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Thermoelectric power of charge-neutral Nd _,,Ca,M,Ba,Cu3;0,_5 (M=Th and Pr):
Evidence for different types of localization
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The superconducting, of Nd; ,,CaM,Ba,Cu;O;_s (M =Th or Py is strongly depressed with increasing
doping concentration in spite of the fact that these dopings are nominally charge neutral fox. dVakave
inquired into the reasons for this behavior by studies of the thermoelectric ®iwvesintered samples witkh
up to 0.1 and for temperatures frofg up to room temperatur&(x,T) was analyzed in terms of two different
semiempirical models, which assume the existence of a narrow electron band. In both models and for both
dopings the bands broaden with increasirand the tendency for localization increases. For Ca-Th doping this
can be explained by weak electronic disorder. For Ca-Pr doping, the increase of electronic disorder is weaker,
and the results indicate that charge localization in addition is important.
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[. INTRODUCTION the linear depression of ;. Yet there are several distinct
differences between Ca-Pr and Ca-Th doping. The concen-
The thermoelectric powds) is highly sensitive to details tration dependences of some bond valence s(BWS) are
of the electrical transport mechanism, and measuremei&s ofdifferent, indicating small differences in charge transfére,
appear to be a fruitful way of understanding the nature of thénd the muon spin relaxation rates also show different con-
carriers and charge transport in hih-superconductors and centration dependencés. Furthermore, the normal-state
related compounds. This is reflected in a large number oglectrical resistivityp increases strongly with Ca-Th doping,
investigations of different alloy systems, such assuggesting a disorder-induced depressioil gf while p in-

La, ,Sr,Cu0,, 2 Y-12331° Bi-based materials:4 and ~ Creases slowly with Ca-Pr doping, in spite of the similarly
TI- aEdXHg-based compoun&%‘.lg These studies have re- depresseac.22 These observations are not well understood.

vealed trends for the magnitude 8&nd for the temperature 1 n€ Starting point for the present paper is the question

and doping concentration dependence. For instance, one irw_hether the thermoelectric power can contribute to under-

portant result is the useful empirical relation between thestandmg S'”."'a”“es and d|ffe_rences between these charge-
: neutral dopings.S as a function ofT was measured for
magnitude ofS at room temperature and the hole concentra-

. : 5 . . samples of Ngd_,,CaM,Ba,Cu;0;_ s (M =Pr,Th) and ana-
tion p in the pla_ne§. I_:urthermore, for semw_onc?uctlng_ or lyzed in two different semiempirical two-band models. Lo-
insulating materials with low hole concentratio®js posi-

. dq1 dd i . li calization increases for both dopings as evidenced in one
tive and large, an ecreases with increagingor meta IC " model by the displacement of the Fermi energy towards the
samples, on the other harfglis small and has a characteristic |4.gjized part of the band and in the other model by the

behavior for both underdoped and optimally doped samplégecrease of the ratio of the conductivity bandwidth to the
at temperatures above the superconducting transition tenfgtal bandwidth. For Ca-Th doping the results reinforce the
peratureT.. In these material$ first rises with increasing picture of a disorder-driven localization, while for Ca-Pr this

temperature towards a maximumT ., and then decreases effect is weaker and charge localization appears to give an
almost linearly up to at least room temperature. BS%nd  jmportant contribution.

Tmax decrease with increasimmin this region. For overdoped
samples with largep, Sis negative. Variations in the tem-
perature dependence $ftan also be a simple way to distin-
guish plane and chain contributions to the transport
propertie 101

An interesting type of doping in 123 compounds Samples of N¢ ,,CaPr,BaCu;O;_ s with x=0, 0.025,
is charge-neutral substitution on the Y site. The paraboli®.05, and 0.10 were prepared by standard solid-state meth-
variation of T, with varying charge concentration is sup- ods. Starting materials were high-purity o, BaCG;,
pressed in this case, afid varies linearly with doping con- CuO, CaCQ, and PgO;,. The samples were pressed into
centration. In spite of the preserved structure and smalpellets and calcined in air at 900, 920, and 920 °C, respec-
changes in lattice parameters, the effectTarof such dop- tively, with intermediate grindings. Annealing was then per-
ings can be remarkably strong. One example isformed in flowing oxygen at 460 °C for 3 days, and the tem-
Nd; _,,CaM,Ba,Cu;0,_ s where—dT./dx is in the region  perature was finally decreased to room temperature at a slow
around 200 K forM = Pr or Th1%2° Charge-neutral dopings rate of 12 °C/h. For the Nd ,,CaTh,Ba,Cu;0;_, series,
and a Pr 4- valence at low doping concentrations were sup-samples withx=0, 0.015, 0.03, 0.05, and 0.1 were previ-
ported by results from neutron diffraction, e.g., the concenously prepared in a similar fashiéh After reannealing at
tration dependence of the Cu-plane distance, in addition td60 °C for 3 days followed by a similar slow cooling, these

Il. SAMPLE PREPARATION AND EXPERIMENTAL
DETAILS
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samples were used for the present measurements of the ther
mopower.

Neutron and x-ray diffraction have been made previously 20
on the present Ca-Th samples and on similar Ca-Pr-doped
samples??° In particular, Rietveld refinements of the neu-
tron diffraction data confirmed that the doping elements en- 16 |
tered fully the Nd sites. We performed x-ray powder diffrac-
tion on the presently made Ca-Pr-doped samples to check the —~
phase purity. In a sensitive Guinier-g focusing camera ¥ 1
using CuK « radiation with Si as internal standard, and with >
the photographs evaluated in a microdensitometer system, =
no impurity reflections were observed and all lines could be @) 8t
indexed in the orthorhombic space gro(®mmm. Similar -
results were obtained previously for the Ca-Th-doped 4
samples, except at=0.1, where a few weak impurity lines
were observed This indicates that the solubility limit for
Ca-Th doping in the orthorhombic phase of Nd-123 is some- 0 -
what belowx=0.1. This will also be apparent in the deviat- —t L
ing trends of some properties at this concentration as dis- 24
cussed below.

As a further sample characterizatioh, was measured
resistively for the samples. The results were similar to pre- 20
vious findings?® The transition widthsA T, estimated from
90%—-10% of the resistance drops were narrow for sintered 16
samples, with values belo3 K for all Nd(CaPy samples

and for NdCaTh up to x=0.03. At x=0.1 in the latter ¥ 12 [
series, AT, was 10.5 K, indicating that the solubility in the > i
orthorhombic phase had been reachedwas found to de- =

crease linearly with doping concentration for all Ca-Pr-doped ¢) 8
samples and up ta=0.05 for Ca-Th doping as expected. !
The depression rates weredT./dx=170 and 230 K for 4

Ca-Pr and Ca-Th doping, respectively, also in fair agreement

with previous result8? i %

Thermoelectric power measurements were made in a tem- 0 7
perature interval up to room temperature on bars cut from the — . L
sintered pellets. Dimensions were typically 8.3.5 50 100 150 200 250 300
X 11 mn?. Small reversible temperature gradients up to 1.5
K were used in these measurements. T (K)
FIG. 1. Thermoelectric power S  for (a)
Nd; - 2,CaPrBaCu0;_ s and (b) Nd;_,CaThBaCu0;_ 5
lll. RESULTS AND ANALYSES samples. The curves are fits to the model of @y. HereT, . is the
A. Experimental results temperature at the maximum 8{T) as shown by an arrow for one
sample.
Results for the temperature dependence of the thermo- P
electric power are shown in Fig.(d for Ca-Pr-doped Some general features &(T) can be noted prior to

samples and in Fig.(lb) for Ca-Th-doped sampleS.is posi-  analyses of the models. The doping concentration depen-
tive in the whole temperature range for both sample seriedence ofS at 290 K is compared in Fig. 2 for Ca-Pr and
and increases with increasing dopant concentration with aGa-Th dopings. In the orthorhombic phas increases
exception only ak=0.1 in the Ca-Th series, where, as men-strongly for Ca-Th doping, while for Ca-Pr doping there is
tioned, the solubility limit has been reached. At high tem-only a moderate increase upsxe 0.1. According to the gen-
perature Sfollows an almost linear temperature dependenceeral trends forS outlined in the Introduction, one may con-
For decreasing temperatu®has a broad maximum slightly clude that there is a more pronounced weakening of the me-
above the superconductiiig and decreases strongly Bsis  tallic state for Ca-Th doping than for Ca-Pr doping. For
approached. The chain contributionSdnas a positive slope, comparison, data for Nd-123 with a single dopant of either
while the plane contribution typically has a negative Ca(Ref. 29 or Pr(Ref. 25 have been included in Fig. 2. In
slope®~1%1% Our results hence indicate that holes in thethe former case, one expects addition of holes and improved
planes give the dominating contribution to the thermopowermetallic properties, similar to observed resistive properties of
The curves through data in Fig. 1 exemplify fits to one of theSm-123 doped with Ca onf. The concentration depen-
models used to analyzg which will be described below. dence ofS(x) is in agreement with this interpretation. For
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T T y concentration, an increase of the resistivity was observed,
30T CaTh § ; ; : 30
. concomitant with a decrease ©f and an increase af ..
S 25T . br ] i iri
=) Pr B. Semiempirical models forS
Y
Ro0t A . Two models for the thermoelectric power will be used to
%) .
= e . analyze the results, both of which are based on the assump-
"g 15T o CaPr . tion of a narrow band for the charge carriers. Foetaal.
o3 o ° suggestetf a two-band model with an additional linear tem-
10f ® . perature term for analyzing the thermoelectric power in the
temperature range abovie (here called model)1 This ex-
05 v v Ca . pression has the following form:
0.00 0.05 « 0.10 0.15 AT

S(M=gzr2+ 7T,
FIG. 2. Relative concentration dependenc&#90 K). Present
data withx defined as in Fig. 1 are shown by circles. For compari- A=2|eo—eg|/|e],
son, data from Ref. 24 for Nd,CaBa,Cu;0,_ s and from Ref. 25 (1)
for Nd, _,Pr,Ba,Cu;O;_ 5 are also shown. 82:3[(80—8F)2+F2]/772ké.
doping with Pr only, a somewhat stronger increas&gfis  The first term, as proposed by Gotwiek al>! for analyses
observed relative to the charge-neutral Ca-Pr doping, whiclef thermoelectric power data for CeNsamples, is a super-
is in qualitative agreement with the expected destruction oposition of a broad and a narrow band. The narrow band has
holes by Pt*. width " and is positioned with its peak af, close to the
Another characteristic feature of the observations is thd=ermi energysr. The second term o8 is the normal band
variation with doping of the temperatuiig,,, at the maxi-  contribution. Three fitting parameters are used in this model,
mum of S(T). The relative concentration dependence ofA, B, andvy, from which the bandwidth and distance between
Tmax IS shown in Fig. 3 for the same alloys as in Fig. 2. Athe narrow band peak arg can be calculated.
datum atx=0.015 for Ca-Th has been omitted from the fig-  In the phenomenological model by Gasumyaettsil3? it
ure since in this case data were scattered in the region of the similarly assumed that the Fermi energy is located inside a
maximum inS(T) and a determination of ., was uncer- narrow energy interval within which the density of states is
tain. The overall features of Figs. 2 and 3 are similar, reflectiarger than beyond this interval. Approximate analytical ex-
ing a trend of weakening metallic state for Pr and Ca-Thpressions were derived for the temperature dependence of the
dopings and a more pronounced effect for Ca-Th doping thatransport coefficients, and results f¢T) were obtained in
for Ca-Pr doping. Dopings with only Ca indicate improved terms of the energy bandwidth for the density of statgs,
metallic properties. the band filling fractionF—i.e., the electron concentration
Published results in other high: systems display similar divided by the number of states in the band—and the band-
trends. In Bi-2212Ref. 27) and in T1-2212 doped with Y on width w, of the effective conductivityr(s) (model 2. Sis
a Ca site?® T, was found to increase with doping, and this thus expressed in the form
trend was stronger in the T1-based system, which showed a
much stronger increase of the resistivity with doping than the S=S(wp,w, ,F,T) 2

Bi-based sample¥. In Bi-2212 samples of varying oxygen for each sample. Equatidi®) is given in the Appendix.

Both these models thus employ three free parameters to
108k ' ' o] describe the fairly smooth function§=S(T) for each
N sample. It is therefore not surprising that in all cases the
Pr observations can be well described. The curves in Figs. 1
and Xb) illustrate the fits to model 1. Typical errors in the
fitting procedures are nevertheless small, of order 1% or be-
e CaTh low, and illustrate that the analyses are quite sensitive to
o CaPr i small changes particularly ing—eg and inI". For model 2,
the fits were indistinguishable from those in Fig. 1, and the
sensitivity to variations in the fitting parameters was simi-
0.96 i larly strong, with estimated errors usually below 0.5%. In the
' v Ca next subsections the results for Ca-Pr and Ca-Th will be
000 005 010 015 described in terms of these models.

X

max(f)/ Tmax(o)_‘
2 %
; :
a© .
o] e
B>

T

. . C. Results in model 1
FIG. 3. Relative concentration dependence df .

Circles: Present codoped samples. Open triangles: Data from ' andeg—ef in Eq. (1) were calculated from the param-
Refs. 24 and 25. etersA and B obtained from the analyses &(x,T). The
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FIG. 4. Relative concentration dependence of the bandwidths
from model 1 and w, from model 2 for
Nd; _,,CaM,Ba,Cu;O;_ 5. Solid symbols: M=Th. Open sym-
bols: M=Pr. Triangles: w,(x). Circles: T'(x).

FIG. 6. Concentration dependence of the parametdrom
model 1. The hole concentration in the planpswas estimated
from the thermopower and the general result of Ref. 15. Results for
Sof Ca-doped Nd-128Ref. 24 and Pr-doped Nd-12@Ref. 29 are
also shown. For Ca-Th-doped samples the parabolic relation be-
bandwidthI” was found to be of the order of 15 meV. For tweenSandp breaks down as discussed in the text.

Ca-Pr dopingl” was within 14.6-0.5 meV for all samples,
while for Ca-Th doping a trend of increasirg with x is
apparent in the data up to=0.05 as illustrated in Fig. 4. At
x=0.1, at the solid solubility limit, a low value of
I'(x)/T"(0)=1.13 was foundnot shown in Fig. 4

Compared with the magnitude &, the variation ofe The present Ca-Pr-doped samples follow this trend, as
—&r with doping is small. As illustrated in Fig. 5, ilustrated in Fig. 6, indicating a decrease (ofiobile) hole
—&¢| increases more strongly for Ca-Th doping than for Ca-concentration with increasing Ca-Pr doping. For Ca-Th dop-
Pr. These results Suggest that the Fermi energy approachw, on the other hand, this relation breaks down. This is
the tail of the band, diminishing the number of free chargeapparently due to a breakdown of the relation betw®gp «
carriers, and furthermore that this tendency for localization i2ndp. Whenp was estimated from bond valence sum calcu-
somewhat stronger for Ca-Th than for Ca-Pr, in qualitativelations for Ca-Th-doped Nd-123,it was found to increase
agreement with previously discussed observations. with doping concentration. On the other hand, sinc®gg k

It was found recenﬂy that the parameteof Eq. (1) var- increases withx, as shown in Flg 2, the usual relatfon
ied with hole concentratiop in a parabolic way for Nd-123 betweenS,qy andp indicates thap decreases witl. This
doped with either Ca or BP. The hole concentration was IS in contrast to Ca-Pr-doped Nd-123, where BVS estimates
determined from the universal relation betwgemnd Sat  for p, although somewhat scattered, displayed a main trend
290 K15 The maximum of this parabola was close to theof a decrease with increasing™® As shown in Fig. 2S,q0«
charge concentration corresponding to the maximum supei’DCl‘eaSGS withx also in this case. These results thus show
ConductingTC, with p increasing for Ca dopmg and decreas- another interesting difference between Ca-Pr and Ca-Th
ing for Pr doping?® This relation is interesting since it gives doping.

a further example of a parabolic relation between a material
property of a highf. superconductor and the variation of
charge. However, this result fop(p) is empirical and not
understood in detail.

D. Results in model 2

e CaTh | In the description of5(x,T) according to Eq(2), results

are obtained for the fraction of electron fillirg(x), and the

2.0

meV)

15

€€

1.0

0.5

FIG. 5. |eg—eg| vs x for the codoped samples. Solid
Ca-Th. Open symbols:

symbols:

0.00

0.05 0.10
X

Ca-Pr.

two parametersvp(x) and w,(x), referring to the band-
widths of the density of states and itinerant electrons, respec-
tively. It was found that=(x) remained almost constant for
Ca-Pr doping and increased weakly for Ca-Th doping, with
values about 0.52 for both dopings. The relative concentra-
tion dependence is illustrated in Fig(@y on an expanded
scale forF. These results support that charge filling in the
bands remains approximately constant for both dopings.

wp is shown in Fig. ). It increases strongly with for
both dopings. The datum at=0.1 for Ca-Th doping is
shown within parentheses since it is at the solubility limit.
Bandwidths of order 0.1 eV are in agreement with results by
Gasumyantset al. for Y-123 samples doped by oxygen re-
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' . ' The effective bandwidth’ in model 1 corresponds to the
1.03F e CaTh @) itinerant bandwidthw,, in model 2. Herd was found to be
of order 15 meV for both dopings, while,, is also similar
= 1.02} - for both dopings and about 35 meV. Quantitative agreement
g . is thus poor. However, in semiempirical models it is rather
<101} _ the trends than the magnitudes of the parameters which are
L CaPr of physical relevance. The relative concentration depen-
100 & ©° o ° ] dences ofw, andI" are compared in Fig. 4. There is fair
, , , agreement between the results for the bandwidths in each of
180+ . the two modelsI” andw, increase by about 15%—20% for
(b) Ca-Th doping, and for Ca-Pr doping they remain almost con-
160+ . _ stant with the results in both models within3% in Fig. 4.
< o The tendency for localization as reflected in the parameter
GE’ 140 F . (o) A C=w,/wp in model 2 is related to the displacementspf
= from the peak of the narrow band towards the localized part
y 120 ° 1 of the band in model 1. However, the development of the full
© bandwidth is not considered in model 1 and this comparison
100r_, . L . L ] is rough. Nevertheless, from Figs. 5 an@)7t can be con-
030k ¢ € | cluded that both models support an increased tendency to-
. wards localization for both dopings.
It is interesting to compare present charge-neutral doped
ey . | systems with the results of Gasumyaatsal 3 for the ther-

N o e mopower of oxygen-depleted Y-123. This can conveniently
& be made by comparing the results over a range of similar
0.20k © i changes ofT.. For the present alloy$,; has decreased by

° ~20% at x=0.1. A corresponding suppression in
0.00 0.05 10 YBa,Cu;0;_ 5 is found até~0.3%%3*and at thiss, wp has
X increased by 70% over its value at optimal dopih@his is

FIG. 7. Results from model 2a) The relative concentration Comparagle6tgo/Ca-:r c_ioplng Wh(f%m; féotm gllg"l?éb) Irt])_ d
dependence of the band fillifg(x) of Eq. (2). (b) Concentration creases by o whenincreases irom V1o ©.1. Thus ban

dependence of thédensity of statgsband width. Atx=0.1 the broadening and a reduped density of §tates seem to be com-
solubility limit in the orthorhombic phase is reached for Ca-Th MON important factors in the suppressionTgffor these two.
doping, and this datum is shown within parenthe¢eisConcentra-  different alloy systems. On the other hand, the band filling
tion dependence of the localization paramegerw, /wp . factor F increases by 10% for Y-123 when the oxygen con-
centration is reduced to 6.7, while it increases by 0.2% for
Ca-Pr doping from Fig. (8. This is characteristic for these

duction or addition of different 8 metals? The strong in- different dopings where depletion of oxygen reduces charge
crease of the bandwidths in Figlbj suggests that the den- while Ca-Pr doping conserves it. For Ca-Th the results are

sity of states is reduced for both dopings. The itinerant, .~ = S . . -
electron bandwidthv,, was found to increase somewhat with qualitatively similar to Ca-Pr doping, with a similar strong

x for Ca-Th doping and to remain fairly constant for Ca-princrease Oiwp up th=Q.05 in Fig. Tb) and a variation of
F by a few percent in Fig. (3).

doping as illustrated in Fig. 4. The development of these The analyses of both models give a consistent picture of
bandwidths with doping reflects a change of the metall|cCa_.|_h and Ca-Pr dopings. An increased tendency for local-

character, with the paramet&=w,/wp describing a ten- .~ . L :
dency for localization. For both dopinas. the increasevaf ization is found, and most results indicate that this tendency
y : pings, 8 s stronger for Ca-Th than for Ca-Pr doping. The relative

[Fig. 7(b)] is stronger than the change wf, andC decreases increase of the bandwidtHg(x) andw, (x) with x is both

as a function of doping concentration as seen in Fig).7 o o
) . stronger for Ca-Th dopingFig. 4), and this is also the case
The results thus suggest that band broadening mainly occurs thg energy distancgbgtflv%ebiand Fermi energy: i.es

in the localized parts of the bands. moves faster towards the localized part of the band for Ca-Th
doping(Fig. 5. The increase 08,9g x With x is stronger for

IV. DISCUSSION Qa—Th doping(Fig. 2), which empirical!y is in line with this
_ picture. On the other handi,.(X) (Fig. 3 and the total
A. Trends in S(x,T) bandwidthwp, [Fig. 7(b)] show a tendency for localization

Both models used to ana'y&X,T) assume the existence for both dOpingS, but the relative Strengths of these trends
of a narrow band in which the Fermi energy is located. Pacannot be clearly separated.
rameters of the models can therefore be qualitatively com-
pared. Common trends in the doping dependence of such
parameters give strengthened support for the outlines of a Although the Ca-Th and Ca-Pr dopings in several aspects
qualitative physical picture. are similar, there are noteworthy differences as mentioned in

B. Depression ofT in light of results from S(T)
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the Introduction. The most significant one in the present con- V. BRIEF SUMMARY
text is the strong increase of the room-temperature electrical
resistivity p for Ca-Th-doped samples, compared with a
much slower increase qf for Ca-Pr doping. In fact, in the

approximation that the doping dependence of the resistivit
measures the doping dependence of the disorder parame

hleg, with 7the elastic scattering time, it was found that both models for each alloy system. A consistent doping con-

the depression off; could be qualitatively explained by centration dependence of corresponding parameters was ob-
guantum interference effects for Ca-Th doping, but not for P P 9p

: ; . .. tained in the two models. The bandwidth$x) andw,,(x)
Ca-Pr doping? It might be possible that a larger resistivity ; . . o
for Ca-Th arises from an increased granularity. However, th oth increase for increasing Ca-Pr and Ca-Th doping, the
present results foB(x,T) confirm and supplement the pic- ermi energy is d|§placed towards thellocallzed parts of the
ture of Ref. 22. The broadening of the bands and the diSpands, and the ratier, /wp Qecreases Witl. The_se changes
placement of the Fermi energy towards the localized band& € " general more promlnent for Ca-Th dopl'ng, Wh'.Ch. tp—
qualitatively support a decrease of bottand & with in- gether with a stronger increase of the electrical resistivity

) ; R b, indicates that the localization tendency is driven by elec-
g:)epz?iglgx, with & stronger effect for Ca-Th than for Ca-Pr tronic disorder for this doping. For Ca-Pr doping the results

Why then does electronic disorder develop faster fOrsuggest that in addition to a weaker disorder effect, mobile

Ca-Th doping, and what causes the almost similarly S,[rongharge carriers localize for increasing doping concentration.
depression ofT. for Ca-Pr doping? Tentative answers to

these questions might be found along the following lines. It ACKNOWLEDGMENTS

can be noted that Pr and Nd have comparable ionic masses
while Th is considerably heavier. One may therefore conjec-

ture that Th produces a stronger perturbing potential with gt_atnd t?g .SSF Ogde Corr:som(tjjrpr aﬂd ll‘rom .the I:a;“ﬁn
larger increase of the electronic scattering rate. The alien- Inistry of Science, kesearch, and fechnology 1S gratetully

ation of Th in 123 compounds is also illustrated by the factaCkr‘OWIedg'Ed'

that it is the only one of the three doping elements Ca, Pr,
and Th which does not easily enter into solid solutions as a APPENDIX
single doping element. . .

For Pr doping it was found recently from neutron diffrac- " the model of Ref. 323(T) is expressed in terms of the
tion and calculations of BVS’s that doping of only Pr in three parameters,, wp, andF as
Nd-123 resulted in a suppression of mobile charge defisity.
Hybridization between Pr #and conduction electron band kB{ w*

The normal-state thermoelectric power of
Nd,; _,,CaM,BaCu;O;_ s with M=Pr or Th has been mea-

ured and analyzed in two different models, each one with
igf:ee free parameters describing characteristic features of the
and structure. Good descriptions $fT) were obtained in

' Financial support by the Swedish Agencies Vetenskapsra

states may lead to such localization of charge carriers and S=— Py -

*
o

1
s e+ + coshw’ — w3 (coshu*
depression of ., as inferred, e.g., from x-ray absorption fine 7

structure in Pr-doped Y-128Ref. 3§ and from magnetic Wt
: . : et +e%
properties of Pr doped into a large number of different rare- +coshw* )In———— —M*] ,
earth 123 compound¥,in both cases for larger Pr dopings 7 e e
than those presently studied. Localization may survive also
in charge-neutral dopings. As mentioned, BVS results for the sinh(Fw?)
average hole density in the planes for Ca-Pr-doped Nd-123 wr= o ek Sl L
showed a main trend of decreasing with increasing doping. kT sin{(1-F)wg]’
Using the present results f@,g99x to estimate the charge
density, it can be inferred from the abscissa in Fig. 6 ghiat Wp
similarly reduced for the present &, samples up tax W5=m,
=0.1 as for Nd_,Pr,-123 samples from Ref. 25 in the same B
range ofx. Hence the localization tendency for Pr excess,
charge does not seem to be affected by codoping with Ca.
For Ca-Pr doping we therefore conclude that in addition to
an increased electronic disorder, the depressioii.ofvith W :k
doping is due to charge localization on Pr sites. 7 2kgT’
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