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Hall coefficients of YBaCu;0,/PrBa,Cu;O, superlattices in the flux-flow regime
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In this work, we measured the longitudinal, and transversp,, resistivities as a function of the current
density in the flux-flow regime in YB&£u0, /PrBaCu;0, superlattices. According to these measurements,
the Hall electric field is a nonlinear function of the current density in the vicinity of the local minimum of
negative Hall coefficient. Also, the Hall resistivity is independeni @f the low current density. Furthermore,
the p,, andp, are found to obey the power lapy,= Ap8 with B=1.7+0.05 over a wide current densities
and temperatures. Above results are discussed in terms of the existing theS0ER3-18207)03626-¢

INTRODUCTION vicinity of the local minimum of negative Hall coefficient.
Furthermore p,, and p,, obey p,,~ p% with f=1.7+0.05
The study of longitudinap,, and transversg,, resistiv-  in a magnetic field over wide current densities and tempera-
ities of highT, superconductors, especially in the mixed ture ranges in YBCO/PBCO superlattices.
state, is important in the understanding of vortex dynamics.
One striking feature of vortex dynamics is the sign reversal
of p,, caused by the vortex motion in mixed state. Another EXPERIMENT
interesting issue that has attracted special attention is the
scaling relationship betweem,, and pyy, i.€., pyy, and pyy
follow pxy~pfx: in pinned regime as first observed by Luo

et al! The anomalous Hall effect is influenced by many fac- X 2 .
: ; A and the sample’s characterization have been previdusly
tors, which include transport current densitypinning

e . . orted. Thel-V curves were measured by sending a pulsed
force3# and magnetic-field strength. To investigate current—p y gap

q q I Hall off Kuncleiral? h dc current to the current leads of the five-leads Hall pattern
ependent anomalous Hall effect, Kuncfairal” has mea- i, 3 quration time of about 1-2 sec and the Hall voltage

sured the Hall coefficients of YB&U;O, epitaxial films over 45 measured by a nanovoltmeter. The temperature was con-
an extended current-density range, where high curréniyg|ieq by a temperature controller and the temperature in
density suppresses flux pinning. With increasing current denmeasurements became stable at around 0.05 K. The current
sity, they observed an enhancement of the sign reversal @fensity of Hall and resistivity measurements varied from 0.5
the Hall angle=pyy/py. Li, Zhang, and Adriah and  to 1x10° A/cm? To avoid the cumulative heating in the
Wang, Yang, and Hordgrecently reported the effect of flux Hall measurement, the interval between two adjacent current
pinning on the mixed-state Hall coefficient in YE&;0,/  pulses was set as long as 15 sec. All samples were patterned
PrBaCu;0, superlattices, indicating that the Hall anomaly to a five-lead Hall geometry in the transport Hall and resis-
diminished or even disappeared with decreasing pinningivity measurements. Gold pads were evaporated onto the
strength. A scaling Iav;oxy~pfX holds good for all samples Hall and resistivity leads. Current leads had a negligible con-
with some variation in the exponents. Among those factordact resistance.

affecting thep,, andp,y, the effects of transport current on

the mixed-state Hall effects of (YB&u;O, /PrBaCus0y), [

(YBCO/PBCQ, ] are seldom examined; the superscripis RESULTS AND DISCUSSION

the number of modulation layer ityBCO/PBCQ,, superlat-

tices. Herein, we report measurement of mixed-state Hall Figures 1a) and Xb) reveal the double-logarithm plots of
effects over a wide range of current densityx10°~1  py, Versus J and pxy versus J for a YBCO/PBCO

X 10° Alcm?) for (YBCO/PBCOQ), superlattices in the flux- (60 Aia8 A),q superlattice at a fixed magnetic field of 2 T
flow regime. In this regime, the Lorentz force exceeds theand temperature range of 75-84 K. The resistiyify in-
pinning force and the flux line moves in a viscous flow. creases steadily abis increased and has an Ohmic behavior
Thus, Hall measurements with varied current density providén the limit of high current density. Thp,,-versusd curves
information on the anomalous Hall effect’'s evolution while show sign reversal when the current density is increased at
the pinning force is systematically suppressed and the Loreach fixed temperature range of 75—84 K. Furthermore, the
entz force becomes larger. We observed thafpthés inde-  pyy-versusd curves show two plateaus; one plateau is lo-
pendent ofl in the low current density and the Hall electric cated at low current density while the other is located at high
field is a nonlinear function of the current density in the current density. The,, is J independent at low current den-

YBCO/PBCO superlattices were prepared in a high-
vacuum radio-frequencyRF) magnetron sputtering system.
The RF magnetron sputtering system’s detailed description
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FIG. 1. (@) The double-logarithm plot 0p,,-vs-J and (b) py,- FIG. 2. (@ The double-logarithm plot ofp,,-vsJ and (b)

vs-J curves for a YBCO/PBCO (60 A/48 A) superlattice at a Px,vs<J curves for a YBCO/PBCO (96 A/48 A) superlattice at a
fixed magnetic field b2 T and temperature range of 75—84 K. The fixed magnetic field b2 T and temperature range of 81-87 K.
increment of the temperature in each curve is 1 K.

Exy=(BoEndIPB){n(1-y) - 29T (VD}. (2
sity whereas thep,, at high current-density plateau is
emerged to a value of 107 Q cm. The current density
at which sign reversal occurred shifts to a lower current den
sity with increasing temperature. Notably, the sign-reversa
density Jg, (the current density at which,, equals zerpis

close to the plateau region of tlig (J)-versusd curve. This

- - 2 2
finding suggests that the sign reversajpgf occurs near the density regime {<5x10° A/lcm” andJ<1x10' Alcm?)
free flux-flow regime. for YBCO/PBCO for (60 A/48 A)s and (96 A/48 A),

Figures Za) and 2b) reveal double-logarithm plot of Superlattices, respectivefffigs. 1 and 2 E,is linearly pro-
pxx Versus J and p,, versus J for a YBCO/PBCO portional toJ, |.e.,E¥X=JpXX. !nsertlngEXX=Jpxx into E_q.
(96 A48 A),, superlattice at a fixed magnetic field of 2 T (2) reveals thate, is proportional toJ. Therefore,p,, is
and temperature range of 81—-87 K. The behavigs,gfver- mgiependent of current den;ny in the Io]mggme. The
susJ andp,, versus] resembles that of Figs(d and 1b), J-independent beh_avpr qf,y is indeed experlmenta!ly ob-
demonstrating that the behavior pf,(J) and p,,(J) in a sgrved, as shown in F|gs(b]). and 2b). Furthermore, in the
magnetic field is a universal characteristic of YBCO/PBCOMNIGh curregt-densny regime [J=3x10" and J=8
superlattices. x10* Alem?) for (60 A/48 A)e and (96 A48 A), su-

Based on the normal core model of Bardeen and Stépheerlattices, respectivelythe p,, is independent of current
and by considering both the backflow effect and thermafensity. In the middle range current density around
fluctuation, Wang, Dong, and TihgWDT) developed a uni-  Jmin [Jmin is the current density at whigh, has a maximum

fied theory on flux motion and derived the following equa- Negdative valugin the vicinity of the glass transitiof the
tion: E, is a strongly nonlinear function of the current density.

This regime reveals the vortex moving in a viscous flow and
a sign reversal of Hall coefficient.
_ 2 =~ =F Figure 3 reveals the double-logarithm plot @f, versus
Pry= (Bopid PoB){ (1= y)=2yT (VLI @ pxy for a YBCO/PBCO (60 A/48 A) superlattyice in a
magnetic field 62 T and at fixed temperature range of
wheref, denotes te/m)H,, prepresentdH/p, andis  75-77 K. Regarding the current dependencepgf and
the viscosity coefficienty=y(1—H/H.,) with H the aver-  pyy, the important finding is thap,, and py, form straight
age magnetic field over the corg,denotes the parameter lines for all temperatures considered, i@y, relies onp,y
describing the contact force on the core’s surfacéy,) according tOprzApfx all the way into the nonlinear range.
represents a scaling function which dependsvpn Equa- The exponent is around 10.05 in a magnetic field of 2 T
tion (1) can be rewritten in terms d&,, andE,,, yielding at all temperature ranges near the vortex glass transition. We

We discuss the behavior @f,, versusJ and p,, versus
J for a YBCO/PBCO (60 A/48 A)q superlattice with the
model proposed by WDT. For fixed temperatures and mag-
netic fields, in the regime of~0 or »>1"(V,) andy~0 the
relation Exy:(/BOE)Z(X/J(I)OB) holds. In the low current-



T(K)

BRIEF REPORTS

74 75 76 77 78 79 80 81
20 T T T T T T
_ @ |
R
? ¢
© 1.5+ I —
[
1.0
-14 T T T T T 1 T
YBCO/PBCO A
(60 /48 &) 2" (b)
—_ 1 OT=75K / ©
i AT=77TK 8 a
? (,\A
& 16 -
~— Ou
£ .
] # Aslope=168 1
+ Slope = 1.65 H=2T
-18 ——
-1 -10 -9 -8 -7
In (Pxx)

FIG. 3. (&) The exponenp as a function of temperature near the
vortex glass transition(b) The double-logarithm plot op,, vs
pxy for a YBCO/PBCO (60 A/48 A)s superlattice in a magnetic
field of 2 T and at fixed temperatures of 75 and 77 K.

also measureg@,, and p,, in a magnetic field b2 T for a
(60 A/48 A)q superlattice at fixed current density=1
x10* Alcm?. The pxy and p,, obey the power lawp,,
=Ap? with B=1.7+0.05 in a magnetic field of 2 T. From
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any vortex state. The prediction is consistent with experi-
mental results of Somoild¥in Bi,Sr,CaCy0, single crys-
tal.

Recently, Li, Zhang, and Adridrreported the effect of
flux pinning on the mixed-state Hall coefficient, indicating
that the Hall anomaly diminished or even disappeared with
increasing anisotropy parameter and decreasing pinning
strength. A scaling law ip,, andp,, was observed and the
power Iapry=Apfx holds good for all samples with some
variation in the exponentg=1.6—2. Their results are con-
sistent with the WDT theory and are similar to our recent
work® on the scaling behavior of YBCO/PBCO superlattices
in magnetic fields. The present work examines Ihgepen-
dence ofp,, andp,,. Thep,, andp,, obey the power law
pxy=Apl with B=1.7+0.05 over a wide range of current
densities and temperatures. The Hall electric field is a non-
linear function of the current density in the vicinity of the
local minimum of negative Hall coefficient which is consis-
tent with the prediction of the DF model. Meanwhilg,, is
independent od in the low current density where the behav-
ior of p,, is Ohmic.

Finally, we compare the results derived with the VGFB,
DF, and WDT theories. These theories are self-evidently of
an entirely different nature. The DF theory predicts that a
nonlinear Hall fieldE, should scale with a universal power
of the current density at the vortex glass transition, while the
WDT theory predicts that, in the regime of~0 or %
=yI'(V)) and y~0, E,=(BoE4/IPoB) holds even in
the nonlineark,, regime for fixed temperatures and mag-
netic fields, and varied current. The fact tigapredicted by

Fig. 3, we can infer that the current and temperature depenthe VGFB theory is retrieved from the DF critical scaling
dence ofp,, and py,, over a wide range, obey the scaling analysis, leads to the conclusion that the DF and VGFB theo-

relation

pxy(‘]x 1) =Clpxx(Ix ,T)]B,

with 8=1.7=0.05 in a magnetic field of 2 T, whef@ is a
constant for YBCO/PBCO (60 A/48 A) superlattices.

ries are mutually comparable in the sense that the specific
combination of the critical components+ y—1)/(z— 1) of

the scaling lawp,yapx, 2" V@Y in the DF theory is
equal toB. Notably, neither the DF nor the VGFB can ex-
plain the sign reversal of the,, in type-Il superconductors
while the WDT theory predicts a sign reversal.

The scaling behavior of the Hall resistivity has been at-

tributed to the vortex flux pinning while the origin of the sign

reversal generated a variety of possible explanatiotss.
First, inspired by the results of Luet al® for epitaxial

YBa,Cu,0, film (8=1.7+0.2), Dorsey and Fisché&t (DF)

proposed interesting concepts to account for the power Iav(sji
pxy=Apfx near the vortex glass transition. Furthermore, DF,

CONCLUSION

In summary, this study measures longitudingl and
Hall p,, resistivities as a function of current density under
fferent currents and temperature regimes for YBCO/PBCO
superlattices. According to those results, the Hall electric

made an explicit prediction that the nonlinear Hall electricfie|q is a nonlinear function of the current density in the
field should scale with a universal scale law at the vorteXjcinity of the local minimum of negative Hall coefficient.

glass transition. The prediction correlates well with the ex

perimental results of Wigens, Dekker, and de Wi in

YBCO film. Woltgens, Dekker, and de Wijn measured the

nonlinear Hall resistivity in YBsCu0O, films near the vortex

glass transition. According to their results, the Hall electric
field E, is a strongly nonlinear function of current density

Jx. Furthermorep,, and p,, obey the scaling behavigr,

=Ap#, with 8=1.7 over wide current densities and tempera-

tures. An alternative model for the scaling law pf,

=Apfx with 8=2.0 has been put forward by Vinokur, Gesh-

kenbein, and Feige'man, and Blatt@fGFB).*® They indi-
cated that the scaling of,, andp,, is a general feature of

The Hall resistivity is independent af in the low current

density wherep,, is Ohmic. Furthermorep,, and p,, obey
pxy=Apl with B=1.7+0.05 over a wide range of current
densities and temperatures in a magnetic field of 2 T.
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