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The muon depolarization rate o was measured in the ceramic

" Bi-sr-Ca-Cu- -0 samples. with’ various contents of the 80 K and

110 K phases. The 1mportance of Justlflcatlon of the relatlon
between‘T .and o (T -+ 0 K) /x 1/A%/ was emphasized in / 1/
The values of o ( obtalned by a standard FC technique. in
the ‘external flelds of 0. 04 0.08 and. 0.2 T and in the tempera-
ture region 10+ 300 K ) were used for estimation /. 2 3/ of

the magnetlc penetratlon depths perpendlcular to the basal
plane:

-for the B0 K—phase:

A,(T = 0 K).= 2300 + 100 & (A (Tuox) 2830 + 130 R)
for the 110 K-phase:’ ‘ ~ -
A (T -» 0 K) = 2030 % 100 & ¢ A&r(TfOK) = 2500 + 130 i)f

The Bi-Sr-Cca-Cu-0 famlly of cuprate high- T 'supercon- -
ductors consists ~of three superconductlve phaSes the first
phase with T, ~ 10 K ‘and w1th e - crystallographic‘ length
of 24 &, the second one with T, ~ 80 K, c ~ 30 ﬁtaud'the third
one with’ T  ~ 110° K and with c'"'37vﬁ.i,We have deterﬁined
the phase contents of all three samples by uSR technique and
have estimated the dispersion <aB?> of the distribution of the
local magnetic fields for 80 K- and 110 K-phases.-

 The samples
Sample I - a ceramic Bi-Sr-Ca- Cu- (o] tablet was prepared by

the modified  citrate method: citric ac1d was "added to the
solution of Bi, Ca, Cu and Sr nitrides ( ratlo 1:1:2:1 ). The
pH-factor was adjusted- to the value of 7 with’ the help of
aqueous solution. of NH3 The obtained m1xture ‘was evaporated
and calc1nated at 830" °c; pressed 1nto the tablet and 51ntered
at - 860 C for 50 hours and at 450 °c for 24 hours at the
pressure of 3 MPa.
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Sample ‘IT / Bi-Sr-Ca-Cu-O / contained 46 little sintered -

tablets, each 16 mm in diameter and 2.5 mm thick, wh1ch were

prepared as follows : After two calcinations at 810 °C for 22 h -

and 15 h the material was sintered at 850 C,for 21 h, fast

cooled in liquid nitrogen, reground and pressed into tablets

which were finally sintered several times (‘at 850.°C ).
sample .III / Bi-(Pb)-Sr-Ca-Cu-O / was prepared. by the

standard powder metallurgy method in the form of a blg ceramic

tablet 40 mm in dlameter and 10 mm thick.
The X-ray diffraction ( XRD )
determine the relative population of -

-~

c ~ 37 & phases in all

analysis was .used to
c " 24 &, <o~ 304,
samples. . The elimination of texture
correction was controlled by measurements in - two planes of
Sample I with the angle 90° and 0° to the texture axis. v
This analysis reveals that '35 % of‘Sample I: are  the 80 K
phase, 5.2 % in the bulk and 8 +
tablet are the 10 K phase with ¢ 7
consists of

16 % near the surface of
24 &. The rest of sample I

impurity ' phases ~ cuo,
(casr) 3Cug0g and CaSrCuO No evidence ( < 3 %) of 110 K—phase
. was detected. :

non- superconductlng

] XRD analysls of Sample II shows that the contents of 80 K
and 110 K phases were 79 % and 21 % respectively w1th only a
small amount of nonsuperconductlng phases. :The X- -ray analysis
of Sample III reveals that the part of 80 K- phase is 1ess than
10 % of 110 ‘K phase..

Experimental results.

The experiment have been performed on the muon beam of the
LNP JINR ( Dubna } phasotron using the conventional transverse
‘field puSR-spectrometer. '
‘ The time spectrum of decay posltrons in the case of
a sample Wlth n phases can be described by the formula (1)
N(t)d— Noexp(—t/tu)[ 1 +i§1aiexp( ojt /Z) cos ui(t+ti)] + N,
. Wwhere ai is the‘ initial ' asymmetry; w; is ‘the  mean‘ muon
precession frequency connected -with the mean  value: of the

Cot 2

magnetlc field in the phase i by relatlon B =W, -7 ;. the muon

ifw v .
depolarlzatlon rate o, is  connected Wlth the value of ‘the
2

;dlsper51on <AB%> of the local magnetlc field dlstrlbutlon ,in

2

phase i by relation 2g¢ H L <AB >, where ¥ is the muon

gyromagnetic ratio. 7 ,
Our interpretation of the' obtained uSR spectra was
performed with the following assumptlons o o
- muons stopped in the sample can be divided into two

groups - those stopped in the B and -

-1 v ; loc = Bext
o, = 0.2 us in the non-superconducting (N ) region and those

stopped in the superconducting phase ( SC ),Awhere'B10c = B y¢
and o; > 0.2 us_l; : ’ '

region, where B

- the muon spin relaxdtion .due to the distribution of.
local magnetic fields in both these regions can
by the Gaussian«tlme dependence,  so the Gaussian approximation
was used as a law of the local field distribution ’

The uSR spectra from Sample I at _temperatures. above 80 K
and those from Samples II and III. at temperatures above 110 K
were described by

be described

one ( N ) Gaussian relaxatlon functlon,
the spectra at temperatures T < Tc were .described by two

( N and SC ') Gaussian relaxatlon functions. - .

The mean value of local magnetic fields on muons in the
N-region -at. temperatures T > Tc was equal.to:the value 'of, the
external magnetic:field B

A small excess of Bloc over B

at temperatures below T;”SaS'caused<by expulsion.of’magneiig’
field from the superconducting regions into the N-regions of
the sample. In the vortex state of type-II superconductors
the B; . value is smaller than the .B

The obtained dispersion of the

ext value.
local fleld dlstrlbutlon

in the N-regions at temperatures 110 + 150 K was practically
constant: .o = 0. 20'us-1 ). A large part of this value was
probably caused by dipole- dlpole 1nteract10n with'Cu nuclei.
The 1ncrease of the dispersion from dN =-0.13 us -1 ~at 250 = 300
K to oy =.0.20 usl at 100 : 150 K is connected with muon
diffusion at higher temperatures The expu151on of the magnetlc

field from the sc- regions into the N- regions causes the sllght
1 .

increase in GN at.temperatures below Tc ( UN = 0.11 us at
65 K, oy = 0.25 us™" at 10 K and oy = 0.16 us ' at 90 K,
oy =.0.27 us-1 at 10 K in Samples I and III respectively ).
- ‘ 7 3 . : . - .
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Fig I. The temperature dependence of »th'e, muon precession
frequencesv (right) and -the temperature  dependence of
the depolarization rates d - (left) for Sample. I

(top) and Sample III (bottom). The lines are guide

to the eye.

A significant part of the <AB%> measured by uSR in the
SC—region below Tc .
the vortex lattice of type-II superconductors.
contributions to <aB?> due to dipole- dipole interactions with
Cu nuclei and due to different demagnetlzatlon factors of ‘the
grains [ 5 ] are of order of few per cent.
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is connected with the field distribution in .
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Fig. 2. The temperature dependence of the penetration depth

obta.ined from Sample I and III muon spectra. The solid

line is the fit by formula. 3).
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The cooling of the sample below s leads to enhancement of .

inhomogeneity of the internal ma'gnetic fields duevto formation
of the ' vortex
depolarlzatlon rate ¢

state. and ' hence to an ‘increase in

2

lattice, one can :connect the magnetic field dispersion' <AB™>

'~ with the penetratlon depth L of type-II  superconductor by

the formula / 4 /
2 .
< aB%2 > = 0.0037 ¢o

off | B 2

=15 Wb is the Amagnetic flux quantum.

where ¢a;1)_x 10
Formula ( 2) is valid only for the cases when the distance
If the. ratio of the

1s greater than 5

between vortices is less than Aogs-

penetratlon depth tensor components A"/A

then A cff Can be related / 3./ to the penetratlon depth’

_L‘- Aeff/l 23. ] 0 .
The experimental temperature dependence of the penetratlon

depth was described by the formula :

component as

'

S

the -
Assuming the régular triagonal vortex .



A(T) = a0) Va-(r/r)t (3)

‘in the temperaturetrange 8 + 75 K ( Sample I data ) and in the
temperature range 10 + 100 K ( Sample III data ). The results
of the flttlng procedure for both A(O) and T parameters ( see

"Fig. 2 ) are as follows

80 K phase T, = 70.7.K A
110 K phase Tc = 106.1 K

= 2830 & A;(0) = 2300
2500 & A, (0) = 2030
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Fig. 3. The superconducting transition temperature.Tc plotted

versus low temperature muon depolariZation‘ rate d(T ->

"0 K) measured in six- Dubha high—T ,ceremic supercon—

ductors. The 's0lid line is the.linear relat1on between

. T, and € (T -0 K) from /I/.
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Uenura’s llnear relatlon predicts a (0) = 1620 & for .the
110 K- phase "The fit of a (T) values taklng from the tempera-
ture interval 80 K < T < 100 K yields a (0) = 2300 &. The sta-
tistical error of the A (0) ‘was 100 A The sample II data .in
the temperature:. range 85 + 110 ‘K= are consistent .with the

results given above.

Fig, 3. shows .the depoiarization rate values U‘(T - 0 K)
for various high—T superconductors obtalned by the same ~manner
from. the Dubna uSR data. The monotonic increase in o (T -+ 0 K)
when'T increases can be seen from' Fig. 3. except for the case

~of 110 K phase Bi-(Pb)-Sr-ca-Cu-0. , » :

Now we don't know the true explanatlon of the remarkable
dlvergence of 'Bi-(Pb)-Sr-Ca-Cu=0 ( -110 K-phase ‘) ‘point from
Uemura’s line / 1: /. In - any case the presence:of 1mpur1t1es
dlslocatlons and another 1nhomogene1t1es can only increase  the
dispersion of the internal magnetic fields and hence it can
only lead to the decrease of ‘the iexperimental A(T --. 0 ‘K)
value. If we take Uemura'’s relation for granted, ‘then the

‘peculiarity of 110 K superconductor may be connected with

another type of the vortex lattice ( e.g. non-triangular ) or
with dlfferences in anlsotropy (e.g. A“/Al,< 5):
References ' ’
/ 1/ Y.J.Uemura, B.J.Sternlieb, D.E.Cox, V.J.Emery,
A.Moodenbaugh, M.Suenaga, J.H.Brewer, J.F.Carolan,
W. Ha‘rdy, R.Kadono, J.R.Kempton, R.F.Kiefl,
S.R.Kreitzman, G.M. Luke, P. Mulhern, T. Rlseman, o
D.L. Wllllams, B.X.Yang, W.J.Kossler, X. H: Yu, H. Schone,
C.E.Stronach, J.Gopalakrishnan, M.A. Subramanlan
A.W.Sleight, H. Hart K.w.Lay, 'H. Tagakl, S Uchida,.
. Y.Hidaka, T. Murakaml, S.Etemad, P. Barboux D.Keane,
V.Lee, D.C.Johnston, Journal de Phy51que, Colloque cs8,

Supplement 12, 49 (1988) 2087
/ 2 / H. Maeda, Y. Tanaka, M. Fukuiomi- and T Asano,

- Jpn.J.Appl.Phys., 27 2 (1988) L209
/ W. Barford and J.M.F. Gunn, Phy51ca 153- 1559 (1988) 691
/ E.H. Brandt, Phys Rev. B37 (1988) 2349 :
/ P.Birrer, F.N. Gygax, B. Hettlch B. Hlttl, E. Llppelt

"H. Maletta A. SChenck M. Weber Phy51ca 158C (1989) 230

- Received by Publlshlng Department
on April 20,. 1990.

7




