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ABSTRACT
The erffect of Joping &hs hiph temp
superconducting  systenp V-Ba~-Cu~0 wilth
(Aol is analysed. A series of
specipens af the system (Vi Baz Cug 2D r_nb
with x=0.¢, ¢.07, 0.04, 0.08, 0.08 and
Ne a3 ! The D.C. Electrical resi
he ad insgt tepperature
ran &2 & =K '
The r yedncreasss the eoriticsl
tep ¢ ik the B.C. sisctrical
res zero, &Hut this increass
ig Japing also decreasss the
nar d stance  mponatanzusly. in
order to throwm soms 1ipght on this Sebhsviour X-
Eterns For the sapples  were

ray diffracidion pa
obtained.

INTRODUCTION:

The numbex of publications in
field of superconductivity is more

previous 75 years since the discove

at Tc = 4.15% by Onnes in 1911.
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The discovery of superconductivity with Tc = 30°K in the

oxide La - Ba -~ Cu - 0 by Bednorz and Muller [1] in 1986'7has
attracted the attention of all the scientists interested in the

field of superconductivity. This has been followed by & flood of

intensive research to understand the phenomenon and characterize

the materials or to look for new materials. Then Zhaco et al [2]

of

and Chu et al [ 3 ] have started a new Era by the discovery

the first hiéh temperature superconducting system Y-Ba-Cu-0

with Tc = 92°K, which can be used at liquid nitiogen temperature

for the first time.

Then the research for increasing the Tc for the systems La-Ba-

Cu-0 [ 4 ] and ¥-Ba-Cu-0 { 5 ] ‘has soon followed, and we have
participated in this race [ 6 - 12 ]. One of the technigues used
doping with

to increase the Tc in those known compounds is

different elements.

. Sai died t t
Y Saito et al [ 13 1 has studied the system (Baaz LéLﬁ 3A%r
cQtlrngnd reported that a small Ag amount with x < 0.1 increases
the To Wil sespect vo pure parent SYSTeEm psoe . 537 1 Yi.

-

Another results obtained by the same author ([ 14 ] show that Tc

decreases for x > 8.1 in the system YI Baz Cui_r Agx O?:S sy‘stem.

This had led us to investigate a series of ailoyed

i i 0.0
compound (YIBaZCus_)I_x Agx 0;!..8 with d;fferent values x from

to 0.1 in which copper sites in the compound are partially
occupied by Ag atoms. We report here the results of the D.C.

electrical resistance measurements which allows a direct
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into pellets for the final sintering at 940°C in a flov of air

for 12 hours. The pellets were cooled down to room temperatuzre
with a cboling rate of 150‘b/h.' v '

vPart of each sample vas successfuly checked for

superconductivity using magnet levitation at liquid nitxogen
temperature. And oxthorhombic phase was confirmed by X-ray
diffraction patterns using Cu Kox - radiation as shown in figures

. €2,3 and 4) for all the samples.

b.C. Electical Resistance results, fiqure (5), vere obtained

light pressure contact

The

using the four-probe technigue Wwith
electrodes at 5 wA using Keithly constant current source.

voltage drop was measured using Keithly nanovoltmeter. The sample

inserted in a liquid nitrogen cryestat under vaccum. The

resistance

wvas.

temperature was detected simultaniously by platinum

thermometer PT-100 with an accuracy +/- 0.1 °K. A1l the

measuremnents were controlled by using PC computer.

RESULTS AND DISCUSSION:

X-ray diffraction patterns'were ebtained foxr the six samples.
The diffraction patterns do not show extra phases other than the

dominant phase YJ Baz Cu3. qz_sl_lsalm at the lower percentages of

o
Ag, but on increasing Ag content an extra peak around 26 = 39
starts to develop and it belongs to the pure Ag phase [13 & 141.
Comparing the X-ray patterns with other patterns representing the

phase 123 YBCO [ 15 & 16 }, shovs that for small valuss of x some

e
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copper sites are actually substituted by Ag ions to form newvw

alloyed compound system (YI BaICu’;»)I_x Agx O?_S. This has been

confirmed since there was no change in the detected jideal phases
{ 13 & 14 1.

Temperature .dependence of the reduced resistance £for the

samples with x equals 0.0, 0.02, - 0.04, and 0.08 are shown in
figure (5). The data showv that the‘zésistance linearly decreases

with the decrease in temperature from 3do°K to 100°%K for all

samples under investigation,Awhich means that they show metallic

behaviour. In general doping increases the c¢ritical temperature

* Tc " and the pésitive température éoefficient, but it should be

cut that the increase of Tc was not monotonous. The

pointed
sample with x = 0.02 shows a higher ¢ than the  other
compositions. This composition also shows . a sharp

- . - &
superconducting transition region which is as narrow as 3 k-

compared with other compositions, figqure ( 6 ). -This indicates

that the orthorhombic phase occupies the most of sample matrix
volunme.

Although in other work [10] for similar compounds prepared

with different technique and measured under 100 md A.C. current,

the highest Tc was reported at 4% Agt concentration, which

reflects the fact that this class of materials is very sensitive
to the method of preparation. : ' '
in figure ( 6 ) the Tc  superconducting transition

temperatures are plotted versus Ag ;oncentrations {(x}. It |is
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‘intsresting to notice that Tc values | increase with small
concentrations of Aé.t This fiqd:é also shovs that the 4sanples

vith x = 0.04 and 0.08 are found to be superconducting and that

Te's are very ¢lose te each othex.

We ®may say that doping the high tempezatures superconducting

systern YBCO with a small pezcentage of siiver increases the To
and leads to & better superconductor and the best detected
Increasing the

superconductivity is obtained at x = 0.02.

peccentage of silver above 10% will lead to a decrease in the Tc

l. Introduction of monovalent siliver in place of mixed
Bnay

value [ 14

valent Cu is expected to cause large charge imbalance wvhich

L 4

modlify the Cu J /
an? increases with it { 17 and 18 }.

24 ces
Cu tatio, Dbecause the 7Tt is verv sensitive to

this ratio

In the oxide superconducting systenA?-Ea-Cu-o the Cu appeares

S+
in tve gites, ¢the first site is trivalent Cu and is directly

responsible £or the supercsaduectivity and the other site is

2e
divalent Cu and i{s indirectly related toc the superconductivity

[-15 ]. That is vhy it is expected that vhen a2 small fraction of

like Ag, substitutes the ¢u2+, Tc increases

it may occupy

foreign aetal,

slightly, but on: increasing the Ag higher than 10%

E23
the Cu site wvhich consequently dacresases the Tc. Moreover

according to the many bodvy theories of the cuprats.

superconductors { 18 | vhen a small fraction of divalent Cu + in.
the parent 'eo'apo"und is geplaced by a monovalent silver, charge
" salence sequires that electrons be'taken avay (or holes added to)
Cu-C planes. The added holes are aobile end they are sesponsible

70
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for the superconductivity.

‘This can ‘be interpreted in ierms- of the . superconducting

‘zlectrons which may be formed Py the created .holes ~with the

excess iectrons of monovalant silver to create electron -.hole

symmetry. This*;condition»operates well till the @ monovalent "Ag

: 5+ . . N
slectrons ettack the " Cu site to reduce the . probability of
forming superconducting electrons, &his in turn reduces the Tc

above 10% Ag concentration.

CONCLUSION:

We may .conclude that doping. the high"  temperature

small percentages of

ilver up to..2% will increase the Tc but heavely doping  with

[}
pue

highér percentages will lead to a decrease in the Tc.

.
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PICURE ( 1 )
Sepercondgacting transition tenbetathre as a function oi Ag
content, when sintered at 1050 °C (circle) and at 1000 °C
(triangles). The measured points paczenthesized on the abscissa

rean non-superconductivity above 1.5 K.
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FIGURE { 6 )

The parameters of the supercondncting transition tempezature TC
as a function of the siiver content irn  ths systen under
investigation.
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