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YBaCuQ films fabricated by laser ablation method were subjected to a thermocycling. Our investigations showed
that the degradation process of the current transport properties of films is accompanied by the appearance of a
maximum on the curve of the critical current density, depending on the number of thermocycles. This effect manifests
itself most strongly in the films with degraded superconducting properties. The critical temperature and the transition

width vary only slightly in this case.

PACS: 74.72.Bk

1. Introduction

The use of HTSC films for the manufacturing of
sensors, SQUIDs, flux transformers, and other de-
vices [1-5] inevitably raises the question of how the
sensitive elements from the HTSC films will behave
upon multiple cooling to the boiling temperature of
nitrogen and heating to the indoor temperature, i.e.,
during thermocycling. It is important to test the films
under conditions close to real at applied point of view.
At present, there are no sufficiently complete inves-
tigations of this matter in the current literature [6-8 .
We have therefore conducted a study of the supercon-
ducting properties of YBaCuG films at thermocycling.
The results of this study are presented in this paper.

2. Film manufacturing procedure. Thermocycling

The YBaCuO thin films have been deposited by
laser ablation method [9]. As a substrate we used
single-crystal plates of SrTiO; (100), LaAlO; (100)

and sapphire (100). Polycrystalline pellets of YBaCuO
1 ¢cm in diameter, 0.5 cm thick, and 4.4-4.6 g/ cm?® in
density were used as a target. We used a pulsed
Nd:YAG laser (wavelength A = 1.06 um, pulse
length v = 20 ns, repetition racev = 12 Hz). The sub-
strate temperature was adjusted at temperature in the
range 810-840 °C, and the oxygen partial pressure in
the vacuum chamber was about 0.1-0.6 mbar during
the deposition. The power density of laser radiation
on the target surface varied from 3108 W/em? 10
8-10W/cm?. The deposition rate was about

50 nm/min, and the cooling rate after the deposition
was about 25 °C/min. Superconducting properties of
films obtained by laser ablation method are very sen-
sitive to a variation of the deposition parameters. A
small variation of deposition parameters, even one of
them, leads to a considerable change in the critical
temperature T, , transition width AT, critical current

density J e and film structure.

A thermocycling procedure consists of cooling a test
sample to the nitrogen boiling temperature and heat-
ing to room temperature in the air. The cooling rate
was about 25 °C/s, and the heating rate was about
40 °C/s. The studied films were made in the shape of
long strips of width about 104m and length about
72 um by means of focused ultraviolet laser beam.
The critical current was measured by a four-probe
method. The 1-u4V criterion was used for the critical
current. Critical current measurements were carried
out at 77 K. The samples with different initial super-
conducting properties [T, AT, J (77 K) ] were

used.

3. Experimental results

In spite of the expected monotonic degradation of
superconducting film properties during thermocy~
cling, we have obtained a rather surprising result.
The typical behavior of the films can be described as
follows: the values of T and AT remain virtually the

same (for some samples deposited on sapphire up to
1400 thermocycles), but the dependence of the criti-
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Fig. 1. J . vs the number of thermocycles n for the samples 1~7 on
the SrTiO3 substrates. The last three points for the samples 4 and §
correspond to measurements in 3, 6, and 9 days, respectively.

cal current density J, on the number of thermocycles
n has a maximum; the values this maximum may
sometimes exceed the initial value J 4. This effect
differs numerically for different film samples.

The J, dependence on the thermocycle number »
for sarhples 1-7 deposited on the SrTiO, substrates is

shown in Fig. 1, and the same dependence for
samples 8 and 9 is shown in Fig. 2. Table 1 gives the
values of the initial critical current density J ,, for

cmax/"
calculated from the experimental data, where J ..

samples 1-9, the ratios J . /J , and J cmin *

andJ ., are the values of the critical current density
at the maximum and minimum of the J (n) curve,

in 1 day
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Fig. 2. J . vs the number of thermocycles n for the samples 8—9 on
the SrTiO3 substrates.
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respectively, n ., corresponding to J ., is shown

10 the left of n_ox > corresponding to J . The po-

ints corresponding to J 4, J... , and J_ . for
sample 1 are indicated in Fig. 1.

Table 1

Sample JCO ' it‘_ﬂﬂ " max J_Cﬂli}i mmin

A/cm2 T  canies

1 1.6-103 2.5 30 3.6 10

2 5.5-10% 0.7 3s 1.8 20

3 269107 0.48 15 11 10

4 155103 47 10 47 0

5 47-10%] 09 20 1.8 10

6 1.11-10%] 06 35 1.1 15

7 1.16-10% 1.2 30 1.2 10

8 3.19-10%| 17 10 1.7 0

9 1.17-10°] 1.3 10 1.3 0

A comparison of the data for samples 1-3 shows
that the ratios J . /J o and J_ /J . can be
lowered by increasing J ,, from one sample to the
other. In this case T, is equal to 88.0, 89.2, and
89.0 K and AT is equal to 3.6, 4.8, 4.0 K for samples
1-3, respectively (see Table 2).

Table 2
Sample| Ty lAT() LTC("max) [AT("max)—l T (1) lAT(n')
K
1 880 | 3.6 88.4 4.0 87.6 5.2
80) (80)
2 89.2 | 4.8 88.8 4.2 89.4 4.4
(50) (50)
3 89.0 | 4.0 89.0 4.0 89.0 4.2
(80) 30y
4 894 | 34 90.0 3.6 89.4 3.6
(9 days) | (9 days)
s 89.2 | 2.0 89.0 2.2 89.0 2.2
(9 days) { (9 days)
6 912} 24 91.2 2.4 91.0 2.2
(12¢) (120)
7 91.2 | t.6 90.8 1.8 90.6 2.0
110 (110)
8 898 | 24 91.2 2.2 90.2 2.4
(50) (50)
9 90.2 | 2.2 90.4 2.2 90.6 2.0
(38) (38)

In other words, the initial critical temperature and the
initial transition width do not exert much influence on
the observed dependence J (n), but the ratios

/Jgand J . /J ... are sensitive to the initial

Jcmax Cl
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value of J . It is hardly possible to establish here

some kind of correlation Nax T Pmin with the initial

values Jo» T>and AT, . As can be seen from Fig. 1,

for all three samples (1-3), after going through the
maximum J _decreases gradually with increasing n.

Samples 4 and 5 were returned to normal condi-
tions on the third, sixth, and ninth day (Fig. 1). Itis
seen that the degradation process of the current
transport properties of these films continue. Samples
8 and 9 were also returned to normal conditions after
1 day, but, in contrast to samples 4 and 5, after reach-

ingJ .. (see Fig. 2). In this case the relaxation of J

to the initial value occurred in sample 8; in sample 9
only a tendency to this relaxation is appreciable.

The effect of critical current growth during ther-
mocycling is faintly expressed in samples 6 and 7
(Fig. 1), which possess high values of J (1.11-10°

and 1.16-10% A/cm? for samples 6 and 7, respective-
ly). The samples have no clear maximum. Both
samples degrade insignificantly even after 100 ther-
mocycles.

The values of T, and AT were measured simul-
taneously with the measurement of J, but in Table 2

only the initial values of T, and AT, the values of

Tc(nmax
also the values of T (n') and AT(n’), where n' is the

) and AT(nm ax) > correspondington ., and

total number of thermocycles for the given sample,
are presented. The results which we obtained confirm
that the effect of the increase in the critical current
density essentially does not correlated with the be-
havior of T and AT for all samples. In other words,

the degradation of the current transport properties of

3 I 1 | 1
1079 100 200 300 400 500
n

Fig. 3. J . vs the number of thermocycles n for samples 17 on the
LaAlOg substrates.
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Fig. 4. J . vs the number of thermocycles # for samples 1-3 on the
sapphire substrates.

films is not accompanied by a simultaneous decrease
in the critical temperature and an increase in the
transition width.

A similar behavior of J o Vs n was observed in the

films deposited on the LaAlO, substrates (Fig. 3) and

on the sapphire substrates (Fig. 4). There are, how-
ever, some differences. For example, the largest value
ofd [T , equal to 4.77 (sample 2 in Fig. 4), was

cmax’ ¥ cmin
obtained for a film deposited on sapphire with the
initial value of J 0= 2.2-10° A/cm>. Further, the

film deposited on sapphire with J , = 2.6- 107 A/em?
(sample 1 in Fig. 4) showed the hightest stability to

thermocycling: after 1 400 thermocycles the critical
temperature remained the same, TCO =91.6 K and

the transition width also was nearly the same:
AT, =2.0K, AT 400 = 2.2 K, but the critical current

density changed from 2.6- 107 to 4.1-10% A/cm?,

4. Discussion

The results obtained by us show that the films
grown by laser ablation method are not single-crys-
talline in all the film volume, and that their macro-
ctructure consists of crystal grains divided by boun-
daries between them. Our investigations of the films
with the scanning microscope JEOL JSM-840 showed
that the oriented single-crystal grains have the fol-
lowing characteristic dimensions: 0.5-1.5um in
Iength and 0.1-0.2 ym in width for samples with the
low initial values of J 4 . A slight dependence of the

critical témperature T, and the transition width AT on

the number of thermocycles indicates that these

Fizika Nizkikh Temperatur, 1997, v. 23, No 4
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parameters generally define the bulk superconduct-
ing properties of the grains. As for the current
transport properties of films, they are determined
mainly by the integrain boundaries.

It is known that the properties of intergrain boun-
daries are defined by many parameters [11-18 ], but
we choose only one of them which most probably
characterizes the processes taking place during ther-
mocycling. They are: 1) the intergrain disorientation
angle 8 in the @b plane [17], 2) an oxygen stoichio-
metry in the intergrain fields and a diffusion of atoms
and molecules from the environmental area, and 3) a
characteristic of the superconducting weak link of the
grain contact.

The critical current density at the intergrain
boundary, J CGB , depends considerably on the angle 8

of the grain disorientation [10~13]and J SB is quickly

lowered with an increase in 8. For example, an ex-
ponential dependence of JCGB on the angle 0 is pre-

sented in Ref. 10:
JO = JC exp (-6/6,) , M

where Jf is the critical current density in the grain,
and 6, =5°. Other approximations are used in

Refs. 11 and 12, but all of them correspond to a rapid
lowering of JfB with an increase in 6. On the other

hand, it is known that most of the intergrain bound-
ary is comprised of the Josephson junctions, for ex-
ample, of the species SNS [13,16—18 ], and in the case
dy = & (d is the intergrain layer thickness in the
normal state, and & y 1s the coherence length in the

material of this layer) the critical current of this tran-
sition is described by the equation [19]

2
Jc~?;§exp (~dy /&) @

where A is the order parameter in the grain, Cisa
factor which takes into account the decrease of the
order parameter in the grain because of the proximity
effect. Although Egs. (1) and (2) were obtained by
different methods, it is none the less quite obvious
that there is a connection between them, since they
describe the same current through the intergrain
boundary — the Josephson junction. If this is correct,
we may assume that d y and 8 are functionally con-

nected with each other: dy, = f(6) and d, is probably
proportional t0 6, dy, ~ 6, since dy, = &, . In this case
the disorientation angle 6, defined, in general, by the
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technological parameters of the film growth, sets the
intergrain layer thickness d, . The observed increase

in J_ during thermocycling may therefore be con-

nected with the lowering of the disorientation angle 8
and, consequently, with the decrease in d,, . What is

the physical cause of the lowering of 8 during thermo-
cycling? There is no exact answer to this question so
far. We can make only some assumptions. It is known
that deformation of a high-temperature superconduc-
tor lattice leads to the deterioration of the supercon-
ducting properties of the material and also to the total
destruction of these properties [20}. The value of
elastic deformation increases with an increase in 6.
Therefore, it is possible that thermocycling initially
reduces the extent of elastic deformation near the
boundary layers, which leads to a decrease in 8 and to
an increase in the critical current density. The bo-
undary properties become degraded as a result of the
subsequent thermocycling because of the diffusion of
atoms and molecules from environmental area and
the accumulation, in particular, of H,O molecules in

the intergrain fields. We assume that the Josephson
intergrain junction undergoes many changes of the
following kind: SNS - SN'S - SN'IN'S, where [ is
an insulator, and d v < d N

It is evident that the intergrain disorientation angle
can be decreasing by increasing J > 10° A/ cmz;

therefore, the thermocycling influences the critical
current slightly and the effect of critical current
growth can be evaluated to some extent. It is possible
that the film on all three substrates is a single-crystal-
line film at J 4 > 10 A/cm?; therefore, the effect dis-

appears and the films are very stable to the thermocy-
cling in this case.

5. Conclusion

The results which we obtained anable us to make
the following conclusions: 1) The degradation process
of the current transport properties of YBaCuO films is
accompanied by the appearance of a maximum on the
curve of J C(n), 2) this effect becomes more pro-

nounced as the initial superconducting properties are
degraded, and 3) the films with high initial values of
J . have very high stability to the thermocycling. It is

obvious that a more complete understanding of the
critical current increase in YBaCuO films during
thermocycling required further studies.
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