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Changes in structure and electrophysical properties of epitaxial YBa,Cu,0,_, films have
been studied under air exposure and at VUV irradiation. After 4 hours irradiation,
diffusion of oxygen into the film and improvement of superconductivity characteristics
have been found. The superconducting transition (T,> 77 K) has been revealed in the
samples with tetragonal structure after 38 h. VUV-irradiatien under a high partial
oxygen pressure. A

HccnemoBaHbl M3MEHEHUA CTPYKTYPHL U CBOMCTB 3MUTAKCHUANBHBIX IIJIEHOK YBa,Cu;30;_,
[P BHIZEPIKKE B aTMOC(EPHBIX YCIOBUAX U Npu BoafeiicTBun BYMd-ob6inyuenus. O6nyuenue
BAKYYMHBIM yJabTpaduojeroM B TeueHMe 4 4. BBI3BIBAET AMGDOYSUIO KHUCIOPOJA B IIEHKY U
yAy4lleHue ee CBEPXNPOBOAAIINX XapaKTepHcTHK. [l1a oBpasloB ¢ TETPATOHANLHOM CTPYK-
Typoil o6HApy»KeH IlepexoJ B CBepPXIOPOBOZAAllee cocrosiHue rnpu T> 77 K mocne 88 uac.

BY®-o6nyuenus B aTMocdepe ¢ BHICOKMM IIAPLUAJILHBIM JABJIE€HNEM KUCJIOPOJA.

At present, coper oxide high-temperature
superconductors (HTSC) 1 YBa,CuzO;_, are
considered as the to bé most prospective
materials to be used as elements of high-
sensitive micro- and nanoelectronic devices
in the field of space materials science. The
wide use of those materials is hindered,
however, by their degradability. manifesting
itself as irreversible changes in physical
properties. In this work, effect of some fac-
tors acting in the outer space (OS) on the
structure and properties of HTSC films has
been studied by means of simulation of
those factors in the earthly conditions.

Factors causing a degradation of 1-2-3
superconductors are of a great variety.
Under atmospheric conditions, water vapor
is known to give rise to the surface hydra-
tion and loosening. Therewith, the oxygen
index becomes decreased in surface layers
and the superconductive metal phase is
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transformed into a semiconductive one
[1,2]. An exposure of HTSC in an oil-free
vacuum for one day causes a substantial
loss of the lattice oxygen, thus resulting in
a significant deterioration of superconduc-
tivity [3].

When 1-2-3 HTSC are irradiated by elec-
tron, proton or ion beams, local structure
inhomogeneities are formed as well as an
amorphous surface layer, dielectric layers on
interfaces between superconducting regions
and crystal lattice defects. HTSC exposed in
the OS are subjected to a specific influence,
namely, an action of atomic oxygen at about
5 eV energy and an intense vacuum UV
(VUV) irradiation (about 10 W/m? at
100<1<200 nm) is added to radiation and
vacuum exposure under thermocycling con-
ditions. Since it is just oxygen atomized by
VUV radiation at a wavelength A~150 nm
that is the main component of the rarefied
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Fig.1. Resistive transition curves for epi-
taxial YBa,Cu;0;_, films stored under atmos-
pheric conditions: a) films with misorienta-
tion less than 1° in the initial state (1) and
after 2 years of exposure (2); b) the same for
highly misoriented films (7 to 9°).

OS atmosphere, the degradation under OS
conditions can be simulated to a great ex-
tent using a VUV radiation having a suffi-
cient intensity in the region of oxygen at-
omization. The superconductivity "degrada-
tion of 1-2-8 HTSC has been found to de-
pend substantially on the initial state and
the irradiation temperature [4,5]. In par-
ticular, single- crystalline 1-2-83 films
turned out to be more radiation-resistant
than polycrystalline samples [2,5].

The work is aimed at the study of struc-
ture and electrophysical properties vari-
ations of 1-2-3 films exposed to atmos-
pheric conditions and to a VUV radiation.

About 200 nm thick epitaxial 1-2-3
films on single-crystalline SrTiO3 substrates
were used in experiments. The films were
obtained by the layer-by-layer condensation
of components in vacuum onto the sub-
strates having the mosaic block misorienta-
tion (¢) no more than 0.5 deg. Y, BaF, and
Cu layers were sputtered successively using
independent sources at residual pressure
1074 to 107® Pa. Copper and barium fluo-
ride were evaporated using a resistive
heater whole for yttrium, electron beam
sputtering was using. The substrate tem-
perature in the course of deposition was
578 K. The subsequent homogenizing an-
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neal was performed in oxygen atmosphere
in two stages: first, for 1 h at T=1123 K,
and then at T=723 K for 0.5 h. According
to the secondary ion mass-spectrometry
data, the stoichiometric composition of
films was constant within 1% for Y, within
0.25% for Ba and within 0.5% for Cu.
Critical characteristics of the supercon-
ducting transition were determined using

~ the contact method from the temperature

dependence of the electric resistance. Those
characteristics are: the superconducting
transition onset temperature, T,,, the zero
resistance one, ch, and the transition
width, AT,. Using X-ray diffractometry, the
phase composition and crystal lattice pa-
rameters (a, b, ¢) were determined. Unre-

- solved (407) and (047) reflexes are typical for

all films studied. This is caused by a rather
small size of twinhed microregions being in
the range of 8 to 10 nm [6]. The macrodefor-
mation level and oxygen index values (7—x)
were calculated according to the procedure
described in [6] with account for the last
above statement. VUV irradiation of samples
was performed in a vacuum chamber under
oxygen pressure 10-10% hPa. The flux den-
sity was J=1020-102! m~2s71, or about
160 W/m?2 [8]. Radiation sources were dis-
tinct in energy dispersion characteristics
(due to various windows materials used),
apart from distinctions in integral flux
ones. In particular, a great fraction of
quanta had energy close to 10 eV in the
second case. The irradiation was performed
at T=300 K.

The samples under study were subdivided
into two groups, depending on the heat treat-
ment regime. For the first group (samples Nos.
1, 2, 3 and 5) the oxygen index after two
annealing stages was 6.81 to 6.96, thus assur-
ing the superconducting state occurring. Sam-
ples No.4 and 6 were subjected only to the first
annealing stage. As a result, the film were
saturated by oxygen insufficiently (7-x=6.62)
and had no superconducting properties at
T>77 K, but their conductivity was of a me-
tallic character.

Freshly prepared samples 1 and 2 were
characterized by a rather narrow supercon-
ducting transition curve (Table 1). Vari-
ations in the run of temperature depend-
ences of electric resistance for sample 1 and
2 are presented in Fig.1l. During the atmos-
pheric exposure for 2 years, T,, value was
decreased to about 77-79 K. Therewith, T,
for samples with strong misorientations was
changed insignificantly (88.9), the transi-
tion width being increased up to 6.6 K
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Table 1.
Saﬁ‘lgle Additional treatment Tow B |1 Tn K A;I', K c, A a, A 7-x ¢, deg
1 initial state 89.5 86.5 1.5 11.661 | 3.867 6.85 <1
1 2 years exposure 82.6 77 5 11.668 | 38.865 6.81 =1
2 initial state 89.7 87 1.8 11.650 | 3.862 6.96 7-9
2 2 years exposure 88.9 79.5 6.6 '11.668 | 3.869 6.78 7=9
3 initial state 87.5 79 5.5 11.659 | 3.867 6.84 <1
3 4 h VUV irradiation in air 86 82 2.5 11.656 | 3.864 6.88 <1
4 initial state = = = 11.670 | 3.880 6.62 <1
4 4 h VUV irradiation in air o= = = 11.675 | 3.876 6.66 <1
5 initial state 82 U 3 11.668 | 3.865 6.81 <]
5 4 h VUV irradiation in 89 82 4.5 11.669 | 3.865 6.82 <1
oxygen atmogphere .
6 initial state = = 11.670 | 3.880 6.62 <1
38 h VUV irradiation in 89 9 11.676 | 3.863 6.82 <1
oxygen atmosphere 24

(Fig.1, b), while for low-misoriented sam-
ples, the transition onset temperature was
decreased to the same extent as TC,, attain-
ing the value of 82.6 K. For the same rea-
son, the transition width remained essen-
tially unchanged (Fig. 1a).

These data evidence that the degradation
of a sample with small misorientations is
unifirm through its volume, in contrast to
highly misoriented sample. Changes in su-
perconducting properties seem to occur in
regions adjacent to blocks boundaries as
well as to dislocations. Oxygen vacancies
are assumed to be concentrated mainly in
the same regions. The degradation is accom-

panied not only by dislocations depletion of

oxygen, but also by their redistribution. An
enhancement in the dislocation density was
found accompanied by a broadening of the
(00.13) line. In the sample 2, central re-
gions of blocks retain their properties es-
sentially unchanged, that is evidenced by
invariability of T,, value (Fig.1, b). Such
regions, however, are few in number so that
the sample as a whole becomes deteriorated
substantially, what temperature depend-
ences have shown. The sample 1 in the in-
itial state contains a smaller oxygen amount
than the 2 one (7-x=6.85). Therefore, in
spite of that the sample 2 loses substan-
tially more oxygen in the course of degrada-
tion as compared to the 1 one [A(7-x)=0.18
and 0.04, respectively], both oxygen indices
become rather close after 2-year exposure
(6.81 for 1 and 6.78 for 2), thus, final
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temperatures of semiconducting transition
become equalized, too.

Temperature dependence of resistance
for the sample 3 before and after the irra-
diation is presented in Fig.2, a. In the non-
irradiated sample, that dependence is of a
metallic character with the superconducting
transition at 79 K. values of critical transi-
tion parameters (Table 1) point that the
sample has relative low superconductivity
characteristics. A VUV irradiation during
several hours in air results in the formation
of a dull layer on sample surface having a
high resistance. A similar layer is formed
after a prolonged (several months) air expo-
sure of samples [9]. A shift of the tempera-
ture dependence of resistance, R(T), and
change of its slope were observed as a result of
the VUV irradiation. After 30 min of the ac-
tion, the T, value was shifted towards higher
temperatures by 1.5 K, while after 4 h, the
shift was increased up to 3 K. Therewith, the
transition width was narrowed down to 2.5 K.

Dependences of T,, and T, on the irra-
diation time are shown in the inset of
Fig.2, a. The process of superconducting
properties enhancement as a function of the
irradiation time has a damping character.
Moreover, T,, and T, changes are not the
same. While the final transition tempera-
ture increases monotonously, that of the
transition onset first drops sharply by 2 K
and then elevates somewhat. Therewith, the
oxygen index (7—x) increases by 0.04 after
4-hour irradiation. This points to an in-
crease of oxygen content in the 1-2-3 lat-
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Fig.2. Resistive transition curves for epi-
taxial YBa,Cu,y0,_, films at VUV irradiation
in air: a) for films superconductive at
T>T7 K in the initial state (1), after irradia-
tion for 830 min (2) and 4 h (8); b) for films
having no superconductivity at T>77 K in
the initial state (1), after 4 h of irradiation
(2). Inset: T, and T,, variations as depending
on the irradiation time for films (a).

tice; but, if that increase would occur in a
homogeneous manner, a monotonous eleva-
tion not only of T, but also of T,, would
take place. The revealed distinctions in
changes of those temperatures can be ex-
plained, in our opinion, by that oxygen dif-
fusion occurs in regions where the oxygen
index is low. The existence of such regions
in the form of interlayers adjacent to film
grains boundaries is considered in [9]. The
T,, lowering under irradiation may result
from a degradation of regions with a higher
oxygen content due to VUV-stimulated sur-
face hydration causing a non-conducting
layer formation.

To test the validity of that hypothesis, a
non-superconducting sample No.4 was stud-
ied that can be considered as a material
consisting mainly of the interlayers (Fig.2,
b). Its lattice parameters and oxygen index
correspond to the tetragonal phase (Table
1). When that sample is irradiated in the
same conditions as the 8 one, the increase
of the index (7-x) attains 0.04 as in the
preceding case. However, no substantial
changes of critical parameters occur, since a
low oxygen index value is retained after
irradiation (6.66). Moreover, similar to the
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Fig.3. Resistive transition curves for epitaxial
YBa,Cuz0,_, films at VUV irradiation in oxy-
gen atmosphere: a) films superconductive at
T>T7 K in the initial state (1) and after 4 h of
irradiation (2); b) films exhibiting no supercon-
ductivity at T>77 K in the initial state (1) and
after 38 h of irradiation (2).

sample 3, a surface non-conductive layer
was observed to be formed which hinders
the oxygen diffusion.

The irradiation of samples in a pho-
tolysis device in oxygen atmosphere was
performed to attain a stimulated oxydation
of 1-2-8 films. Superconductive and non-
superconductive samples (5 and 6, respec-
tively) were used similar to 3 and 4 ones.
Temperature dependences of electric resis-
tance for the sample 5 (analogue of 3) are
presented in Fig.3, a. After 4 h of VUV
irradiation, the R(T') dependence shifts to-
wards higher temperatures with a change of
its slope. Therewith, the T,, becomes
shifted by 7 K, the ch by 5 K, while the
transition width increases from 3 K to
4.5 K (Table 1). The oxygen index value
Since oxygen index of
the initial sample was very close to HTSC
characteristics deterioration, its small ele-
vation (by 0.01) causes a significant shift of
T,, and T, towards high temperatures.

The structure and properties of the sam-
ple 6 change most dramatically as a result
of irradiation in oxygen atmosphere during
38 h. In the initial state, that sample had
the tetragonal structure, the calculated oxy-
gen index value was 6.62 (Table 1). Due to
VUV irradiation, the oxygen index became
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ncreased up to 6.82, and the superconduc-
ive transition was revealed. The R(T) vari-
ition character caused by the irradiation is
hown in Fig.3,b. The transition onset takes
lace at sufficiently high temperatures and
emains almost unshifted in the course of
rradiation. The transition width is 9 K,
ind superconductivity arises at =78 K.

Thus, in this work, changes in oxygen
ndex and superconductivity characteristics
1ave been studied for 1-2-3 films exposed
o atmospheric conditions for 2 years as
vell as for those irradiated by VUV. For
1iighly misoriented samples (7-9%), oxygen
ndex and T, are found to decrease signifi-
:antly during the exposure while T,
changes only slightly, thus evidencing an
nhomogeneous run of degradation process.
The atmospheric exposure of low-misori-
:nted samples results in an almost equal
owering of T,, and T, at an insignificant
lecrease of oxygen index (by 0.04), thus
»ointing that the sample degrades homoge-
1eously.

The VUV irradiation of superconductive
samples with moderate critical parameters
aind low oxygen index causes an increase of
che latter and an enhancement of supercon-
juctivity characteristics. A more substan-
tial elevation of 7., has been observed for
samples irradiated in oxygen atmosphere as
compared to those irradiated in air, at a
small oxygen index increase (0.01 to 0.04).

It is found that a 1-2-8 film exhibiting no
superconductivity at T>77 K can be satu-
rated with oxygen in an amount sufficient
to the superconductive transition by a pro-
longed VUV irradiation in oxygen atmos-
phere.
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Zh. Neorg. Khim.,

 IligBMIEHHN KMCHEBOro iHAeKCy emiTakciadpHUX ILIiBOK
YBasCu3z07_y 3a momomorow BY®-onmpominenns.

0.0.Kosvma, O.M.Cmeyenxo, T.I.Xpamoea, C.B.Manuxin,
J.3.Jy6’anui, B.I.Xpyw

JlocnimKero sMiny cTPYKTypH i BracTuBoCcTel emitakciamprux miisox YBa,Cu;0, , min

BIIMBOM aTMocdepHUX yMoB Ta mix giero BY®-onpominenss.

OnpoMiHeHHS BaKYYMHUM

yawsrpadionerom nporarom 4 roguH obymosiioe THdY3i0 KUCHIO B MIIBKY Ta MiABUINEHHA Ii
HAANPOBIZHMX XapaxTepucTUK. JIns 3pasKiB 3 TeTPATOHANBLHOI CTPYKTYPOIO BUSABJIEHO
nepexix B Hagnposiguii cran npu T> 77 K micns 38 rox. BY®-onpominenHs B aTMocdepi

3 BUCOKHM HapuiﬂﬂbHHM THUCKOM KHCHIO.
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