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We report detailed studies of the normal-state resistivity and Hall effect in ByiCa Ba,CuzO;_5
systemgR=Tm, Ho, Gd, and Ng We find a linear temperature dependence of the normal-state resigtjvity
(pn>T) and the Hall numbeny (ny<T) aboveT,. For a fixed temperature bogh, andny are dependent on
the ionic radius of the rare eartlgs+; viz., the larger theR®" ionic radius, the largep,, (p,rgs+), but the
lower ny (nyxlfrgs+). At a constant temperature the,«<1l/ny relation is well confirmed for
Ro.¢Ca 1Ba,Cus0,_ s compounds with differen® ions. The cotangent of the Hall angle follows a univef&al
dependence i.e., c@;=aT2+C. The slopex decreases with increasing ion size of the rare earth, but the
quantityC remains almost constant f& (Ca, 1Ba,Cus0;_ s compounds with differeni®. The reduction of
and theR3" ion-size dependence of, andny is interpreted in terms of hole generation and hole localization
by Ca doping[S0163-182606)04129-X

. INTRODUCTION been suggested by Anderédand a band model involving a
square Fermi surface with rounded corners has been sug-
One of the most puzzling problems in the study ofgested by Pickettet al?* to understand the Hall-effect
high-T,. superconductors has been the anomalous linear tentpuzzle” in high-T, superconductors. Alexandrost al>®
perature dependence of their normal-state resistpjitand  showed that a quantitative explanation is possible for the
the Hall numberny, above T, over a wide temperature temperature dependence of tRg and resistivity using a
range! which is inconsistent with an isotropic single-band variation of the bipolaron theory which takes into account
Fermi-liquid description. A complete understanding of theseAnderson localization of the bosons by disorder.
properties is still lacking. Among all cation dopings, Ca substitution for Y in
In an isotropic parabolic single-band Fermi-liquid system,YBa,Cu;0;_ s has received much attentid.*>2°-*3The va-
the Hall numbem,,=V/eR, would be the number of carri- lence state of Ca is lower than that of ¥'; such a substi-
ers per unit cell. For the higii; cuprate superconductors, tution will generate excess holes ahdis suppressed by the
due to itsT dependence and the complex band structuie, overdoping effect. On the other hand, it has been known that
may not represent the actual carrier concentration. Howevef;a doping is likely to cointroduce oxygen vacancies and this
the value ofny at a particulaiT correlates rather consistently effect reduces the number of generated holes. This indicates
with the carrier concentration determined by other methodsthat doping with Ca has a counterbalance effect on the sup-
ny scales with the actual carrier concentration. pression of thd .. Ca doping is able to increase thgof the
In any transport model, one expects that the carrier conexygen-deficient and tetragonal Y-Bu-Cu-O sampfe$.
centration scales with the conductivity, namelys1/n. Recently, Yakabet al!® showed that there is a maximufp
However, for most of the high, cuprate superconductors, of about 90 K with variation of the carrier density in single-
both p andny«T, and, thenpony instead ofpx1/n in the  phase Y_,CaBaCu;0,_ s thin films up to 50% Ca concen-
simple Drude model. This fact seems to be the most puzzlingration. The value of the maximuif, is independent of Ca
in the normal-state transport properties of the higheu-  concentration.
prates:The higher the carrier density, the smaller the con- Ca doping is able to revive the superconductivity
ductivity. T.~40 K) of PrBa,Cu;0,_5 which is a semiconductdf:*
Extensive studies of the Hall effect have been carried ouflso, the introduction of Ca will increasg, from 0 to about
on following 123 systems(1) YBa,CuO;_ 5 with changing 82 K in YBa,Cu, 6,C0 307 5-° Gnansekaet al*’ reported
the oxygen contents?® (2) Y,_,PrBaCu0O,_ 5 with that they prepared thin films dfl,Ca, Ba,Cu;0;_5 (M
changing the Pr content,®!° (3) YBa,Cu;_,M,0,_ 5 (M =Lu, Th, Th) in single phase. The superconducting transi-
=Zn, Co, Fe¢ with changing the transition-metal content tion temperature of the films varies froml2 to~45 K. The
x*~1%and (4) Y,_,CaBa,Cu0;_5 with changing the Ca significance is that the compositioi Ba,Cu,0,_ 5 (M =Lu,

contentx and the oxygen contert>-1° Th, Th) does not form in single phase in bulk form and, in
In order to explain the unusual temperature dependence dfie case of Th and Th, not even in thin film form.
the Hall coefficient in the normal state of high-supercon- Al of the Hall experiments above®have focused on the

ductors, several approaches have been suggested, includidgange of the concentrationof the dopants or the oxygen
conventional band-structure calculati6hand strongly cor- reductions. As a modification of our previous observation
related modelé:?2 A non-Fermi-liquid-based approach has that theR3* ion size has a very strong effect on supercon-
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TABLE I. Lattice constants, b, andc, unit cell volumeV, and orthorhombic lattice strag~=2(b—a)/
(b+a) for Ry Ca 1BaCus07_.

R a b c \% e

Nd 3.854 3.911 11.723 176.7 0.0147
Gd 3.830 3.889 11.683 174.0 0.0152
Ho 3.815 3.878 11.661 1725 0.0163
Tm 3.798 3.862 11.615 170.4 0.0167

ducting and magnetic properties® _,Pr,Ba,Cu,0,_53°  Rigaku Rotaflex rotating anode powder x-ray diffractometer

we have carried out transport measurements iCuKa radiation.
Ro &Plo Ba,Cu0;_ 5 systems? in which instead of a change The dc magnetization was measured by a Quantum De-
of concentration, we change ti** ion while leaving the sign magnetometer. The resistivity was measured by the
concentration of Pr and oxygen unchanged. We found that atandard four-probe technique. To measure the Hall effect
a constant temperature bgih andny are linearly dependent and the longitudinal resistivity a five-probe arrangement was
on the ion size of the rare earth, viz., the larger@ié ionic  used on rectangular-shaped samples. The rectangular
radius, the largep,,, but the lowem,, . The cotangent of the samples were cut from sintered pellets with typical dimen-
Hall angle follows a universalT? dependence, i.e., sions 2<5x0.5 mn?. In order to perform precise Hall mea-
cot8,=aT?+C. Both the slopea and the quantityC are  surements, it was essential to minimize the misalignment of
insensitive to theR ion and remain almost constant. On the the Hall arms and also to achieve low contact resistance. The
basis of our data we proposedan,, diagram which mani- contacts were made using gold wires and silver epoxy. After
fests an “underdoping” behavior oR, Pl Ba,Cu;0;_,  a heat treatmentfa2 h at 450 °C inflowing oxygen, the
systems? contact resistance was typically less than Q.5or contact
In this paper we report detailed studies of the normal-statsurfaces smaller than 0.1 mMnSamples were mounted on
resistivity and the Hall effect of bulk ¥Ca& BaCu0O;_5s  small sapphire substrates.
systems(R=Tm, Ho, Gd, and N in which instead of a The experiments were performed in a commercial Oxford
change of concentration, we change B ion while leav- Dewar with a superconducting magnet. To extract the Hall
ing the concentration of CaxE0.1) unchanged. We found voltage, a signal was measured at two reversal directions of
that at a constant temperature bpthandn,, are dependent the measuring currerft00 mA) and two reversal directions
on the ionic radius of the rare earttys+, viz., the larger the of the magnetic field=7 T). The temperature was measured
R®" ionic radius, the largep,, (phargs+), but the lowemy, by a carbon glass thermometer.
(nyalirgs+). For afixed temperature the relationgf 1/ny,
is well cc_)nfirmed fo!RO_QCaollBaZC%OF,; systems With dif- IIl. RESULTS AND DISCUSSION
ferentR ions. The higher the carrier density, the higher the
conductivity The cotangent of the Hall angle follows a uni-  The x-ray diffraction patterns at room temperat(Fég.
versalT? dependence, namely, cot aT?+C. The slopex 1) show that allR, (Ca ;Ba,Cu;0,_ s (R=Tm, Ho, Gd, and
decreases with increasing ion size of the rare earth, but thi§d) samples have orthorhombic perovskitelike structure and
quantityC remains almost constant f&, (Ca, ;Ba,Cu;0,_5  contain no extra peaks due to impurity phases within the
compounds with differenR ions. experimental error. It was indicated in the literature that only
at Ca concentration doesat higher than about 0.2—-0.3 im-
purity phases appear in  bulk materials of
Il EXPERIMENTAL TECHNIQUES Y,_,CaBa,Cu0,_53! Recently, Sunet al!® showed that
The ceramicR, C& ;Ba,Cu:0;_s (R=Tm, Ho, Gd, and for c-axis-oriented Y_,CaBa,Cu;0,_ s thin films deposited
Nd) samples were synthesized using a conventional solidby laser ablation there is no impurity phase found even for
state reaction method. Stoichiometric amounts of high-puritk=0.5 and 0.7. Yakabeet al!® obtained single-phase
R,05 (R=Tm, Ho, Gd, and Ng BaCQ;, CaCQ,, and CuO Y,;_,CaBa,Cu0O;_;s thin films prepared by rf thermal
powders were mixed, ground, and calcined at 915 °C foplasma deposition method up to 50% Ca.
about 24 h in air in AJO; crucibles, followed by a slow The lattice parametess, b, andc, the unit cell volumeV,
cooling in the furnace. The resultant powder was then reand the orthorhombic lattice stragn defined ag=2(b—a)/
ground again and pressed with about 4 toné/orto pellets,  (b+a), of all samples are listed in Table |. We observed that
which was then heated at 925-935 °C for 3 days in flowingthe structure of all studied systems remains orthorhombicity
oxygen, followed by annealing at 680 °C for 10 h, and then(e>0). However, thee parameter, i.e., the orthorhombicity,
slow cooled to 420 °C, where they remained for 20 h beforedecreases with increasir@®* radius (Table ). The main
a final slow cool to room temperature. All specimens werepeak split is not obviously for sample pgCa :BaCu0;_5
annealed in an atmosphere of flowing oxygen to ensure €&Fig. 1). The lattice parametess, b, andc and the unit cell
sufficient oxygen content in the final product. This sintervolumeV of all samples are increasing linearly with radius
procedure was repeated at least three times. All samples weeé the R ion (Fig. 2). We believe that Cd occupies the ¥
prepared at the same time in the same furnace, respectivelgite. If C&" (rcz+=0.99 A occupies B&" (rgz+=1.34 A
to ensure the same sample qualities. sites, a shortec axis would be expectel?. It is noticeable
The structures of the samples were investigated using that the increase of thec axis from 11.615 A for
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FIG. 1. X-ray powder diffraction patterns with Gl radiation ~ fore, we could reasonably assume that the oxygen content

for Ry.¢C& 1BaCu0;_5 (R=Tm, Ho, Gd, and Ngsystems. does not vary much.
The temperature dependences of the dc molar magnetiza-

Tmy Cay 1Ba,C0;_ 5 to 11.723 A for  tion, M(T), of Ry «Ca ;Ba,Cus0,_5 (R=Tm, Ho, Gd, and
Nd, oCa 1Ba,Cus0;_sis less than that of the ionic radii from Nd) systems over the temperature region 5-90 K were mea-
0.87 A for Tn?* to 0.995 A for Nd#*. The lattice undergoes sured both in zero-field coolingZFC) and field cooling
a monotonic compression when the Y site in the 123 series i§-C). The results are shown in Fig. 3. Th(T) curves
substituted byR3* with a larger radius. demonstrate a superconducting transition.

In fully oxygenated YBaCu;0,_, Ca doping is accom- The normal-state resistivity was measured in the tem-
panied by a reduction in oxygen content. However, Ca dopperature range betweéh, and 280 K for all samples. The
ing below 6% has little effect on the oxygen cont&hEisher  results are shown in Fig. 4. The results indicate that all

etal® suggested that in Ca-doped compounds
Y;_,CaBa,Cu0;_5 6= 5+ x/2. In our casex=0.1; there-
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samples are “metallic” with a linear temperature depen-
dence in the measured temperature range.

The T, values ofR, Caq ;Ba,Cu;0,_ 5 determined from

both resistivity and magnetization measurements by the on-
set of the superconducting transition were 86, 89, 88, and 86

K for R=Tm, Ho, Gd, and Nd, respectively, and exhibit an
almostR-independent; ranging from 86 to 89 K+1.5 K).

It should be emphasized that for Ca-doped systems in this

doping level k=0.1) no correlation off ; with R®* ion size
was found. This is wunlike that in Pr-doped
R;_PrBa,Cu0,_ 5 system#3°in which we demonstrated
an R®* ion size effect onT,. The undopedRBa,Cus0;_ 5

systems have a nearly optimal value of the carrier concentra-

tion. Then theT, reduction after Ca doping could be de-

scribed as an overdoping effect in the fully oxygenated

samples oR, (Ca, Ba,Cu;0,_ 5 However, Awanat al 3233

suggested an alternate explanation which involves the cre-

ation of disorder in Cu@planes by Ca doping. They argued
that in Ca-doped compounds the coordination number of C

is dependent on the oxygen content and the concentration of

doped Ca in the materiaf. The effect of disorder in reduc-
tion T, should not be ignored.
It is traditional to express the total electrical resistivity as

ION-SIZE EFFECT ON TRANSPORT PROPERTIEN I..

3583
Tm Ho Gd Nd
0.8 —A 1A — — T
0.7 | 250K |
' v
0.6 - v 200K |
g
O 0.5 L o 150K i
c
g o4l 100K |
0.3 4
0.2 - R. .Ca, Ba_Cu,0, .|
0.9 0.1 2 377-6
o 1 I | | | { | | |

a "'88 88 90 92 94 96 98 100 102 104

_ _ 3+
Ionic radius of R (pm)

FIG. 5. Normal-state resistivity at temperatures of 100, 150,

the sum of two terms. One is the temperature-dependent terdP0. and 250 K vs ionic radius &** for Ro ¢Cay 1Ba,CUsO7—s

arising from the dynamic deviations from crystal perfection.

(R=Tm, Ho, Gd, and N@systems.

Another is the temperature-independent residual resistivity
arising from the static imperfections, such as impurities ands the number of carriers per unit cell whezés the electron

lattice defects. The normal-state resistivity of
Ry.oCa 1Ba,Cus0,_5 (R=Tm, Ho, Gd, and Ny systems
could be fitted by the relatiop(T)=py+aT, wherea=dp/
dT is the slope inp(T) curves andp, is the extrapolated
value ofp at T=0 and close to zero for undoped samples.
With increasingR®" ion size, the resistivity curves(T)
are shifted progressively upwardBig. 4), so that the pri-
mary effect of theR ion size is to add a nominally
temperature-independent contributigg to the transport
scattering rate. This may be due to a progressive decrease
carrier concentratiorfour Hall measurements support this

point of view) or/and a progressive increase of an unsus-

pected temperature-independent scattetingpurity scatter-
ing) contribution by increasin@®®" ion size in samples.

It is the most striking aspect of the normal-state resistivity
data that at a constant temperature the normal-state resistiv- ©

ity increases linearly with increasini@®* ion size. The ex-
perimental results foR, {Ca, 1Ba,Cu;0,_ 5 (R=Tm, Ho, Gd,

and Nd systems at temperatures of 100, 150, 200, and 250 K o
are shown in Fig. 5. It should be also noted that in Pr-doped

Pl BaCu0,_5 systems we have obtained a similar

R
Rg*-ion-size effect orp,, 439951

Hall measurements were made with the same samples mm
which we discussed above. Our results demonstrated that the

Hall voltageV,, at a constant temperature was linearHn
and no saturation up to the maximum field of 7 T.

The Hall coefficientR,, above T, is holelike for all
samples. The temperature dependendg,pis shown in Fig.
6. The experimental values oR, are in the range
0.3x107°-2.0x10"° m%C. R, increases as the temperature
decreases.

It is convenient to normalize the Hall constant to the unit
cell volumeV (see Table)lso that, in the case of a parabolic
single band, the Hall number, (derived fromn,=V/eRy)

charge. The temperature dependence of the Hall number
is presented in Fig. 7.

As shown in Figs. 6 and 7, we find for
Ry.sCa 1Ba,Cus0,_5 (R=Tm, Ho, Gd, and Ny systems a
nearly 1T dependence oR, and therefore a nearly linear
temperature dependencergf, widely seen in many high-,
cuprate superconductofst® Figure 7 also indicates that the
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FIG. 6. Temperature dependence of the Hall coefficiBnt, in
a field d 7 T for Ry oCa 1BaCu0;_s (R=Tm, Ho, Gd, and Ny
systems.



3584 WEIYAN GUAN, J. C. CHEN, AND S. H. CHENG 54

5 T T T ] T Tm
2.0
Ro.
~—~
p—
—
o )
o 15+ [ i
N
- | |
. .
st
ot
Y 1.0 - -
~
=
g
™
=
~ 0.5 B
R
0.0 1 1 1 1 L L | |
0 1 1 ! ! 1 84 86 88 90 92 94 96 98 100 102

90 120 150 180 210 240 270
rR3+ (prrl)

Temperature (K)
FIG. 8. 1hy (ny=V/eR,) vs ionic radius ofR3", rgs+, at

temperatures of 100, 150, 200, and 240 KRyr{Ca, 1Ba,Cus0; _
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G emperature dependence of the Hall number per umER:Tm, Ho. Gd, and Nylsystems.

cell volume, ny (ny=V/eRy), in a field d 7 T for
Ro «Ca& 1BaCu;0,_ 5 (R=Tm, Ho, Gd, and Ngsystems. ) .
09-B BT -5 Y The parameteA corresponds the Hall carrier density, of

slopedn,/dT is found to be suppressed as tR&" ionic  the compoundRy (Ca 1Ba;Cus07 5 With rgs+=rcz+. Due

radius increases. to the difference betweenyg+ and reg+ (Fng+—rc+
The transport measurements performed in sintered bulkc 0.5 pm and parameteB being small B<A), the fitting

samples are usually complicated by the character of th¥alues of the parametek are very close to experimental

granularity in these sampléweak links between grainand ~ values of the Hall numben,; of Nd, (C& ;Ba,Cu;0;_; at

confused by anisotropic effect inside the grains. In spite ofhese temperatures.

this, the data of the Hall effect measurements for

YBa,Cu;0;_5 single crystals when the magnetic field is

along thec axis>*3are, in general, in good agreement with

results on polycrystaf¥! 4 Trg H_O GS = Nd
We have estimated that the signal error of our experimen- T ol M
tal system is about T0~10"8 V. However, the Hall voltage
V,y at low temperatures is on the order of fov and —_
V,y~1/T. Above 240 K the Hall signals are small and sen- 7 3L |
sitive to thermal shift during the measurements. Therefore, —
our Hall measurements were performed limited in the tem- ©
perature range of 100—240 K. \O,
Our experimental data show that at a constant temperature — | |
the Hall numbem,, monotonicly decrease with increasing o
R3* jonic radius inR, {Ca, 1Ba,Cls0;_ 5 systems(R=Tm, %
Ho, Gd, and Ngl In Fig. 8 we present the correlation be- ™~
tween 1h, and R®' ion radius at constant temperatures = 1k i
(100, 150, 200, and 240)KIn every case the i
=
Iinyoerge+ ) Ro.gcao.1Bazcu307—5
is satisfied, wheregs+ is theR®" ion radius. 0 ' ' ' '
On the other hand, at a constant temperature an approxi- —50 Y 50 100 150 =00
mate description of th&®" ionic radius dependence of the 2 2
Hall carrier densityn, is also can be given by the relation (I‘ 3+—r 2+) (pm )
(Fig. 9) R Ca
Ny=A+B(rgs+ —rce+)?, ) FIG. 9. ny (ny=VieR)) vs (rgs+—rcg+)? for
Ry C& 1Ba,Cus0;_s (R=Tm, Ho, Gd, and Ng systems[solid
wherergs+ andrce+ are the radii of theR®" ion and C&* lines are fitting curves fitted by the formula,=A+B(rgs+

ion, respectively, and\ and B are two fitting parameters. —rc.+)?].
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FIG. 10. Normal-state resistivity,, vs 1h,, at temperatures of
100, 150, 200, and 240 K fdRy {Cay BaC0;_5 (R=Tm, Ho, Nd

Gd, and Nd systems. 0.6 H=7T cd
If Ca plays a role just as a carrier provider, thus, Ca dop- 05 _
ing with the same concentratiorn£ 0.1) should generate the Ho
same number of carriers in differei, Ca, BaCu;0;_5
compounds. It is not consistent with the obsen®d ion 0.4 |- /Tm‘
size dependence of, .
It is generally believed that the holes in the 123 com- 0.3 - i

pounds can be divided into two types: mobile and nonmo-

bile. The mobile holes, which are matched with a Hall num-

berny, are located in the Cusheets, others are believed to

form electron-hole pairs which cannot move and are local-

ized on the CuO chains. 0.1 ' ' ' l I
In our recent papét we reported detailed Hall measure- 90 120 150 180 210 240 270

ments on Pr—dopeROZBPrO_ZI_BaQCLbOF&systems{Rsz, Er, Temp erature(K)

Dy, Gd, Eu, and Ny in whichn,, decreases roughly linearly

with increasingR®* ionic radius. The quite different inclina-

tion may suggest the completely different mechanismsof ~ FIG. 11. Temperature dependence of the Hall resistjjfyand

suppression in Ca- and Pr-doped systems. magnetic resistivityp,, in a field d 7 T for Ry ¢Cay 1BaCus07_5
The variation of the carrier concentration is also expected?=Tm. Ho, Gd, and Nisystems.

to affect the resistivity. In any transport model, one expects i ) . . -
poc1in. However, from Figs. 4 and 7 we can see that for asuggestlo?? based on the two-dimensional Luttinger-liquid

given compound botp andn,T, and thenpxn,,, instead model, fche Hall anglgd, can be expressed by a universal
of poc1/n. This fact seems to be the most puzzling in theduadratic temperature dependence of ot
normal-state transport properties of the higheupratesThe
higher the carrier density, the smaller the conductivity

In Fig. 10, we present the correlation between measprred
and 1h, at constant temperatur¢$00, 150, 200, and 240
K) for different Ry {Ca&, :Ba,Cu;0,_ 5 compounds. In every

P, (MQ cm)

0.2 -

Cot Oy = pux! pPxy= aT?+C. 3

It should also be noted that a band model involving a
square Fermi surface with rounded corners could also lead to
.15 ) . =1Y " the aboveT? law.?* Therefore, one cannot conclude the va-
case, thex1/ny relation is well confirmed. This behavior is lidity of Anderson’s picturé® simply based on the applica-
normal: the higher the carrier density, the higher the con- bility of Eq. (3) to the observed results
ductivity. Similar results  were obtained In In Fig. 13, an approximate description of tR&" ionic

Yl—xc@gﬁc%@ﬁ systems With_ variable_ OXygen radius dependence of the parameteés given by the relation
content:®1’” Although the parametar,, interpretation in the

studigd systems is debatable, however, the measurem_d @=0.014+ 10 4(rra+ — T c2+) 2 ()

p at fixed temperature correlates rather consistently with the

px1/n, relation. This is evidence that, scales with actual The value of 0.014 corresponds to a valuexdbr the com-

mobile carrier concentration. pound Ry Ca 1BaCu;0;_s with rgs+=rce+. The fitting
The Hall resistivityp,, and magnetic resistivitp,, mea-  value of 0.014 is very close to experimental valuesrdbr

sured in a field 67 T are displayed in Fig. 11. The computed Nd; (Cé&, 1BaCu0;_

values of coty, = p,,/py, in the field d 7 T as afunction of Figure 14 demonstrates that bathanddn,/dT are lin-

T2 are shown in Fig. 12. According to Anderson’s early dependent on Hall carrier density . This means that
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FIG. 14. Slopex of the curve coB,(T?) and the slopeln,/dT
FIG. 12. Variation of the cotangent Hall angle @ with T2 at of the curveny (T) vs the Hall number per unit cell volumey,
7 T for Ry Ca 1Ba,Cls07_5 (R=Tm, Ho, Gd, and Nysystems. (ny=V/eRy), at a temperature of 100 K fdry (Ca 1BaCus0;_5
(R=Tm, Ho, Gd, and Ngsystems.

the temperature dependences rgf and cotd, are sup-

pressed for a compound with a smaller Hall carrier densityrary to the Y;_,CaBa,Cu,0;_; films, in our case no corre-

(Figs. 7 and 1¥%or with a largerR®* ionic radius(Figs. 7, |ation between dny/dT and T. was found in

12, and 13in Ry «Ca 1Ba,Cu30;_ 5 systems. We present evi- R Ca ,Ba,Cu,0;_ 5 Systems.

dence for the existence of a linear relationship betweand Earlier Hall measurement$®1°3on 123-type high¥,

ny, which is consistent with results obtained in oxygen-syperconductors reveal that E§) seems to be universal in

depleted YBaCu0;-; films.* The origin of this feature is  every system with different dopants and doping levels. How-

not completely clear at present. _ _ _ ever, the behavior of the slope and intercepC are quite
In the literature an universal behavior for all investigatedgifferent for different systems.
films was found: The largetin,/dT, the higherT.'” Con- For the case of in-plane zinc dopants in crystals of

YBay(Cy, _,Zn,);0,_ 5 C in Eq. (3) linearly increases with
increasing zinc concentration, but the parametés essen-
Ro gcao 1Bazcu307—6 f[ially_unchanged. For the case of CuO-chain-site cobalt dop-
0.030 : : ing in crystals of YBa(Cu,_,Co);0,_ 5 the results
A showed that doping with Co decreasesvhile leaving the
residual scattering paramet€runchanged. For the case of
oxygen-deficient YBsCu,0,_ 5 epitaxial films® the results
showed that oxygen reduction increasesleaving the re-
sidual scattering paramet& unchanged. For the case of
Y-site doping by Pr in Y_,Pr,Ba,Cu0,_; epitaxial films®
both & and C increase with Pr concentration
All of the Hall experiments abové®1%3reveal a uni-
fied picture of the Hall effect in various highs cuprate
systems. While the increase Gfcorresponds to a reduction
of mot;Llity, the change ot reflects the variation in carrier
0.010 |- _ P i density:
Cot 0 _‘ZT e . All of the Hall experiments abové®'%**have focused
a=0.014+10 (rp,—r, 2+) on the change of the concentratiznof the dopants or the
0.005 | | ! . oxygen reductions. In our previous papett we presented
-50 ] 50 100 150 200 Hall measurements iR, gPry Ba,Cu;0;_, systems and,
_ R R in the present paper, in Ry Ca 1Ba,Cu0,_
(rps+=Te?r) (pm’)  present .
systems, in which, instead of a change of concentration, we
change theR®*" ion while leaving the concentration of Pr or
FIG. 13. Slopea of the curve coB,(T?) in a field ¢ 7 Tvs  Ca unchanged.
(rra+ —rcg+)? for Ry «Ca 1Ba,Cl0;_ 5 (R=Tm, Ho, Gd, and Ny In Pr-dopedRy gPry .Ba,Cus0,_5 Systems, both param-
systems[solid line is a fitting curve fitted by the formula  etersa and C, in the formula co®y= p,,/p.,= aT?+C,
=0.014+ 10 *(rgs+ — rcz+)?]. remain almost constant and do not change with the changing

4 Exp. Data
O Fit

0.025

0.020

0.015
Nd
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of R in RygPly BaCu0;_,.>" However, in present Ca-

ION-SIZE EFFECT ON TRANSPORT PROPERTIEN I..

3587

ated by Ca doping. This excess strain due to the lattice com-

dopedR, (Ca, Ba,Cu0,_ 5 Systems, similar to the case of pression in these compounds with a larget" ion size,

Co-doped YB&Cu,_,Ca,);0,_5 crystals®® the results
showed that changing thR ion with a larger ion sizdas
increasing the Co concentrationin YBa,(Cu, _,C0,)307_5

crystald®] decreases, while leaving the residual scattering

parametelC unchangedFig. 12.

though having little effect o7, has a strong influence on

the resistivity and Hall effect. The effect of the disorder in-

fluence on transport properties should not be ignored.
Another possible reason for tii " -ion-size effect omy

is that the coordination number of the doped®t4 which

In a unified picture of Hall effect as mentioned above, thehas a strong effect on the hole generationR¥ -ion-size
parametelC is a measure of the in-plane impurity scatteringdependent.

rate. It is not surprising that, independent of th&™ ion,
substituted into the Y site inR,gPry Ba,Cu0;_, and
Ro.oCa 1Ba,Cu0,_ 5 systems.

The change ofa was attributed to the variation in the
carrier density. It is not surprising thatx and n, have a
similar R®*-ion-size dependendsee Eqs(2) and (4)], in-
dicating that both effects are closely related.

The observedR®* -ion-size dependence of the Hall num-

ber ny in bulk Ry Ca, 1Ba,Cu;0,_ 5 systems(R=Tm, Ho,
Gd, and Nd at a fixed Ca concentratiorx€0.1) presented

IV. CONCLUSIONS

In conclusion, we find a linear temperature dependence of
the normal-state resistivitp,, and the Hall numben,, in
bulk Ry ¢Cé& 1BaCus0;_s systems(R=Tm, Ho, Gd, and
Nd). At a constant temperatugg, and 1h,, are linearly de-
pendent on the ion size of the rare earth. phel/n relation
is well confirmed at a constant temperature
Ry.¢Ca& 1Ba,Cu0,_ s compounds with differenR ions. The

for

here reveals that the change of number of the mobile holes icotangent of the Hall angle follows a universed depen-
these systems is not only connected to the hole generation lience. The slope decreases with increasing ion size of the

the substitution of C&, but also to the “moving holes”

rare earth, but the quantity is insensitive to th&R ion and

localization caused by disorder and lattice compression. Theemains almost constant. Our experimental results reveal that
Ca content controls the carrier density in a nonlinear fashiorCa doping plays a much more interesting role than just of a

because carriers are distributed both in the €planes and

carrier provider inRBa,Cu;0;_5 systems. A considerably

in the CuO chains. The part of the carriers brought about bytronger decreasing of thg; value inRy (Ca, \BaCu0;_5

Ca doping, most probably, is absorbed into the CuO chaimompounds as thB*>* ion radius rises can be attributed to
charge reservoir. The localization and charge transfer are thae strengthening of the localization effect due to the disor-
major factors affecting the hole concentration in Ca-dopedier and lattice compression related to Ca doping.

systems.
As mentioned earlier, the lattice &, Ca, \Ba,Cu;0;_5

systems(R=Tm, Ho, Gd, and Ny compounds undergoes a
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