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The results on the resistivity and thermopower temperature dependences for thgSi@uQ, (x
=0.05-0.30) system are presented. The experimental data together with the thermopower results of other
authors have been analyzed within a phenomenological narrow-band model. This model was shown to be
applicable to the La ,Sr,CuQ, system that gives a strong support for a narrow peak of the density-of-states
in the vicinity of the Fermi level to exist in the band spectrum of highsuperconductors. Within the
narrow-band model we have determined the main band spectrum parartie¢éetsand filling degree, the
effective bandwidth, and the degree of the charge carriers localizadinth traced their variation with an
increasing Sr content in the La,Sr,CuQ, system. These parameters were shown to change in a different way
in the underdoped regime and the overdoped one that points to a distinction between those two regimes.
Nevertheless we have observed that the critical temperature value correlates with the total effective bandwidth
so that the maximar; at the optimal doping level corresponds to a minimum of the bandwidth. Based on the
results obtained we discuss the genesis of the conduction band in the underdoped regime as well as a mecha-
nism of its transformation in the overdoped regime. The possible reasons for the modification of the super-
conducting properties of the La,Sr,CuQ, system with increasing Sr content, both in the underdoped regime
and the overdoped one are also considered.

[. INTRODUCTION calls for further investigations.
Considering different HTCS’s systems, it is necessary to

Despite numerous studies there is still no clear undernote that in the last few years many authors have assumed
standing of all the processes accompanying the crossovéhne existence of a narrow peak in the density-of-stéd&3S)
from the underdoped regime to the overdoped one in fiigh- function of HTCS’s materials to be responsible for their
superconductors(HTCS’s). To study this question the normal-staté'?and superconductifg '’ properties. Differ-
La,_,Sr,CuQ, system is a very promising object due to aent microscopic models were discussed to clarify possible
possibility to go throughout both those regimes by a graduateasons for this narrow peak formation such as the presence
Sr doping while well-investigated Y-based HTSC's have aof the Van Hove singularity® the formation of a narrow
limited and hardly realized overdoped region. “impurity band” in the Mott-Hubbard gapg?~?*and models

It is well known that La_,Sr,CuQ, demonstrates a non- based on an assumption of the charge transfer by quasiparti-
monotonic dependence of the critical temperafligeon the  cles with a large effective mass2*%°In particular, studying
doping level. With increasing Sr content thgvalue rises in  the Lg_,SrCuQ, system Mamedoet al?® and Bok and
the underdoped regime (08%<0.15) reaching a maxi- Bouvier’ argue thafl, depends nonmonotonically on the Sr
mum at the optimal doping level and then falls in the over-content because the Fermi level passes through a DOS peak
doped regimex>0.15) 13 At present, there is no consensus When the doping level increases. In addition, Rietwldl?®
on the physical reason for the superconductivity to appeastudying the doping dependence of the chemical potential
under Sr doping in the underdoped regime, as well as for thbave concluded that their results can be best explained as-
superconductivity suppression in the overdoped one. Theuming that an increasing Sr content results in the doping of
first question is related to the problem of the proximity of thea narrow band lying near the middle of the gap. However,
insulating and superconducting states in the HTSC's. It is noguantitative estimations of parameters of this peak or band
clear what mechanism plays the main role in an insulatorand the comparison of their variation under doping with
superconductor transition, how the band structure changeshanging superconducting properties are still absent.
under doping and what the properties and main parameters of We have earlier proposed a phenomenological narrow-
the band responsible for both superconducting and normaband model allowing us to describe the temperature depen-
state properties of those compounds are. As for the ovedences of the transport coefficientte resistivity, ther-
doped regime, several approaches have been proposed to exepower, Hall coefficient to determine some band
plain the observed drop of. in La, ,SrCuQ, such as a spectrum parameters, to trace their variation under different
phase instability,a perturbation of the periodic potential in deviations from stoichiometry, and to observe a correlation
the CuQ sheets because of the oxygen vacancies formationpetween the parameters of the charge-carrier system in the
a decrease of the effective magnetic interactions caused byormal state and th&, value?® As shown in our previous
hole doping® However, this question remains still open and publications>®>~32 this model can be successfully employed
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TABLE |I. Lattice parameters and oxygen content of 1.0

La, ,SrCug,.

X a A b, A c, A y :g
0.00 5.396 5.356 13.144 4.03 —g 0.5
0.05 5.371 5.369 13.219 4.02 \; ’
0.10 5.350 5.350 13.220 4.01 g
0.15 5.340 5.340 13.237 3.99 §
0.20 5.335 5.335 13.246 3.95 :
0.25 5.330 5.330 13.260 3.93 o 1'00 . 260 300
0.30 5.331 5.331 13.261 3.90 T (K)

. . ) FIG. 1. The normalized resistance vs temperature for
to study the doping effect in the Y- and Bi-based HTCS's. 'nLaz,XerCuq/.

this paper we show the applicability of our approach to the
case of La-based HTCS's and use it to discuss the banglamework of this modei®3° For this reason, in order to

genesis and band spectrum transformation in L&KLCUQ,  optain reliable and more detailed information for further
in comparison with changing superconducting properties iynalysis, in addition to our data we will use the experimental

both underdoped and overdoped regimes. results on the thermopower available in publications of other
authors>®3"who have also used the standard ceramic tech-
Il. SAMPLES AND EXPERIMENTAL DETAILS nigues of sample preparation with some differences in an-

o nealing regimes.
The resistivity and thermopower measurements were per- g reg

formed for a series of La ,Sr,CuQ, ceramic samplesx(
=0.05-0.30). The samples were prepared by the standard !ll. RESULTS AND THIER ANALYSIS WHITHIN THE
solid-state powder processing technique. The high-purity NARROW-BAND MODEL

powders of the respective oxides (g, SrO, CuO) were

ved in th red " d 4. The mixt For the undoped sample the resistivity demonstrates the
Mixed in the required proportions and ground. The mix ure:épical semiconducting behavior increasing strongly as tem-

were calcined at 970 °C for 20 h, reground, then pressed int
. - . erature decreases and the absolute value of the ther-
pellets and sintered at 990 °C for 20 h. Finally, the pellet opower is big ~200—250.V/K). The temperature de-

\évaeé: gf;f dd dlgvxtlr(])\t/\gr;gocr)r)]({g?nn :rtaétlusr% ilr?r:elga%agi \flbjgrgendences of the normalized resistance for samples xvith
P : P =0.05-0.3 are shown in Fig. 1. As one can see increasing

subjected to x-ray powde;r diffraction _anaIyS|s, which oping results in the transformation of the resistivity from an
showed that they were of single-phase with an accuracy 0

1-2%. The lattice parameters are shown in Table I. At low sulatorlike to a metal-like behavior. Note, that contrary to

Sr content the sample structure is orthorhombic. With in.the underdoped region in the overdoped onegifie) depen-

. . T . éience retains to be linear for the samples with aTowalue
creasing doping level the orthorhombic distortion measure .
and even for nonsuperconducting; 581 ;CuQ, .

at room temperature decreases and becomes negligible at The critical temperature value as a function of the Sr con-

>0.05 in agreement with data of Refs. 33-35. The 0XY9€Nent is shown in Fig. 2 together with data of Refs. 5,36,37. It

'fi?rgttieonr: t?)fa?]”a::r::irzimglteos Ovilaasnoclkztligmlreesder?ti d'ci)g(?rrgsltg(fs seen that our data are in agreement with those obtained for
y : pres . La,_,Sr,CuQ, by other authors. The critical temperature has
I. The observed decrease in tiievalue with increasing Sr . _ L .
a maximum atx=0.15, the superconductivity arises xat

content is in agreement with the published d&thlote, that : i
in the overdoped regime the oxygen content decreases<with>0'05 and vanlshes at>0.25. A disagreement 'betwee.n the
T. values obtained by different authors is obviously

stronger compared to the underdoped one.
The resistivity and thermopower were measured for all

the samples in the temperature rangelef T,—300K. The 40
resistivity was measured by the standard four-probe method. /p.-;‘ju-.e\
The thermopower was measured relative to copper elec- 301 gé ‘gﬁ\A 4
trodes, its absolute value was calculated by correcting for the i "
thermopower of copper. The temperature difference between o -
the two ends of the sample was kept around 1-2 K through- = 20T , Y 1
out the measuring procedure and measured by a copper- W : g":“s’ork 7%
constantan thermocouple mounted inside the copper elec- 1ok : . sz: 16 _
trodes. v Ref 37

As noted above, the aim of this paper is to check the ;
applicability of the narrow-band model to the 1 3Sr,CuQ, 0005 010 ols o020 02 o030

system as well as to reveal the main tendencies of the band
spectrum transformation with increasing Sr content. We have
earlier shown the thermopower to be the most informative FIG. 2. The critical temperature vs Sr content in
transport coefficient for the quantitative analysis in thelLa,_,SrCugG,.
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to clearly recognize the doping effect on the thermopower

6 L 005 14 value. Increasing Sr content results in a decrease of the ther-
M..Aw“‘“‘“‘“‘ - mopower from about IOQLV/K for x=0.05 down to a very
,e;w% 180 small value fon§> 0.2. It is necessary to 'note,' that t8gy «
C 40 If-*’“" ©ox010 v x=025 ] s value falls rapidly forx<(0.15-0.20), i.e., in the under-
> P — o %015 - x=0.30 doped regime, and changes insignificantly with further in-
> & v X0 140 crease of the Sr content in the overdoped regime.
» I
08 A —— Both our results and data of Refs. 5,36,37 have been ana-
............................................................ 20 lyzed within the narrow-band model described in details
------- elsewheré® Our model is based on an assumption that the
0 100 300 300 band structure of HTCS's contains a narrow density-of-states
T (K) peak located near the Fermi leviek. Two possible sce-
narios of the peak formation are the Van Hove singularity in
FIG. 3. The thermopower vs temperature for, LgSr,CuQ, . the DOS functio? and states transfer resulting in the mid-

gap bandlike states appearaité>*®we have earlier shown

caused by different oxygen content that results from the useghat in this case it is the narrowness of this peak that mainly
oxidizing regime. Since our aim is to study the main pecu-determines the peculiarities of the electron transport in the
liarities of the band spectrum transformation in the Undel’-normaj Staté_g This allows us to use the simp|est approxima_
doped and overdoped regimes on the basis of the analysis §én for the DOSD(E) and differential conductivityr(E),
the normal-state transport properties we do not consider afynctions in the form of rectangles of different width. If so,
anomalous suppression of superconductivity in a local regiogne can obtain the analytical expressions for the temperature
aroundx~0.123% Note, that Kumagaét al ¢ indicated that dependences of the chemical potenﬁabnd the transport
they did not find any anomalous behavior in the normal stat@oefficients, which can be used for quantitative comparison
including the thermopower data. of the experimental results and calculated data. In doing so,

The temperature dependences of the thermopower fafe three model parameters can be determined. These are the
samples withk=0.05-0.30 are shown in Fig. 3. The specific pand filling with electrong=, which is equal to the ratio of
features of the thermopower behavior can be summarized afe number of electrons to the total number of states in the
follows. At low doping level(when the absolute value of the pand; the total effective bandwidtWy, and the “conduc-
thermopower is bigthe S(T) curves look to be typical for tivity” effective bandwidthW, . Note, that the variation of
all the HTCS's systems. At high temperatures, the therthe ratiow, /Wy with changing sample composition charac-
mopower increases slightly as temperature decreases, th@stizes the variation of the degree of the charge carriers

has a broad maximum and finally falls down. With increas-jocalization?® Within this approach, the thermopower can be
ing Sr content the absolute value of the thermopower dedescribed as

creases and a maximum of tB€T) curves shifts downwards
lower temperatures. For=0.15 the thermopower increases kg [

(o8

*
_— —u*)+
sinhW OXP(— p7) + COShW,

almost linearly with decreasing temperature becoming quali- S=-
tatively analogous to that for most HTCS's systems, exclud-

ing the Y-based one. Note, that all the peculiarities of the 1

S(T) dependences and their modification under doping are in — o (coshu* +coshwy)
agreement with those obtained in Refs. 5,36,37. The value of 7

the thermopower at room temperatiBg, « as a function of exp(u*)+exp(W*)
Sr content obtained both by us and in Refs. 5,36,37 is shown XIn ) Fexp —W5)
in Fig. 4. Comparing the data of different authors allows one expl A o

where

e

*

—p

: @

100 1 . .
k this work sinh( FWE)

. _ M*EM/kBTZInm’ 2

Ref. 5
\ o Ref 36 ] . .
ol ‘o v  Ref 37 | kg is the Boltzmann constang is the electron chargalVg
. =Wp/2kgT, and Wi=W,_/2ksT. These formulas are de-
N ] rived for the case of a symmetric band. Our previous results
N showed such an assumption to be justified for the
] YBa,Cu;0, system(see Refs. 29,31,320n the other hand,
- to explain theS(T) dependences for the Bi-2212 and Bi-
‘é~~-@E1 1 2223 samples we have involved the assumption about a
op, . . L Evbesaoc slight asymmetry of the conduction band. As mentioned
0.05 0.10 0.15 0.20 0.25 0.30 above, theS(T) dependences for the 4a,Sr,CuQ, system
are analogous, in their main peculiarities, to those for the
Bi-based HTCS's. This fact suggests the conduction band in
FIG. 4. The thermopower value at room temperature as a functhis case also to be asymmetric. For this reason, to achieve
tion of the Sr content in La ,Sr,CuQ, . the best agreement of the experimental and calculated results

o0
<
—
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we have used an asymmetric narrow-band model. It is shown 100
in Refs. 29,30 that the simplest method to take the asymme- A
try into account is the introduction of some distartw@/y 801 Ref. 36, x=0.115

& Ref 36, x=0.13
o this work, x=0.05

(whereb is the asymmetry paramejdretween the centers of

rectangles approximating the DOS and differential conduc- 60r

tivity functions. In this caseu* calculated by formula2) 40k
should be replaced by* —bWy /kgT and formula(l) re-
mains valid. It should be stressed, that form(@a gives a 201
possibility to calculate the exact value & (in units of
uV/K) so that it can be used for the quantitative analysis of 0
the experimenta®(T) data allowing to determine the values B
of the band spectrum parameters for samples of different 30}
composition. N

Thus to describe quantitatively the temperature depen- ~ 20l
dences of the thermopower for the L aSr,CuQ, system it % il
is necessary to use the asymmetric narrow-band model con- > s ) B
taining four fitting parameters. If so, before analyzing the 3 10t 2 D ek
concentration dependences of these parameters the question @2 o® 4 Ref.5.x-0.15
on uniqueness of determination of their values from the ex- 20 5 .
perimental data analysis has to be investigated. In the frame- c : E:ﬁ;:g;
work of the symmetric narrow-band model all the three pa- 15l P o this work, x=0.20
rameters F,Wp,W,) can be determined uniquely because & 7 hiswork, x=025
each of them affects different peculiarities of tIST) 10k . i
curve?® The introduction of an additional asymmetry param- i
eter (b) can generally lead to a broadening of the possible 5 B
region of the variation of all the parameters values giving a I3 T
possibility to fit reasonably the experimental data. For this 0 g}:
reason, we have preliminarily studied the influence of the . . .
possible range ab values on the accuracy of determination 0 100 200 300
of other parameters. T (K)

First, we have observed that the degree of the band asym-
metry is very small and thie value can be varied in a narrow  FIG. 5. The experimental and calculatgfT) dependences for
region[ b= —(0.01—0.04]). Further, one can suppose that aLa;-xSKCuG, . Different symbols present the experimental data,
tendency irb variation with doping level is attributed to the lines are the best-fitted curves calculated within the narrow-band
nature of the band transformation under increasing Sr corfnodel in case of fixedWp (solid lineg or fixed b (dashed lines
tent. Taking this into account, we have tried to fit the experi-valués with increasing Sr content.
mental data for three different types bfvariation with x.
Those are a gradual rise of the band asymmeéngreasing  YBa,Cu;O,, whereas the value of the bandwidth is close to
asymmetry degreg the fixed b value for all the samples that for YBaCu;O, as it will be shown below.
(unchanged asymmetry degyeand the fixedoW, value[a Figure 5 shows that in the underdoped regime:(.15)
fixed shift between the centers of rectangles approximatin@oth used types of varying asymmetry degree give good fit-
the o(E) andD(E) functiond. The first approach was ob- ting results. In the overdoped regimeg>0.20) the case of
served not to allow to fit the experimental data for all thefixed b value is more preferable. This result means, taking
samples well. The second and the third ones give reasonabieto account variation of the bandwidth with Sr content pre-
fitting results. To demonstrate this we present in Fig. 5 thesented below, that the difference between théEE) and
best-fitted curves for several samplg®th ours and mea- o(E) rectangles centers characterizing the band asymmetry,
sured in Refs. 5,36calculated for the cases of fixed either remains constant or even decreases in the underdoped re-
or bWp values. As one can see, the fitting results look to begime, but increases in the overdoped one. This suggests the
reasonable for a temperature range from300 K tempera- nature of the band transformation in those two regimes to be
ture down to at leasT=70-100K. At lower temperatures rather different, that will be discussed hereafter. In addition,
there is a discrepancy between the experimental data awde have performed the calculations for each sample, using
calculated curves. This is due to the fact that expressions wie whole possible range of thevariation. The calculation
use are derived in the framework of the assumption that theesults have shown that the values of the main band spectrum
Fermi smearing is comparable with the bandwitity . At parameters K,Wp ,W,) vary quite insignificantly for each
T<100K this condition Wp=KkgT) is obviously violated, sample that makes it possible to reveal reliably the tenden-
so that the model becomes far too rough and calculationsies in their variation throughout the whole range of doping.
give an error. Note, that as compared to the YBaO, The concentration dependences of the band filling and the
system, in La_,Sr,CuQ, violation of theWp=KkgT condi-  bandwidth are shown in Figs. 6 and 7, respectively, with an
tion leads to a more essential discrepancy of the experimererror of their determination resulted from the possible range
tal and calculated results because the temperature of the sof theb variation. As for theWV/,, value, we have noted above
perconducting transition in La,Sr,CuQ, is lower than in  that the variation of théV,/Wp ratio is more informative
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FIG. 6. The band filling as a function of the Sr content in  FIG. 8. TheW, /W, ratio as a function of the Sr content in
La, ,SrCuQ,. La, ,SrCug,.

because it characterizes the changing degree of the chargeder doping are in a good agreement with the results of
carrier localization. For this reason Fig. 8 shows\Wg/Wp Rietveldet al?® who have observed that the chemical poten-
value as a function of the Sr content. The results presented tial in La, ,Sr,CuQ, shifts continuously as a function of Sr
Figs. 6-8 allow one to conclude that applying the asymmeteontent. They have concluded that both the “impurity
ric narrow-band model to the analysis of the thermopower ofmodel” assuming that doping creates the states in the Mott-
La, ,Sr,CuQ, we can determine the main band spectrumHubbard gap while the chemical potential remains more or
parameters with a good accuracy and, therefore, can udess unchanged near the middle of the gap and the “semi-
these data to discuss the band transformation with Sr contertonducting model” assigning the increase of tBgE()

Let us first point to the values of the band spectrum pavalue and a strong shift of the chemical potential from the
rameters, which are characteristic of the, LgSr,CuQ, sys-  middle of the gap to the top of the valence band under dop-
tem as a whole and the main tendencies in their changdasg cannot explain their experimental results on the photo-
under doping. The effective bandwidth changes in a range aflectron spectra. In the framework of our approach the ob-
90-170 meV depending on the Sr content that is of the samgervedF (x) dependence can be easily explained as shown in
order as in undoped and slightly doped samples of théhe next section.

Y-based (Refs. 29,31,3 and Bi-basetf HTCS's. At the Our calculations also show that th&_ /Wy ratio de-
same time, it is necessary to note that contrary to the last tworeases gradually with increasing Sr content, but to a differ-
systems théVp value in Lg_,Sr,CuQ, changes nonmono- ent extent before and after the optimal dopisge Fig. 8 In
tonically with increasing doping level, decreasing in the un-the underdoped regime it changes insignificafiitgpm 0.53
derdoped regime and increasing in the overdoped one. Asta 0.42 asx runs from 0.05 to 0.16being almost unchanged
result, theWp value has a minimum at~0.15, i.e., at the for x=0.05-0.11, whereas in the overdoped one the
optimal doping level corresponding to a maximum of theW, /Wy ratio falls rapidly (from 0.42 to 0.11 atx
T.(x) dependence. The band filling drops rapidly with  =0.15-0.30Q. In the framework of our model this means that
increasing doping in the underdoped regim@t x  the degree of the charge carrier localization changes insig-
=0.05-0.18, fromF=~0.7 to the value about 05but nificantly in the first region of doping and increases strongly
throughout the entire overdoped regiénhremains almost in the second one. Thus all the parameters characterizing the
constant. Let us note that our data on the band filling changproperties of the charge-carrier system in, Lg5r,CuQ,
change with increasing Sr content to a different ext@mnt

even to a different way in the case of the bandwjidbefore
250 on exp. data of and after the optimal doping level. This clearly indicates that
X o this work the band spectrum transformation in the underdoped and
Ao Refs , overdoped regimes is caused by different reasons pointing to
= 200 1 o Ref 36 . a distinction between those two regimes. Below we discuss
g v Ref 37 the possible reasons for the observed band spectrum trans-
N/ 150 ? ’ J; T T formation throughout the whole doping range.
a 150 - . .
= . :} 4
I P {L ; ‘?,&’ T IV. DISCUSSION
100 | T'I’é ) A. Underdoped regime

Let us first discuss the possible mechanism of the conduc-
tion band genesis. As shown analytically and by the quantum
Monte Carlo techniquésee Refs. 22,38—40doping of a

FIG. 7. The effective bandwidth as a function of the Sr contentMott insulator initiates an appearance of bandlike states in
in Lay_,SK,CuQ, . the Mott-HubbardMH) gap resulting in the formation of a

L1 1 1 L
0.05 0.10 0.15 0.20 0.25 0.30
X
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be interpreted as an introduction of states into the band on
the background of increasing hole number due to the Sr im-
purity effect. It is important that this effect may be caused

not by a direct impact of Sr but by a states transfer from the
Hubbard bands. Thus, the “midgap” band cannot be called
an “impurity” band in its usual meaning.

Moreover, in the region of low and intermediate doping
(x=<0.15) our calculations show a narrowing of the conduc-
tion band(see Fig. 6 that can be also interpreted as a result
of the appearance of additional states in the midgap band
resulting in the further DOS peak rising. Note, that the ob-

FIG. 9. Schematic picture of the band structure transformatiorserved decrease of th¥, value with increasing number of
with increasing Sr content in the ba,S,CuQ, system.(a) Low  states looks to be reasonable because in the framework of our
doping (x<0.05), (b) intermediate dopingdc) near-optimal doping,  approach we estimate aifectivebandwidth using the sim-

(d) high doping. plest approximation for the DOS function. If the midgap
states appear in the MH gap forming a narrow band, an in-
narrow peak in the DOS function. We believe that our ex-creasing doping level leads to a rise of the DOS peak in the
perimental data on the transport properties of L&r,CuG, middle of that band that corresponds to a narrowing of the
and the results on the band spectrum transformation obtainedffective bandwidth estimated within a rectangular approxi-
within the narrow-band model can be interpreted in themation of the DOS function. Thus, at intermediate doping
framework of the “midgap scenario.” (0.05<x§ 0.15) the narrow conc_iuction _band is alreaqu

As mentioned the undoped sample,CaQ, is semicon- formed in the MH gap and increasing doping results in a rise
ducting. The analysis of the resistivity and thermopower dat&@f the DOS peaksee Figs. &) and 9¢)]. At the same time,
for this sample indicates that the conduction process corrdh this region the Fermi level is located close to the middle of
sponds to the variable-range-hopping mechanism although e band. As a result, thB(Eg) value increases with in-
is hard to distinguish whether the hopping is three or twocreasing the Sr content that can initiatd @increase.
dimensional. Consequently, at low Sr concentration ( As mentioned in the previous section the degree of the
<0.05) there are impurity levels introduced into the gapstates localization changes insignificantly in the underdoped
which are, probably, only partially overlappdgee Fig. region. To interpret this fact let us comment some structural
9(a)]. Thus at such a low doping level the new midgap bancgspects of the Sr doping effect in the,LaSr,CuQ, system.
is not Comp|ete|y formed so that we cannot app|y thelt was found that OT transition itself is unrelated to the dis-

narrow-band model to describe the experimental results2ppearance of superconductivity, but introducing non-native
Based on our results it is hard to determine the exact S®r cations distorts the orthorhombical structure and results in
concentration at which these midgap states transform into th@ gradual change of the Cy@ctahedra tilf> At the same
conduction band. However, thgT) transformation allows time atx<0.15 the number of oxygen vacancies rises very
us to conclude that the band formati@mcrossover from the slightly.® This means that in the underdoped regime the lat-
localized states to the bandlike statéskes place at the Sr tice disordering is mainly caused by the Sr impurity, and the
concentration ok~0.05. In addition, results of our calcula- lattice compensates its disturbance without significant loss of
tions for the sample witk=0.05 are in a reasonable agree- 0Xygen. If so, one can expect a relatively slight increase of
ment with the experiment&(T) curve[see Fig. 5a)]. These  the states localization th_at agrees Wlth the results of our cal-
two facts give a good reason to conclude the new “midgap”culations. Thus, the main peculiarity of the band spectrum
conduction band to be already formed at the Sr concentratiofiansformation in the underdoped regime is the formation of
of x=0.05 that makes the narrow-band model valid. Notethe new midgap narrow band. This band develops in the
that this conclusion is in agreement with the results of RefMiddle of the MH gap and increasing Sr content leads to a
23 where an impurity band is proposed to be formec at S€ of the DOS peak, in particular, to an increase of the
about 0.06. D(Eg) value. The last effect can be considered as the main
For low doping the Fermi level is located in the upper halfreason for the rise of th&. value.
of an impurity band F~0.6—0.7) where states are still lo-
calized, even if partially. As a result, the resistivity for
samples withx=0.05-0.10 demonstrates a semiconductor-
like behavior at low temperaturésee Fig. 1, and the ther- At a near optimal Sr content the midgap DOS peak has a
mopower value is bigsee Fig. 4 An increasing doping maximal magnitude, the Fermi level is located in the middle
results in a transition from separated midgap states appeared this peak and, therefore, th&(Eg) value is peakedsee
in the MH gap to the new midgap impurity band. In addition, Fig. 9(c)]. This corresponds to the higheEt value. When
the Fermi level shifts to the middle of the baa strong the doping level increases further, the Fermi level is pinned
decrease of th& valug. Both these effects lead to a transi- in the middle of the midgap bar(the band fillingF remains
tion to the metal-like behavior of the resistivity and a de-to be about 0.5 in the overdoped region—see Fjg.This
crease of theS;qq ¢ value. It is necessary to note, that sinceresults in the unchanged slope of th€T) dependences for
the F value is equal to the ratio of the total number of elec-x=0.15 so that the resistivity retains a metal-like behavior
trons to the total number of states in the band, its fast drojor all the overdoped samplgsee Fig. 1 Note, that our
with an increasing Sr content in the underdoped regime canalculations show that at>0.15 the band filling with elec-

B. Overdoped regime
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trons is just below 0.5, while the thermopower value is stillmidgap band. This means that in the overdoped regime the
positive. However, as shown in our previous publications orstates are transferred from the narrow band and, therefore, a
Bi-based HTSC'S? the positive sign of the charge carriers in strong reconstruction of the band spectrum takes place. Other
the case ofFf <3 and, correspondingly, a positive value of evidence for states to escape from the midgap band is a rise
the thermopower in the normal state can be explained due tof the band asymmetry degree in the region of a high Sr
an asymmetry of the conduction band. content. In this connection we would like to note that some
To explain the suppression of superconductivity in theauthors analyzing the transport properties of L&r,CuQ,
overdoped region we propose the following interpretation othave also pointed to a possibility of such a states transfer in
the data obtained. We have earlier shown that in the case tiie overdoped reginté:?® Thus our results show that the
doped Y- and Bi-based HTSC'’s the suppression of supercormain reason for the suppression of superconductivity in the
ductivity correlates with a broadening of the conductionoverdoped regime is likely to be a strong modification of the
band in the underdoped regirfi€3? In its turn, this band band spectrum leading to a collapse of the midgap narrow
broadening is caused by a gradual increase of the lattice diand which is responsible for the superconductivity in
ordering induced by increasing doping level according to thé.a, ,Sr,CuQ, .
Anderson localization mechanism. As a result, increasing
doping in Y- and Bi-based HTSC's leads, in addition to the V. CONCLUSIONS
band broadening, to a rise of the number of states localized The f . vsis of th : tal dat th
at the band edges. As described in the previous section in- € foregoing analysis ot the experimental data on the

creasing St content in the ba,Sr,CuQ, system in the over- resistivity and thermopower in the normal state in the

doped region leads to an analogous transformation of thbaz,XSr?(CuQ/ System within the narrpw-band ”.‘Ode' In
conduction bandsee Figs. 7, B On the other hand, at comparison with varying superconducting properties allows

. : : . s to draw the following conclusions.
>0.15 the lattice disordering degree was found to rise much .
stronger compared to the underdoped region. Indeed (1) The transport properties of the 43,Sr,CuQ, system

Radaelliet al® have observed that in the case of overdopea::1 irrhgr?olrgaii C;T?nbclm)(lje(:jlebsacsrfo?%r:nthtgZsf;irrnne\?ilg;ktr?;ttphee Egid
La, ,Sr,CuQ, on the background of the structural distor- structure gf hialiF. materials contains a sﬂar densitv-of-

tions (occurring mostly in the oxygen environment nearest to vetu K '9 Ch 1 level : P "y
a substituted La sifé) at x>0.15 the process of the oxygen states peak near the Fermi level.

vacancies formation in the Cy@lanes is enhanced Note, (2) The main band _spe_ctrum parameters ch_ange_m the
La, ,Sr,CuQ, system with increasing Sr content in a differ-

that our data on the oxygen content give support to this CoMent way in the underdoped and overdoped regimes. The band

clusion (see Table )l Furthermore, Muradyaret al* re- filling drops sharply at low Sr content and changes insignifi-
ported that in the overdoped region the Sr distribution at La antly atx>0.15, while the degree of the charge-carrier lo-

positions becomes nonuniform and the oxygen vacancies arg lization i N th doped . Th

stimulated to appear in the areas of a higher Sr content lea&%|za_t|onb|nc(;e§;ehsdstronger n t ﬁ ove(; oc|joe (rjegme. Z

ing to an additional disordering in the lattice as a whole Shective _anthW| t :crezses mdt € untert. oped region ant

Thus the comparison of the structural changes and the bari creases In e overdoped one demonstrating a minimum a
e optimal doping level.

transformation in the overdoped regime with those for the . . _ .
underdoped one in the case of Y- and Bi-based HTSC'’s (8) The results obtained give support to the “midgap

gives a good reason to conclude that the observed broadercenaro of the conduction band formation in the underdoped

ing of the conduction band accompanied by a localization of?%mei_Thes?%'?'zast'osrtle?; t\;‘/ﬁhs?npcer;?s?gucg?gcgr:?epnirti;es
states is caused by a gradual rise of the lattice disorderin %-xSKCUQ, sy g

with increasing Sr content. As a result of such a transforma; aused by a nse .Of the narrow DO.S pgak in the MOtF'
tion of the midgap narrow band tH2(Ey) value decreases Hubbard gap in which the Fermi level is plnngd. The maxi-
with x in the overdoped regime that leads to the suppressio eunns]ito-f H]setatce svﬁ:ﬁﬁtigﬁr;etstﬁong:rrﬁ lzvrenlammum of the
of superconductivity. Note, that our schematic picture of the y-0 . € ‘ -
midgap band transformation in the overdoped regime is in (4).The_ most likely reason for_the §uperconduct|v_|ty sup-
agreement with a model of Liafgwho argued that at a high pression in the overdoped regime |n'2L§SrX¢uq/ IS a

Sr content the central narrow band destroys because of ir@odlﬁca}tmn of the banpl structure. An increasing Sr content
creasing disorderinfsee Fig. &d)] results in the broadening of the conduction band and the

At last, let us discuss some details of the band spectrur'tgcalization of states caused by general disordgring in the
transformation in the overdoped region. As mentioned abov ttice, as well as in a states transfer from the midgap band

at x>0.18 the variation of the band filling is very slight, responsiblg for the superconductivity that leads to the col-
whereas the localization degree rises in this range of dopinb”‘pse of this band.
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