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Superconducting fluctuation probed by in-plane and out-of-plane conductivities
in Tl,Ba,CaCuOg.., single crystals
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Extensive measurements of the in-plane and the out-of-plane zero field resistwiti€¥,0), p.(T,0)] and
the magnetoresistivitiel,(T,H), pc(T,H)] of high-quality ThbBa,CaCyOs. , single crystals were carried
out. The obtained zero field fluctuation conductivitjéso,,(T,0), Ao(T,0)] and fluctuation-induced mag-
netoconductivitie$ Ao ,,(T,H) andAo(T,H)] were analyzed based on the theory of thermal fluctuations of
the superconducting order parameters, originated from fluctuations of the quasiparticle density of states as well
as the Aslamazov-Lakin and Maki-Thompson contributions. We observed tha(T,H) and the sign change
in Ao(T,H) nearT, could be described adequately only if the density of states contribution was included.
The important physical parameters, such as the coherence lef)gttné in-plane scattering timer), and the
hopping integral J), obtained during these analyses are compared with the corresponding parameters for other
high-T. materials.
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[. INTRODUCTION count the electric-field acceleration of the short-lived super-
conducting pairs that form abovE,, and the MT process
The most unique characteristics in higlh-superconduct- results from the quasiparticle contributions to the conductiv-
ors (HTSC's) are their unconventional normal-state proper-ity during the breaking and reforming of Cooper pairs.
ties. Especially, the temperature dependences of both the in- Several reports have interpreted both the in-plane fluctua-
plane (p,p) and thec-axis resistivities f.) are known to tion conductivity Ao,u(T,0) and the fluctuation-induced
behave differently, even when near the optimally dopednagnetoconductivit\ o,,(T,H) based on only the AL pro-
state;p,y, is metallic, andp, is semiconducting near the tran- cess or on both the AL and the MT proces$e$® For in-
sition temperaturé=® The simultaneous appearance of a me-stance, in Ref. 26 the experimental results for
tallic p,p and a semiconducting. over a wide range of Ao,,(T,0), Aoan(T,H), and the diamagnetism of
doping concentrations seems to be not well explained withirBi ,Sr,CaCu,Og single crystals were analyzed by using
the framework of a Landau-Fermi liquid. Anomalous behav-only the AL theory. In that analysis, the AL theory was modi-
iors in normal-state transport are also observed in the madied by consideringh superconducting layers per unit cell
netoresistancéMR). In the ab plane, MR has positive val- coupled through various coupling strengtjts The authors
ues; Apap(H)/pap(0)>0 and violates Kohler’s rul®. insisted that their data were well explained within this modi-
However, in the c direction, it has negative values; fied AL theory but the contributions of the AL term became
Apc(H)/ps(0)<0 well aboveT,.® Several attempts based twice larger after the effective number of fluctuating layers
on the theory of a modified Landau-Fermi liquid, such aswas introduced, which is based on the assumption of equal
renormalized interlayer hoppirlg,interlayer scatterin§®  coupling strength {;~ y,). However, this assumption is un-
phonon-assisted tunnelif, superconducting fluctuation reasonable for this system because the distance from one
theoriest! and a theory that considers the temperatureCuO, plane to the closest one is much smaller than the dis-
dependent suppression of the density of states at Fernténce to the next closest plane. Moreover, although
level? have been made to explain these anomalous behawo,,(T,0) could be explained by using this modified AL
iors. Theories that give non-Fermi-liquid behaviors also extheory, Ao,,(T,H) could not without introducing oxygen
ist: the resonating valence bond thed®VB) and the in- inhomogeneities.
plane quasiparticle confinement thedty!® Even the combined effect of the AL and the MT processes
The fluctuation conductivity, which is part of the anoma- is insufficient to explain the sign change of the zero-field
lous normal state transport, is not negligible in HTSC's. Thisout-of-plane fluctuation conductivity and fluctuation-induced
conductivity is highly enhanced in HTSC’s because of themagnetoconductivity[Ac(T,0) and Ao (T,H), respec-
high transition temperature, the short coherence length, antilzely] at both underdoped and optimally doped stafed!
the layered structure of these materials. The fluctuation conFhis behavior can be understood only when the contribution
ductivity was investigated theoretically in the mean-field re-of fluctuations in the quasiparticle density of sta(EDOS
gion by many authors-¢~2'Most of them claimed that the is taken into accourl:?! Since this process reduces the total
dominant contribution to the in-plane fluctuation conductiv-number of quasiparticles, this contribution is negative in
ity Ao,,(T,0) came from the Aslamazov-LakifAL) sign. In c-axis charge transport at high temperatures, the
proces¥’ and that a minor correction came from the Maki- FDOS is a dominant process while at low temperatures, the
Thompson(MT) process.”*® The AL process takes into ac- AL contribution is larger than the FDOS contribution. There-
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fore, competition between the AL and the FDOS processes  3.0x10°® : : .

results in a change in sign. The presence of the FDOS con- - —g’m‘f’fz
tribution in out-of-plane conductivity requires this contribu- 2.5x10° | 2 | cocoocoes ; o
tion to be included even in the in-plane conductivity. In this g I los
sense, the validity of previous results obtained without the 2.0x10'6-§ 08
FDOS contribution should be carefully reexamined. Indeed, € = DR 1.0
in later studies o\ o,,(T,H) in YBa,Cu;O;_ 5, the FDOS 95 1.5x10°F 0 30 60 90 120
contribution was treated as an important dfie’* a 0

Among HTSC's, T}Ba,CaCyOg,, (TI2212) is very at- 1.0x10°
tractive because the structure of TI2212 is typical for bilay-
ered HTSC’s. Even though it is an isostructure to 5.0x107
Bi,Sr,CaCyOg, the superlattice of the repeated unit, with
lattice constant in the andb directions of about 38 and 0.0
4.7, respectively>>® which Bi,Sr,CaCyOg has, does not

exist in TI2212. The absence of superlattice and strong fluc- 0.0025
tuations in the in-plane and the out-of-plane resistivities due
to the highly anisotropic nature of TI2212 make TI2212 ideal = 0.0020 e
for studying the fluctuation conductivity. However, due to its &
toxicity and high vapor pressure, no serious attempts have @ 0.0015 - 22010°
been made to synthesize the high-quality single crystals, thus )
preventing extensive study of the fluctuation conductivity 0.0010 2o
and the fluctuation-induced magnetoconductivity in this ma-
terial. 0.0005

To the best of our knowledge, only one measurement of
Aoap(T,0) in a TI2212 single crystal exists*® They found 0.0000 s

thatp,,(T) showed a downward curvature in the normal state
and no peak appeared fpg(T), which might be due to the

inhomogeneous distribution of oxygen inside the sample. 5 4 T ture d d f the in-ol istivit
Nevertheless, the authors assumed a background linear with - 1. (@ Temperature dependence of the in-plane resistivity

fors hi . hardl pap(T) for various values of the external magnetic field. The upper
_tem_p_erature 0 .‘Tab(T'O)' This aSSl_"mpt'on can ardly be inset shows the low-field magnetization of the same crystal and the
justified except in the range of optimal doping. Moreover

S . 'lower inset shows the zero field measured in-plane resistivity along
only a quahtatlvg ag.reement was found_ between th,e'r_dat?vith a linearly fitted curvesolid line) at the normal statgb) Tem-
and the AL contribution, and the necessity of other indirectye apre dependence of the out-of-plane resistiwi§T) for vari-
contributions was not justified. A study dfop(T,H) in @ oys values of the external magnetic field. The inset at the lower
TI2212 thin film also exists. In the thin-film sample, how- panel(right side presents the zero field measuredxis resistivity
ever, the extrinsic property of the grain boundary might in-ajong with the fitted curves; the solid line by using the relation
fluence the charge transport. +BT+C/T and the dashed line by using the relatidnrBT

In this research, to clarify the effects of different contri- + C/T exp@/T). The another inseftop corney presents the con-
butions to the zero-field fluctuation conductivityo(T,0) tact configuration fop, measurement.
and to the fluctuation induced magnetoconductivity

Ag(T,H) along theab plane and the axis in the mean-field .method. Single crystals of TI2212 were grown from mixtures

region, we measured the in-plane and the out-of-plane resist 11.o .
2 . N : »,O3 and a precursor B&€aCyO,. The details of the
tivities of high-quality single crystals of TI2212 wit]lc up growth procedure are described elsewH&ré! Crystals with

to 5 T. TheAaay(T,H) and theA o(T,H) were obtained for ical dimensions of 0.80.5xX0.05 mn? were selected
different samples, and these data were analyzed based on tgré)d annealed in oxygen for 48 h at a temperature of 400 °C.

theory of Dorinet al. in the weak-field limit that included fter the annealing process, crystals were examined using an
ptical microscope. The crystals showed metallic shining

sistivity obtained by fitting the normal-state resistivity. How-
ever, this procedure is nontrivial, especially fof. Thus,
Aa(T,H) which is independent of a background estimation
was analyzed first and theXio(T,0) was investigated based
on the results oA o(T,H). Through this procedure, the va-
lidity of the normal-state background could be confirmed.

showed very sharp (0D peaks characteristic of the 2212
structure withc~29.3 A*! The low-field magnetization data
showed the onset transition temperature of 106 K, as shown
in the upper inset of Fig. (&). The good quality of these
samples was also confirmed by extensive reversible and irre-
versible magnetization studié%;*! In the reversible magne-
tization study, the nonlocal effect in the relation between the
current density and vector field was revealed to be important,

The measurements @f,,(T,H) and p.(T,H) were car- and in the irreversible magnetization studies, various vortex
ried out on single crystals of TI2212 grown by using the fluxphases, and their dynamic properties were identified.

II. EXPERIMENT
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The resistivity was measured in the four-probe configura- 54
tion for p,,(T,H) and in the direct cross configuration for (@) s
p(T,H) as shown in the inset of Fig.(d) (top corney. In
this cross configuration, when the current and the voltage
pads are close to each other, the very large anisotropy .
(pe!pan=10°-10" of TI2212 gave reliable values fgs,
because the planes perpendicular to the current flow could b,
regarded as equipotential surfa®8’ The contact pads &

150 |

100 |

were made by evaporating gold and then annealed in air for % H?

30 min to reduce the contact resistance. The gold wires werel— o 3T
attached to the contact pads by using silver ep@&§OTEK oF S0 o 5T

P1012, and the contact resistance was found to be less thar AL+MT+FDOS

2 Q. A currentl =100uA was passed through the current

leads for both types of measurements. The temperature de 0
pendences op,, and p. with different magnetic fields ap- . .
plied parallel to thec axis for two different samples are 109 110 111 112 113 114 115 118
shown in Fig. 1. Here, the magnetic fields were applied by T(K)

using a MagLab2000(Oxford) superconducting system.

pab(T,0) follows a linear behavior in temperature well above 8 r T . . r T
transition temperature. This behavior is characteristics of op- ; —
timally doped samples. The application of a magnetic field
reduced the critical transition temperattrgand broadened s
the transition width for both the in-plane and the out-of-plane
resistivities. The main mechanisms for broadening this tran-
sition width along theab plane, flux flow motion and ther-
mally activated flux-flow have been studied extensivély.
Though different mechanism are suggested to explain the
broadening of the transition width along thexis**>but it

is still unclear. Thec-axis peak near the transition tempera-
ture was enhanced by increasing the magnetic fields, and th
peak position was shifted towards lower temperatures. This
behavior was also observed in ,Br,CaCyOg single 2t
crystals?**® in TI2212 single crystal&®*’ and in oxygen-
reduced YBaCu;O,_s single crystaf However, in opti-
mally doped YBaCu;O, 5, the out-of-plane resistivity
shows a metallic behaviéf.

[o]

~Ac (@'m™)

112 114 116 118 120
T(K)

FIG. 2. (a) In-plane fluctuation-induced magnetoconductivity
Ao,u(T,H) at 3 and 5 T as functions of the temperature. The solid
lines are the calculations from the theory of Doehal. The inset

If Ao(T,0) is to be analyzed, the normal-state back-shows the field dependence of the in-plane fluctuation-induced
ground resistivity should be subtracted. Singg(T,0) is magnetoconductivity. The solid line in the inset represents the the-
linear at high temperatures in the optimal doping state, thé@retical curve calculated using the parameters obtained in an analy-
usual way is to assume a linear decrease well afqvand sis of the _m_ain graphb) Out-of-plane fluct_uation-induced magne-
then to subtract it from the measured resistivity. HowevertoconductivityAoe(T,H) at 5 T as a function of the temperature.
this procedure cannot be justified except when reasonabl e soll'd line is the calculation fr_om_the theory of Doghal, the
values of the physical parameters are obtained. Furthermorg?tteol ||r)e represents the contnbytlon from the AL term and the
pc(T,0) in the normal state is still not well understood. Thus, ashed line the FD.OS term. The inset show_s_the field depe_nd(_ance
the subtraction of the background resistivity from the mea-.Of the qut-of-plane induced magnetgconductwny and the SO"_d line
sured resistivity in the mean-field region can yield arbitrarym the inset repr.esen.ts the theorgtlcal curve calculated using the
physical parameters when analyzing the data. To avoid thié),arameters obtained in an analysis of the main graph.
instead of the zero-field fluctuation conductivity, we ana- )
lyzed the fluctuation-induced  magnetoconductivity M Fig- 2,A04(T,H) andAo(T,H) are presented. The
Aa(T,H) first: notable feature of the_se dat_a is the sign change_ in

—Ao(T,H) from negative at high temperatures to positive
at low temperatures. This behavior has also been observed in

Ao(T,H)=0(T,H)—a(T,00=1/p(T,H)—1/p(T,0) other HTSC’s(Refs. 27—31 and has been explained on the

basis of FDOS contributions.
~=Ap(TH)/p(T.0)%. To explain the experimental data quantitatively, we used
(1)  the theory of Dorinet al, which includes the AL, MT, and

IIl. RESULTS AND DISCUSSION
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FDOS contributiond? In that theory, the total fluctuation should be negligible compared with the fluctuation-induced

conductivity is magnetoresistivity. This was confirmed in,Br,CaCyOg
for which detailed experimental investigations of the MR
Ao(T,H)=Aca (T,H)+Aoepod T,H) + Aoed(T,H) revealed that the normal-state magnetoresistivity appeared
only aboveT.+25 K and that below this temperature, fluc-
+Aoyr(T,H), (2)  tuations dominated the ME.The solid lines in the inset of

Fig. 2 are theoretical curves afo,,(T=120 KH) and
where  Aop (T,H), AoppodT,H), Aoi#(T,H), and Ag(T=115KH), which were plotted using the param-
Aoy (T,H) result from the AL, the FDOS, the regular MT, eters obtained from\o(T,H). The different behaviors of
and the anomalous MT contributions, respectively. It is to beVIR in the ab plane and along the axis are well explained
noted that in this theory, only the orbital contributions wereby using the effects of fluctuations on the conductivity.
considered and spin interactions, i.e., the Zeeman effect, Now letus explain the results faro(T,0). As mentioned
were neglected. However, since the Zeeman effect is impo@bove, for estimatingb-plane background resistivity the re-
tant for BLc and at reduced temperature§{TQ”) /Tgnf sistivity above 150 K was fitted by linear function
>0.3 forB|c, the Zeeman terms are irrelevant in our c&se. Pab(0)+AT, as shown by solid line in inset of Figd. The

For our field strengths, the weak-field limit expressions ar@erafl\_’rilor aﬂong the:_lt_jirectionl, howe\t/eﬁz was.t?tgtlly (:ir]f.er;]
valid because the applied field is much smaller than the up(-an - The shape gi(T) reveals a metaflic resistivity at hig
temperatures and an insulating one at lower temperatures.

per cr_itical field at zero temperature. The detgils Of_ the X These two regions are separated by a minimum value of
pressions for each contribution in the weak-field limit are min

) ) X ) c» Pe - In the normal-state above 150 K.(T) could be
given in Ref. 11. To fit the data, we varied the parameters. ¢ . : B

= 202 2,2 _ mf ) itted by using the equatiop.(T)=p.(0)+BT+C/T, as
r=4n3°Kglveh®, 7, 74, p=47€Blh, andTc . Here,ris — gpq,, by solid line in inset of Fig(h), where the last term,
Fhe anlsc_)tropy parar_neter,ls_ the_ effective |r_1terla_1yer energy \yhich was proposed by Anderson and Z8uarises due to
in K, v is the Fermi velocityr is the qua5|part|clfe scatter- the tunneling of electrons between the Guflanes. In our
ing time, 7, is the pair-breaking lifetime, and" is the  analysis, the background region of 156K <300 K did
mean-field temperature. The initial value ™}’ was obtained not influence the results because the data were restricted to
from the inflection point in thedp(T)/dT curve and was those below 1.3'2“, where the change in the background
allowed to vary within a limited range of less than 1 K. The region hardly affects the data and the theory of Detiral. is
solid lines in Fig. 2 represent calculations using the weakxvalid.
field limit expressions for both directions. Foro(T,H), Ao (T,0) in theab plane and along the direction are
the AL and the DOS contributions are also plotted separatelghown in Fig. 3. Here, the fluctuation conductivity was de-
in Fig. 2(b) but for clarity, the MT contribution was omitted. fined as Ao(T)=1/p(T)—1/p,(T), where p,(T) is the

The theory reproduces botho,,(T,H) and Ao(T,H) normal-state_ b.a.ckground resistivity. We f|r§t c.ompared _the

fairly well. The AL term dominates at low temperatures, andin-plane resistivity data with the AL contribution. In this
the FDOS term dominates at high temperatures. The comp@nalysis, variables were T{", and the interlayer distanee
tition between AL and FDOS results in a sign change inHowever, the data could not be described withsuteing
Ao(T,H). The change of sign ida(T,H) was also ob- _anomalously large. Even th_e p_OSS|bIe maximum error of 30%
served in underdoped and optimally doped®BjCaCyO; " the magnitude of the resistvity due to the sample geometry

; cannot explain this large discrepancy betwsen 30 A ob-
\(/\liﬁlf . If ?/v;sn?w o(t)rglbrznge(? ?E e:ve\r{ng;g?j?éFz%egEi(.)gzz)g tained in the fitting and the actual valee- 15 A. Moreover,

. ) . when only the AL term was used, the data deviated from the
This doping dependence and the tendency toward negati . S . -
MR in p.(T) is known to be correlated with the anisotropyvtﬁeory systematically, especially at high temperatures, simi

. - . lar to an earlier report of the Bsr,CaCyOg systent'® The
of the material. As the doping content is decreased, the ang5jity of the fitting became better when other indirect con-
isotropy increases. Therefore, the tendency of the Sigiiptions, the FDOS and the MT terms, were included.

change and the negative MR is enhanced when the number gome experimental reports have proposed that the in-
of hole carriers decreases. The physical parameters for thjjane paraconductivity, even in the region of OQT
fitting will be discussed later. _ —TM)/TM<~1, might be explained by using only the AL
The inset of Fig. 2 shows the field dependence ofyrocess with the proper energy cutdtfHowever, since it
Aogp(T=120 KH) and Ao (T=115 KH). This graph  wjll be very difficult to eliminate the effects of background
clearly reveals that the sign ef Ac(H) (or MR) is positive  subtraction in the above temperature range, the validity of
in the ab plane and negative along tlweaxis. This anisot- those results should be carefully reexamined. Moreover, in
ropy in MR is not explained within the Fermi liquid theory. this scenario, a unified explanation afp,,(T,0) and
Thus Anderson proposed a model that introduced two differA p(T,0) is very difficult.
ent carrier scattering rates far aboVg; one scattering rate To obtain physical quantities, we included the AL, FDOS,
dominated the longitudinal transport while the other gov-and MT contributions. We used the initial values of the vari-
erned the transverse offéThere was an experimental inves- ables obtained from the previous analysis of the fluctuation-
tigation of the MR of which behaviors were interpreted induced magnetoconductivity and restricted them to remain
based on this scenariBsHowever, ascribing the MR to within a limited range. The results are shown in Fig. 3 with
normal-state properties is difficult in our case. Because ousolid lines. The AL and the FDOS terms were plotted sepa-
measurements were performed n€gr the normal-state MR rately. The results reproduced the experimental data fairly
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250 T y T y T y T y of p.(T) are presented, along with the experimental data.
s (;“ @ | o exp ; Thg galqulatedyc(T) simulateql the peak neé'r.c fairly well.
200F AL + FDOS+MT | A This indicates that the peak in TI2212 néaris due to the
fluctuation conductivity, as originally proposed by loffe
et al?! and Dorinet al!* and as later experimentally con-
firmed in Bi,Sr,CaCyOg.%2
The physical quantities obtained from botko(T,H)
and Ao(T,0) are summarized in Table I. As far as we
know, this is the first complete set of variables about
éaby € 7 T4, and J in TI2212. Thus, we had to
compare these results with those of other HTSC's.
The 7(100 K) in TI2212 is similar to7(100 K)=10-50
fs in BizerCaCLszB, g_TI,Hg)ZBaQCaQCLbOmM, and
(Hg,Cu)BaCuOy. 5,28731%2put is larger thanr(100K)=3
-5 fs in YBaCuO,_5.2"%73% 7,(100 K) is larger
T than 7(100 K), which was assumed by Doriet al!
110 115 120 125 130 The values of J were reported for BiSr,CaCyOg
T(K) (J=4.5-43K), (Tl,Hg),Ba Ca Cuz Oy, 5(J =4 K),
(Hg,Cu)BaCuOy, 5(J=40 K), and YBaCu;O;_ 5(J=205
150 — " T v T v T v —225 K). From these values, the value &ffor TI2212
- o exp 0.0026 —— 1 should be more similar to those for f&r,CaCyOg and
(TILHg)»,B&CaCuz0;, s than to those for YBECuzO;
even though the scattering of these values in one compound
suggests thal depends on the doping state of the sample.
This conclusion is fairly reasonable because the anisotropy
of Bi,SLCaCyOg is known to be larger than that of
YBa,Cu;0;_ 5 but similar to that of TI2212. The structure of
TI2212, which is similar to that of B5r,CaCyOg, also sup-
ports this conclusion. The value afz in TI2212 is =3
X 10" cm/s, and this is also similar to the value reported for
Bi,SrL,CaCuy0g,?® but smaller than other reported
valueg®-3152 for Bi,Sr,CaCy0Og. According to Dorin
et al,'! the effective interlayer tunneling rate is of the order
. kgJ2r/h2. In TI2212,k3I?r/h2< 1, <7, which suggests
'11'0' . 1;5 . 1;() . 1;5 . 1'30 that the tunneling to neighboring layers is an incoherent
event. FromT™ | 7, 74, andJ, we could calculate the co-
herence lengthg,, and .. The values of,, and &, were
FIG. 3. (a) In-plane fluctuation conductivith o,,(T,0) and(p) ~ 12+ 1 and 1.6-0.2 A respectively. The value df,; is in
out-of-plane fluctuation conductivitho(T,0) as functions of the 900d agreement with the value of 14.3 A obtained from a
temperature. The solid line is the calculation from the theory offeversible magnetization stud.
Dorin et al, and the dotted and dashed lines represent the contribu- Finally, we will mention the out-of-plane normal-state re-
tions from the FDOS and the AL terms, respectively. The inset ofSistivity. In the analysis oA o (T,0), we assumed a tem-
figure (b) shows the out-of-plane resistivity and the calculations.perature dependence p§(0)+BT+ C/T, and the physical
The subtraction of the normal-state resistivties is explained in thgparameters so obtained were consistent with those in the
text. analysis ofAo(T,H). This implies that the functional de-
pendence of the out-of-plane normal-state resistivity was
well. Unlike the analysis that only considered the AL contri- well described as suggested by Andersomal* A proposed
bution, Ao,,(T,0) was well described wits~14.7 A. For  activation-type formula p.(T)=A+BT+ (C/T)exp@/T)®
Ao(T,0), it was impossible to explain the data without thewith A~400 K, could fit p.(T) down to the peak region
FDOS term. As iMAo(T,H), the FDOS term is dominant at whereA was interpreted as the pseudogap. This implies that
high temperatures while the AL term is important at low if this formula is correct, the fluctuation effects are negligible
temperatures. In the inset of Fig(b3, the calculated values in p.(T) but understanding this behavior is very difficult.

150 |

100 |

50 |-

Ao (T)(10°Q'm")

)
1
120 | I‘.
)

90 -

60 -

30 -

A (TH@'m™)

-60 b

TABLE |. Physical parameters obtained from the analysid of T,0) andAo(T,H).

™ (K) £ (A £ (A (100 K) (fs) 74100 K) (fs)  ve (10" cm/is) I (K)

Aoy, 10705 11*+1 1.0+0.2 153 20+5 6.2
Ao, 110+1 12+1 0.7 204 30+5 3*x1 ~
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Moreover, the fitted value ak is too high for the optimally

PHYSICAL REVIEW B 67, 144502 (2003

toconductivity of TI2212 single crystals and analyzed those

doped samples when compared with the transition temperatata based on a theory of fluctuation conductivity that in-

ture of underdoped B5r,CaCyOg single crystals with com-
parable values oA.%*

IV. CONCLUSIONS

cluded AL, MT, and FDOS contributions. This theory
successfully explained not only the excess conductivity but
also the positive in-plane magnetoresistance and negative
out-of-plane magnetoresistance with reasonable values of the
physical parameters. Furthermore, the peak inctheis re-

We investigated the in-plane and the out-of-plane zerosistivity was well described by the same effects as in other

field fluctuation conductivity and fluctuation-induced magne-

HTSC's.
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