, t=2 min at
different coating geometry a) original sam-
ple, b) face, c) shadow.

the most favorable conditions appear for the
formation of cubic texture of the substrate
in the T|N/N|0905W0095 system.

The evolution of the diffraction pattern
depending on the TiN deposition time at op-
timized py = 1.8:1072 Torr = const is shown
in Fig. 5. As the deposition time Ty in-
creases up to 2 min, in other words, as the
coating thickness increases, the relative in-
tensity of diffraction lines of the (£00) type
increases, while the intensities of reflec-
tions from the diagonal (££0) and other FCC
lattice planes decrease. This behavior indi-
cates a qualitatively significant enhance-
ment of the degree of cubic texture in the
tape made of the Nig gg5Wy gg5 pParamagnetic
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alloy. According to Fig. 6, the diffraction
patterns of the TIN/NIW systems obtained
with different deposition geometries of TiN
indicate the texture enhancement effect,
which is more evident for the geometry of
the "face™ coating.

The Fig. 7 shows the dependency of texture
parameter for NiggosW gg5 versus thickness of
TiN coating at py = 1.8 - 1072 Torr , calculated
by the eq. (1). As can be seen, there is a
strong maximum for A4y ~ 1 um. The proc-
ess of cubic texture formation is also ob-
served in the TiN layer. This is evidenced by
the presence of only the (200) TiN diffrac-
tion line from the cubic plane of the TiN
lattice. The inset in Fig. 7 indicates that
the intensity Ii500) from TiN monotonically
increases.

To determine small variations in texture
in the T|N/N|0905W0095 system, the p1e chart
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Fig.8. Circular diagram of (200) plane for the
TiN coating.

algorithm was used as an addition to the
classical methods. This method is based on
the construction and analysis of diagrams
of the angular distribution of the intensity
from crystallographic planes. To study the
density of the (hkl) plane normals in differ-
ent directions, the sample must be rotated
by an angle ¢ relative to the normal to its
surface.

The well-known statistical method %2
was chosen as a criterion for the validity
of the initial hypothesis about the reali-
zation of an ideal cubic texture. To calcu-
late it, n = 23 degrees of freedom were con-
sidered. Of course, in the case of forming an
ideal cubic texture, the value of “Chisquare”
tends to be zero.

As an illustration, Fig. 8 shows a circu-
lar diagram from (200) planes for a TiN
coating with Ay ~ 1 um, where the texture

90
12 120 ~._60
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- 150
06 '
03
0.0 - 180 | 0 TD
03
06 .
210 330
0.9

1.2

b)

Fig. 9. Circular diagram of (200) plane from a) original tape based on the Nij g55\WW;) g95 alloy and b)
subsystem Nig oW gg5 of the two-layer composition "substrate NiW — coating TiN".
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effects in the substrate are most pro-
nounced. Fig. 9 shows circular diagrams
from (200) planes of the N|0905W0095 sub-
system before (Fig. 9a) and after coating
(Fig. 9b) at optimized parameters: Ty =
2 min, py = 1.8:1072 Torr, Ay ~ 1 um.

It is worth to mention that for crystals
having a cubic symmetry, the polar ab-
sorption tensor does not depend on the di-
rection. Thus, any change in the intensity
of the diffracted beam can be solely attrib-
uted to the processes of texture formation
occurring in a two-layer system “substrate
— coating”. One can see from the graphs
above that the deposition of the TiN coat-
ing leads to the improvement of the cubic
texture  (Xyqpe = 0-11 = Xeogreq = 0-07) in
the metal component (Ni-W) of the two-
layer system TiN/Nig gg5\Wg gg5 as well as to the
formation of a strong texture in the coating

The subject of discussion in this paper is
a set of observed effects associated with the
peculiarities of the formation of a cubic tex-
ture in the thin-film system
T|N/N|0905W0095 (see Flg. 3_9):

A qualitative change in the dependencies
of a crystal lattice parameter of titanium
nitride on the nitrogen pressure with a
change in the "geometry™ of deposition dur-
ing the experiment.

A significant increase in the cubic orien-
tation in the NigggsWy ggs metallic layer of
the T|N/N|0905W0095 thin-layer system.

Formation of a sharp cubic texture of the
TiN buffer layer in the T|N/N|0905W0095 SySs-
tem.

The revealed differences in the depend-
ences of the lattice parameters of titanium
nitride may be caused by differences in the
mechanisms and kinetics of the phase for-
mation of TiN titanium nitride when Ni-W
is deposited on different sides of the Ni-W
tape. The dependence for the "front™ side
reflects an increase in the proportion of
atoms with low atomic radius. For the
"shadow™ side, the dependence reflects a
mechanical decrease in the titanium ion
flux density due to deposition on the oppo-
site side of the substrate. It cannot be ruled
out that the order of the reaction between
the Ti and N ions may change.

The set of data shown in Figs. 5-7
clearly indicates the processes of texture
formation in the substrate based on the
Nig go5\Wg 0g5 Paramagnetic alloy due to the
effect of the TiN layer. This is clearly con-
firmed by the change of the intensity distri-

Functional materials, 28, 4, 2021

bution from (200)y;y crystal plane as shown
in the Fig. 9.

The effect of an anomalous increase in
the degree of a cubic texture in the sub-
strate, as well as the formation of a biaxial
texture in the coating, is obviously associ-
ated with the process of reorientation of
crystallites of both components of the
TiN/Nig gosWp og5 system under the influence
of interfacial stresses arising at the inter-
face of materials with different lattice pa-
rameters.

4. Conclusion

Methods have been developed to control
the architecture of the TiN/Nig g55WWg gg5 two-
layer system, based on the change in the
nitrogen pressure during titanium evapora-
tion, the deposition time, and the geometry
of the coating.

The conditions for creating two-layer
"substrate — coating”™ compositions are op-
timized, which provide the possibility of ob-
taining sharp cubic texture in the TiN coat-
ing deposited on the tape based on the
N|0905W0095 paramagnetic alloy.

The main result of the work is the ex-
perimental detection of correlated formation
of a cubic texture in both components of the
TiN/Nig gosWp og5 two-layer system, which
should provide a significant increase in the
critical current density of 2G HTS coated
conductors.
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