Kparxue coobwenun OHAH N°4(30]-88 JINR Rapid Communications No.4(30}-88
YOK 538, 945

TEMPERATURE DEPENDENCE OF CRITICAL CURRENT
AND 1.V CHARACTERISTICS (IVC) IN THE YBa,CuyO, (Y)
AND Bi, Sr, CaCu, Og (Bi) CERAMICS

V.M.Drobin, E.I.Dyachkov, V.N.Trofimov

The temperature dependence of the transport critical current lcr and
the I-V characteristics (IVC) for Y and Bi ceramic samples has been
measured. For 005 < T/T,, < 1, it was found that I, ~ (T -T)®
for both the types of high -T, superconductors, with a =1.24 and
1.48 (two samples) for Y and a =2.58 for Bi. For the low voltage
region of the IVC (V < 1 mV), voltage and current could be naturally
normalized so that for the nondimensional quantites U = j ) both
for Bi and Y. At the same time a great discrepancy in the temperatu-
re dependence of the characteristic parameters of the IVC fit point
to a quite different process of transport current dissipation in Y and Bi.

The investigation has been performed at the Laboratory of High
Energies, JINR.

TemneparypHas 3aBUCHMOCTh KpUTHYECKOTO TOKa
1 BAX xepamux YBa,Cugq 0,(Y)u Bi,ySrpCaCuy04(B1)

B.M JIpo6un, E.U.lIssukos, B.H.Tpodumon

H3MepeHa 3aBHCHMOCT> OT TeMIlepaTypbl TPaHCIOPTHOrO KPHTH-
yeckoro Toka [ ., M BAX oGpasuop u3 kepamMHK YH Bi. B quamazo-
He 0,005 < T/Tg(p.<1 wia oboux mmmos BTCII I, - (TKp_-T)a,
roe s Y a=1,24u 1,48 (2 obpasua), wina Bi a = 258. lIna na-
yansHeiX yuactkoB BAX (U < 1 MB) Moxaio ectectBeHHbIM 06pajom
BBeCTH HOpMHMpoBKY U #u [ Tak, 9to B Ge3pa3MepHbIX BeTHUMHAX
U=i , Kak mas Bi, Tax u gna Y. B 1o xe BpeMa Golbllias pa3Hu-
1a B 3aBHCHMOCTH OT T xapakTepHbIX NapaMeTpoB NO3BOJIAET CHEIaTh
BBIBO/l, YTO MEXAHM3MbI OHCCHIAKH TPaHCHOPTHOTO TOKa B JITHX
K€ paMMKaX BECbMa Pa3iiH Wbl

PaGora BrimonHena B JlaGoparopux Bbicokux 3Hepruii OHAH.

The four-terminal measurement of I;, (T), R(T) and the IVC
were taken in the set-up which cryogenic part is shown in fig. 1. The
ambient magnetic fields were not compensated. Two samples made of
one Y pellet and one sample of Bi were used. The superconducting
ceramics were prepared by a standard ceramic sintering process, but
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Fig. 1. The lower part of the setup. 1 —
external stainless tube, 2 — insulating
gasket 3 — heat drain for terminals and
current leads, 4 — constructive stainless
tube,5 — current leads, 6 — leak-tight inlets
of current leads, 7, 8 — chamber, 9 —
heat drain, 10 — pumping tube, 11 — sample
holder, 12 — heat screen, 13 — heater,
14 — current electrodes, 15 — sample,
16 — TVO thermometer, 17 — Hall’s sen-
sor, 18 — capacitive thermometer, 19 —
current lead soldering.

without pressure before the final
sintering for Bi. The dimensions of
sample were about 10x2x1 mm?3.
The sample chamber (7, 8, fig. 1)
is leakproof due to a very suitable
cone-cone connection., All measu-
ring wires and current leads pass
through LHe or LN and so keep
the longitudinal heat conductivity
of the insert away. The temperature
of the sample holder (11) is stabili-
zed by a capacitive thermometer
(18) and the thermostabilizer CT-201
(Intermagnetics) better than about
0.1 K within the whole measuring
range from 4.2 K up to T,, . When
the lower part of the insert is immer-
sed in LHe, a power of 15 W is
needed to warm the holder with the
sample (15) up to 60 K. The tempera-
ture was measured by a TVO-thermo-
resistor (16) with an absolute accura-
cy better than 0.7 K at 77 K and
0.05 K at 4.2 K. Two current direc-
tions were used to measure the IVC
with a voltage resolution of 0.1uV.
The contacts were made in the follo-
wing way: a thin Ag film was formed



initially at Y1 and then the leads were soldered by the Wood’s alloy,
for Y2 and Bi the contacts were prepared by rubbing in the Wood’s
alloy and the liquid alloy In-Ga-Sn (T, = +10.3° C), respectively.
The resistance of a single current contact is:

R, Ohm
Y1 Y2 Bi
T,K
293 1,3 <2 2
10 £0.1 5 £0.15

The critical current was estimated graphically from the IVC at a
voltage level of 1V and is denoted as I er.1 - Over the range 0.05 <
T/T < 1 the results can be well expressed by the formula

a
Icr.1 = A(Tcr -T)", : (1)
where T, = 86.3K for Y and T,, = 78 K for Bi. In the InI, - In(T,,

-T) plot the straight line corresponds to (1), as shown in flg 2 (the
current unit is mA). The points marked with arrows were obtained
with the samples directly immersed in LHe. Two points in the circle
demonstrate the overheating effect for Y2 with high resistivity con-
tacts at low temperatures, where the thermal power dissipated in each
contact was about 100 mW. As is seen in fig.3, the critical tempera-
ture estimated from fitting I, (T) by (1) coincides for Bi with that
one obtained graphically from R(T) and differs by 1.7 K for Y. In accor-
dance with (1) and fig. 2, the critical current density can be expressed as:

Y1 I, , (T) =312.10° (T - T)*** [A-cm™

- 1,24 -2
Y2 I, . (T)= 2.98.10 2('rcr - T) [ A.cm ] (2)
Bi I . (T)=3828.10%(T, - T)*® [A.cm™?-

The difference in I, r.a. and in a for Y1 and Y2 may be caused by
heating Y1 while formmg the Ag-contacts ( = 300° C, 5 sec). For the
IVC —measurements a previously fixed current was supphed for a while
of 1-3 sec and the voltage was measured by a digital voltmeter. For these
data processing the IVC were expressed in a double logarithmic plot
InU-In(-1 cr )» Where the units of U and I were in ¢V and mA, respec-
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Fig. 2. lcr. y and [cr. o VS temperature: a)Bi,b)1 — Y1,2 - Y2.
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tively. The value of I, ; was
used as a first approximation for
Ior. A certain value of I, was
found to exist for each T < Ters
when the corresponding IVC can
be expressed in such a plot by a
straight line.This current is deno-
ted as I¢pro . It is obvious that
I.;, Wil be the critical current
for U - 0, if the U(I)— depen-
dence can be extrapolated to
U <1uV. Thus, a number of
straight lines can be obtained

Fig. 3. SN — transition of the samples,
1 —~ Y1, 2 — Bi The arrows show

. critical temperatures obtaind from fitt-
ingl o, (T).
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Fig. 4. The low voltage (U < 1 mV) partsof the IVC: a) Bi, b} Y1.

for different temperatures
(fig. 4). As is seen, these
lines pass through nearly
one point and so the nor-
malized quantities can be
used: u= UM and i=
=(I- Icm)/Io, where U°=
=163 -10% 4V | I =1k
x10® mA for Bi and U, =
=735 #V, I, = 9.03 mA for
Yl. In the newlnu —Ini
coordinates all the IVC pass
through the origin and the
expression for the IVC is
extremely simple:

u =iy(T)

(3)
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Fig. 5. 'Y VS temperature.



The temperature dependences of I, , and 7 are shown in fig. 2 and
5, respectively. A great difference in these curves for Bi and Y is quite
obvious,

Conclusions

For both the types of high-T, superconductors I, = A(T, -T)¢
over the range 0.05 < T/T,, < 1,but forY a <2 while forBi a >2,
It is known that a = 2 corresponds to a SNS-type weak link and so the
transport critical current is probably limited by different reasons in
these ceramics. Although the IVC for Y and Bi can be expressed by the
same formula (3), the temperature dependences of I,, , and Y for
these ceramics are not similar. This points to different processes of
current dissipation in accordance with the previous conclusion.

We are indebted to ©.Zamolodchikov for the ceramics samples
and E.Fischer for usefull discussions,
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