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Abstract

The effect of oxygen conten{f007< d < 064) on six samples of high temperature
superconductor (HTS) BE$rnCaCuyOs. (Bi:2212) was studied . As the sample oxygen
content increases the value of condensation engrgf) (which are calculated using the
electronic specific heaC and the entropys8f the superconducting phase) increases at the
overdoped region E. (0) shows a maximum at the optimal doping (whére 035 and the
hole concentration in Culanes isP,, = 0.167hole/ CuO,)), at underdoped regioR,. (0)
decreases because of the effect of pseudo gap motinal phase.
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Introduction :

The discovery of superconductivity in layered ceppxide compounds came as a
great surprise, not only because of the recordgh tmansition temperatur@€. , but also
because these materials are relatively poor metals at high doping levels [1] . the possible
importance of inhomogeneity in the physics of higimperature superconducting (HTS)
cuprates has been stressed since their first disgodespite their highly variable disorder the
cuprates display a universal phase behavior [Béir physical properties vary systematically
with doping in much the same way for each compaunodided that the disorder lies outside
of the active CuO2 planes [3].

We calculated theE., which is known as the difference in energy betwéee
superconducting and normal states [4], for six Bi2 samples [3] at temperature from Ok to
265k with changing oxygen content(007<d< 064 Jrom C, and S; of the
superconducting phase . Whadewas changed in small increments by annealiredeaited
temperatures in an appropriate oxygen partial preg$].

Results and Discussion:

Fig.(1) shows the calculated electronic specifiati@, for a series of doping
states for Bi:2212(007< J < 064 yersus temperature T, for the superconductingeltize
following relations were used ;

Ca =311 [6] -1
And for the normal phase ;
Co =41 . (2)

It is clear thatC, reaches a maximum peak®t . The increase of oxygen content in
these samples at overdoped regigli)?sés 035 caused the increase af. and the

specific heat coefficient valuegT) =50 in this region . The dashed curve in fig.(1) desot
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the optimal doping = 035 where B,, = 0.167(hole/ CuO, ). Values of P were determined
from T, values by using the approxmate parabolic phasfecm' (P), given by [8];

T.(P)=T., [1-826(P-016)2] =-mem- 3)

The values off. and y of the sample which were used in this work, weublighed
by Loram and et al. [3] . We noticed that &g in the Fig.(1) reaches a maximum at optimal
doping, depending on the values f and y, which it reaches the maximum at the same
doping too . Such behaviour, seen also in La:214][1Bi:2212 (20% pb) [10] and
YBCO:123 (0, 20% Ca) [11-13], are generic to thprates.

In the underdoped regiorf035< J < 064), we noticed thatC_ values decrease,

because of the normal state pseudogap opens Bb{lpt12,14].
Plot of the calculated entropy S(T) are showniga 2) for a series of doping
states of Bi:2212(007< 0 < 064 Yersus temperature T for superconducting phasejsed

the following relation to calculate S(T) [15,16]:
T
C
SM=|= —---(4
(M f = (@)

For P>P,, (where P, critical doped andP,, = 01%oles/CuO, at doped
o = 019) the normal state (NS) entropy(®) extrapolates to zero or posmve values at T=0,
as for a conventional metal with a constant NS DQ®wever blowP,,, and coincident
with the collapse of the specific heat jump (Fig.(1

Fig.(3) shows that the condensation energy foo remperatureE. (Oyalues (which
TC

was calculate using the following equatid. (T ) =%J'[CGS(T)—SS(T)]dT [11]) increases
0

at overdoped region, and they reach the peak amalpdoping, then they decrease at

underdoped region.

We can conclude that the large effect of changirggen content on the values of
E.(0) for Bi:2212 samples depends on its effect on thiees of T. and y, where the
E. (0) depends on th&. and y values, pursuant to the equation [11]:

1 ¢
Eo=gfem]Ss@ar 5)(

The condensation enerdg. (0) shown in Fig.(3) peaks sharply &, rather then
. For P> P,, the decrease ifE. (0) satisfies the relatiorE, (0)/ y, TS = 048 expected

opt.
for a BCS SC with a flat DOC.
The maximum value ofE. (O)at optimal doping § = 035) is because of the

vanishing of the energy gag, at this region Fig.(3) a€,(p)/ks =9801-P/P,;) (K),
where P,, = 0.167(hole/CuO,), and the transition temperatufe reached to its maximum
value (T¢ ... )- Similar studies used such valuesdffor both Bi:2212 (20%pb, 15%Y) [5]

and YBCO:123 [17] and got the same results.

For the underdoped region, whele< P ( 6 > 035 ), the E. (0) values decreases
because of the decrease of value3ofand y . 'Iphls decrease foE. (O) values, indicates that
there is loss in energy resulting from the existeatthe energy gap in this region, this is in
good agreement with [13,15-18]. The effect of tiseyzlo gap appears, when the values of

P

crit.
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E, begin to increase in this region and the valueg aficreases in the sample which leads to
decrease the hole concentration in @utnes @), which effects directly and grievous the
condensation energy (measure for condensate coUip&i7].
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Fig.(1) : Thedectronic specific heat C, for a seriesof doping states of Bi:2212
(007< 0 < 064) vstemperatureT ; dashed curve denotes optimal doping (J = 035).
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Fig.(2) : Theentropy S(T) for a seriesof doping states of Bi:2212 (007< J < 064) vs

temperature T ; dashed curve denotes optimal doping (6 = 035) .
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Fig.(3) : The T, [3] . E, /k; and E. (0) valuesvshole concentratioP(hole/ CuO,)for
Bi:2212 samples.
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Fig.(4) : Theeffect of changing oxygen content o on thetransition temperature T, [3]
and condensation ener gy of zero temperature E. (0) valuesfor Bi:2212 samples.
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Fig.(5) : The changing of energy AE(T) equ.(5) for a series of doping states of Bi:2212
(007<J < 064 vs temperature T ; dashed curve denotes optimal doping (J = 035)
and the condensation energy of zero temperature E. (0) values.
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