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Photoresponse of YBaCu3;0-_ 5 films in the flux-creep regime
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We have studied the effect of continuous illumination with visible light on the flux motion in an epitaxial
YBa,Cuz0;_ film over a wide range of temperatures. A ring-shaped sample was used to obtain voltage-
current (V-1) characteristics without applying electrical contacts. It is shown that the illumination is substan-
tially alteringd In V/dI at low temperatures and low currents. This effect is practically independent of the light
intensity between 5 and 100 klux and it remains appreciable even for illuminations as weak as 30 lux. The
effect weakens with increasing temperature and vanishes at approximately 35 K.

[. INTRODUCTION However, this is clearly not the case and the illumination
effect is of similar strength in the BiSCCO single crystals as
The response of high_temperature SuperconductorE is In about two orders of magnitude thinner YBCO_ fl|m'S
(HTSC'9 to illumination has attracted considerable attentionAS Will be shown below, the effect decreases rapidly with
and first publications on this subject appeared soon after thgcreasing temperature and it disappearsT at35K, well

discovery of HTSC'$:2 This interest has partly been stimu- below the superconducting transition temperature of the

inili i i~ati YBCO film. The influence of illumination is very efficient
lated by the possibility of practical applications. At the same
Y P y oD PP llumination of a fewW/cn? considerably

time, investigations of these effects provide important infor-SINCe even an i : !
mation concerning the intrinsic physical properties ofaccelerates the flux-creep rate. While the reports in Refs. 30

HTSC's. When considering mechanisms of the interaction ofnd 31 may be regarded as demonstrations of the effect, the
light with superconductors, one should distinguish betweefreéSent work aims at a more thorough and quantitative in-
an equilibrium heating of the sample by illumination, i.e., gVestigation of its dependence on illumination intensity and
bolometric effect, and a nonequilibrium, i.e., nonbolometrictéMperature.
situation. In this work only the latter type is considered.

Two types of experiments studying photoresponse of
HTSC's have been made previously. First, the influence of The sample under investigation here is similar to that used
continuous illumination on resistive transition curyegT) in Ref. 31. Itis a ring-shaped YBCO film with a thickness of
has been investigated in Refs. 1 and 3-11. These expen®.3 um. The external diameter of the ring is 10 mm and its
ments are obviously limited to temperatures néar Sec-  width is approximately 2 mm. The ring width was not per-
ond, the method of applying short laser pulses permits tdectly uniform around its circumference, with maximum
study relaxation phenomena on a very short time scale in @ariations of about 0.3 mm.
wide range of temperaturés?~2* Much of this work has The sample was mounted on a copper sample-holder,
been reviewed in Refs. 25-28. While the interaction of lightwhich was placed into a brass chamber containing helium
with conventional superconductors is well understésele, exchange gas. This chamber itself was situated inside a
e.g., Ref. 29 and references theieirthe situation for vacuum chamber to prevent a direct contact with liquid he-
HTSC's is still far from being clear. lium. The whole setup was inserted into a standard glass

In this paper we present an experimental study of thenelium Dewar. A copper wire of 0.5 mm diameter and a few
effect of continuous illumination on the flux creep in centimeters length provided the heat transfer between the
HTSC'’s at low temperatures. This effect was discovered bynternal brass chamber and the helium bath. A LakeShore
Yurgens and Zavaritskii on Bsr,CaCyOg(BiSCCO) single  diode thermometer, fixed to the sample holder, was used to
crystals® and later it was also observed on monitor the sample temperature. A heater in the form of a
YBa,Cu;0;_ 5(YBCO) films.3! The observation of the same bifilar coil made of constantan wire was wound onto the
effect for both these two rather different copper-oxide mateinternal chamber. A computer based temperature controller
rials suggests that the high sensitivity of the flux creep towas used to maintain constant temperatures. In this way it
illumination is a fundamental property of HTSC’s. Some of was possible to keep the sample at chosen temperatures
the features of the illumination effect are rather puzzling.above 4.4 K. Diode thermometers are rather sensitive to
The observation of the effect in BiSCCO single crystals withmagnetic field and to diminish this effect, the thermometer
a thickness of about 3@m, more than two orders of mag- was surrounded by a miniature magnetic field shield. As a
nitude thicker than the penetration depth of visible ligfhs result, the effect of an external magnetic field of 0.1s€e
surprising because one would rather expect that the effect dfelow) on temperature readings was less than 0.1 K at any
illumination is negligible in samples with this thickness. temperature. The remaining difference was taken into ac-

1. EXPERIMENTAL SETUP
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' ' ' ' ] magnetic relaxation. The total voltage around the ring is de-
fined by the simple formula.

0 lux B di

260

240 | 500 lux V=L dt’ @
z wherel is the inductance of the sample. For a ring the in-
g ductanceg(in Henry) can be written as

220 |

L~2x10 °#D[In(wD/d)—1], 2

whereD is the average ring diameter adds its width, both
in centimeters. For our sample~8 nH. The experimental
I(t) data may straightforwardly be converted ini-|
. curves, examples of which for two temperatures and a set of

L ‘ ' ' different illumination intensities are shown in Fig(a2 It
10' 102 108 10 10° should be noted that the resulting! characteristics were

t (s) independent of the time period for which the magnetic field
_ ) was switched on, if this time was longer than a few seconds.

FIG. 1. Time dependence of the current in the sample aftefy/e have also checked that our results did not depend on the

200 F T=4.65K )

switching of an external magnetic field of the order of 0.1 T. absolute value oF, in the range 0.09FH,<0.11T.
The range of currents that can be measured in this way is
count by the temperature controller. limited by the decay rate of the current. For practical reasons,

A halogen-lamp light source, placed outside the cryostathigh voltages, i.e., very high current decay rates are difficult
in combination with a fiberoptic light guide passing throughto monitor and, as one can see in Fig. 1, very low voltages
the upper flange of the cryostat, was used to illuminate th@e practically excluded because it is not feasible to wait long

sample. To adjust the light intensity, diaphragms were place§nough to reach sufficiently low current decay rates. In prin-
into the light path. An additional output in our fiberoptic CiPlé we are mainly interested in the low voltage parts of the
bundle was used to control the light intensity with a V-1 characteristics, because the effect of illumination is more

“Goldilux™" light meter produced by Oriel corporation. obvious in_this range. As it is shown in Fig. 3, it turned .out
The experiments were made with white visible lighave- to be possible to speed up the decay process by switching to

lengths between 450 and 700 Jror the spectral charac- 2 MOTe intense illumination for some time and then to mea-

teristics of our light source, 1 klux is equivalent to approxi-lsue?:i/r?ﬂtt fofr rlr?w |Ill:rrgn\:/;1t|l?ns. WV:Ith th|§ p[?fg\(/jur_?hthe
mately 600 W/cn?. owe of measured voltages was abou . The

An external magnetic fieltH,, oriented perpendicularly V- curves obtained in this way are presented in Fig).an

to the ring plane was used to induce a curientthe ring. At this case we have a set of experimental points for each light

the beginning of an experimental run a magnetic field of 0_1intensity instead of continuous curves, which makes the mea-

T was switched on for 10 to 30 sec, with the sample bein£gurements less accurate. The solid lines in this figure repre-
kept at a constant temperature. This value of the magneti ent theV-1 characteristics recorded without the speed-up

field was high enough to penetrate the cavity of the ringprocedure. The data presented in Figb)2show that the

shaped sample. Then, the external magnetic field Wagffect of illumination on the derivativd In V/dl remains al-
switched off thus inducing an electrical current in the ring.mOSt the same down to light intensities as weak as 30 Jux.

This current defines the magnetic induction trapped insiddhe V- tcutrves for_dhlé‘i]her tempefrzt’:\r:urﬁls shovxt/_n In fFle:IZ ith
the ring cavity, which was monitored as a function of time. emonstrate a rapid decrease of the fiiumination eftect wi

We used a LakeShore 450 Gaussmeter with a standard Cryglc;ﬁ?]singr;[eﬂwperaturle. ded for h
genic Hall probe to measure the magnetic field inside the though the sample was surrounded fye gas for heat

fin ; exchange, we cannot exclude some overheating of the
g cavity. o ; . e "
sample by the radiation at higher illumination intensities.
This overheating, which is estimated to not exceed 0.5 K
. RESULTS under any circumstances, may partly be responsible for a
shift of V-1 curves to lower currents with increasing illumi-
Because of flux pinning, the superconducting YBCO film nation[Fig. 2@-2(c)]. It is, however, important to note that
remains in the mixed state even after switching-off the exthese postulated temperature enhancements obviously do not
ternal magnetic field. Due to the flux creep invoked by thechange the slopd In V/dl [see Fig. 2a)] and therefore, pos-
induced current, magnetic flux escapes from the ring cavitysible overheating effects are not important in the discussion
and, consequently, the current slowly decays with time. Exof the data presented below.
amples of current decay curves with and without illumina-  Without illumination, theV-I curves, plotted as M ver-
tion are shown in Fig. 1. susl in Figs. 2a)—-2(c), are almost straight lines, in agree-
The advantage of choosing a ring geometry for this typement with theoretical predictions for the flux creep
of experiments is clearly the possibility to obtain voltage-regime32=2¢ An increase in temperature leads to an almost
current(V-1) characteristics of the sample without applying parallel shift of theV-I curves to lower currents. Both illu-
electrical contacts. Moreover both the analysis and interpremination as well as an increase in temperature enhance the
tation of theV-1 curves are much less dependent on considflux creep rate, but in completely different ways. This differ-
ering different models than the usually measured curves aénce, which can easily be recognized in Figa)2clearly
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FIG. 3. Time dependence of the current for different levels of

illumination. The arrows indicate the change of illuminatidr=Q
is chosen arbitrarily
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L proximated by an exponential variation, but with very differ-

ent values ofd InV/dI, as it is clearly seen in Fig.(& and
Fig. 2(b). We thus introducer,(w) and a,(w) to denote the
values ofa(w) at high and low currents, respectively. Both
a1(w) anda,(w) are different frome(0) and, therefore, the
ratio «(0)/a(w) can be used to characterize the magnitude
of the illumination effect. We consider the effect of illumi-
, ‘ , , , ‘ , nation separately at high and low currents. Since the In
200 220 240 260 versusl curves without illumination are not exactly straight
(b) 1(A) lines, it seems more appropriate to calculate the ratios
a(0)/a(w) using the slopes of the curves evaluated at the
same current. The relevant values ®f0) are denoted as
a41(0) anda,(0), for high and low currents, respectively. At
low temperatures we had to extrapolate Yhé characteris-
tics to lower voltages to evaluate,(0). The temperature
dependencies af;(0) anda,(0) are shown in Fig. 4’

The ratios a1(0)/a1(w) and a,(0)/a,(w) obtained at
constant temperature are plotted versus light intensity in Fig.
5(a) and Fig. &b), respectively. At high currents the effect of
illumination, as expressed by the rati®;(0)/a (W), is
varying considerably with the light intensity and it practi-
cally vanishes atv~100lux. The intensity dependence of
a5(0)/ay(w) is quite different with an almost logarithmic

L L L L ' increase of the ratio with increasing intensity of illumination
150 160 170 180 190 200 for low w and a saturation fow=5 klux. Quite surprisingly
©) L&) the ratio @,(0)/a,(w) remains considerably greater than 1

FIG. 2. (a)—(c) Semilogarithmic plot of the voltage versus cur- down _to the lowest investigated levels of |IIum|n§1t|on.
rent for different temperatures and intensities of illumination. Ar-  VVhile the slopes of the I versusl curves remain almost
rows in () and (c) show the parts of the curves, for which the constant at low currents, the absolute value of the voltage at
parametersy; and a, were calculatedsee text for details a given current decreases with decreasing intensity of illumi-

nation. Figure &) shows the voltage dt=230 A as a func-
demonstrates that the effect of illumination is not related taion of illumination at T=4.65K on double logarithmic
an overheating of the sample by light. scales. For a wide range wfwe note a linear dependence of

To simplify the notation we shall use(w) and«(0) for  the voltage on the intensity of illumination. Because the volt-
the sloped InV/dI recorded with and without illumination, age is proportional to the flux creep rate, our observation
respectively. The parameter quantifies the light intensity. implies that in this case the flux creep rate induced by illu-
The effect of illumination is particularly visible at low tem- mination is proportional to the light intensity.
peratures where th¥-1 characteristics for the illuminated Figure §a) shows the ratiay,(0)/a,(w) for a number of
sample exhibit two different asymptotic behaviors for highfixed levels of illumination as a function of inverse tempera-
and low currents. In both limits the curves can be well ap-ture. Becauser,(w) does not depend ow at illuminations

= qp-12L1

1018 o °

10-14 l

10°

10710

-~ 10-11

10—12

10713




730 I. L. LANDAU AND H. R. OTT PRB 61

1.0 . . ' ' ' '
25
08 B E O 1
) -
u] 8 20
o g
S o6} o o °o S
3 Et'DEID um] & 5
I Q@ o T 1.5
®
0.4 %O@@ @) @ §
© 0y(0)
om0 ] 1.0
0.2 ' : : : :
0 20 40 60 @
T (X) 10
FIG. 4. The variation ofx;(0) anda,(0) with temperature. T=465K
8t i
of the chosen intensities, the experimental points for differ-
ent w merge onto the same curve. Fof=14K, B OO
a5(0)/ay(w) depends linearly on T/ and it reaches the § 6l i
value of 1, implying the disappearance of the illumination %
effect, at a temperaturé~35K. The diagram in Fig. ®), I O
displayinga4(0)/a;(w) for w=36 klux, shows that this ra- 4l o i
tio is a linear function of I¥ across the whole investigated o ©
temperature range, reaching the value of 1 at approximately ]
the same temperature as daeg0)/a,(w). We thus con- 2t .
clude that the effect of illumination on the flux creep in . ' ' .
YBCO films vanishes at a temperature of approximately 35 102 108 104 105
K, well below T.~92K. (b) w (hwx)

IV. DISCUSSION

. . . . -11 L
The flux-creep situation in the mixed state of a type-Il 10"

superconductor is met if<l., i.e., when the vortices are

' o . >
fixed at pinning centers and the only way for them to move is
by hopping over potential barriers. Two different possible g 1012+
one dimensional profiles of potential barriers<) are shown &
schematically in Fig. (& and 7b), whereu(x) denotes the &

>~

potential energy as a function of the space coordiraliehe 10-13
hopping may be due to either thermal activation or quantum
tunneling. In both cases the probability of hopping depends
exponentially on the heights of the potential barriers, which O
define the activation energy of the hopping process. For 1014 1(')2 1(')3 1'4 e

L . . 0 10
the thermal activation the hopping frequency is © w (lux)

v=rvgexp —U/KT), (3 FIG. 5. The ratioga) a;(0)/a;(w) (solid line is a guide to the
_ eyes, (b) a,(0)/ay(w), and(c) the voltage at =230 A (the solid
where v, is the attempt frequency. In the case of quantumine is a best fit byv=aw) as functions of illumination.
creep,U/kT should be replaced by the Euclidian action of
the tunneling process.Calculations show that the activation where V, is a constant, which includes the attempt fre-

energy for the motion of bundles of vortices is considerablyquency, the hopping distance, and the magnetic induction.

less th"’;]n t?(?t for lslingle vorti(cj:é(%j‘.% That is WhY thﬁ flux Eguation(4) shows that the IV versusl curves at constant
creep should usually be regarded as a cooperative hopping Qi herature reflect the current dependence of the activation

vortex.bur!dles. ' . energy.
Ta_kmg into account that the v_oltage is proportional to the  At'jy temperatures the hopping probability is negligible
hopping frequency we can rewrite E@) as at low currents and hence the flux motion can be observed
only at high enough currents. The electrical current creates
Inl= _ i 4) the Lorentz force acting on vortex bundles, which may be

Vo kT’ written (per unit of length as
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Herec is the velocity of light,m, is the number of the vortex
lines in the bundle and,~2x 10’ G cn? is the flux quan-
tum. To simplify the notation in this and the following sec-
tions we shall use the current dengjitinstead ofl. As illus-
trated in Fig. 7c), the Lorentz force weakens the potential

barriers for the vortex motion in one direction and enhance
them in the opposite direction. For a nonzero current densit)oi

we can writeu(x) as

m,®
c

0

u(x,j)=u(x,0) —xF =u(x,0)—j X,

(6)

whereu(x,0) isu(x) for j=0. The coordinateg i, andXmax
denote values ok whereu(x,j) has its local minima and
maxima, respectively. The activation enetdyj) is the dif-
ference between two consecutive values©f,j) atX,, and
Xmax @long the direction of flux motion. By using E¢5) we
can write

m,®,

U(J) = U(Xmax0) = U(Xpin,0) — ] AX, (7)
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FIG. 7. Two possible shapes of potential barriéas Triangular
barriers forj=0. (b) Sinusoidal barrierai(x)=(U/2)sinx for j
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where AX=Xya—Xmin- The critical current corresponds to
U(j.)=0, which implies that

C

]C: mbq)O u

maxs ®)

where u/,,, is the maximum value oflu(x)/dx calculated
for j=0. Although the amplitudes), for the two barriers
shown in Fig. Ta) and Fig. 7b) are different, both of them
have the same value far, ., and hence the same critical
current.

In the original paper of Andersdhonly the simplest case
of a linearU(j) dependence was considered. This case cor-
responds taAx being independent of the current. However,
this is only the case for some particular shapes of potential
barriers. For instance, for triangular-shaped barridrs,is
indeed independent of currefgee Fig. 7a) and Fig. 7c)]
and, according to Ed7), the activation energyJ(j) is pro-
portional to (.—]). In the case of more realistic shapes of
potential barriersAx depends on the current aklj) is not
exactly a linear function of. For nontriangular potentials the
distanceAx tends to 0 as— j . [see Fig. Tc)], rendering the
dependence dfl on (j.—j) stronger than linear. This is the
universal behavior for all types of barriers, for which
d?u(x)/dx? is a continuous function of.3 For this aspect it

not important whether the moving flux object is an indi-
dual vortex line or the motion is that of bundles of vortices.
According to Eq.(4) this nonlinearity ofU(j) should result

in a negative curvature of the Yhversusl curves. This con-
clusion agrees well with the experimental results for the non-
illuminated sample as presented in Fig)22(c). There are
more complicated theories of flux creep in HTSC’s than the
simplest case that we have considered Heee Refs. 35,
36). However, all of them predict negative curvatures for
InV versusl curves.

Hence we generally expect that for any shape of potential
barriers, theV-1 curves plotted as N versusl are either
straight lines or exhibit some negative curvature. This also
means that the pronounced positive curvature observed in the
InV versusl curves for the illuminated samplesee Figs.
2(a)-2(c)] cannot be attributed to a simple change of the
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0.2 , . . , . discuss below two different scenarios that may explain the
experimentalV-1 curves. We consider only the results ob-
tained at the lowest temperatures where the illumination ef-
fect is particularly strong. We note that these two scenarios
are described in a purely phenomenological manner without
considering the microscopic processes that might cause
them.

0.1+

V. EXCITATION OF THE VORTEX SYSTEM
BY PHOTONS

0.0

(Vexp' calc)/vcalc

As is shown in Fig. &) the flux-creep rate, measured by
the voltage around the ring in the low current limit at low
220 ' 240 ' 560 temperatures, is approximately proportional to the light in-

1(A) tensity. Therefore it may be conjectured that the photons
directly affect the flux-creep process. For instance, incident

FIG. 8. The normalized difference between one of the measurephotons can transfer their energy to the vortex system of the
V-1 characteristics \(cxy) and the best linear fit using Eq9) sample. In the following we consider how such a process can
(Veao- change the flux-creep rate. We assume that the illumination

does not change the activation energy for the flux motion,
shape of the potential barriers under illumination. Instead wéyut changes the energy distribution of the vortices.
have to assume that some other mechanism enhancing the The voltage around the ring can be written as
flux mobility is activated by illumination. This mechanism is
to be dominant at low currents and should provide a flux
creep rate, which is proportional to the intensity of illumina-

tion [see Fig. &c)]. At higher currents the dominant flux-

creep mechanism is similar to that, which is also presenYVhereN is the number of flux bundles crossing the ring per

without illumination. In this situation a slight modification of S€¢0Nd. i-6.N denotes the number of bundles, which ener-

the potential barriers by illumination may have to be takeng'ess>.u(|)' Using Eq.(10), the d_enS|ty of flux bundles per
into account/see Fig. 2) and Zb)]. In total two mecha- ©€Nergy interval at=U can be written as

nisms contribute to the motion of vortices leading \tel dN(U) c dv c dv/du\ -t
characteristics, which can be approximated by a sum of two n(U)= =— _— = _<_
exponential terms du my®o dU  mpyd, dl | dl

1
V== doNm,, (10)

11

V=A; exd a; (W)l ]+ A, exd a(w)l]. (99  The derivativedU/d| can be calculated by using E),
. ) , which relates the activation energy and the voltage. Accord-
Figure 8 shows the normalized difference between one of thfﬁg to Fig. 4a), the V-1 characteristics without illumination

V-1 curves and the best fit using E(). The maximum 3y pe approximated by M~al+B. The constants andB
discrepancy is typically of the order of 5%, about the same as; pe found by fitting the experimentdtl curves for the
when theV-I curves recorded without illumination are fitted 4 ijjuminated sample. The parametemdopts values be-

with a single expor_lential. . . ) tween those ofr1(0) anda,(0) introduced earliesee Fig.
The most effective type of interaction between light andy) - gince we are only interested in qualitative features, we

supe_rconductors Is th? breaking of Cooper pairs py IOhOtor‘ﬁeglect the deviations of N(l) from linear behavior. In this
and it has been considered as the main mechanism for t se Eq(4) gives

non-bolometric photoresponse of HTSC’s in almost all the

papers on this subject. This process directly transfers the

photon energy to the electronic subsystem of the sample and w7~ (InVo—B)—al (12)

we believe that it is also responsible for the effect we discuss

here. In Ref. 31 it was pointed out that, because the numbend

of normal excitations in HTSC’s at low temperatures is

small, the recombination rate of these nonequilibrium exci- d_U=

tations into Cooper pairs in the superconducting regions dl

zgﬁgl?ob; tleor\gc?eirfatﬁséep?g;g? \I,(\?;\;\;/ pkotb%tg“;;?é %me]zc':ﬁéSubstituting this expression fatU/dl into Eq. (11) and

density of normal excitations is much higher in the vortexevalu"j‘tmgdV/OII from Eq. (9), we finally get

core regions and the recombination process may be expected c (W) ay (W) e
D o - 22 )

kTa. (13

to be much faster there. Therefore we argue that the non- n(e)= —
Y L . m,dq kT kT
equilibrium normal excitations, which are created across the
illuminated surface of the sample, recombine mainly in the as(W) r( as(W) & )
+C, exp —

vortex cores, significantly influencing the vortex properties. , (14
Since we are not aware of any model describing the effect

of illumination on flux creep we present and qualitatively where
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ai(w) . to Eq. (9), leads toV-1 characteristics very similar to those
Ci=A exr{(ln Vo—B) T}’ i=1,2. (15  observed experimentally. This argument does not depend on
the particular nature of the flux creep and it is equally appli-
Equation(14) shows that, to ascribe the effect of illumi- cable considering the thermal activation as well as quantum
nation on the flux creep to the excitation of the vortex systunneling. In the latter cas®; /kT and U, /kT should be
tem, one has to postulate a very specific energy distributiofeplaced by Euclidian actions of the corresponding tunneling
in the system of flux bundles. There are two distinct group$rocesses.
of flux bundles with Boltzman-like distributions, but with It is interesting to note thad,(w)=dInV/dl is indepen-
very different effective temperatures. The effective temperadent of the illumination intensityv between 5 and 100 klux
ture for one of the groui§"=Ta/a,(w) is almost an order of [see Fig. $)]. In this approach this means that neitimay
magnitude higher than the bath temperature and practicalljor Ax depend on the light intensity in this rangevef The
does not depend on the intensity of illuminatifsee Fig. ncrease ok,(w) at weaker intensities might then be due to
5(b)]. For the other grouf=Ta/ay(w) is much lower than @ variation ofAx with illumination in this range ofv.
TS and depends much stronger r{see Fig. 5a)]. ~ Here we have postulated that the illumination changes the
It should be noted that the flux creep without illumination INt€raction between vortices in a way as to decrease the ac-

at liquid helium temperatures is due to quantum tunneling!Vation energy for single-vortex hopping. However, it is not
rather than thermal activatioh.However, this does not sig- /€& what kind of mechanism might be responsible for this

nificantly change the above discussion because it seems quifé ©¢cur-
likely that the excitation of the vortex system by illumination
facilitates the hopping of flux bundles over potential barriers, VIl. SUMMARY AND CONCLUSION

thereby reducing the importance of quantum tunneling. The influence of illumination with visible light on the flux

creep in the mixed state of an epitaxial YBCO film has been
V1. INFLUENCE OF ILLUMINATION investigated in a wide range of temperatures and light inten-
ON THE VORTEX-VORTEX INTERACTION sities. Without illumination, th&/-1 characteristics plotted as
In this section we consider the situation where the illumi-/nV versusl are almost straight lines. lllumination substan-
nation enhances the flux mobility in a different way. As tially alters the shape of th¥/-I curves at low voltages.
shown in Fig. 2 the main effect of illumination on thel  APPlying a light intensityw of a few klux decreases the
characteristics is obviously a substantial decreastiof/dl ~ derivatived In V/dl by almost an order of magnitude. In the
with decreasing current. Since, according to B4, the ac-  Intensity range 5 kluxw<100klux, dInV/dl is indepen-
tivation energy U is proportional to M, we may quite gen- _dent ofw. The effect pf |_Ilum|nat|on decreases with increas-
erally conclude that the illumination decreas#/dl (or NG temperature and it disappearsTa¢35 K, well below the
dU/dj). Since Eq.(7) shows thaidU/dj is proportional to superconducting transition temperatuie~92K of our

the productm,Ax, a reduction ofdU/dj simply requires a Sample. _ _ o
reduction of the number of vortices in the vortex buntile. We propose two different models, which qualitatively re-
Without illumination, the activation energy, for a produce the experimentdl-1 characteristics. The first one

single-vortex hopping exceeds that for moving vortexconsiders an excitation of the vo_rte>§ system by photons. The
bundles U,, rendering single-vortex creep unobservable S€cond assumes that the illumination alters the number of
Our assumption is that the illumination changes the interacfluX lines in a moving flux bundle. Both models have many
tion between vortices in such a way that it decreageand, ~ Unknown parameters and they provide the same typé- bf

as a result, single-vortex hopping also contributes to the flugharacteristics. At present we do not have arguments in favor
creep™ In this case we have two hopping processes witref one or the other model. Additional experimental as well as
different activation energies and the voltage can be written a§'€oretical studies seem necessary to further clarify the situ-

ation.
Us(j) Up(j)
V=V01exr{ T TRT +Vgpexpg — KT

whereVy; andV,, are constants with the same meaning as We would like to thank H. Thomas for technical assis-
V, in Eq. (4). This expression, which is practically identical tance.

. (18
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