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STRUCTURAL ENGINEERING OF NbN/Cu MULTILAYER COATINGS
BY CHANGING THE THICKNESS OF THE LAYERS AND THE
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O.V. Sobol’*, A.A. Andreev?, V.A. Stolbovoy?, D.A. Kolesnikov?,
M.G. Kovaleva®, A.A. Meylekhov', H.0. Postelnyk®, A.V. Dolomanov?,
Yu.Ye. Sagaidashnikov}, Zh.V. Kraievska®
'National Technical University “Kharkiv Polytechnic Institute”,
Kharkiv, Ukraine
E-mail: sool@kpi.kharkov.ua;
2 National Science Center “Kharkov Institute of Physics and Technology”, Kharkiv, Ukraine
E-mail: aandreev@kipt.kharkov.ua;
®Belgorod State National Research University, Belgorod, Russian Federation

To determine the patterns of structural engineering of vacuum-arc coatings based on niobium nitride in the
NbN/Cu multilayer composition, the effect of layer thickness and bias potential on the structural-phase state and
physico-mechanical characteristics of vacuum-arc coatings was studied. It was found that the metastable 6-NbN
phase (cubic crystal lattice, structural type NaCl) is formed in thin layers (about 8 nm thick) regardless of U,. With a
greater thickness of the layers of niobium nitride (in the multilayer NbN/Cu composition), the phase composition
changes from metastable 6-NbN to the equilibrium e-NbN phase with a hexagonal crystal lattice. An increase in the
bias potential during deposition from -50 to -200 V mainly affects the change in the preferential orientation of crys-
tallite growth. The highest hardness (28.2 GPa) and adhesive resistance is achieved in coatings obtained at Uy =
-200 V with the smallest layer thickness. The highest hardness corresponds to the structurally deformed state in
which the crystallite texture is formed with the [100] axis perpendicular to the growth surface, as well as a large

microstrain (1.5%) in crystallites.
PACS: 81.07.Bc, 61.05.cp, 68.55.jm, 61.82.Rx

INTRODUCTION

Currently, structural engineering is the basic method
of creating materials with high functional characteristics
[1, 2]. The main directions of structural engineering are
associated with surface modification [3, 4]. Modifica-
tion of the surface layers makes it possible to most effi-
ciently use the properties of base materials and modified
layers, saving costly and rare metals and alloys. Surface
engineering combines several methods. This is a direc-
tional change in the physico-chemical properties of the
surface layers of materials by deforming [5], modifying
[6], applying single-layer [7], multiperiod [8, 9], multi-
element [10] coatings and protective layers. Also vari-
ous combined methods are used [11].

The possibilities of structural surface engineering in
recent years have been significantly expanded by using
highly non-equilibrium processes in ion-plasma and
vacuum-arc technologies [12, 13]. As a result, it was
possible to create artificial composite materials with
ultrahigh hardness and strength [14-16].

In the vacuum-arc method, nitrides are the most
technologically advanced for producing highly hard
coatings [17, 12].

Among nitrides, great attention is paid to niobium
nitride. This is due to the fact that niobium nitride
(NDbN) has a high melting point (about 2700 K), which
is determined by the high Nb—N bond energy (14.81 eV)
[18]. NbN-based coatings exhibit many interesting
properties, such as high hardness and electrical conduc-
tivity, heat resistance and chemical inertness [19]. How-
ever, the strength properties of materials based on NbN

are not yet high enough. This is largely determined by
the fact that, with a decrease in crystallite size of less
than 100 nm (and this is the basis for increasing func-
tional characteristics), the strength of the boundaries
becomes the determining factor. In this regard, high
properties can be achieved by creating a multilayer coat-
ing (where a material with a low miscibility, such as
copper, is used as the second layer). It should be noted
that the achievement of the highest hardness with a lay-
er thickness of about 10 nm is characteristic of multi-
layer systems based on nitrides [20]. However, for med-
ical use, the thickness of the layers can be significantly
greater (more than 100 nm). In such a large range of
layer thicknesses (10...100 nm), significant changes in
the structural state occur [21]. Such changes are the
basis of structural engineering and allow determining
the deposition regimes to achieve optimal structural
states (textures, phase composition, micro- and
macrostrains, etc.) [22].

Therefore, the purpose of this work was to determine
the possibilities of structural engineering of NbN/Cu
coatings with a layer thickness of 8...120 nm. In addi-
tion to the layer thickness, the bias potential applied to
the substrate (U,) was used as a parameter to influence
the structure and properties.

SAMPLES AND RESEARCH METHODS

Multilayer coatings were obtained by the vacuum-
arc method on the upgraded installation “Bulat-6”. The
pressure of the working (nitrogen) atmosphere during
the deposition was Py = 7-10™ Torr. The deposition was
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carried out from two sources (Nb and Cu) on metal sub-
strates in the modes of continuous and discrete rotation
of the substrate holder with the substrates. With contin-
uous rotation of samples fixed on the substrate at a
speed of 8 rpm, the thickness of the layers was about
8 nm. In the discrete mode of layer deposition, the stop-
ping time at the target corresponded to the specified
thickness of the layers. The total coating deposition time
was 1.5 h. The thickness of the coating was about
12 um. In the process of deposition, a constant negative
bias potential (U,) of -50 and -200 V was applied to the
substrates. The main modes of obtaining the coatings
are given in Table 1.

Table 1

Cathode material and coating deposition parameters
Serial Cathode Un V Layer_deposition

No. Materials br time, s

1 Cu/Nb 50 continuous

2 Cu/Nb 200 continuous

3 Cu/Nb 50 20

4 Cu/Nb 200 20

5 Cu/Nb 50 60

6 Cu/Nb 200 60

7 Cu/Nb 50 120

8 Cu/Nb 200 120

The phase-structural state was studied on a DRON-4
diffractometer in Cu-K,-radiation. For monochromatiza-
tion of the recorded radiation, a graphite monochroma-
tor was used, which was installed in the secondary beam
(in front of the detector) [23]. The survey was carried
out in the range of angles 26 = 20...90°. All diffraction
peaks from the planes with the highest reticular density
of atoms fall into this angular range. Scan step 0 =
0.02°.

The study of the surface morphology of the obtained
coatings was carried out using a scanning electron mi-
croscope FEI Nova NanoSEM 450. The elemental com-
position of the samples was studied by analyzing the
spectra of the characteristic x-ray radiation generated by
the electron beam in a scanning electron microscope.
The spectra were taken with an PEGASUS energy dis-
persive X-ray spectrometer of EDAX company installed
in a microscope.

The hardness was measured on a UHL VMHT mi-
crohardness meter with a load of 200 mN. The results
were averaged over 12 measurements.

Determination of adhesive and cohesive strength, re-
sistance to scratching and elucidation of the mechanism
of destruction of coatings was carried out using a
scratch tester Revetest (CSM Instruments).

RESULTS AND DISCUSSION

The study of surface morphology showed that for
coatings obtained at Py = 7-107* Torr, an increase in the
bias potential from -50 V (Fig. 1,a) to -200 V (see
Fig. 1,b) leads to a decrease in the size of surface inclu-
sions (droplet phase). In this case, the magnitude of the
largest inclusions of the droplet phase decreases from
15...20 um (see Fig. 1,a) to 5...7 um (see Fig. 1,b).

Fig. 1. The morphology of the coating surface
which was deposited in a continuous mode at a bias
potential of U, =-50 V (a) and -200 V (b)

Analysis of the lateral section of the coating ob-
tained at the time of deposition of the layer is 60 s about
25 nm (Fig. 2). Thus, taking into account the secondary
sputtering process, the growth rate of NbN layers is
about 0.85 nm/s, and Cu layers about 0.45 nm/s.

The lateral section of the coating obtained at a lower
bias potential of -50 V (series 5) is shown in Fig. 2,b.
Taking into account the scale of the image, the thickness
of the layers for NbN (light layers) is about 67 nm, and
for Cu (dark layers) — 78 nm, respectively. Thus, at a
low bias potential of -50 V, the deposition rate of NbN
layers is about 1.1 nm/s, and for Cu it is about 1.3 nm/s.

The second important characteristic of coatings is
their composition. Determination of the composition of
the coatings was carried out by the method of energy
dispersive analysis. The obtained data of elemental
analysis (based on the energy dispersion spectra) are
given in Table 2.
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Fig. 2. SEM images of the lateral section of the coatings
deposited at U, =-200 V (a) and -50 V (b)
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Table 2
Elemental composition of multi-period NbN/Cu
coatings
Series | The content of the element, N/Nb
No. at.% Ratio
Nb Cu N

1 315 46.4 22.1 0.70
2 46.5 11.2 | 423 0.91
3 34.6 40.8 | 24.6 0.71
4 45.5 20.8 33.7 0.74
5 315 44.8 23.7 0.75
6 44.1 244 | 31.3 0.71

As can be seen from the results in Table 2, with a
relatively low negative bias potential of -50 V (series 1,
3, and 5), a change in the deposition time has practically
no effect on the ratio of elements. In significant meas-
ure, such a change is observed in the coatings that were
deposited, with a higher bias potential of -200 V. For a
deposition time of 60 s (series 6), the ratio of Nb and Cu
atoms is about 2. This agrees well with the results of
determining the thickness of the layers by analyzing the
SEM image of the side section (see Fig. 2). Even more
as a result of sputtering, the relative content of heavier
Nb atoms in the thinnest layers increases with continu-
ous rotation (see Table 2).

The phase composition, structure and substructural
characteristics were determined by the XRD method.
Diffraction spectra of coatings deposited with continu-
ous rotation of the substrate holder are shown in Fig. 3.
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Fig. 3. X-ray diffraction spectra of NbN/Cu multilayer
coatings obtained with U,: 1 —50V; 2 —200 V

With the smallest average layer thickness (about
8 nm, continuous rotation of the substrate holder), mul-
tiperiod coatings were obtained that may have superlat-
tice properties (inheritance of the type and orientation of
crystal lattices in adjacent layers). When this occurs, the
formation of the metastable 8-NbN phase with an fcc
lattice (with a lattice of the same type as compared with
the Cu layer). In this case, at a small value of
Up =-50 V, all the diffraction peaks from the planes of
the 8-NbN phase lattice are reflected. The ratio of the
peaks is close to the standard for the fcc lattice (struc-
tural type of NaCl). This indicates the absence of a pro-
nounced texture. An increase in the bias potential of U,
to -200 V leads to the appearance of an axis [100] with a
preferential orientation of crystallite growth (see spectra
1and 2 in Fig. 3).

Coatings with the greatest thickness of layers (series
7 and 8) have diffraction spectra presented in Fig. 4. As
can be seen from the figure, an equilibrium &-NbN
phase is formed in nitride layers. This condition is de-
tected for various U,. The only difference is in a differ-
ent type of primary orientation of crystallites. In the
case of low U, = -50 V, a pronounced texture axis is not
detected. At that time, as with a large Uy, = -200 V, a
texture appears with a (110) plane parallel to the growth
surface (see Fig. 4, spectrum 2).
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Fig. 4. X-ray diffraction spectra of NoN/Cu multilayer
coatings with the highest layer thickness:
1-U,=-50V;2-U,=-200V



The next stage of structural engineering is based on
the possibilities of changing the structural state at dif-
ferent layer thicknesses. For these conditions, we con-
sider the systematization by two main parameters: U,
and the layer thickness. The first series (at U,=-50 V)
includes coatings with diffraction spectra 1, 3, and 5 in
Fig. 5. The second series (at U, = -200 V) includes coat-
ings with diffraction spectra of 2, 4, and 6 in Fig. 5. It
can be seen that for a coating with thin layers (spectrum
1) a metastable 6-NbN phase with a cubic lattice is
formed. Increasing the layer thickness to 20 nm (spec-
trum 3) leads to the formation of only the equilibrium
&-NbN phase.
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Fig. 5. X-ray diffraction spectra of NbN/Cu coatings:
1 - U, =-50 V (continuous rotation); 2 — U, =-200 V,
continuous rotation; 3 — U, = -50 V, mode 20 s;
4 -U,=-200V, mode 20 s; 5— U, =-50 V, mode 60 s;
6 — U, =-200 V, mode 60 s

The appearance of the ¢-NbN phase indicates that
the deformation factor (associated with the growth in
adjacent layers of structures with isotypic fcc lattices
and coherent boundaries) exceeds the critical value. In
this case, the striving of the system to a minimum of
free energy stimulates the growth of the equilibrium
e-NbN phase. The formation of this phase is also char-
acteristic of a large layer thickness (about 60 nm, spec-
trum 5).

For the second series (in coatings obtained at
U, =-200 V), a similar change in the phase composition
appears. The main difference of the coatings obtained at
U, = -200V is the formation of the preferential orienta-
tion of crystallite growth. At the smallest layer thickness
(series 2), for the 5-NbN phase, the crystallites are pre-
dominantly oriented with the [100] axis perpendicular to
the growth plane. For thicker layers in which the e-NbN
phase is formed, one can distinguish a preferential ori-
entation with a (004) plane parallel to the growth plane
(at a layer thickness of about 20 nm) and a full spectrum
of diffraction peaks without a noticeable preferential
orientation — at a layer thickness close to 60 nm.

Substructural characteristics (crystallite size and mi-
crostrain) were analyzed depending on the layer thick-
ness. It has been established that the general trend is an
increase in the average crystallite size with an increase
in the thickness of the layers. The dependence of the

microstrain on the thickness of the layers was revealed
to be nonmonotonic.

Fig. 6 shows the results of determining the magni-
tude of microdeformation in the layers of niobium ni-
tride.
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Fig. 6. Effect of layer thickness on the magnitude of
microdeformation in the layers of niobium nitride:
l-atU,=-50V;2-U,=-200V
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As can be seen from Fig. 6, the crystal lattice is the
most deformed in the layers, which are about 20 nm
thick. This type of dependence can be explained by the
fact that with the smallest layer thickness, the mixing of
layers at the boundary is of great importance. This leads
to a significant relaxation of the deformed state. In thick
layers, considerable relaxation also occurs, but in this
case its mechanism is different. It is determined by the
appearance of dislocations and plastic strain relief. In
layers with a thickness of about 20 nm, relaxation pro-
cesses are difficult, since on the one hand the contribu-
tion of mixed boundary layers becomes insignificant,
and on the other hand there is no possibility of relaxa-
tion by the dislocation mechanism (since the size of the
layers is about 20 nm, which is smaller than the critical
size for the source of dislocations Frank Reid). In this
case, there is no possibility of the origin of dislocations.

The most universal characteristic of mechanical
properties is hardness. The work was determined hard-
ness for samples of various series. The results are shown
in Fig. 7.
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Fig. 7. Dependence of the hardness of coatings on the
thickness of the layers:
1-U,=-200V;2-Up,=-50V

It is seen that the coatings obtained at a high bias po-
tential of -200 V have a greater hardness than coatings



that were obtained with a lower bias potential of -50 V
(see Fig. 7). It can also be seen that as the thickness of
the layers increases to 20 nm, the hardness increases,
and with a greater thickness, it decreases. If a compari-
son is made with the previously obtained data on the
analysis of the phase composition and substructural
characteristics, then it can be concluded that an increase
in hardness is an increase in microstrain in layers with a
thickness of about 20 nm (see Fig. 6).

The second important characteristic of mechanical
properties of coatings is their adhesive strength. In work
for its definition the method of scratch testing was used.
Studies have shown that coatings with the lowest layer
thickness (series 1 and 2) showed the highest adhesive
strength.

a b

Fig. 8. Wear tracks in the areas of critical points under
Lc loading for coatings obtained with:
a—Up,=-50V (series 1); b — U, =-200 V (series 2)

Fig. 8 shows the wear tracks in the area of critical
points L under loading (for series 1 and 2). The result-
ing data for the critical points for these areas are shown
in Table 3. The contact load was 0.9 N, and the loading
rate was 5 N/s.

Table 3
The magnitude of the load in the area of critical
points L¢
Series Le H
No

1 2 3 4 5
23.85(30.31(35.33(40.12 96.52
20.97126.60(31.98|37.12|121.03

It can be seen that in the field of the formation of
primary cracks (the critical point Lc;), the coatings ob-
tained at U, = -50 V have greater strength. This tenden-

S cy persists for the critical points Lcy, Les, and Leg, When
i complexes of cracks and the initial separation of the

coating parts are formed. However, the critical point L¢s
(the load at which complete abrasion of the coating oc-
curs) is higher for series 2 (obtained at U, = -200 V).
This can be associated with a higher hardness character-
istic of such coatings.

CONCLUSIONS
1. It has been established that an increase in the bias

] potential from -50 to -200 V leads to an increase in the

homogeneity of the surface growth morphology of the
coating and a decrease in the size of droplet inclusions.
2. At a low bias potential, U, = -50 V for all layer
thicknesses, the ratio of the elements does not undergo
significant changes. The deposition rate is about
1.1 nm/s for NbN and 1.3 nm/s for Cu. In coatings ob-
tained with a higher bias potential of -200 V, the rela-

« tive content of Nb atoms (as compared to Cu) increases.

The reason for this is the selective sputtering of lighter
Cu atoms from the surface during the formation of the
coating. As a result, the effective deposition rate is
0.85 nm/s for NbN layers, and 0.45 nm/s for Cu layers.

3. The critical layer thickness (< 20 nm) was estab-
lished at which the metastable 3-NbN phase is formed
(cubic crystal lattice, structural type NaCl). With a
greater thickness of the layers of niobium nitride (in the
multilayer NbN/Cu composition), the phase composi-
tion changes from the metastable 8-NbN phase to the
equilibrium &-NbN phase with a hexagonal crystal lat-
tice.

4. An increase in the bias potential during deposition
from -50 to -200 V mainly affects the change in the
preferential orientation of crystallite growth. In thin
layers of the 8-NbN phase, a crystallite texture with the
[100] axis is formed. In layers with a thickness of
40...60 nm, crystallites of the e-NbN phase with the
plane of the (004) hexagonal lattice parallel to the
growth plane are predominantly formed. At the maxi-
mum layer thickness (about 120 nm), the predominant
formation of crystallites of the e-NbN phase occurs with
the (110) plane of the hexagonal lattice parallel to the
growth plane.



5. At the substructural level, as the thickness of the
layers increases, the crystallite size increases. The de-
pendences of the microstrain on the thickness of the
layers have a non-monotonic appearance with a maxi-
mum (about 1.5%) at a layer thickness of 20 nm.

6. The hardness of coatings obtained at a bias po-
tential of -200 V is higher than that obtained with a po-
tentiation bias of -50 V. The reason for this may be an
increase in the specific content of NbN in coatings ob-
tained at a bias potential of -200 V.

7. The highest hardness of 28.2 GPa is achieved in
coatings obtained at a bias potential of -200 V, and at a
layer thickness of about 20 nm. The structure-deformed
state, which corresponds to the highest hardness, is the
texture of crystallites with the axis [100] perpendicular
to the growth surface, as well as a large microstrain
(1.5%) in crystallites.

8. The critical value of the load at failure has the
highest value 121.03 N in the coatings with the highest
hardness, obtained at U, = -200 V.
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CTPYKTYPHASA WHKEHEPHUS NobN/Cu MHOT'OCJOWHBIX TOKPBITUIA ITYTEM
N3MEHEHUA TOJIIMHBI CJIOEB U BEJIMYUHbBI IOTEHIHHUAJIA CMEINEHUSA
IPU OCA)KIEHNN

O.B. Co6onv, A.A. Auopees, B.A. Cmonboesoii, /1. A. Konecnuxos, M.I. Kosaneea, A.A. Meitnexoas,
A.A. Ilocmenvnuxk, A.B. /lonomanos, I0.E. Cazaitioamnuxos, K.B. Kpaeeckan

Jnist onpeneneHusl 3aKOHOMEPHOCTEW CTPYKTYPHOM WH)KEHEPHUH BaKyyMHO-IYTOBBIX MOKPHITHI HA OCHOBE HUT-
puaa HHoOUs B MHOTOCTOMHON Kommo3uiid NDN/CU u3ydeHb! BIUSHUS TOMIIMHBI CJIOCB U MOTCHIIHATA CMEIICHUSI
Ha CTPYKTypHO-(hazoBoe cocTosiHMEe M (PU3NKO-MEXaHWYECKUE XapaKTEPUCTHKU BaKyyMHO-IyTOBBIX ITOKPBITHH.
Y CTaHOBIICHO, YTO B TOHKHX CJIOSIX (TOJIIMHOI OoKoylo 8 HM) BHe 3aBucumocTd ot Uy mpoucxoaut gopmupoBanue
MmertactabmwibHO# 6-NDN-da3sl (kyOuueckas Kpuctaminueckas pemietka, crpykrypusiii Tun NaCl). Ilpu Gosbrueit
TOJIIHAHE CIIOCB HUTpHAa HHOOWs (B MHOrochoiHo# kommosuitn NDN/CuU) mpoucxomur nzmeHenue (Ha3oBoro
cocraBa oT MeracTabmisHOM d-NDN-¢assr mo paBaoBecHO# £-NDN-(asb ¢ rekcaroHansHOM KPHCTATUTHIECKON pe-
IIETKOH. YBenndeHne NOTeHIHANA CMEIeHHs IPH ocakaeHun ot -50 1o -200 B B 0CHOBHOM BJHSIET Ha H3MEHEHHE
TPEUMYIIICCTBEHHOM OPHEHTAIMH pocTa KpuctauinToB. HauGomsiias tBepmocts (28,2 T'Tla) u ajre3snoHHas CTOM-
KOCTb JIOCTHUTAIOTCS B MOKPHITHAX, HonxydeHHBIX npu Uy =-200 B n Haumensined TommuHe cioeB. Hanbombmiei
TBEPAOCTH COOTBETCTBYET CTPYKTYPHO-Ae(OPMUPOBAHHOE COCTOSHHE, IPH KOTOPOM (OPMHUPYETCS TEKCTypa KpH-
cTaUTOB ¢ ocklo [100], mepeneHUKyIApHON HOBEPXHOCTH POCTa, a Takxke Ooibinas Mukpoaedopmanwst (1,5%) B
KPHUCTAJUTUTAX.

CTPYKTYPHA IHXXKEHEPISI NobN/Cu BATATOIIAPOBUX NOKPUTTIB LIVISIXOM 3MIHU
TOBIIUHMU IIAPIB I BEIMYUHU IOTEHIIAJY 3CYBY IIPU OCAIZKEHHI

O.B. Co6onv, A.O. Anopces, B.O. Cmonébosoi, /I.A. Konecnixos, M.I'. Kosanvosa, A.O. Meiinexos,
I.0. Ilocmenvnux, A.B. /lonomanos, 10.€. Cazanoammnikos, K.B. Kpacecoka

Jnst BU3HaYeHHS 3aKOHOMIPHOCTEH CTPYKTYPHOI iH)KeHepil BaKyyMHO-IYTOBHUX IIOKPHTTIB Ha OCHOBI HITPHIY
Hi06i0 B OaratoriapoBoi kommo3uilii NON/Cu mociipkeHo BIUIMBY TOBIIMHU [IAPIiB 1 MOTEHIiANy 3CYBY Ha CTPYK-
TypHO-(a30BHA CTaH i Pi3MKO-MeXaHIUHI XapaKTePUCTUKN BaKyyMHO-AyTOBUX MOKPUTTiB. BcTaHOBIICHO, IO B TOH-
KHX [I1apax (TOBIIMHOK OJM3bK0 8 HM) HesanexHo Bif Uy BinOyBaeThest hopmyBanHs metactabinbHoi 6-NbN-dazu
(kybiuna kpucramiuHa pemritka, ctpykrypauii tun NaCl). Tlpu 6inbuiiit ToBmuUHI mapis HiTpuay Hiobiro (y Gara-
Tomrapogiit kommosuiii NbN/Cu) BinOyBaeThcst 3MiHa (Ga3oBoro ckiaay Bix meractabinbHoi 8-NbBN-das3u 1o piBHO-
BakHOl &-NDN-(ha3u 3 rekcaroHaJbHOI KPUCTATIYHOK PEIIITKOM0. 301IBIICHHS OTEHIIIATY 3CYBY IPH OCaKeHHI
Bixg -50 mo -200 B B ocHOBHOMY BIUIMBAa€ Ha 3MiHY MEPEBaKHOI OpieHTalii 3pocTaHHsi KpucTaiiTiB. Haiibinbia
TBepmicth (28,2 T'Tla) i aaresiitHa CTIfIKOCTb MOCSTAOTHCS B TIOKPHUTTSIX, oTpuManux mpu U, = -200 B i Hatimeniit
ToBLIMHI mapiB. Hai6Ginp1iit TBEpIOCTI BiJNOBIAE CTPYKTYPHO-eOpMOBaHUH CTaH, IIPH IKOMY (OPMYETHCS TEK-
cTypa KpuctaiitiB 3 Biccio [100], mepeneHUKyIAPHOIO MOBEPXHI 3POCTAHHS, & TAKOX BeIHKa MiKpojaehopMariist
(1,5%) y xpucramitax.



