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Abstract. We present the temperature dependence of positron lifetime parameters measured
on a series of specimens of YBay(Cu,_,M,);0;_, (M = Fe,Ni, Zn) in the temperature range
20-300 K. In a non-doped specimen, the defect-related component t, showed a step-like
increase in the temperature range 40-100 K. Above 180 X, the mean lifetime 7, decreased
with increasing temperature. These variations in 7j of 7., are explained in terms of 2
thermaily activated escape of positrons from the two kinds of trapping centres. The bulk
lifetime 7y, showed a slight decrease in the region 100-300 K. The iren doping moved the
shift of the transition region of t, towards a higher temperature and removed the decrease
of 71, Out of the temperature range in which experiments were performed. These pheno-
mena are ascribed to the enhancement of the positron—defect binding energies, which is
theoretically predicted. On the other hand, nickel and zinc did not much alter the behaviour
of 3, but affected that of . A direct correlation between the superconducting critical
ternperature (7c) and the lifetime—temperature curve was not found.

1. Introduction

Novel oxide superconductors {1-5], which have been found since the discovery of
superconductivity in the La-Ba—Cu-O system by Bednorz and Miiller [1], have been
attracting a huge amount of attention because they not only have rather high supercon-
ducting critical temperatures but also various anomalous properties. A lot of exper-
imental techniques have been applied in the study of the anomalies of these materials
as well as in high-T, superconductivity.

Positron annihilation experiments, which are useful in the study of electronic or
defect structures of condensed matter [6], have been also performed from two points of
view. One is the temperature variation of positron annihilation parameters, such as the
§ parameter of the Doppler broadened spectra of annihilation quanta and positron
lifetime. The other is the momentum distribution of annihilation quanta. The latter is
directly correlated with the problem of whether or not a Fermi surface exists in oxide
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superconductors, and has generated much interest. However, conclusive results
have not been obtained [7]. As for the former, the first experiment was performed
by the present authors [8]. Anomalous thermal behaviour of the § parameter in the
La-Sr~Cu-O and Y-Ba-Cu-O systems was observed. Subsequently, a number of
measurements of the § parameter and/or lifetime have been performed, mainly on
yeco [9].

The results obtained are largely scattered although some common features exist
among them. The discrepancy in the results is in part due to incompleteness of the
sample characterizations at the early stages of these studies, as in other experiments.
The predominant reason for the discrepancy is the variation of lattice defects existing in
the samples. Each type of defect corresponds to a distinct value of the S parameter or a
positron lifetime. The amount of each defect is reflected in the contribution of the
positron annihilation at the defect to the total events.

The reproducible and common features among the results of the § parameter, or
mean lifetime, can be classified into two categories: (i) a positive temperature depen-
dence below ~100K (8, 10~19] and (ii) a negative temperature dependence above
~100K [16, 18, 20, 21]. A step-like increase around ~80 K sometimes coexists with the
first-type temperature dependence [10, 16, 19]. Since the temperature variation of a
defect-related lifetime component belongs to the first-type [10, 11, 21-23], the first-type
temperature dependence can be ascribed to the positron annihilation at defects, while
the second type can be ascribed to the annihilation in the bulk of the specimen. A few
different types of temperature dependence of the annihilation parameters are also
reported. Harshmann et af have performed the measurements on a single-crystal of
yYBCO and obtained a single lifetime component which shows negative temperature
dependence below ~80 K [24]. Teng et af [25], Zhu et al [26] and Kridtiakov4 et al [27)
reported resonant behaviour of the annihilation parameters at T...

The relationship between the superconductivity and the positron lifetime results has
become a matter of concern. In order to examine the relationship. experimentation on
a series of samples whose T, varies systematically is of great use. The T, can be
controlled by substituting for copper with a metal impurity as well as by varying oxygen
stoichiometry.

Recently, we performed preliminary experiments of positron lifetime measurements
on iron or nickel doped YBco and found a strong dependence of the lifefime, and its
thermal behaviour, on the dopant content, especially in the iron case {28, 29]. A plausible
explanation was given in terms of the shallow trapping of positrons.

In this paper, we present experimental results of measurements of positron lifetime
in YBay(Cu;_,M,);05-, (M = Fe, Ni, Zn) as well as theoretical estimations of dis-
tributions, lifetimes and energy eigenvalues of positrons therein. The purposes of the
present work are (i) to establish a model explaining the temperature variation of
the defect-related component, (it} the same for the bulk component; and (iii) to
clarify the relationship between the superconductivity and each component.

2. Calculations of positron distribution, lifetime and energy eigenvalues

Calculations were performed using the method developed by Puska and Nieminen [30].
The positron potential V(r) is denoted as

V(r) = VC("') + Vcorr("—(r)) (I)

where V¢ is a coulombic potential from nuclei and electrons while V., is a correlation
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Figure 1. Crystal structure of YBCO and the positron distribution therein. A positron pre-
dominantly distributes between the CuQ one-dimensional chains.

potential due to positron-electron correlation effects. The practical formof V, as a
function of n_{r) was given by Borosiski and Nieminen [31]. n_(r) and V(r) were
obtained by the superposition of atomic electron densities and potentials [32]. The
positron Schrédinger equation can be solved by the numerical relaxation technique
proposed by Kimball and Shortley [33]. The differential equation is replaced by a set of
linear algebraic equations on a set of three-dimensional mesh points.

The positron lifetime is obtained as the inverse of the annihilation rate, which is
represented as follows:

A= :rrﬁcf drn, (N(n, (T, (n,(r)) + n (L) (2)

where r is the classical electron radius, ¢ is the speed of light, n,, n, and n, represent
densities of positron, valence electrons and core electrons respectively and I', and I,
are the enhancement factors for valence and core electrons. We used the Brandt—
Reinheimer expression [34] for the former and a constant value of 1.5 for the latter.

The mesh spacings were taken to be 0.05-0.1 times ay, by and cy/3 (ag, by, ¢y: lattice
parameters) along each direction. Practical calculations were performed on a one-eighth
volume of the objective cells using crystal symmetry. The electrons in the orbitals of the
Cu 3d and 4s, the O 2p, the Y 4d and 5s, and the Ba 6s have been taken as the valence
electrons. We used the structural data obtained by Jorgensen et al [35].

The positron distribution obtained in the perfect crystal of YBCO is shown together
with the crystal structure in figure 1. Here, a Cu(l) site is taken as the origin of
the coordinates. Positrons predominantly distribute along the Cu~O one-dimensional
chains. The corresponding positron lifetime is estimated to be 159 ps.

We have also calculated the distribution etc of positrons trapped at oxygen vacancy
clusters. Figure 2 shows (a) the distribution of positrons trapped at an isolated oxygen
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Figure 2. Distributions of positrons trapped at (a) an isolated oxygen vacancy, (b) a vacancy
cluster containing two oxygen vacancies and (¢) a vacancy cluster with four oxygen vacancies.
A positron tends to localize with growing cluster size.

Table 1. The calcutated positron lifetime and binding energy between the positron and the
oxygen vacancy clusters. With growing cluster size, both the lifetime and the binding energy
increase.

Cluster size Positron lifetime Binding energy
1 171 ps 73 meV
2 181 ps 114 meV
4 190 ps 266 meV

e

(a) (b) () (d)
Figure 3. Structural models used for the calculation of positron distributions in impurity-

doped YBCO; (a) Cu(1)site 2.1%, (b) Cu(1) site 4.2%, (c) Cu(1) site 8.3% and (d) Cu(2) site
8.3%. The positions of the impurity atoms are represented by crosses.

vacancy, (b} a vacancy cluster containing two oxygen vacancies and (c) the same but
with four oxygen vacancies. The positron lifetimes and binding energies corresponding
to the defects are shown in table 1. With the cluster size varying from 1 to 4, the positron
state is more localized and the binding energy is enhanced. The lifetime value also
increases from 171 ps to 189 ps.

Substitution effects are examined using the structural models shown in figure 3.
These models are the one-eighth volumes of the objective unit cells, in which the positron
wave-function is to be calculated. The models, figures 3(a), {(b) and (c), correspond
to the substitutions at the Cu(1) site with concentrations of 2.1%, 4.2% and 8.3%
respectively, while the model, figure 3(d), represents the substitution at the Cu(2) with
a concentration of 8.3%. It has been revealed by neutron diffraction measurements
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[36-39] and EXAFs experiments [40]} that most iron atoms occupy the Cu(l) site. As
for nickel or zinc substitution, conflicting conclusions were drawn by several groups.
Kajitani et al proposed that nickel atoms occupy only the Cu(2) site according to their
x-ray and neutron diffraction results (41|, while Bridges et al [42] performed xAFs
experiments and concluded that nickel substitutes nearly uniformly on both Cu sites.
For zinc, Kajitani er af showed that a ratio between occupancies of the Cu(1) and Cu(2)
sites was 4: 1 (the ratio between the zinc amounts on both sites was 2 : 1 because the Cu
site ratio is 1:2). Roth ez al [43] reported another value of 2: 1 for the occupancy ratio.
On the contrary to these results, Maeda et al [44] and Yang ez al {45] claimed from their
EXAFS experiments that zinc substitutes only on the Cu(2) site. In the present work,
considering the above mentioned situation, we performed calculations on models
(@)-(c) for iron and on the models (c) and (d) for nickel or zinc.

Examples of calculated positron distributions are shown in figure 4. Panels (a)—(e)
correspond to the results for iron on model (c), nickel on models (c) and (d), and zin¢
on models (c) and (d), respectively. It can be seen that iron, nickel and zinc atoms tend
to repulse positrons and iron shows 2 much larger effect compared with the others. The
calcunlated lifetimes and energy cigenvalues of positrons are listed in table 2 together
with those for the non-doped YBco. The values in brackets correspond to the difference
of the energy eigenvalues for the doped and non-doped YBCO. The predicted variation
of lifetimes is quite small and at most 3 ps. On the contrary, remarkable increases of the
energy eigenvalues are observed for iron substitution as well as nickel on the Cu(1) site.

3. Sample preparation and characterization

The samplesof YBax(Cu; - ,M,},0,_,{M = Fe, Ni, Zn) were prepared by a conventional
solid state reaction method. Starting materials were high-purity powders of Y,0,,
BaCO;, CuQ and Fe,03/NiO/Zn0. These powders were thoroughly mixed in their
nominal compositions. The resultant mixture was firstly reacted at §90-910 °C for 10~
25 hours. The products were calcined at 890-940 °C for 10-50 hours and this calcination
procedure was repeated with pulverization between the steps until no second phase had
been observed in the x-ray diffraction pattern. The final products were pulverized again
and pressed into pellets with diameter 8.8 mm and thickness 1.5 mm. These pellets were
sintered at 930 °C for 20 hours followed by annealing at 400 °C for 10 hours. All of these
beat treatments were performed in O, flow. The cooling from 930 °C 1o 400 °C was done
slowly at a rate of 0.5 °C min~".

The samples prepared were characterized by x-ray diffraction and by resistivity
measurements using a conventional DC four-probe method. The variations of the lattice
parameters with impurity doping are shown in figure 5. An apparent structural change
from orthorhombic to tetragonal is observed for the iron substituted samples with
increasing iron content, while neither the nickel nor zinc substitution causes such a
structural transition. These features are in good agreement with previous studies [46].
The resistivity—-temperature curves for non-doped, iron-doped, nickel-doped and zinc-
doped samples are shown in figure 6(a)—(d), respectively. In figure 7, 7, {midpoint) is
presented as a function of impurity concentration. The cbserved T, decreases mon-
otonically with increasing x for the nickel or zinc-doped specimen, while, for the iron-
doped one, there is a plateau in a low-x region. Such behaviour has also been observed
in other studies [45, 46].



9174 S Ishibashi et al

O ™

Figure 4. Positron distributions in
impurity-doped YBCcO; (a) 8.3% Fe on
Cu(1) site, (b) 8.3% Ni on Cu(1) site, (¢)
8.3% Ni on Cu(2} site, (d) 8.3% Zn on
Cu(1) site and (e) 8.3% Zn on Cu(2) site.
Allimpurity atoms tend torepulse the posi-
tron, and iron shows the largest effect
among these impurities.
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Table 2. The caiculated positron lifetime and energy eigenvalue for doped YBCO. Values
shown in brackets are the differences from the eigenvalue of non-doped YBCo. The variation
of lifetime is quite small (<3 ps), while the energy eigenvatue shows a distinet increase with
substitution, especially for the iron case.

Dopant Positron lifetime Energy cigenvalue
None 159 ps 1.680eV (—)
Fe 2.1% on Cu(1) 158 ps 1.704eV (24 meV)
Fe 4.2% on Cu(l) 158 ps 1.731eV (5] meV)
Fe 8.3% on Cu(l) 156 ps 1.790eV (110 meV)
Ni 8.3% on Cuf(l) 157 ps 1.745eV (65 meV)
Ni 8.3% on Cu(2) 160 ps 1.691eV {11l meV)
Zn 8.3% on Cu(1}) 158 ps 1.704eV (24 meV)
Zn 8.3% on Cu(2) 159 ps 1.684eV (4meV)
-5174.0 | (a) L. e (b 1i{e) b
Sia0t, ° S | S | SRR
= -t —+—— t—t—t—+
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0 006 020 0,09 0 009 0.03. No transition was observed for nickel and
Fe Content x  Ni Content x Zn Content x zinc substitutions.

4. Positron lifetime measurements

The positron lifetime spectra were measured using a fast—fast lifetime spectrometer with
aresolution of 190-220 ps full-width at half-maximum (FwHmM). The positron source was
prepared by depositing a ?NaCl solution on a 7.5 um thick Kapton sheet and covering
it with another Kapton sheet. The measuring temperature was controlled between
20 K and room temperature using a helium cryogenic apparatus in a vacuum chamber
with a heater, and it was monitored with a2 Au(0.07 at.% Fe)/Chromel thermocouple.
About 10° counts were accumulated for each spectrum.

The obtained spectra were analysed using the PATFIT program [47] and divided into
two components besides a source component. The short conponent, which is denoted
in the following as 7, is considered to be the positron lifetime in the bulk state which is
modified due to the existence of positron trapping into defects. The long cne, denoted
as 1, is the lifetime in the defects. The intensities of these components are denoted as
I, and I,. The mean lifetime 7., is obtained as 7., = 71/; + 7:/5. The bulk lifetime
Tou Was calculated, assuming the validity of the simple two state trapping model, as
Touk = 111/T + £/ %) ~". The resultant temperature dependences of the positron lifetime
parameters such &s T, Tpeans Toui and f; for non-doped, iron-doped, nickel-doped or
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Figure 6. Resistivity-temperature curves for (@) non-doped, (b} Fe-doped, {¢} Ni-doped and
(d} Zn-doped specimens. Resistivity increases with cach increasing dopant content while the
temperature coefficient decreases.

zinc-doped YBCO are shown in figures 8-11, respectively. We have summarized the
important features in the following.

4.1. Non-doped vBco

The mean lifetime 7., shows an increase from 193 ps to 203 ps in the temperature
region of 20~100 K, and keeps nearly constant between 100~180 K and then decreases
by approximately 20 ps as the temperature increases to room temperature. Such behav-
iour was also observed in the temperature dependence of the .S parameter [14, 16, 18,
19]. The defect-related component T, shows a step-like increase from 215 ps to 230 ps
and this transition region is ranged between 50 and 100 K. This change reflects the
thermal variation of Ty.,,. The bulk lifetime is almost a constant value of 175-180 ps
below 100 K, while, above that, it shows a slow decrease. It can be seen that the former

belongs to the first-type category mentioned in section 1 while the latter belongs to the
second-type.

4.2, Iron-doped vaco

Systematic variations of the thermal behaviour of Ty, with iron substitution are

observed as in the preliminary work [28, 29]. The temperature range in which T,
increases is expanded and shifted towards a higher temperature. This corresponds to
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nickel and zinc doping, while, for iron doping, the Tmeun ShOW a step-like increase between 50 and
T, variation is small in the range of x < 0.03. Zinc 100 K, while Ty, has a slight decrease above
shows a remarkable T, suppressing effect. 100 K.

the variation of 7. The decrease of 7,,.., above 180 K is removed with the iron doping.
The bulk lifetime is also affected by the substitution but less dramatically. Its temperature
variation curve becomes structureless with the substitution.

4.3. Nickel-doped vBco

The thermal behaviour of 7., is altered little by the substitution. The convergence of
T, (as well as 7;) is not so good, probably reflected by the existence of various con-
figurations of defect-impurity. Values of t, at room temperature are not shown in the
figure. The values are in the range 270-300 ps and show a discontinuous leap at 240 K.
However, this is considered to be an artefact in the fitting procedure due to the small
value of its intensity /5. Such a leap was also observed in the 3% or 6% zinc-doped
specimen. The nickel substitution effect on the temperature~t, curve is ambiguous,
which is different from the results for the iron-doped YBCO. On the other hand, 7y,
showsa very distinct substitution dependence. With dopingofx = 0.03, the 7, decreas-
ing region is extended to a lower temperature compared with the undoped specimen.
The temperature variation curve is nearly structureless at x = 0.06. At x = 0.09, the
increase in the low-temperature region (<80 K) becomes distinct.
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Figure 9. Temperature variation of positron lifetime parameters in Fe-doped yBco.

4.4. Zinc-doped yaco

The temperature variation curve of each parameter shows a similar x-dependence as
for the nickel-doped specimens although zinc is quite different from nickel in the T
suppression effect. One distinction is the noticeable variation of the absolute value of
Tpu With x at higher temperatures.

5. Discussion

As for the positron distribution in the perfect crystal of pure YBCQ, the present results
are in rather good agreement with other results reported by several groups [16, 48-52).
The calculated positron lifetime of 159 ps is the same value obtained by Jensen et al [48)
while the experimental value at room temperature is ~170 ps in the present work. The
discrepancy between the experimental and calculated values is thought to be mostly due
to the oxygen deficiency.

The distribution of positrons trapped at an isolated oxygen vacancy is extended over
aregion of 5ay X 5b¢ (ay, by lattice parameters) in the ab plane. If all oxygen vacancies
are isclated, non-stoichiometry ranged between 0.05-0.10 means that there is one
vacancy per area of 3ay X 3b¢—4.5ay X 4.5b,. In this case, a positron state centred on a
vacancy overlaps and there is no longer a localized state. Then, in the real material, with
oxygen deficiency y = 0.05-0.10, the positron lifetime in the bulk is expected to be
close to 170 ps corresponding to the isolated oxygen vacancy. If aggregation of oxygen
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Figure 10. Temperature variation of positron lifetime parameters in Ni-doped YBCO.

vacancies occurs, the volume in which one cluster of oxygen vacancies is expected to
exist will expand while the positron distribution itself will be confined. A localized state
remains for such a case. The thermal energy corresponding to room temperature is
25 meV. Since the estimated positron binding energies to the oxygen vacancy clusters
are 70-270 meV and are not so large compared with the thermal energy, thermally
activated positron detrapping should occur in the experimental temperature range
between 20 K and room temperature.

Asforotherdefects, e.g. cation vacancies, Jensen et al performed similar calculations
and predicted lifetime values of more than 200 ps [48].

Impurity substitution effects were also examined by Jean et a/[51) and Bharathi ez af
[52]. Both concluded that zinc substitution causes a change of positron distribution from
an almost localized state between Cu—O one-dimensional chains to a rather uniform
one, Their conclusion is in contrast with our result which shows little change of positron
distribution with zinc substitution. In part, the discrepancy seems to be owing to an
extremely high substitution concentration assumed in their calculations.

If we assume two types of positron trapping centres (shallow and deep traps), the
step-like increase of 7, can be interpreted as follows. 1, is a weighted average of positron
lifetimes at both defects. At low temperature, each defect traps a positron with a
probability which is determined by the concentration and a specific positron trapping
rate of the defect. When the temperature increases, thermal detrapping from the shallow
traps occurs above a certain temperature and the contribution to the total event from
annihilations at the shallow traps begins to decrease. Generally speaking, the lifetime
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Figure 11. Temperature variation of positron lifetime parameters in Zn-doped yeco.

of a positron trapped in a shallow trap is shorter than that in a deeper trap. Then, r,
would show a step-like increase,

Another possible interpretation for the step-like increase of 1, employs only one
type of defect. In this case, the transition of T, is ascribed to a variation of the defect’s
charge state. Corbel e af claimed that detrapping of a positron from the defect, cor-
responding to the lifetime of about 225 ps, is unlikely because a higher binding energy
is expected for such a long lifetime and they supported this one-defect model [21].
However, it should be noted that, in the two-defect model!, 7, is an average value of the
two lifetimes and we can assume one is nearly equal to the buik lifetime. From this point
of view, the detrapping is likely.

The present results of iron substitution support the two-defect modef. The theoretical
calculation predicts that iron substitution enhances the energy eigenvalue of a positron
in the bulk state. Since the energy of a positron trapped at a defect is determined only
by the local environment, we can use the value of a non-doped material in a dilute region,
The binding energy between the positron and the defect is expected to increase with iron
substitution. The experimentally observed shift of the transition region of 7, can be
explained by this effect.

Another iron substitution effect is the elimination of the decrease of Ty, in the
range 180-300 K. This decrease can be attributed to the positron detrapping from the
deeper trap [19]. Because of the same reason as in the case of shallow trap, the binding
energy between the positron and the deeper trap is enhanced with iron substitution. For
thisreason, the region in which 7., decreasesis shifted out of the measured temperature
range.
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In contrast with the iron case, such shifts were not observed for nickel or zinc
substitution. This is quite reasonable for zinc because the estimated differences of the
positron energy are small. As for nickel, the estimated difference for substitution on the
Cu(1) site is considerable. Then, a large part of nickel should be occupying the Cu(2)
site.

Finally, we discuss the temperature variation of 7y,;. A positron lifetime in the
superconducting state has been treated theoretically by several authors. Previously,
Dresden proposed enhancement of the positron lifetime in the superconducting state of
metals [53], but subsequent experiments did not find any variations of the positron
lifetime [54, 55]. Tripathy and Bhuyan also estimated positron lifetime in aluminium
and concluded that the lifetime in the superconducting state should be 10* times longer
than that in the normal state [56]. No experimental confirmation, however, has been
obtained. After the discovery of the oxide superconductor, several theoretical modeis
have been proposed to explain the distinct variation of positron lifetimes. McMullen
performed an estimation in terms of Bcs theory and claimed that the observed lifetime
variation cannot be explained by a model based on BCs theory [57]. He also tried another
calculation based on the RvEB model [58]. Although this model can reproduce the
lifetime—temperature curves obtained on YBCO single-crystal [24] as well as other oxides
(59, 60), some difficulties still remain. Chakraborty noted that annihilations occur pre-
dominantly with tight-binding core-like electrons and introduced a model in which heavy
holes are assumed to distribute on the two-dimensional lattice [61]. He expected that the
overlap of a positron and the tight-binding electrons will be altered by hole condensations
accompanying the superconducting transition. The above-mentioned models focus on
the correlation between a positron and electrons. Jean et af [51] as well as Bharathi er al
[52] proposed a so-called charge~transfer model. They claimed that the temperature
dependence of positron annihilation parameters below T, can be understood in terms
of an electron density transfer from the planar oxygen atoms to the apical oxygen atoms.

Trux Measured in the present work shows a temperature variation not only in the
superconducting state but also in the normal state. In pure YBCO, Ty, is nearly constant
in the superconducting state, while in the normal state it shows a smooth decrease. On
the other hand, 7, shows a distinct increase between 20 and 70 K in 9% zinc-doped
YBCO, although the specimen is not superconducting in the measurement temperature
range of 20-300 X.

In pure YBCO, as well as in low nickel or zinc content specimens, each curve seems
to have a shoulder or a hump near 7... On the other hand, there is no definite structure
for iron doped samples and, in 9% zinc-doped samples, the 7, —temperature curve
shows a shoulder at a much higher temperature than T..

It seems to be impossible to explain the variation of 7, in the normal state in terms
of the pairing itself. The models based on the BCS theory [56, 57] or hole pairing [61] are
not able to be applied to interpreting the current results, especiaily the result for a 9%
zinc-doped specimen. Although the only model to explain the variation in the normal
state is McMullen’s model, which is based on the rRvB theory [57], it still contains some
difficulties—as mentioned above. Besides the correlation to the superconductivity itself,
there are some possible origins for the variations of 7,,,;: (1) an electron density variation
resulting from structural change, charge transfer or redistribution of positrons, (2)
variation of the positron—electron correlation, and {3) a large anharmonic oscillation of
the O (1) ion on a one-dimensional chain [16]. Quantitative treatments have not yet
been accomplished.

Jean et al also examined the substitution effect on 7., in the case of zinc and gallium
{51]. They reported a 7y, variation with substitution at room temperature from ~190 ps
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for the pure sample to ~130 ps for the 7% zinc-doped sample or ~210 ps for the 7%
gallium-doped sample. Such a variation seems to be too drastic, however.

Asfor the temperature variation of Ty, in YBCO, there are, so far, a few experimental
reports [24, 29, 51], which differ from each other. Theoretical explanations still remain
in a semi-quantitative regime.

6. Conclusion

We have carried out measurements of the temperature variation of positron lifetime
parameters in YBay(Cu,. ,M,);0,_, (M = Fe, Co, Ni). The defect related component
7, shows a step-like increase in the temperature range of 60-100 K on the pure sample.
When accompanied with iron substitution, this transition region was shifted to a higher
temperature. On the other hand, no such shift was observed in the nickel or zinc
substitution case. These phenomena can be plausibly interpreted in terms of a thermal
escape of a positron from a shallow trapping centre and a variation of the positron—
defect binding energy with impurity substitution. We have also observed systematic
changes of the temperature variation curves of 7y,,. Further work is needed to reveal
the origin of these changes.
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