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The microstructure, charge transport, and spin dynamics of polycrystalline samgBesCBi ,Y,Cu,0g. s
have been studied by x-ray diffraction, electron diffraction, resistivity, thermoelectric p@#), and elec-
tron spin resonance. It is found thaf’Ydoping causes a tetragonal-orthorhombic structural transition at
=0.5 and leads to the superstructural modulation wavelength changingdgem.8 to gq,=3.8% asx
increases from 0 to 1. The enhancement of the structural distortion causes an increase of the fraction of
localized C&" spins. Resistivity and TEP measurements show anomalies axaufids, which are interpreted
in terms of the spin correlation. The relation of crystal microstructure, localizéd Gpins, and charge
transport is analyzed and discussed based on the experimental results.

[. INTRODUCTION coefficient Ry) has been unclear. Zhou and Goodendugh
have investigated systematically the TEP of copper oxides
Investigations of the properties had revealed a commomith single CuQ sheets and found that the doping of mag-
characteristic of many oxide highs superconductors; i.e., netic ion at non-Cu@sheets has little influence on the TEP.
they have a Cu@plane in their structure. Within the range Nevertheless, a comparison of the transport properties
of lower carrier density, the localized €uspins are corre- between double-doped g .S 1s: ,Cly_FE&O, and
lated antiferromagnetically in the Cy@lane. Shirane and Lay g5 «Sfo.15: xCUy —,Ga O, system§ demonstrates that Fe
co-workers found that the long-range correlation of €u doping leads to a broad peak®4T)-T curves shifting up to
spins exists even in the normal state of superconductingigh temperature, while Ga doping does not influence the
samples. Obviously, a systematic study of the spin dynamicgygad peak. It is suggested that magnetic scattering plays an
of the bulk Cé" spin system is important, because this study;mportant role in charge transport in the Fe-doped system.
can reveal the basic elements and mechanisms of the preyigusly, there have been many reports on the structure
insulator-to-metal tranS|t|0p. Electron spin resona(EERv . nd transport properties of the Bi2212 sysfert, but few
mjzzisurgmer:lts are effective .for.detg ”T“”'gg the lolcal'zeﬁ?eports were contributed to the relationship between the mi-
f(?om tﬁgnrgssrg?\fé ﬁlgrgrrgst'tﬁg Issp(i)n tfé&im%ﬁ%zg?f c_rostructure and the physical _properties,_ as well as the rel_a—
! tion between transport properties and spin correlation. In this

the lattice from the signal width, and on the susceptibility aper. we svstematically investigate the crvstal microstruc-
from the integrated intensity of the absorption signal. ForPaper. y y 9 y

Bi-based superconductors with complicated incommensuratfl%re' pharge transport properties, and the spin dynamics of
modulation structure, the ESR method should be more usefif'® B2SRCa-xYxClpOg-— 5 system.
for studying the dependence of the localization of Cspins
on the microstructural characteristics.

On the other hand, extensive studies have demonstrated Il. EXPERIMENT
that the normal-state transport properties of oxide supercon-
ductors are unusual, and systematic studies of them are es- The polycrystalline BiSr,Ca, Y Cu,Og_ s samples with
sential to understand the mechanism of high-temperature s@<x<1.0 were prepared using the solid-state reaction
perconductivity. Since cuprate superconductors are based anethod. The detailed synthesized procedures are similar to
an antiferromagnetic background, it is easy to think that théhat reported previousff? The structure of these samples
magnetic interaction may influence the normal-state propemwas characterized by x-ray diffractidiXRD) and electron
ties. In fact, it has already been suggestethat the linear diffraction (ED). The XRD analysis was carried out by a
temperature dependence of resistivity is caused by spiRigaku-D/maxyA diffractometer using high-intensity Cu
fluctuation scattering. Up until now, however, how the spinK« radiation. The lattice parameters were determined from
scattering influences thermoelectric pow@EP) or Hall  the d values of XRD peaks by a standard least-squares re-
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FIG. 1. (a—(c) [001] zone
electron-diffraction patterns of
samples BiSrLCa ,Y,Cuw,0qg_ 5
(@) x=0, (b) x=0.6, and(c) x
=1.0.

finement method. The ED patterns were obtained using aoommensurate modulation structure, the supercell of which
H-800 transmission-electron microscopy. Resistivity as dor the undoped samples is monoclinfnamely, Bi-type
function of temperature for all the samples was measuredhodulation.'*!® Elemental substitution or a change of oxy-
using a standard four-probe method in a closed-cycle heliurgen content could influence the characteristics of the super-
cryostat. The TEP of the samples was measured by a diffestructural modulation. For example, aliovalent cation or
ential method. The temperature at the two ends of the meaquivalent cation substitutions for Sr or Cu of the Bi2201
sured sample was controlled automatically within a precisiorsystem can enhance the Bi-type modulation, while Pb doping
of 0.01 K. The emf of the sample was indicated by a Kei-in Bi,O, layers can relax the Bi-type modulation structure in
thley 181 nanovolmeter with an error less than @\2 The  both the Bi2201 and Bi2212 systems and even lead to the
electron spin resonand&SR experiments were carried out Bi-type modulation disappearing at high doping level. Obvi-
at 100 K by a BrukefER-200D-SRC reflectionx-band-type  ously, the satellite diffraction spots observed in Fig. 1 origi-
spectrometer. The frequency counter and magnetic field weneate from monoclinic superstructural modulation. The Bi-
measured using a frequency counter and a proton NMRype incommensurate modulation wavelengtf)( for the
gaussmeter, respectively. samples withx=0, 0.4, 0.6, 0.8, and 1.0 is also given in
Table I. Y doping enhances the Bi-type superstructural
modulation and leads to a zigzag atomic chain alodgec-

tion.

XRD patterns show that all the samples are single Bi2212 Figure 2 shows the temperature dependence of resistivity
phase. Table | gives the lattice parameteyd, andc for  for the samples BBrLCa _,Y,Cu,05_5 (0=x=<1.0). Al-
Bi,Sr,.Ca _,Y,Cu,0g_5 samples. As the Y content in-  though all the samples exhibit the ideal 2212 single phase,
creases from 0 to 1.0, the parametedecreases monoto- the superconductivity and charge-transport properties re-
nously from 30.883 to 30.216 A, while theeincreases from flected in Fig. 2 are noticeably different. Samples at a low
5.4072 to 5.4503 A. A structural transition from tetragonal todoped level ¥<0.3) all show a higher superconducting tran-
orthorhombic takes place at=0.5 for Ca replaced by Ysee sition temperature =89 K), and the critical temperature
the value ofb-a in Table ). The evidence for this transition reaches a maximum of about 93 K for the=0.1 sample.
can also be obtained from the splitting of 290 peak for The T. decrease rapidly with increasingas the Y content
thex=1.0 sample. These results are in good agreement witk=0.4. No superconductivity was detected down to the low-

Ill. RESULTS

previous report$!3 est measurement temperatfd K) for the sample withx
Figures 1a)—1(c) exhibit the electron-diffraction patterns _
of the [001] zone for samples B&r,Ca _,Y,Cu,0g_ 5 With 10" E N .
x=0, 0.6, and 1.0, which appear in most of the observed AN h 81251081,V
) D . . ) ) 1%k A \
grains. Similar satellite diffraction spots can be seen in every |
ED patterns. Previous studies have clarified that Bi-based 105;’
superconductor$Bi2201, Bi2212 possess complicated in- = 104§r
G 10°f
TABLE I. Lattice parameters, b, andc and the discrepancy of & 102 r
a andb (b-a), the incommensurate modulation wavelengih)(for > .k
Bi,SKLCa,_,Y,CuwOg_ 5 samples. S 10F
@ 100y
Ycontentx a(d) b@A) c@) ba®)  q é 1(;1;,
x=0 54072 54072 30.883 0 48 10%F _— 0
x=0.2 54187 5.4187 30.714 0 10°F / fff
x=0.4 54262 54262 30.572 0 b4 Tl N A
x=0.5 54293 5.4376 30.492  0.0083 0 50 100 150 200 250 300
x=0.6 54335 54476 30421 0.0141 B2 Temperature (K)
x=0.8 5.4432 5.4593 30.318 0.0161 4.0
x=1 5.4503 5.4688 30.216 0.0185 385 FIG. 2. Temperature dependence of the resistivity for samples

Bi,Sr,Caq _,Y,C05_ 5 (0=x=<1.0).
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FIG. 3. The variation of the superconducting transition onset 0 :_ ”““""wu.....,,X:O
temperature T2 of Bi,Sr,Ca, ,Y,Cu,05 ;5 as a function of Y S S S SO ER S T "
contentx. X, this report;O a previous report by Kakihanet al. 50 100 150 200 250 300
(Ref. 13. Temperature (K)
=0.5. Figure 3 show3 . (onsej for the x=0-0.4 samples. FIG. 5. Temperature dependence of the thermoelectric power of

The relation betweeii . andx given here is similar to what Bi,Sr,Caq _,Y,Cu,05_5 (0=<x=<1.0).
had been reported earligt131°

From Fig. 2 one can also find that the temperature coefmaximum, and around., falls sharply. All the samples, ex-
ficient dp/dT for the samples withx<0.4 is positive, indi-  cept forx=0.8 samples, show a broad peak in &@)-T
cating metallic conduction. The samples wikk-0.5 show  curve, and the temperaturd@ {) corresponding to the peak
an semiconducting behavior, and the system has transformegcreases with increasing The T, is 90, 130, 150, 200, and
from a metal to a semiconductor with>0.5. Now let us 260 K, respectively, for the samples witl+0, 0.2 0.4, 0.5,
turn our attention to the change of the room-temperature reand 0.6. Forx=0.8 samples, th&, is greater than 300 K,
sistivity pzgo. For x<0.5 samples, thepsy only varies — and theS(T)-T curve shows a positive slope in the whole
within one to two orders of magnitude. While for the measured temperature region.
samples withx>0.5 thepzgg increases quickly, and thesg, The room-temperature TEPS{,) for these samples is
for x=1.0 sample is five orders of magnitude larger than thak|so given in Fig. 4. One can find that the variationSa§,
of x=0.6 sample; see Fig. 4. A sharp changeig, 0CCUrs  and ps,, with Y contentx has a striking similarity. A large

aroundx=0.6. change inSzy is also found arouna=0.6, indicating that
Figure 5 displays the TEP as a function of temperature fokjmilar factors influencing sy and Szoo exist.
the samples BBr,Ca, Y ,Cu,0g_ 5 (0=x=<1.0). TheS(T) The ESR signals at 100 K for the samples

value increases progressively with increasing Y content Bj,Sr,Ca,_,Y,Cu,0g_ 5 (0<x<1.0) are shown in Fig. 6.
The x=0 sample has negative values in the TEP over therhe g factor corresponding to these lines is approximately
whole measured temperature region, while the samples Witb_l, indicating the dominance of €u Spins_ In pre\/ious
x=0.1 all show positive values. For the superconductingeSR investigations, some authors attributed the ESR signal
samples in the high-temperature regi&increases with de- jn 0.3-0.35 T range to a small amount of Ctbased
creasing temperature almost linearly, then passes throughigpurities!”*® but Ishida and co-worket$ found that the
ESR signal coming from localized €u spins reproduced

104i 300 the intrinsic susceptibility of the highz superconducting
o) i phase. We believed that the argument of Istetlal. is rea-
10°F - 250 sonable, because no impurity appears in our samples. From
10°F ] o Fig. 6 one can see that the relative intensity of the EPR line
E b ] 8 increases rapidly ag=0.6, which indicates a striking in-
é 100; 4 150 i crease of the fraction of localized €uspins with Y doping.
§ 10—1; — 100 >
< o0 1 IV. DISCUSSION
10—25' 4_D/D O/ -1 50 . . -
. ol . From the experimental results described above, it is ap-
10°F B o— 40 N
N o | | | | . parent that the substitution of Y for Ca causes a large change
10 1 i 1 1 1 = . . _
00 02 04 06 08 10 in the lattice parameters. A tetragonal-orthorhom@ieO)

structural transition takes placexat 0.5. This T-O transition

implies the reduction of symmetry and the enhancement of
FIG. 4. Room-temperature resistivitp4,) and thermoelectric ~ structural distortion. ED patterns show that Y doping inten-

power (S;o0 as a function of Y content. sifies the Bi-type incommensurate modulation, which can be
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layers®®2’ Although some extra oxygen is introduced into
Bi,Sr,Ca,,Y,Cu,04. Bi,O, layers with the substitution of trivalent3 for C&",
the amount of oxygen uptake is insufficient to balance the
extra charge introduced by3Y.?82° Therefore, Y doping
decreases the carrier concentration and leads the system into
the underdoped region. The superconductivity disappears as
x=0.5. Fujita and Tomit¥ investigated the structural, mag-
netic, and superconducting phase diagram of the Y-doped
Bi2212 system and found that an antiferromagnetic phase
appears under low temperature ®50.5 and theTy in-
creases gradually with increasing Y content. This phase dia-
gram is similar to those of other series of oxides, such as
La214 and Y123 systems. The anomaly @f,; and Szoq
x=0.6 4*10° aroundx=0.6 in the BjSr,Ca, _,Y,Cu,0g_ 5 System can be
—_—\ s interpreted in terms of this magnetic transition.
x=0.4 4"10 It is known that the charge carrier concentration of 0.15
x=0.2 4*10° =<x=0.20 per Cu in a Cu@sheet appears to give the maxi-
i , L . i , i , mum T, in all cuprate superconductors and an additional
feature influencing; is the (180% ¢)Cu-O-Cu bond angle
0 2000 Hé)OOO 6000 with a CuQ sheet. The structural distortiotmodulation
structure and T-O transitignn the B,Sr,Ca _,Y,CwOg_ 5
FIG. 6. ESR spectra at 100 K of the Bi,Ca _,Y,CuOs_;  System buckles the Cu-O-Cu bond angle from 180° to
samples. (180°— ¢) to relieve the compressive stress on the guO
sheets induced by a mismatch betweeyCBilayers and per-
understood in the framework of extra oxygen méfieind  ovskite blocks. The rapid decrease Tf in Fig. 3 may be
crystal misfit modef™??It has been realized that the modu- induced by the cooperation of the above two factors, i.e., the
lation structure of Bi-based superconductors originates fronthange of carrier concentration and the structural distortion.
the periodic arrangement of Bi-concentrated bands §0OBi From ESR results it is found that the relative intensity of
layers, and the arrangement is caused by the lattice mismatd&SR lines increases rapidly &5 0.6, which means that the
between BjO, layers and perovskite blocks. The extra oxy- fraction of localized C&" spins increases strikingly with the
gen model proposed by Zandbergenal?° suggested that increase in Y content. This also implies the freezing of spin
the periodic intercalation of the extra oxygen atoms iglBi  fluctuations and the concomitant localization of the charge
layers was the origin of Bi-concentrated band superstructuraiarriers. One knows that the phase diagram of the
modulation and the extra oxygen is brought by the partiaLa,_,Sr,CuO, system is similar to that of the Y-doped
substitution of BY" instead of Bf". Y3 replacing C&" in  Bi2212 system. However, we could not observe an ESR sig-
the Y-doped Bi2212 system introduces extra oxygen intanal in the underdoped region of the 1.§Sr,CuQ, system.
Bi,0, layers, thus leading to the incommensurate modulatiofComparing the microstructures between the two systems,
wavelength decrease. Max al?! and Amelinckx and Van one can easily find that the fr,Ca _,Y,Cu,0g_ 5 System
Tendelod? argued that the real driving force of the Bi- possesses a complicated incommensurate modulation, while
concentrated band superstructural modulation was crystaéhe Lg_,Sr,CuQ, system does not exhibit any modulation
misfit between BiO, layers and perovskite blocks, and the characteristic. Y doping not only leads to a T-O structural
presence of extra oxygen atoms in the@ij layers can be transition, but also intensifies incommensurate superstruc-
regarded as a consequence caused by the crystal misfit. Ofphal modulation. The strong modulation wave inevitably
viously, the crystal misfit model is also effective in explain- causes Cu-atom position to deviate from thec plane,
ing our ED patterns, because of strong structural changdsence enhancing the distortion of the Guaztahedron, es-
taking place with the substitution of3Y for C&". For the  pecially asx=0.6. The strongly structural distortion hinders
above two models, the extra oxygen model is successful ithe spin correlation and leads to localized?Cispins. The
interpreting the change of modulation structure of the systen€u3d electrons change from a partially delocalized to a lo-
with aliovalent ion substitution, such as.Br, ,La,CuQ,, calized state. This localization of Cd3:lectrons induced by
Bi,_xPbSKLCuQ,, and BLSKLCu_,FeO, systemg®?  the structural distortion causes the metal-insulator transition
However, it cannot well account for the variation of the of the BLSr,Ca _,Y,Cu,0g_ 5 System.
modulation wavelength for equivalent ion substitution, such Kochelaevet al. have investigated the spin dynamics of
as B&" replacing St or Zr*" replacing C@" in Bi2201  Lay g,:Sr o7£CUQ, and proposed a three-spin polar(rsP)
systems, while all these experimental results can be well unmodel [consisting of two C&" ions and onep hole (S
derstood according to the crystal misfit model. So it is sug=1/2)].3! Our experimental results can also be interpreted
gested that the change of incommensurate superstructurasing this model; i.e., the formation of TSP favors the local-
modulation in above Y-doped Bi2212 system originates fromization of Cull electrons and expedites the decrease of the
the crystal misfit between BD, layers and perovskite blocks effective carrier concentration. However, by analyzing the
along theb axis. ESR experimental results, we find that the ESR spectrum is
It is demonstrated that aliovalent ion substitution causes auch narrower than that obtained in l@asSr, o7:CuQ, by
change in the distribution of charge between different atomi&ochelaevet al. and the ESR signal is a temperature depen-

x=1.0 4*10*

x=0.8 2105

Intensity (arb.unit)
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The activation energy, derived from the slope of straight
lines at high temperature is shown in the inset of Figp).7
Here we uses? and &3 to denote the activation energy de-
rived from resistivity and TEP, respectively. From the inset
of Fig. 7(b) one can see that for<0.6 the value ok and

S is close. But forx>0.6 a large difference betwee# and
&5 exists; i.e.,s2—&> is 70 meV for the sample with
=0.8. Due to the TEP for the=1.0 sample not being ob-
tained, we cannot further examine the change of activation
energy. The discrepancy ef, and sas can be understood in
terms of the small polaron model. So-called small polarons
are the self-localized states, which are induced by the mag-
Lt netic coupling between magnetic ions and hole spin®

Lnp (Q cm)

000 001 002 003 004 005 006 From the small polaron model, it can be deduced that the
1T (K ) polaron formation energyp is twice as much as the differ-
350 - o ence between! ande}; i.e., fort esampewn the
(b) 80 . 4 b P ande} for th I k=0.8, th
" %=0.8 3 2 .8 polaron formatlon energy,=2(sh—e, 3)=140meV. This
300+ ) E© /a value is smaller than 204, 221, and 220 meV observed in
I Q&thoe S 2 otf o Lay/sCaysMn0O;,,*° Lal 05570.95C U 2C0p, soya37 and
250 + ®op.6 %3—“_—07 Lay g8 1:Cu; — «Ni, O,, %8 respectively, but it is larger than
< : Q*Q\q oYcontentx 60 meV determined by optical conducting measurements for
3 200= % o L La; g551h.15CUO, ., 5. It has been suggested that the formation
- energy of polarons is closely related to the size of the po-
(7)’ =06 - laron. The polaron generally tends to expand with the reduc-
C000 oo tion of formation energy. For example, for
. 0 o Lay g551p.15CUO, 4 5 the g, is 60 meV, which is only a one-
50 Fo-g{gpobbooooo 00 o 4 o quarter of thes, (240 meVj (Ref. 34 in Lay gsSto 1NiOy;
° o however, the polaron size of the former is almost 10 times as

— e much as the latter. From this suggestion we can speculate
0.002 0004 0.006 0008 0010 0.012 that for the samples B%r,Ca ,Y,Cu,0g5 s with x>0.6

1/T (K'1) small polarons gradually form and polaron transport plays a
marked role in the normal-state transport.
FIG. 7. (a) Resistivity in logarithmic scale vs T/for samples We now turn our attention to the change of fhig in the

Bi,SKLCa_,Y,CWwOg_ 5 (x=0.5). (b) TEP vs 1T for samples S(T)-T curve of the BjSr,Ca _,Y,Cu,0O4_5 system. One
Bi,SrCa _,Y,Cl,0y_ 5 (x=0.5). The straight dashed lines are the can clearly find in Fig. 5 that with Y doping the temperature
linear fit at the high temperatures and give the thermal activatior(T,,) increases monotonously. Concerning the origin of the
energys? ande3 in the inset(b). broad peak in theS(T)-T curve, many models have been

proposed. For the non-electron-phonon interaction models,
dence. So it is suggested that the ESR signals mainly comguch as the spin-fluctuatioii spin bad’® Nagaosa-Leé! and
from the localized C# spins. resonant-valence-bon®VB) (Ref. 42 models, the charac-

Beschoten et al. studied the transport properties of teristic energy that replaces the Debye energy is a low-lying

Bi,Sr,Ca _,Pr,Cu,0, and pointed out the coexistence of su- magnetic excitation, which means that the TEP is field de-
perconductivity and localization in the systéfn.The  pendent. However, the results reported by &twal*® indi-
samples with low hole density haag: ~(T)/dT<0, which  cated that the TEP is independence of the magnetic field up
indicates hopping transport between localized states. For tHe 30 T. This experiment cast doubt on magnetic models that
Bi,Sr,Ca, _,Y,Cu,0q_ 5 System, a semiconductinglike trans- utilize magnetic excitation as a characteristic energy. The
port behavior can be clearly observed. To examine the posslectron-phonon interaction model is very successful in the
sibility of polaron transport in this system, we compare theapplication to normal metals or alloys. However, it has dif-
thermal activation energy derived from resistivity with that ficulty accounting for the transport data of high-copper
from TEP. One knows that for a thermally activated conduc-oxide superconductors, because of the low Debye tempera-
tion process, the resistivity and TEP would show the follow-ture. It is noted that although the characteristic energy of the
ing temperature dependence, respectively, coupling of electron to acoustic phonon is low, the energies

for optical-mode vibrations are high enough to vyield
p(T)=poexpe,/kT) and S(T)==(kle)(ea/KT+A), a T,=140K or higher. The vibronic coupling

of electrons to optical-mode lattice vibrations proposed
where the+ and — signs hold for hole-type and electron- by Zhou and Goodenoufjhcan be used to account for
type of conduction, and the constakis determined by the the transport data of most high: copper oxide supercon-
energy dependence of the scattering time. In terms of thductors. And yet this model cannot be used to inter-
above equation, we plotted )(and S as a function of If  pret the transport data involved strong spin scattering
for Bi,Sr,Ca _,Y,Cu,05_ s samples in Figs. (@ and 7b). or local magnetic scattering, because it completely
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ignores the magnetic interaction. We have investigated V. CONCLUSION
the transport properties of Las Sr15:xCl_F&O0,
and La g5 Shy 15 xCU; — Ga .0, systems, and found that Fe
doping leads to the broad peak®(T)-T curves shifting up
from 100 to 200 K as the increases from 0 to 0.13, while
for the Ga doping system the temperatuiig,f is nearly
unchanged. Moreover, the double doping in both systems
basically keeps a constant carrier concentration and th
room-temperature TEPSfgg) between the two systems is

Experimental results show that Y doping causes a
tetragonal-orthorhombic structural transitionxat 0.5. The
incommensurate modulation wavelengt,) varies from
4.8 for x=0 to 3.8% for x=1.0. The strongly structural
distortion of the Cu@ octahedron causes an increase of the
fraction of localized Ct' spins, especially as=0.6, and
the Cu3l electrons change from a partially delocalized to a

very close. Based on these results, it is suggested that ﬂl%calized state. The anomal_y of transport properties arour_1d
localized magnetic scattering demonstrates a marked infld = 0.6 can be understooq in terms of the.Cha;‘ge O.f spin
ence on the TEP. In the BBr, ,CuQ; system we also ob- correlation. A close relation between localized Cuspin
served that the localized €u spin scattering not only leads scattering and'r, Is also proposed.

to a rapid increase in the resistivity, but also causes the bread
peak in theS-T curve shifting to high temperatufé There-
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