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OXYGEN DEFICIENCY § AND ITS EFFECT ON 7'¢ IN SUPERCONDUCTING

Y1BagCugOy_g4

K. Iguchi, Y. Soga, K. Ando, T. Saito, K. Shinagawa and T. Tsushima

Dept. of Physics, Faculty of Science, Toho University, Funabashi, Chiba 274, Japan

Abstract. — Y37 jon is substituted with Ca?t ion in Y1BasCnuzO7_s, where the ionic radii of both ions are almost the
same. The substitution does not change the average valence of Cu ion, but the amount of oxygen deficiency § increases
linearly with z up to = 0.15. Crystal structure, critical temperature T, magnetization, 8, electrical resistivity, and Hall
effect were measured for the Ca system, and an abrupt increase in Hall mobility x4 was observed at § = 0.56 corresponding

to the sharp change of § there.

Introduction

In an attempt to explain the physical mechanism
of the high T¢ in Y1BazCu3zO7—s (YBCO), an Y**
ion is substituted with a Cat ion, where the ionic
radius of YT is almost the same as that of Ca®'
(Y®* =1.019 4, Ca’ =1.120 A) [1]. The changes
of the valence of Cu ion and the amount of oxygen defi-
ciency 6 were examined. There have been many inves-
tigations on the possible electrical conduction paths in
Y:1Ba2CuszO7—5 by changing the constituent ions, and
an understanding that the layer of CuOz (O4 or O5
site) in this structure may be responsible for the elec-
trical conduction is becoming acceptable, but it has
not been still recognized as concluding. There was
proposed another possibility of the BaO layer (O3 site)
that has positive holes for the conduction, or that of
maximum Te at the maximum carrier number [2, 3].

In this paper, the effect of Ca?" substitution into
Y3t site will be described to examine the change of
the valence of Cu or that of the amount of deficiency
é.

— 1 T T 7T T T
100+ -
. x—o\os %015 i
2 RN 1
=~ 00 .. € (YixCax)BaCu3Ors
g 80F x00 A ¢ 1
=L i o b
: A
% 60f B A" b
g 3
£ T ¥BaCuOrs  § ]
i Wl (after R.J.Cava etal.) N |
3 S
= h \Aj
S
201 b
0 00 02 04 06

Oxygen Deficiency &

Fig. 1. — Critical temperature ot T¢miq. against oxygen
deficiency § for the systems (Y;—;Caz) BaaCuzOr_s and
Y1BagCu3zOr_s (Ref. [3]).

Experimental results and discussion

All the specimens were made by mixing the starting
materials of Y203, BaCOs, CuO, and CaCOs, firing
at 800 °C for 3 hours in air, and furnace-cooling. Af-
ter that, they were heated at 900 °C for 5 hours in
air, and furnace-cooled. The content z of Ca was cho-
sen as 0, 0.05, 0.10, 0.15 and 0.20. It is confirmed
by X-ray diffraction that the crystal structure is of
the oxygen-deficient three-layered orthorhombic per-
ovskite the same as the starting composition of YBCO,
and that only ¢-axis increases with z above 0.15. The
amount of oxygen of the system is measured by an
iodometry, and the deficiency § was determined for
the system. In figure 1, 7. (midpoint) is shown as the
function of §. The solid curve is the present result
for the Ca~substitution system, and the dotted one is
for the YBCO system [4]. In the former curve, its T.
is higher than the latter for the same value of 6. It
means that the substituted Ca®" releases the O~ on
the O3 layer. In figure 2, the oxygen content (7 ~ §) of
the system as determined by the iodometry is plo\tted
against z, and the average valence of Cu ions as de-
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Fig. 2. — Oxygen content (7 — §) and average valence of Cu
ions against z.
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termined from the measured amount of (7 — §). The
slope of the former against z, A§/Axz is equal to — 1/2:
it means that the substitution of a Y®* jon with Ca®*
ion is compensated electrically with one half of 0%~
ion, and this straight line lasts up to about 0.15 of =.
Above this amount of z, (7 — §) and the average va-
lence of Cu ion decrease very sharply against z, and
it shows that there is a critical value of z to hold the
system superconducting in a rather high temperature
region. It tells us that the vacancy of oxygen is made

on 04 or O5 site continuously between 0 and 0.15 and
z, and above that values of z, the oxygen vacancy is
made on another site (O3 or O1 site). This fact may be
related to clarifing the superconducting path in YBCO
system. In figure 3 are shown both Hall coefficient Ry
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Fig. 3. — Hall coefficient Ry
é.

and Hall mobility u against

and Hall mobility p against §. Ry is always positive
in these system. For the YBCO system after Uchida
et al., Ong et al., and Takagi et al. [4, 5], R increases
against §, and p is almost constant. For the present
Ca system, Ry seems almost constant, too, but as for
the yu, it increases abruptly at 0.56 of §, and it suggests
us that u changes according to its change on different
sites.
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Conclusion

By the substitution of Y% with Ca2+, there is pro-
duced the vacancy of O*~ in the layer of CuQ2, and
it compensates the unbalance of electrical charge. The
substitution does not change the average valence of
copper ion. Such tendency lasts up to less than 0.15
of z of Ca content. At about 0.2 of z, the oxygen
content (7 — &) and the average valence of copper de-
crease abruptly with z. This shows that the oxygen
vacancy does not increase in CuOs layer more than
0.2 (including the first stage vacancy in the layer of
CuO1-5), but it seems to be made discontinuously in
the further layer (BaO or CuOj1-s). It corresponds to
the sharp increase in the Hall mobility p with & of the
present system (Fig. 3), contrary to the constant val-
ues of p in the YBCO system in spite of the increase
in Ry in the same system. The substitution of Ca®*
does not seem to change the initial number of positive
holes in CuO,-¢ layer in the pure YBCO system as
revealed in the Hall effect experiment (Fig. 3).
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