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The influence of carrier density on the critical temperature of layered superconductors is studied by
using the real dependence of density of states on energy in the framework of ordinary BCS model. It is
shown that such a model is in agreement to known experimental data for La,,Sr,CuO,; and YBa,Cu;0O,
superconductors for the dependence of the critical temperature on the dopant concentration and oxygen
deficiency, correspondingly.

INTRODUCTION
In connection with the anisotropic structure of high temperature superconductors
(HTSC) properties of layered superconductors are widely discussed now. It is already
established that the critical temperature of HTSC is very sensibility to the oxygen
deficiency or dopant concentration, which determined the occupation of the conductivity
band [1,2]. The property of layered superconductors was investigated in the framework
of phenomenogical Ginsburg-Landau theory [3] and in the microscopical Eliashberg
theory [4, reference therein]. The purpose of the present note is to analyse the critical
temperature dependence on carrier density for layered SC. In this connection we will use
the ordinary theory BCS taking into account the real dependence of the density of
states on energy.
BASIC EQUATION
The dispersion of charge carriers in layered superconductors is given by [5]:
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where the first term represent the dispersion along layers, ¢ -is the transfer matrix from
plane to plane, g- chemical potential for the given carrier concentration n;i=1. The
equation for the critical temperature [6]
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(where ¢ - the attractive constant of between carriers in the frequency interval @,nearly
H,N(&)-density of states) must be solved by together with equation for the chemical
potential. According to [7] density of states given by the formula:
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Relation between carrier concenuation and chemical potential under fixed
temperature is determined by the equation:
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where z =p_d.In the case degenerated electron gas we can carried out integration in (4)
analytically. For u2 4t equation (4) simplify to:
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where n, = ——.Inthe case u<4t we have next formula:
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where z,(n)can be defined by solution of next equation:
n_ (sinz, —z,coszy) @

n, T

Equation (6) given us non-appearance form of the u(r)function. It is obviously that in
all case u increasing by the increase carrier density n.

Using asymptotical formula for the density of states (3), and using condition BCS
®, << p, we have get next formula for the critical temperature 7, for the case y <4¢:
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For the case u2 4¢ critical temperature is equal
T, =T, €)
where T, -critical temperature for the two-dimensional superconductors.
RESULT

How following from the formula (7) by increasing u, T, is increased and at
u =4t arise saturation. We can see that for the small chemical potential critical
temperature 7, is extremely sensitive to changes in the carrier density and we take this as

an indication that our model is also capable of a qualitative description of doping effects.

It is necessary to note that in the case three dimensional SC [6] dependence density of
states has a square root character and can be neglected in calculations

due to high value of chemical potential. The measurements [8] shows that for the
La, Sr.CuO, at x=0.1 u4=0.046 eV and at x=0.15 x=0.1 eV, t=0.015 eV. Fig.1

shows how the carrier concentration and there fore affects the critical temperature. These
results support by experimental dates in this system. The cross are data from M.W.Shafer
et al as determined chemical method [9]. The hole concentration equals the Sr
concentration to about x=0.15. At small x Sr is distributed proportionally and by
increasing Sr lead to increasing of the hole concentration in CuQ planes [10]. For
x > 0.15,the only partially position is occupated by the Sr atoms and oxygen vacancies

are formed. As result hole concentration n and 7, decreases.
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For the Y Ba, Cu,0, measurements shows that p=0.1eV, t=0.05eV [11]. It
means that g close to the region of rapid change N(E) for small changes in g or in
carrier density. Fig.2 shows T./T,, vs the hole concentration. This behavior is an
agreement with actual experimental situation in Y Ba, Cu; O, . The experimental results
are data from [12] as determined by Hall measurements.

Fig.2.
The dependence of the critical
temperature on the carrier
concentration for YBa;Cu;0,.

CONCLUSION
The special feature of Fermi surface model [1] finally allowed to study the influence of the
carrier density on the critical temperature for layered superconductors. It shows a
saturation effects in T, with increasing carrier density which is in qualitative agreement
with experimental observation in systems.
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LAYLI IFRATKEGIRICILORD® DASIYICILARIN SIXLIGININ KRITIK TEMPERATURA T9'SIRI
i.N. 8SGORZAD3

BKS modeli daxilinda hal sixhdinin enerjiden asiliigini nezsre almagla dagiyicilann sixhidinin
kritik temperatura ta'siri Oyranilmigdir. GoOsterilmigdir ki, bele model La;,Sr,Cuy; Vo YBa,Cu;0,
ifratkegiricilori Uglin kritik temperaturun dopantin va oksigen defisitinin konsentrasiyasindan
asihihidint gosteren tacriibi naticalerle uyJuniug teskil edir.

BJMAHMUE IVIOTHOCTHU HOCHUTEJEN HA KPUTHYECKYIO TEMIIEPATYPY CJIOMCTHIX
CBEPXITPORQIHUWKOR

H.HACKEP3ALE

B pamxax ofpiqHeifi teopuu BKU!I ¢ yueToM peanbxoli 3aBHCHMOCTH ILIOTHOCTH COCTOAHMM O

JHEDrHK MoclenyeTos EBEAHAHHE NIOTHOCTH uHocuTenelt Ha KPHTHMCCKYIS TOMIERATYPY B ChNOHCTHIX
CBECPXIIDCBOHHEAX, HOK&E&HQ, 4YTO 38BHCHMOLTE: E‘('pi‘.T'ii‘iECKi‘}f TCMICPATYPLI 07T KCOHUSHTpAUHH [OonanTa

WIH KHCIOPOJHOTG AeQmiira mii La,,SrCuss # YBaCu;Op CBEPXIPOBOIHHKOB B TakoH Mogenu

Haavgnicd b ;\Q}}Gi‘jjéh.i CULALK L SRCTISPHMTR LaJibRDiM L AdH HbiM k.

98




