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Intrinsic Hall response of the CuQ, planes in a chain-plane composite system of YB&u30,
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The Hall coefficient is measured in YBau;O, untwinned single crystals for a wide range of doping. We
show that the Hall conductivity and the Hall angle of the Guilanesin YBa,Cu;O, can be extracted from
measurable transport properties regardless of the conduction of the Cu-O chains and the in-plane anisotropy of
the CuQ planes. The present analysis allows us to discuss the genuine Hall effect in thel@n€s alone in
YBa,Cu;O, without any complications due to the Cu-O chains.
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. INTRODUCTION the cotangent of the Hall angle (d®},) of the CuQ planes
can be obtained from measurable transport properties such as
The origin of the peculiar normal-state properties of thethe a(b)-axis in-plane resistivity,,, and the Hall coeffi-
high-T. superconductors is not fully understood. ThecientR,. The result shows that the electronic state of the
strongly temperature-dependent Hall coefficieRf) is one  CuO, planes is responsible for the observed “60 K anoma-
of the best-known peculiar features in the normal state ofies”in YBCO, such as a decrease in the Hall coefficient just
high-T, cuprates. While R, shows a complicated tempera- aboveT. and the enhancement of the Hall conductivity and
ture dependence, the cotangent of the Hall angle @got the Hall mobility in samples witly~6.65.
=E,/Ey=py«/pyx) Was reported to show a simpl& de-
pendence in YBECu;0, (YBCO) (Ref. 2; it is widely be- Il. EXPERIMENTS
lieved that the peculiar behavior d®, comes from an

anomalous_ coexiste_.nge_ of tﬂ'_é law in cot®y and the pro- by a conventional flux method. A wide range of oxygen
nouncedT linear resistivity. This fact suggests that two Kinds . ents are achieved by annealing under various conditions
of scattefllr;g times dominate charge transport in Aigh- 55 shown in Table | and quenching from the set temperatures
cuprates’ _ ~ of the annealing. Slightly overdoped/£7.00) and opti-
However, the YBCO system has the Cu-O chains whichya|ly doped §=6.95) crystals are obtained by annealing in
are likely to show one-dimensional1D) electronic oxygen atmosphere for a long time. Samples with
conduction'® which is believed to cause the in-plane resis-—6.70—6.85 are obtained by annealing in air for 12—48 h at
tivity anisotropy in the highly doped regidd:'® On the  temperatures which increase with decreasing oxygen con-
other hand, in the underdoped region, the 1D conduction ofents. For more underdoped samples, annealing in air is not
the Cu-O chains is expected to diminish quickly with reduc-applicable because it is difficult to quench samples quickly
ing oxygen content, because oxygens are removed from thenough for preventing absorption of oxygen onto the surface
Cu-O chains, creating vacancies in the chains, and 1D sysf the crystals at very high temperatures. Instead, in order to
tems are known to be very sensitive to disorfedowever, obtain oxygen contents 0§j<6.65 we seal crystals in a
we have demonstrated that the in-plane anisotropy does nquartz tube together with polycrystalline powders with con-
disappear in the underdoped region, which indicates that thigolled oxygen contents. The amount of the buffer powder
CuQ, plane itself is anisotropi In such a material with should be as large as possible for obtaining homogeneous
in-plane anisotropy as well as the chains, resistivity andxygen distribution; however, if the amount of powder is too
cot®, measured in twinned crystals are mixtures of the in-large (e.g., more than 100 mg ir 7 cc sealed quartz tupe
trinsic transport properties. The original report of fifelaw ~ we observe superconducting transition of minor phases at
in cot®y (Ref. 2 was based on the result in twinned single around 60 K. Therefore, we use50 mg of powder for each
crystals, and therefore the conductive Cu-O chains may havannealing, keeping the amount of single crystals less than
affected the temperature dependences ofigpand resistiv- 1% of powder. Only samples with=6.30 are annealed by
ity. Detwinning the crystals allows us to observe the in-planeusing special furnace in which we can control the oxygen
anisotropy in resistivity; however, even the results in un-partial pressure. We keep samples at a room temperature for
twinned single crystaté are not free from contribution of the at least a week after any heat treatments, because the room-
Cu-O chains, because the Cu-O chains can indirectly modiffemperature annealing effétis observed in the time scale
the Hall coefficient, as described later. Therefore, measuresf a few days. All crystals are detwinned &210°C in
ment on untwinned crystals and estimating the contributiorflowing nitrogenafter the annealing, because annealing at
from the Cu-O chains are necessary to obtain intrinsic transhigh temperatures above 600 °C destroys an untwinned
port properties in YBCO in the whole doping region. state. We confirmed that the experimental results are not af-
In this paper, we report the way to deduce the genuindected by the order of annealing and detwinning for samples
Hall response of the Cufplanesin YBa,Cu;O, untwinned  with y=6.80 and 6.85Ref. 20, which can be detwinned
single crystals. We show that the Hall conductivity () and  either before or after the annealing. We decrease the detwin-

The YBCO single crystals are grown in,®; crucibles
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TABLE I. Annealing conditions for our YBCO crystal$ ,enchiS the temperature at which polycrystalline
YBCO powders are quenched in air, and the polycrystalline powders are sealed in a quartz tube together with
YBCO single crystals for tuning the oxygen contents.

Tanneal Keeping Tquench(oc) Tc
y (°C) time Atmosphere of powder (K)
7.00 400 =10 days ~2 atmQ 91
6.95 485 =7 days 1atmo© 93
6.85 535 48 h Air 83
6.80 565 24 h Air 69
6.75 600 12 h Air 62
6.70 625 12 h Air 60
6.65 550 24 h Sealed 620 58
6.60 600 12 h Sealed 640 57
6.55 600 12 h Sealed 660 55
6.50 600 12 h Sealed 675 35
6.45 600 12 h Sealed 700 20
6.35 700 6 h Sealed 800
6.30 550 36h 3.510 4 atmQ,

ning temperature with decreasing oxygen contents; for extemperatures. The origin for each temperature is shifted
ample, the detwinning temperature fge=7.00 samples is alongy axis by 0.5 cm for 93—100 K and 0.2 cm
~210°C, and that foy=6.30 samples is-120°C under a for 100-300 K for clarity. We cannot extra&, from the
uniaxial pressure of-0.1 GPa. The oxygen contepts de-  data for 93 and 95 K, because the field dependences deviate
termined by iodometric titratioct on powders which are an- from the H-linear behavior by superconducting fluctuation.
nealed with the crystals, because the volume of the crystals

themselves is too small for the titration. The erroryins lIl. EXPERIMENTAL RESULTS
+0.02 (Ref. 18. _ N
The Hall coefficient data are taken by sweeping the mag- A. In-plane anisotropy of the Hall coefficient

netic field(along thec axis) to both plus and minus polarities According to the Onsager’s reciprocal reIaﬁ%ﬁpyx(H)
up to 10-14 T at fixed temperatures. For each composition. pxy(—H)1, when the magnetic field is applied along the
the Ry data are presented only for those temperatures afyjs R, measured in a sample with the current along ahe
which the Hall voltage is perfectly proportional to the mag- gxis (0. sample is the same as that with the current along
netic field*® Figure 1 shows the field dependences of thehe p axis (b, Sample unless time-reversal symmetry is bro-
Hall resistivity for an optimally doped sample at various yep. However, YBCO is a complicated composite system
containing 2D Cu@ planes and 1D Cu-O chains and thus it
2 _IYIBézbugbé.gl5 " esk is not self-e\(ident wheth_er the Onsager relation is sgtisfied in
- YBCO. Harriset al. mentioned that the Onsager relation was
accurately satisfietf but no actual data were shown in their

100 K
105 K paper. Figure 2 shows the temperature dependencé, of

 (Optimum doping)
/b

oK andRY, in an optimally doped sample, which were measured
125 K with the current along tha axis and theb axis; it should be
135K
150 K —
175 K 61'4_ —D—]//a
200K > 1.2t ——j/ib
g
1300 K "-’9 1.0
;::? 0.8 1

0.6} YBaxCu3Og 95
i TR T N T T T N T N 100 200 300
-10-5 0 5 10 T(K)

H(T)

FIG. 2. Ry4(T) for two measurements on the same crystay at
FIG. 1. Magnetic-field dependence p§, for a YBCO crystal ~ =6.95 (optimum doping, with j||a (open squargsand j|b (solid
with y=6.95 (optimum doping at various temperatures. circles.
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In the lightly doped region, nearly constaRf]®® may
- " allow us to discuss carrier concentrations extracted from the
:YBaZCUSOy ®007 00 | Hall coefficients. Figure 4.shows the temperature depen-
A dence of the apparent carrier concentration which is calcu-
0 100 200 300 lated byV/NeR"®® whereV is the volume of a unit cell and

T(K) N is the number of Cu atoms per unit c@lIThe data show

FIG. 3. T dependences cRI®*in untwinned YBCO crystals plateaus at low temperatures, where vaIue‘s’/(Ne_I-‘«,’j‘eaStell
where the magnetic field is along theaxis. us the actual carrier concentratlons;_we can estimate the car-
rier concentration of the samples wiyh=6.30(6.35), 6.45,
6.50, and 6.55 to be-3%, ~5%, ~6%, and~7%, re-
noted that these data were measured for the same sampigectively. Validity of this method in estimating the carrier
with the same electrodes by re-detwinning the crystal withgncentration is confirmed in a recent experiment in
out changing the oxygen content. Therefore, we have elimip o, Sy cuQ, (Ref. 28. The carrier concentration at the
nated the uncertainty in the estlmatu_)n of the sizes of th%uperconductor-insulator boundary in YBCO appears to be a
crystal and electrodes from comparison. The two curve$easonable value of 4.5% and thus the Hall coefficient in
shown N Fig. 2 do not coincide but are very close to eachps region is apparently not affected by the conduction of the
other. Ry, is slightly (at most~49%) smaller tharR;, but  cy.0 chains. However, for more doped sampfResshows
this difference is most likely due to an extrinsic effect of thepe complicated temperature dependence, which is possibly
Hall measurement on a finite-sized sample combined withyqdified by a contribution of the Cu-O chains if the Cu-O
the resistivity anisotrop§” Therefore, we can say that the chains are conductive. Next we try to extract the Hall coef-
Onsager relation indeed holds within an error-e5%. ficient in the CuQ planes for samples with possibly conduc-
tive Cu-O chains.

B. Measured Hall coefficient

. IV. ANALYSIS AND DISCUSSION
Figure 3 shows the temperature dependences of the mea-

sured Hall coefficientR}}**) for samples with various oxy- In this section, we extract the physical properties of the
gen contents in a semilog plot. In general, the magnitude o€uG, planes by evaluating the effect of 1D conduction of the
RI**increases with decreasing oxygen content. At high temCu-O chains. Our analysis is based on the parallel resistor
peratures for most sampl&®*increases with decreasing model (PRM) along theb axis,”* by which aT? law in the
temperature, while at low temperatures various behaviors ar@sistivity of the Cu-O chains was successfully extracted in
observed. For slightly underdoped samples with optimally doped YBCO(Ref. 13 and YBaCu,Og (Y124)
:6_60_6_85’RmeaS shows a decrease at low tempera’[ures(Ref. 29. EXCE”entTZ law is also observed in the rESiStiVity
below ~120 K unlike highly doped samples witty  ©f the Cu-O chains¢°" in our slightly overdoped samples
=6.95-7.00. The observed decrease appears to be the straith y=7.00 as shown in Fig.(8). In addition, the value of
gest in samples withy=6.75-6.80. These results are the residual resistivity fop®" (35.7 u€) cm) is roughly a
roughly consistent with the previously published data forthird of the previously reported valdé,which evinces the
twinned crystals withy=6.45 (Ref. 26. For less doped cleanliness of our crystals. In the PRM we assume that
samples the low-temperature decrease becomes weaker dh§ Cu-O chains show electronic conduction along their di-
eventually almost constaf}***is observed at low tempera- rection, (2) interchain conduction is negligible, art@) con-

tures for samples witly=6.45-6.55. In the lightly doped duction bands of the Cu-O chain layer and the Gp@nes

nonsuperconducting samples wigh=6.30 and 6.35R[;** dciarfcz;tor:éﬁcﬁ\i,?g,e;ﬁgcfﬁg ;Z??ss run along thexis, the

increases with decreasing temperature at low temperaturetg,
which is due to the charge localization observed in the in- ot D
plane resistivity> o= gPl+ oM,
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o O parallel to the Cu-O chains, a currejff’ inevitably flows
YBagCu3O7 00 . . .

200} ' through the Cu-O chains. Therefore, in the Cu-O chains
:E; L (a) _ chich
C} Ey_p Jy
= 100p is satisfied. On the other hand, a countercurrent of the same
< | ~T2 | magnitude ofj ;h must flow through the Cufplanes because
3BT H=—" YBayCuz07 oo of the conditionj,'=0, wherej ' is the transverse current of

%0 200 300 ° 0 20 300 the totaj system along theaxis. ThereforeE, in the CuQ
T (K) T(K) planes is calculated as
FIG. 5. (a) T dependences qf,, py,, andp®" for samples with Ey=En—p" ;h,

y=7.00, wherep®™ is obtained by using the formula d'=1/p,
—1/p,. The dashed line is a fit to®(T) by aT?+b. (b) T depen-
dences oRP(5 and RM**Swith y=7.00.

where Ey is the Hall electric field which is generated to
compensate the Lorentz force aRg is given by

o E :ppl(iso)jpl

where o and 0" are the conductivity of the CuOplanes R Py Ixe

and the Cu-O chains, respectively. On the other hand, th@here pg')giso) is the Hall resistivity of the isotropic CuO
total conductivity along the axis is planes. Sincé, is identical in the Cu@ planes and in the

) Cu-O chains,
ot__ _pl
g, =0,

. . E.— plj ch_ chj ch
since the conduction perpendicular to the Cu-O chains is HT P ly =Py

neglected. The m-plang anisotropy of the electrical cqnducis satisfied. We can exprej;$‘ by using measurable proper-
tion of the CuQ planes is neglected for the moménte will  tjes as

discuss the case of anisotropic Gufdanes later

-ch_Ey_E ( 1 1)
A. Hall coefficient Jy pCh Now pal’
First we extract the Hall coefficient of the Cy@lanes in ,
the p, sample because the process is simpler than that in thEherefore, we obtain
pa sample. In thep, sample the current flows separately
through the Cu@ planes and the Cu-O chains so that the EHZEyJFPaJ'f,h: Ey(&

current flowing through the Cuplanes (Q') is given by Pb

, o and by dividing both sides of this equation §f(=j®) Eq.
o —jlot Y9a =jtot( @) (1) is obtained(using pP\*?=E,/j¥ and pJit®=E, /j}%).
oPl goh X Ugﬂ *\pa)’ In the above analysis, the anisotropy of the resistivity in
the CuQ planes is ignored. In other words, the global in-
wherej;Ot is the total current. In the PRM it is expected that plane anisotropy is assumed to be caused only by the Cu-O
the Hall voltage is produced only by this currejtﬁ't and the  chains. In recent measurements, however, we observed con-
Cu-O chains do not affect the Hall electric field. Although siderable anisotropy in the in-plane resistivity in oxygen de-
some finite Hall coefficient is observed in quasi-1D ficient YBCO (Ref. 15. It is unlikely that oxygen deficient
systems?3! as we discuss in Sec. IV E, contribution from Cu-O chains show good 1D conduction, and thus the CuO
the Cu-O chains tdRy can be neglected in the case of planes themselves must be anisotropic in the underdoped
YBCO. Therefore, the Hall coefficient of the Cy@lanes YBCO. If we recalculate Eq.1) under the assumption of the

which are assumed to be isotropit(*®, is calculated as  anisotropic Cu@ planes, we obtain

 tot pl
RPl(iso) — pmea E — RMea Pa (1) RPI= gmea Pa p_b 2
AR T PN R o )

The same result is obtained also in the sample. The whereRﬂ' is the Hall coefficient of the Cu©Oplanes which
. . . | . . ..

longitudinal curreng™® flows only through the CuQplanes ~ Can be anisotropic angy, is the resistivit of the Cu®
in the p, sample, and thu;’sﬂ':jﬁ?t andj§h=0 are satisfied Planes along th:a(b) axis. Unfortunatelypf' is not measur-
along thea axis. Naively, the measured Hall coefficient itself able and thut}; cannot be obtained if the CyQlanes are
may seem to signify the Hall coefficient of the Cuflanes; ~ anisotropic and the Cu-O chains are conductive. .
however, the observed Hall voltage is reduced by the short- Figure §b) shows the temperature dependenceRfif
circuiting effect of the Cu-O chains in the, sample, be- and RE? with y=7.00. RE"*® becomes more than two
cause the transverse electric fiélgl takes effect not only in  times larger tharR}***in the slightly overdoped samples.
the CuQ planes but also in the Cu-O chains. SirEgis  Figure &a) shows the temperature dependenc&f*® for
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@ sentativey values.(b) y dependences af,, at 125, 150, 200, and
© 300 K.
; . . : \;: 1 (C) H'ﬂeas
0 100 200 300 @ 64 66 68 70  Uh=0x, always holds in YBCO. Thus, in the following we
T(K) y do not discriminaterf, from o, .

ol(iso) ) Figure 1a) shows the temperature dependences,gffor
FIG. 6. (a) T dependences d®f}""” for samples withy=6.60. samples with five representative compositions in a semilog
(b),(c) y dependences d’[}***and R(** at 150 and 300 K. plot. We omitted other samples only for clarity. For the
samples withy~6.75 the low-temperature decrease remains
samples withy=6.60. The significant decrease at low tem-j, o,y and thus the observed decreas®ijnat low tempera-
peratures in samples with~6.75 we noted in Fig. 3 does tyres'is not an artifact of some feature of the Cu-O chains but
not diminish in RE**). Figures éb) and 6c) show they s an intrinsic feature of the Cudplanes. They dependence
dependences dR[}***and R at 150 K and 300 K, re-  of g, at fixed temperatures is shown in Figb¥. o, at low
spectively. One should note that the obtaiR{S® just  temperatures appears to be suppressed at the oxygen content
gives the maximum possible value Bﬂ' in the limit where  of ~6.75(Ref. 20; this anomaly also has nothing to do with
the Cu-O chains are conductive and the Guftanes are the Cu-O chains. As we discussed in Ref. 20, this anomaly
isotropic. On the other hand, if the Cu-O chains are insulatmust be due to a peculiar doping dependence of the mobility
ing, R becomes equal tB;°*. Therefore, the above analy- of the carriers.
sis of the Hall coefficient provides a range of fRf values.
In the heavily underdoped samples where chains are broken, C. Hall angle
the chain conduption is expect_ed to be negligible and the Next, let us analyze the cotangent of the Hall angle
observeq pepuhar anisotropy is most likely due .to the(cotH). As mentioned above, the Hall coefficieRt, ap-
planes,®in this case, one can see from &8 thatRi**isa  pears to show no in-plane anisotropy as far as magnetic

true measure oRy of the planes. fields are applied along the axis, which is expected from
the Onsager relation. On the other hand, the in-plane resis-
B. Hall conductivity tivity is observed to be anisotropitin a whole doping range

in YBCO. The parameter c@y, is calculated byp,,/pyy,

and thus in general c@}, is expected to be anisotropic. With
careful considerations, it turns out that one can obtain the
Hall angle of the Cu@ planes from measurable properties
only in the p, sample. We can express €t (=E,/E,
=pxx/pyy) of the CuQ planes along thé axis as

In contrast to the Hall resistivityHall coefficien}, we can
unambiguously obtain the Haltonductivity of the CuQ
planes regardless of anisotropy of the Gyilanes. Since the
Hall conductivity is calculated by o= pyx/(pxxpyy
— PyxPxy) =Pyx! (Pxxpyy), IN YBCO we calculate it as

pl _ Pyx Pb
ny_ ol pl’ (3) COt@Eil(b):_p
aPb P?x

where ag'y is the Hall conductivity of the CuPplanes and Where®ﬂ(b) is the Hall angle of the Cu©Oplanes with the
pfj'x is the Hall resistivity of the Cu@planes. We can trans- current along thé axis, and from Eq(2) we obtain
form Eq. (3) by using Eq.(2) into

Pb
pmeas COt@E!I(b) T Theas
pl _¥X X
Oyy= . y
PaPp

where the nonmeasurable propepﬁ'/ is canceled out.

Note that this result tells us that the Hall conductivity in the  Figure 8a) shows a coﬂﬂ'(b) vs T2 plot for samples with
CuG, planes is the same as that of the total system regardless=6.30—7.00, where the origin for each sample is shifted
of the anisotropy of the CuOplanes, which means that for clarity. In highly doped samples witly=6.95 and
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FIG. 8. (a) cot®f},) vs T2 plot for y=6.30~7.00, where dashed  FIG. 9. (@) cot®y) vs T plot for y=6.30-7.00, where solid
lines are fits to the data b§T? and solid lines are fits to the data by lines are fits to the data YT*+ C. (b),(c),(d) y dependences of the
AT“+C. (b),(c),(d) y dependences of the fitting parametése,  fitting parameters, a, andC, respectively.
andC, respectively.

cot@ﬂ(b), the residual componel@ becomes negative. The
7.00, co®,, appears to be fitted well by a function AfT>  solid lines are fits to the data by a functiéir®+C with
except for high temperatureglashed lines in the figure o>2. Fory=6.70-6.80 the data can be fitted only below
Note that only one fitting parameter is used for the fitting and~ 200 K, whereas for more underdoped samples with
the residual component is zero. This result is consistent witk<6.65 the data are fitted well. The dependences of the
the reported result o, /py, for a 90 K samplé! The data fitting parameters are shown in Figs(b8-9(d). Observed
for y=6.85 and 6.80 can also be fitted by the function oftendency is qualitatively similar to that in C@ﬂ(b) except
AT? (dashed lines in the figurehowever, at low tempera- for the residual component for highly doped samples with
tures some upward deviation is observed. The lowy=6.85.
temperature deviation seen in samples with6.60—6.85 is From the Hall angle we can extract the Hall mobility, ;
clearly corresponding to the decreaseRin at low tempera-  Figs. 1Ga) and 1@b) show they dependences of, with the
tures and thus this anomaly seems to be one of the 60 Kurrent along thd axis and thea axis, respectively, at vari-
anomalies rather than an effect of the pseuddgdpThe T ous temperatures. Of course, the meaninguqfwith the
dependences of c6l, for samples withy<6.75 can be fit  current along thé axis is more transparent, but both data of
by a function of AT*+C with @>2 (solid lines in the fig-  , , are qualitatively consistent. At low temperatures the Hall
ure) except for the upturn at low temperatures. Figurés-8  mopbility increases with decreasiygfrom 6.80 to 6.65. This
8(d) show y dependences of the fitting parameters. Theenhancement of the mobility compensates the effect of de-
powere is 2 fory=6.80 and increases with decreasing oXy-creasing carrier concentration and thus an overlapping of

gen content from 6.75. In the slightly doped regialy) . (T) is observed for samples with=6.65—6.80(Ref. 20.
shows a peak at~6.45 and decreases with decreasing

is shown to be 2 in the low doping limiE The “residual”
componentC becomes finite only foy below ~6.60, and
this is reminiscent of the result of the normal-state orbital 5 4°

magnetoresistancg,in which the residual componettt in = |
its temperature dependencaT?+b) 2 becomes finite for NE 150 K il
y=<6.60. £ 20 1
Of course we can also calculate €t with the current = = 200 K ]
along thea axis (cot®y,)), which may contain contribution i %
from the Cu-O chains if the Cu-O chains are conductive. 0 W’W  S0OK | e
Figure 9a) shows a co®y, vs T2 plot for samples with 6.4 6-?, 68 7.0 64 6-‘33, 68 7.0

y=6.30—7.00(the origin for each sample is shifted for clar-

ity). In highly doped samples with=6.85, co®dy appears FIG. 10. y dependences of the Hall mobility,, at 125, 150,
to be fitted well by a function oAT?+ C except for high 200, and 300 K with the current along tte axis () and the
temperaturegdashed lines in the figurehowever, unlike a axis (b).
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300— T Pl(is0) — 5700 tems the Hall resistivity has been observed to be not
IR (yisji,’(’)eraf;)f’ o [Ry o Yios ] negligible®®3! This is mostly due to the large resistivity in
200l (@) o 2F \ the direction perpendicular to the chaipg, . One can easily
o ;E, | i understand this situation by noticing that the Hall resistivity
a o pyx IS expressed as
=100/ e 1 T
o , ~ RmeeN _
F I/ uj:: L b Pyx= OxyPxxPyy s
0 LF 0 I ! ! 1 1 I . o .
0 100 200 300 0 100_ 200 300 where oy, is the Hall conductivity of the quasi-1D system
T (K) T(K) and p,, Is the resistivity along the chain directioriln
[ = 4000_1?01‘?0 20020 310_ quasi-1D metalspy,>pyy.) This formula tells us that a siz-
— : = * Y124 % ablepy, can be observed for a very smai},, if p,, is very
© 12 | o 700 | large. In fact, if we calculater, for the case of PrB&u,Og
1otk 1 ® o 675 (Pr124 using published dat3,it turns out thaio,, of Pr124
c 2 i S200}t o _ is only 104 of that of YBCO. This estimate indicates that
o C ] @I o the contribution ofo, of the Cu-O chains to the total Hall
- - 12 - ° . conductivity is negligible in YBCO. More generally speak-
a (C) o o d . . . . L
~ 100} 2] O S (d) ing, in a chain-plane-composite system, the Hall conductivity
g 100 _ 200 300 % 246 8 10 Of the total systemgly, is given by
T (K) T2 (104 K2)
0_;0;: a'gly-i- 0';?,,

FIG. 11. The temperature dependencesafp, and p,, (b)
meas pl(iso) iH— . .. ..
Ri™~andRy™ for Y124 and YBCO samples with=7.00.(0) T yhereq? andol are the individual Hall conductivity of the
dependences of,, and (d) cot®f, vs T plot for Y124 and lanes a)r,1d the ghains In the chain layef! is always ver
YBCO samples withy=7.00 and 6.75. P ch i v y y
_ _ small even whenpy, is sizable, as we discussed above.
D. Comparison with YBa,Cu,Og Therefore, one can safely neglect the contributiorariij in

Y124 can be a good reference system of YBCO, becausthe composite system and consider that the behavioﬁ’@is
Y124 has doubled Cu-O chains which are believed to showgoverned almost solely b;yg'y_
good conduction. Figures (d-11(d) show the temperature
dependences gf,, py, RE™ RE™?, oy, and co®fy,
for our YBCO samplesy=7.00 and/or 6.7btogether with
those for Y124, which are extracted from the data in pub- Finally, let us discuss the pronounced decreas®jrob-
lished papers®**Figure 11a) shows the temperature depen- served only for samples negr=6.75 at low temperatures.
dences op, andp, . While these data are not very different \we emphasize that the present data are measured oifly at
between YBCQq,and Y124, the anisotropy of the resistiv- ~ T by sweeping the magnetic fields up to at least 10 T,
ity in Y124 is larger than that in YBC@; this strong an-  yhere the field dependence of the Hall resistivityisinear
isotropy is considered to come from the doubled Cu-Gj, he whole region. Therefore, the decreaseRin reflects
cha|ns: The temperature dependence of the measurgd Halle normal-state property and is irrelevant to the negative
coefficient is very differenfFig. 11b)]; that of Y124 is 4, anomaly® which is observed only at low fields and
g‘;f(%ﬂ) ;’rvc?r?]ktehre tg:tr; \i(tBscr:]S\;vsH(;ﬁ?i\t/aetri’\/evlvyhzi?ni\lg erz bC:AZL\J)iitrebelow T.. Our observation is somewhat reminiscent of the
ingoth YBCO;, ggand Y124. This fact suggests that the Verydegrehase IRy observed in La.,—,Nd,Si,Cu0; (Ref. 36,
conductive Cu-O chains mask a strong temperature depeﬁp. thus the present re;ult may actuglly be relateq to charged

stripes. In fact, the carrier concentration of YBEQis con-

dence of the Hall coefficient in Y124. Figure (1 shows . ith the hol ! | .
,(T) in Y124 and YBCO samples with="7.00 and 6.75. sistent with the hole concentratigm~1/8 (per Cu atom in

The Hall conductivity of Y124 appears to be very close tothe CUQ planes (Refs. 33, 37 and 38where so-called “1/8
that of YBCQ, 75 rather than YBCQy,. This is understand- f'ir)omaly” is observed in cuprate superconductors; therefore,
able because Y124 is naturally underdoped. The cotangent #fis likely that the observed anomaly Ry, is related to the
the Hall angle along the axis is shown in Fig. 1H). Data  “1/8 problem.” Note, however, that the in-plane resistivity
for Y124 can be fitted well by a function oAT? below anisotropy is observed to becorseall in samples withy
~230 K (solid lines. Thus, the transport properties of the ~6.75 at low temperaturés. Such a result may seem to
CuG, planes in Y124, which are extracted by the analysismply that one dimensionality of charge dynamics in the
presented in this paper, appear to be similar to those I€uO, planes is minimal, which is inconsistent with the pic-
YBCO, and this fact gives confidence in the validity of our ture of static stripes ab~1/8. However, the possibility of
analysis. fluctuating charge stripes is not excluded, because the stripe
o S . liquid can be in an “isotropic” phas@? in this case, the
E. Finite Hall coefficient in quasi-1D systems decrease iRy, can be caused by a realization of the particle-
Our analysis assumes that the Cu-O chains do not contriliole symmetry when the hole concentration becomds3
ute to the Hall electric field, whereas in actual quasi-1D sysand the stripes become 1/4 fill&4*!

F. Anomalous decrease iRy at low tempeartures
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V. SUMMARY effect of the Cu@ planes in YBCO on the same ground as

In summary, we show how to extract the Hall conductiv- hat in other high¥ cuprates.

ity and the cotangent of the Hall angle of the Gu@anes in

YBCO re_gardless of conduction of the Cu-O c_hayns anq in- ACKNOWLEDGMENTS
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