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Current-voltage characteristics and the temperature dependence of the electrical resistivity of
YBa2Cu3O72d thin films were investigated in magnetic fields up to 5 T. For a given magnetic field, both
voltage and resistivity jumps could be observed at high driving forces when the current density and the
temperature reached the critical valuesJ* andT* , respectively. Excellent scaling of the experimental data was
obtained by describing the field and temperature dependence byJ* (H,T)5J* (T)/(11H/H0)

a and
J* (T);(12T/Tc0)

3/2 with 1/3<a<3/4 andH0 andTc0 being constants. These results indicate a well-defined
vortex instability closely resembling that predicted by Larkin and Ovchinnikov~LO! for high flux flow ve-
locities. In the present case, however, by referring to the current-voltage (I -V) characteristics, this instability
can be demonstrated to occur even at temperatures well belowTg defined by separating negatively from
positively curvedI -V characteristics. Analyzing the experimentally observed instability according to LO
theory, the temperature dependence of the inelastic quasiparticle scattering time has been obtained. As a new
aspect, the corresponding critical flux-flow velocity exhibits a significant field dependence for small magnetic
fields, while for fields above 2 T this dependence seems to disappear.@S0163-1829~96!02622-7#

I. INTRODUCTION

The issue of vortex dynamics in high-Tc superconductors
is both of practical and fundamental interest. Thus, many
theoretical as well as experimental studies have addressed
this topic during the last years and new, in some cases un-
expected, behavior has been reported. Especially interesting
in the present context are the suggested new phases and
phase transitions of the vortex system like the vortex glass
and its transition into the melt. Of similar importance is the
distinction between different dissipation regimes like flux
creep as described, e.g., by the model of collective creep, or
thermally activated flux flow~TAFF! and flux flow ~FF!,
each regime exhibiting a specific signature in current-voltage
(I -V) characteristics. Recent reviews on this very active field
of research are given in Refs. 1 and 2.

For high-driving forces, a characteristic instability of the
vortex dynamics has been predicted by Larkin and Ovchin-
nikov ~LO! many years ago3 leading to a discontinuous volt-
age jump in theI -V curves at a critical valueI * . The under-
lying idea is that the viscous friction, which a vortex
experiences during its movement, is a nonmonotonic func-
tion of the velocity with a maximum at a critical value.
Above this critical velocity, the viscosity coefficient de-
creases leading to an even higher velocity and so on so forth
giving rise to the above instability. Experimentally, this phe-
nomenon has been studied for a number of low-Tc supercon-
ductors and reasonable agreement with LO theory has been
found.4,5 Corresponding experiments on high-Tc supercon-
ducting films were reported only recently6 and interpreted in

terms of LO theory providing information on the inelastic-
scattering time of quasiparticles. The applicability of such an
interpretation is not obvious, since the experimentally ob-
served voltage jumps could also be due to alternative mecha-
nisms like depairing,7,8 Josephson behavior,9 or, as proposed
recently, vortex system crystallization.10

To clarify this situation, we have repeated and extended
the work of Doettingeret al.6 by studying the behavior of
YBa2Cu3O72d thin films grown on different substrates. Ad-
ditional new insight could be provided by determining com-
plete sets of current-voltage characteristics at different tem-
peratures and magnetic fields rather than just concentrating
on the voltage jumps. In this way, it could be tested whether
the occurrence of the instability is restricted to a certain dis-
sipation regime like, e.g., flux flow. In addition, by measur-
ing electrical resistance at different temperatures (R-T) and
magnetic fields applying a wide range of currents, a second
independent set of data was obtained and could be checked
for consistency.

II. EXPERIMENTAL DETAILS

YBa2Cu3O72d thin films with different thickness were
deposited by sputtering on~100! oriented SrTiO3
substrates11 and by evaporation onto sapphire substrates with
CeO2 buffer layers.

12 As revealed by x-ray analysis, all films
were purelyc-axis oriented with rocking angles as deter-
mined on the~005! reflexes below 0.5°. After patterning as
bridges~length 100 or 500mm, width 5 or 10mm! by pho-
tolithography and wet chemical etching, Ag contact pads
were evaporated allowing the measurement ofR-T and I -V
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curves using the standard four-point method. In addition, ex-
ternal magnetic fields up to 5 T could be applied. In the
present study, in all cases these fields were oriented parallel
to the c axis of the films. In total, we have studied six
samples, three on both types of substrates. All of them
showed similar results. Their zero-resistance temperatures
measured in the low current density limit (I<10mA! without
external magnetic field ranged between 84.80 and 90.50 K
with residual resistance ratios~RRR! ~5R300 K/R100 K! be-
tween 2.62 and 3.03. The important sample parameters are
summarized in Table I. In the following, we will concentrate
on the results obtained for sampleA, a YBCO bridge~100
mm long, 5mm wide, and 250 nm thick! prepared on sap-
phire.

A crucial point in the present experiments is the avoid-
ance of excessive Joule heating possibly occurring in the film
as well as in the electrical contacts~typical resistance 0.2
V! due to the high current densities. In the present case, the
YBCO films were fixed with vacuum grease onto a copper
sample holder mounted within vacuum at the bottom of a
1He-/1N2 cryostat. The current through the film was varied
either by using rectangular pulses~with a typical current-on
time of 1.5 s followed by intervals without current of typi-
cally 3 s! or by applying a triangular ramp increasing the
current up to the voltage jump and then switching it off. In
both cases, the maximum voltage drop along the bridge was
limited to 1 V and the maximum current to 100 mA, respec-
tively, in order to protect the bridge from destruction. For
both experimental procedures and for SrTiO3 as well as for
sapphire substrates, no thermal hysteresis of the current-
voltage characteristics belowI * has been observed indicat-
ing that excessive Joule heating can be excluded. A small
shift, however, of the film temperature relative to the con-
stant temperature of the thermometer caused by the applied
current has to be expected, the magnitude of which can be
estimated as follows. Assuming the experimentally deter-
mined thermal boundary resistances for YBaCuO films on
different substrates as reported in Refs. 13 and 14~typical
values are 1023 cm2 K W 21 on sapphire, 1024

cm2 K W 21 on SrTiO3), the estimated temperature shifts
due to the maximum heating powers just below the observed
voltage jumps are 1.2 K for the YBaCuO bridges on sapphire
and 0.02 K for the larger bridges on SrTiO3 substrates~cf.
Table I!, respectively. To experimentally corroborate these
estimates additionalI -V curves in external fields up to 0.8 T
were determined on sampleD ~YBaCuO on SrTiO3) by im-
mersing the bridge directly into liquid nitrogen~77 K!. The

resultingI -V characteristic is slightly shifted towards higher
currents as compared to the results obtained for this sample
mounted under vacuum. Attributing this shift to different ef-
fective bridge temperatures in both experiments, from the
known temperature dependence of theI -V curves a differ-
ence of 0.24 K can be calculated. Though larger than the
above estimate based on literature values for the heat resis-
tance, the experimentally observed heating effect is too small
to have any significant bearing on the major conclusions of
the present work. Especially, it can be excluded that the re-
ported phenomenon of voltage jumps itself is caused by heat-
ing. Rather, the unavoidable slight shifts in temperature lead
just to small changes of the corresponding critical values
J* by typically 5%.

III. RESULTS AND DISCUSSION

A. Jumps in current-voltage characteristics

1. Temperature and magnetic field behavior

In Fig. 1~a!, current-voltage characteristics are presented,
which were taken in an external magnetic field of 2 T at
different temperatures as assigned to each curve. ForT,80
K well-defined voltage jumps~experimentally limited to a
maximum of 1 V! can be observed at temperature-dependent
critical current densitiesJ* (T). For temperatures closer to
Tc , these voltage jumps disappear. For a direct comparison
to earlier data on the conventional superconductors Al,4,5

In,4,5 and Nb,15 in Fig.1~b! the YBCO characteristics are
shown for different external magnetic fields as assigned to
each curve determined at the fixed temperature 77 K.
Clearly, the critical current densitiesJ* , where the voltage
jumps occur are shifted to lower values by increasing mag-
netic fields, theI -V curves become more smeared and even-
tually, at high fields the jumps disappear. This behavior is
similar to what has been found for the above conventional
superconductors.

The observed results allow to exclude the possibility to
attribute the voltage jumps to the phenomenon of a vortex
system crystallization. In this case, the critical current den-
sity J* is expected to be shifted to higher values by increas-
ing the temperature.10 Also, the shape of theI -V curves re-
ported here is not consistent with that expected for Josephson
junctions.7,9 Thus, an interpretation in terms of the LO insta-
bility model3 appears to be appropriate, though in this model,
external magnetic fields small compared to the upper critical
field Hc2 should not affect the voltage instability. Before

TABLE I. Sample parameters.

Sample Substrates Thickness Bridge width Bridge length RRR r100 K Tc(R50) a

~nm! (mm! (mm! (R300 K/R 100 K) (mV cm! ~K!

A CeO2/Al 2O3 250 5 100 2.82 107.38 87.20
B CeO2/Al 2O3 250 10 100 2.72 138.60 85.60
C CeO2/Al 2O3 300 5 100 2.80 100.06 87.00
D SrTiO3 200 10 500 2.62 136.40 84.80b

E SrTiO3 200 10 500 3.03 87.40 87.70
F SrTiO3 50 10 500 2.77 80.90 90.50

aMeasured at low current limit without external magnetic field.
bAfter 1014/cm2 He1 irradiation.
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applying the LO model to the above results, in the following
the magnetic field and temperature dependence of the critical
current densityJ* (H,T) will be analyzed in terms of a gen-
eralized critical state model.

Extending the models of Beam,16 Anderson and Kim,17 as
well as of Irie and Yamafuji,18 a generalized critical state
model has been developed recently by Xuet al.19 There, the
temperature and magnetic-field dependence of the critical
current density defined by one of the standard voltage or
electrical field criteria, is separated and expressed as

Jc~H,T!5Jc~T!/~11H/H0!
a, ~1!

wherea is a constant exponent andJc(T) is a function de-
scribing the temperature dependence. Equation~1! delivers
the Bean form fora50 and the Anderson-Kim form for
a51. If H/H0@1, the Irie form is obtained. Calculations of
the magnetic-field dependence of the magnetization based on
the above generalized critical state model showed good
agreement with experimental data.20 Also the application of
this model to analyze the experimentally observed magnetic
field dependence of the transport critical current density in
polycrystalline YBa2Cu3O72d samples resulted in a consis-
tent description.21 In the following, we apply the separation
ansatz of Eq.~1! to model the field and temperature behavior
of the critical current densityJ* (H,T) related to the ob-
served voltage instability.

In Fig. 2 the experimental data are presented, which were
used for the analysis ofJ* (H,T). In the upper Fig. 2~a!, the

temperature dependence of the critical current density is
given for different magnetic fields ranging from 5 to 50 kG
and the results are plotted in the formJ* 2/3 vs T. Corre-
spondingly, the solid lines through the data are fits to the
expression

J* ~H,T!5J1* ~H !~12T/Tc0!
3/25J2* ~T!/~11H/H0!

a

5@A/~11H/H0!
a#~12T/Tc0!

3/2, ~2!

where the constant A can be identified with
A5J* (H50,T50) and Tc0 ,H0 ,a are fit parameters.
Clearly, Eq.~2! together with the derived numerical values
a50.3643,Tc0589.70 K, m0H05801 G, and J* (0,0)
51.4431012 A/m2 provides an excellent description of the
experimental results. Each of the fits presented in Fig. 2~a!
delivers a valueJ1* (H). These values are given as solid dots
in the inset of Fig. 2~a!, while the solid line through all these
points represents the field-dependent part of Eq.~2! corre-
sponding to the above parameters. This good agreement
demonstrates the self-consistency of the different ways ana-
lyzing the experimental data. The separation ansatz of Eq.
~2! should also allow one to plot the temperature dependence

FIG. 1. Current-voltage characteristics of a YBa2Cu3O72d

bridge ~sampleA): ~a! isotherms at temperatures as assigned to
each curve in a magnetic field of 20 kG;~b! 77 K isotherms in
different magnetic fields as assigned to each curve. The solid lines
indicate the voltage instability, which was experimentally limited to
1 V.

FIG. 2. Temperature dependence of the critical current density
J* resulting in the voltage instability:~a! In different magnetic
fieldsm0H55, 10, 20, 30, 40, and 50 kG from right to left@same
symbols as defined in~b!#. The solid lines are fits of Eq.~2! to the
data with Tc0589.70 K, a50.3643, m0H05801 G, and
J* ~0,0!51.4431012 A/m2 as well as field-dependent values
J1* (H), which are given in the inset as solid dots. The solid line
through these dots is obtained fromJ1* (H)5A/(11H/H0)

a with
the same parameters as above.~b! Temperature-dependent part
J2* (T) as defined in Eq.~2! scaling the field dependence according
to J1* (H) with the parameters given above. The solid curve is cal-
culated from Eq.~2! using still the same set of parameters.@Sym-
bols in ~a! and ~b! are identical.#
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of the J* data corresponding to different magnetic fields
onto one commonJ2* (T) curve. This is tested in Fig. 2~b!,
where the symbols represent the experimental results for dif-
ferent magnetic fields and the solid line is calculated from
Eq. ~2! using the same parameters as given above. As can be
seen, the result of this test confirms that Eq.~2! excellently
describes the field and temperature dependence of the critical
current densityJ* related to the voltage instability.

Since the description of the temperature dependence by a
power law with exponent 3/2 is quite commonly found for
depinning and/or depairing critical current densitiesJc , it is
tempting to interpret the voltage jump atJ* as a depinning
instability rather than in terms of the LO model. In the latter
model, however, the temperature dependence ofJ* results
from different temperature-dependent contributions like the
inelastic-scattering time of quasiparticles@cf. Eq. ~3!# and an
overall description by a 3/2 power law over a restricted re-
gime cannot definitely be excluded. Here, a more decisive
test is offered by the magnetic-field dependence expected for
the different scenarios. While for depinning related phenom-
ena, power laws as, e.g., given above byJ1* (H) have been
reported previously,1,22 in the LO modelJ* should be prac-
tically field independent.5,6 To test the field dependence, an
additional set of experimental data were taken on the same
film as above at different fixed temperatures applying much
smallerH intervals than in Fig. 2. The corresponding results
for J* are given in the inset of Fig. 3. According to Eq.~2!,
all these data points should fall onto one commonJ1* (H)
curve after rescaling the temperature effect. This behavior is
demonstrated in Fig. 3, where the rescaled data are plotted as
a function of the magnetic field with the same symbols as in
the inset, and the solid line representsJ1* (H) as defined in
Eq. ~2! using the above values of the fitting parameters
A,H0 , anda. Similar results were obtained for all films with
a ranging between 1/3<a<3/4 depending on film thickness
and quality. Thus, the data presented in Figs. 2 and 3 con-

vincingly demonstrate a significant field dependence of the
‘‘jump’’ current J* in contrast to what is expected at least by
the low field version of the LO theory. This may be taken as
a strong hint that an additional depinning mechanism is in-
volved in the observed voltage instability. On the other hand,
such a field dependence has been observed also for conven-
tional superconductors though the corresponding instability
otherwise could consistently be described in terms of the LO
model.5 Those authors already addressed this problem and
mentioned that an extension of the LO theory to finite mag-
netic fields would be an interesting question. Obviously, the
theoretical answer is still pending. With respect to YBCO
films the authors of Ref. 6 report thatJ* ‘‘remained approxi-
mately constant’’ during their variation of the magnetic field
within the range 1<B< 4 T. Comparison to Fig. 3 shows
that their statement is compatible with our findings, since
within this field range the variation ofJ* becomes small. It
may be worth noting at this point that thoughJ* is monoto-
nously decreasing for increasing magnetic fields, the corre-
sponding Lorentz force densityF*5J*B(B5m0H) acting
on the vortices is monotonously increasing.

2. Analysis according to LO theory

According to the Larkin-Ovchinnikov theory a voltage in-
stability in theI -V characteristics is expected to occur when-
ever the vortex velocity reaches the critical value

y*5$D1/2@14z~3!#1/4~12t !1/4%/@pt in#
1/2, ~3!

whereD5(y fd)/3 is the quasiparticle diffusion coefficient
with the Fermi velocity ofy f and the electron mean free path
d; t in is the inelastic-scattering time of quasiparticles and
z(3) is the Riemannz function of 3. The flux-flow voltage
corresponding to the critical velocity is given by

V*5y*m0HL, ~4!

whereL is the distance between the voltage probes, in our
case it is given by the length of patterned bridge. Applying
Eq. ~4!, the critical velocityy* has been extracted for differ-
ent temperatures and the results are presented in Fig. 4~a! as
a function of the magnetic field. Similar toJ* , a clear field
dependence is observed fory* , which, however, systemati-
cally becomes smaller for increasing magnetic fields and de-
creasing temperatures. For example, at 77 K and high mag-
netic fields~.1.5 T!, y* is practically field independent@cf.
Fig. 4~a!# as expected from LO theory. For lower tempera-
tures or at high temperatures in combination with low mag-
netic fields, one finds thaty*;Hb with b52(0.5860.10)
is a good approximation of the field dependence. As already
mentioned, these observations are similar to those found for
conventional superconductors and compatible with the pre-
vious results reported for YBCO.

Once the critical velocities are determined, the rate of
inelastic quasiparticle scattering 1/t in can be calculated from
Eq. ~3! for different temperatures, if appropriate values for
the Fermi velocity and the mean free path are assumed. To
allow a direct comparison, for these properties the same val-
ues were taken as in Ref. 6, i.e.,y f513107 cm/s and
d55 nm. The corresponding results are shown in Fig. 4~b!.
Added to this figure are the previous results on YBCO films
obtained by Doettingeret al.6 Taking into account the differ-

FIG. 3. Field dependenceJ1* (H) of the critical current density
leading to the voltage instability as derived from the measurements
shown in the inset taken at the different temperatures assigned to
each curve. The data points are obtained by temperature scaling
according to Eq.~2! using the same parameters as used in Fig. 2.
These parameters also result in the solid line if Eq.~2! is applied
giving the same curve as in the inset of Fig. 2.
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ent preparation techniques probably leading to a variation of
film qualities, the general behavior of the scattering rates
exhibits a satisfying agreement. Especially, the present data
confirm the relative steep decrease of 1/t in if the temperature
is lowered as opposed to what is found by microwave surface
impedance measurements. As already argued in Ref. 6, this
might be due to the fact that 1/t in is dominated by inelastic
rather than elastic processes and the voltage instability is
exclusively related to flux-flow processes.

As a consequence of Eq.~3!, the field dependence of the
critical velocity as shown in Fig. 4~a! is immediately re-
flected in a corresponding field dependence of the scattering
rate 1/t in as can be seen from Fig. 4~b!. Thus, this field
dependence rather than being intrinsic, is probably an artifact
due to the approximations of the theoretical description,
which does not include finite magnetic fields. Here, further
theoretical work appears necessary to account for the experi-
mental observations.

As mentioned in Sec. II, great attention has been paid in
avoiding effects due to Joule heating by applying the sample
current either in a pulsed or in a continuous way and check-
ing for thermal hysteresis. In the following, an additional
independent set of data demonstrating the instability will be
presented, which has been obtained by measuring the tem-
perature dependence of the film resistance for different fixed
current densities and magnetic fields.

B. Jumps in resistivity-temperature characteristics

In Fig. 5~a! the temperature dependence of the resistivity
is plotted for the same YBCO film as above at different

applied current densities as indicated in the inset and at a
constant magnetic field of 2 T. As expected from the results
given in Sec. III A, whenever the applied current densityJ
reaches the critical valueJ* (H) at a well-defined tempera-
ture T5T* related to the value of the fixed magnetic field
H, a voltage instability occurs, which manifests itself as a
resistivity jump in the present measurements. This resistivity
jump becomes smaller and eventually disappears for decreas-
ing current densities. In analogy to theI -V curves, where the
voltage jumps defined a critical current densityJ* (H,T) de-
pending on the external parametersH andT, the resistivity
jumps allow to extract a critical temperatureT* (H,J) now
depending on the parametersH andJ. Though in principal
both types of measurements provide the same information, in
practice only ther(T) data allow a precise determination of
T* (H), since otherwiseI -V curves quasi-continuous in the
parametersT andH would be needed. In Fig. 5~b!, the field
dependence of the critical temperature is demonstrated at a
fixed current density of 3.231010 A/cm2 exhibiting a clear
shift to lower temperatures for higher magnetic fields. Con-
sistency of the data presented in Fig. 5 with those of theI -
V curves can be checked in the following way. For a given
current densityJ and magnetic fieldH, the temperature
T5T* corresponding to the conditionJ5J* can be calcu-
lated from Eq.~2! resulting in

T*5Tc0$12@J/J1* ~H !#2/3% ~5!

FIG. 4. ~a! Magnetic field dependence of the critical flux-flow
velocity y* @cf. Eq. ~4!# determined at different temperatures as
assigned in the inset~same symbols as in Fig. 3!. ~b! Temperature
dependence of the inelastic-scattering time according to Eq.~3! in
different magnetic fields as given in the inset. The data from Ref. 6
are added for comparison.

FIG. 5. Temperature dependence of the resistivity of a
YBa2Cu3O72d bridge~sampleA as above!: ~a! In a constant mag-
netic field m0H520k G and using different current densities as
given in the inset;~b! at a constant current densityJ53.231010

A/m2 (I540 mA! in different magnetic fields as given in the inset.
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with J1* and Tc0 as defined above. The experimental data
pointsT* (J) are given in Fig. 6 for the different magnetic
fields indicated in the inset. Using identical values for the
parametersTc0 ,H0 ,J* (0,0),a as extracted from theI -V
data of Fig. 2 and reported above, the solid lines in Fig. 6
have been calculated according to Eq.~5!. The excellent
agreement between the solid lines and the experimental data
confirm the quantitative consistency of the independently ob-
tained sets of results. Similarly, from the data of Fig. 5~b!,
the field dependence of the critical temperatureT* can be
determined and the results are presented asH-T diagrams for
different current densitiesJ in Fig. 7. These diagrams closely
resemble the irreversibility lines, which are generally ob-
served for high-Tc superconductors and which very often
exhibit a power-law behavior of the form
H;@12T/Tc(H50)#m, whereTc stands for the transition
temperature into the superconducting state. The irreversibil-

ity line has found various interpretations, e.g., as being due
to a vortex glass transition,23 to depinning,24 or vortex lattice
melting25 and for the exponentm quite commonly a value of
m53/2 has been reported. In the present case, if such a
power law is fitted to the data of Fig. 7, exponents within the
range 1.60<m<2.30 are extracted with a dependence on the
current density. This range ofm values is even enlarged to
1.30 <m<2.50, if the results for all different samples are
included. On the other hand, Eq.~5! shows that in case
J1* (H) is known, theH-T diagrams can be calculated. Tak-
ing J1* (H) as deduced from theI -V curves of Fig. 3 with the
fit parameters as given above, this calculation has been per-
formed and the corresponding results are included as solid
lines in Fig. 7. Again, the excellent agreement between the
calculation and the experimental data confirm the above-
stated quantitative consistency of the two independent mea-
surements.

C. Discussion and summary

Based on the reported experimental results, clear evidence
could be provided for an instability of the vortex system in
YBCO films at large Lorentz forces. Interpreting this phe-
nomenon according to LO theory, the temperature depen-
dence of the inelastic-scattering rate of quasiparticles could
be extracted confirming recent experiments on the same
material.6 On the other hand, the critical current density
J* (H,T), where the instability is observed, exhibits a sig-
nificant field dependence in contrast to the theoretical predic-
tion. Furthermore, the separability as given by Eq.~2! with
functions closely resembling the behavior of the standard
critical current densityJc(H,T), leads to the assumption that
the specific vortex pinning present in the sample is somehow
related to the voltage instability. This assumption is different
from the premise of LO theory, where the voltage jump re-
sults as a consequence of a velocity-dependent damping co-
efficient within the flux-flow regime of the vortex system.
Thus, it is of utmost importance to experimentally determine
the dynamic situation of the vortex system just before the
driving forces reach the critical value leading to the instabil-
ity. This type of information is provided in Fig. 8, where
E-J isotherms ranging from 63 K at the right to 89.50 K at
the left, are presented on a double logarithmic scale as ob-

FIG. 6. The current dependence of the critical temperatureT*
related to the voltage instability for different magnetic fields as
indicated in the inset. The solid curves are calculated from Eq.~5!
with the same values forTc0 ,H0 ,J* (0,0) anda as above.

FIG. 7. Magnetic field dependence of the critical temperature
T* (H-T diagram! for different current densities ranging from
2.431010 A/m2 ~30 mA! at the right to 8.031010 A/m2 ~100 mA!
at the left in steps of 83109 A/m2 ~10 mA!. The symbols are the
same as in Fig. 5~a!. The solid curves are calculated from Eq.~5!
usingJ1* (H) as extracted from Fig. 3 and the same parameters as
above.

FIG. 8. Double-logarithmic plot ofE-J isotherms determined on
a YBa2Cu3O72d bridge ~sampleA) in a magnetic field of 20 kG
and for a temperature range between 63 and 89.50 K.
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tained in a magnetic field of 2 T. Clearly, the almost linear
E-J curve atTg580.80 K separates the characteristics into
two regimes with negative and positive curvatures, respec-
tively. According to a widely accepted interpretation, for
T.Tg the almost linear part of an isotherm at low current
densities is attributed to TAFF followed by the nonlinear
creep part. For temperatures approachingTc , ohmic behav-
ior becomes dominating indicating flux flow as the govern-
ing process. For temperatures belowTg and at the lower end
of current densities, the resulting positively curved isotherms
are either attributed to a transition into the vortex glass state
or are described by the model of collective creep. In the
context of the present work, the most remarkable result vis-
ible in Fig. 8 is the occurrence of the voltage instability at
high current densities for practically all isotherms indepen-
dent of whether their temperature is above or belowTg . The
sharpness of the corresponding electric-field–voltage jump,
however, is decreasing for increasing temperatures.

The fact that the voltage instability does occur even below
Tg if high enough current densities are applied, points to the
following interpretation, which still preserves the basic idea
of LO theory. At temperatures belowTg the specific dynam-
ics of the vortex glass state allows relative high current den-
sities to be applied before a preset voltage criterion is ful-
filled, i.e., dissipation is strongly reduced. On the other hand,
in the limit of large current densities, a vortex glass isotherm
should eventually approach the ohmic flux-flow behavior. In
the present case, however, it appears that at the critical value
J* , the corresponding driving force densityJ*B is sufficient
to impose the critical LO velocityy* on the vortices before
they enter the flux-flow regime. This implies the assumption,
that independent of any specific vortex dynamics as, e.g.,

present in a vortex glass or during flux flow, if the critical
LO velocity is enforced on the vortices by sufficiently large
driving forces, the LO instability takes place. The value,
however, of the necessary driving force or current density
J* , strongly depends on this specific dynamics immediately
leading to a significant field and temperature dependence
J* (H,T). Since the specific vortex dynamics is intimately
related to the pinning behavior of a sample, it is plausible
that the functional form ofJ* (H,T) closely resembles that
of the standard critical current densityJc(H,T), which is
similarly related to pinning. On the other hand, for tempera-
tures well aboveTg , where theE-J characteristics of Fig. 8
exhibit an almost linear behavior, conventional LO theory
should deliver a good description of the instability. This ex-
pected trend is confirmed, e.g., by the data presented in the
inset of Fig. 3, which demonstrate that the critical current
densityJ* becomes more and more field independent, i.e.,
LO-like, for increasing magnetic fields.

Further work is in progress to test the influence of the
field orientation relative to thec axis of the epitaxial films as
well as of additional disorder introduced into the films by ion
bombardment on the presently reported voltage-resistivity
instability.
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