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Excess conductance in normal-metadhnderson insulator/superconductor junctions
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The current-voltage characteristics of Au/lp®b tunnel junctions exhibit peculiar zero-bias anomalies. At
low temperatures the zero-bias resistance attains saturation values that are smaller than the normal-state
resistance by a factor that often exceeds 2. This zero-bias and#B4y) is also characterized by voltage
<A, whereA is the energy gap of lead depends on the thickness of the Infayer. In the presence of a
microwave field the ZBA features are affected in a nontrivial way. The possibility that these features arise from
the nature of the barrier being an Anderson insulator is discussed.

[. INTRODUCTION thanA. These features cannot be accounted for by the current
theories of Andreev reflections i8/N contacts. It is also
Charge transport through the interface between a normahown that in the presence of a microwave field the ZBA
metal(N) and a superconducté®) is controlled by two pro- features are modified in a systematic way, which is distinctly
cesses: single-particiGiaevej tunneling, and two-particle different than the effects obtained by raising the sample tem-
(Andreey tunneling. Giaever tunneling is the dominant Perature. The sensitivity to microwave radiation is peculiar
mechanism when the transmission coefficient of\i& in-  t0 NIS samples, and it is not observed when the Anderson-

terface is small and results in current-voltage characteristic§'sulating layer is eliminated from the structure. We raise the
such thatR’a'/R§<1 Andreev tunneling becomes important possibility that the results are due to the combined effects of

when the interface is “transparent,” and in the limiting Case_elec'[ronlc interactions and disorder, which are particularly

. important when th rrier is an Anderson insul h
of a “perfect” interface may lead t&R)/R5=2. R; and R portant when the barrier is derson insuldfarch as

the indium-oxide barrier in our samp)eét is argued that the

are the interface resistances at zero voltage in the superco”él-rge RBJ/Rg values may result from a proximity effect at the

ducting state and the normal Stfate' respectively. Both typess interface, which changes the effective barrier. We offer a
of processes have a characteristic voltage scalé,ohe o ristic picture to explain how the above-mentioned fea-

superconducting energy gap. Blonder Tinkham and Klapwilkyres may arise from tunneling through localized states.
(BTK)! showed that the interplay between the two mecha-

nisms leads to a resistance versus voltageV( curve, that
is characterized by a double-dip structureVat =A and a
peak centered a&=0. The double-dip feature is the hall-  The Au/InQ,/Pb samples used in this study were pre-
mark of the BTK model, which has been successful in propared by depositing a gold strip, 100-5@®n wide and
viding a method to extract the transmission coefficient 0f400-500 A thick, onto a room-temperature glass slide. Then
S/N contacts based on experimeni&lV curves. a layer of InQ (thicknessL ranging from 90 to 600 Awas

The BTK theory ignores disorder and quantum interfer-e-beam evaporated on top of the Au electrode. The,InO
ence effects. Over the past few years it has been obgegrved|ayer was evaporated from a 99.999% purgitarget at a
that when theN region of exteniL near the interface wit®  rate of 0.5-0.2 A/Sin an O, ambiencea partial pressure of
is “dirty,” and L<L,, wherel, is the phase-breaking 0.3-0.7 mTor:. Such InQ layers reached a physical conti-
length, a sharp resistance dip occurs arourdd. This zero-  nuity at a nominal thickness of 30 &The room temperature
bias anomaly(ZBA) has been attributed to a constructive resistivity of the films(based on in-plane measuremevdr-
interference process between the electron and hole trajected between 10 and 100 cm depending on the preparation
ries in the normal regioﬁ? This mechanism increases the conditions. Finally a cross strip of Pb 30—12én wide and
value of Ry/R3, but the value for this ratio is still limited to  2700-3000 A thick completed a standard four-terminal de-
a factor of 2. Indeed, the majority of experiments are invice. More details of the sample fabrication and characteriza-
agreement with this upper bound. Note, however, that thestion are described elsewhet®.
theories are based on a single-particle picture in which inter- The samples were mounted onto a probe, and in most
actions are not taken into account. In this paper we report onases measured in a sorption-pumpee rig equipped with
the small-biad -V characteristics ifNIS devices wherdN is  a superconducting magnet. This enabled variable tempera-
Au, | is amorphous indium-oxide, arflis lead. The charac- ture measurements in the range 300 mK to 300 K, and ap-
teristics of these devices exhitfi)/R5 ratios which often  plication of magnetic fields up to 9 T. For each sample we
exceed a factor of 2. In fact, in these samples, a factor largeneasuredV/dI versusV employing standard four-terminal
than 2 is the rule rather than the exception. In addition, thec techniques. Special care was taken in measurements per-
voltage scales of the ZBA depends systematically on the formed atT<<1 K in terms of filtering out high frequency
barrier lengthL. For relatively largel (400-500 A, §is of  signals for the sample leads, and reducing the ac excitation
the order ofA. But asL decrease®$ becomes much smaller currents. The ac derivative measurements could be used to
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FIG. 1. Temperature dependence of a typical Aufifigh
sample withL =245 A. The inset shows the dynamic resistance vs
voltage of this sample ai=4.11 K (note the dips av==*A). -0.8
construct theé -V characteristics by integration. These curves V (mV)
were verified by performing dc measurements on several ot
the samples. FIG. 2. 1-V characteristics of a typical Au/In@Pb sample with

For the application of microwave radiation we used a 20-.=180 A in the superconducting st&fell line), and in the normal
GHz Gunn diode. The samples were mounted at the bottorstate induced by1=0.5T (dotted ling. Data shown were taken at
of a cylindrical stainless-steel tube, which formed a wave-T=4.11K. The dashed line curve depicts th¥ characteristics for
guide for the microwave field. The maximum microwave “ideal” Andreev tunneling(see text The inset shows the dynamic
power at the bottom of the probe was measured to be abotgsistance of this sample and the definitionsof
0.5 mW. Different levels of the microwave power were
achieved by using a screw attenuator. The microwave experic2 3(d1/dV), for V=+0.25mV, and has a smaller excess
ments rgportgd here were carried out with the samples IMsurrent at higher bias than the “ideal.”
mersed in a liquid'He storage dewar. Hence these experi-  Tpe rati R)/RS increases sharply below the transition

ments were limited to a constant temperaturdef4.11 K. temperaturel - of the Pb electrode, and it saturates at low
temperatures as illustrated in Fig. 3. In this temperature re-
Ill. RESULTS AND DISCUSSION gime, R’g' was obtained by applying a magnetic fielkdl
=0.15T parallel to the sample plane to quench superconduc-
(?ivity (at higher fields, up to 3 TR’(}l was essentially unaf-
fected byH). R} and R in Fig. 3 were taken from the
espectived V/dI plots at zero bias, always making sure that

The NIS samples described below had a low-temperatur
normal-state resistand®) in the range 0.8—%). On cooling
down from room temperature the junction resistantall

samplesncreased sharply by a factor of 2—20 depending o o o .
the batch of InQ. A typical case is shown in Fig. 1. Below r{he excitation current was small enough. Within our experi-

10 K the junction resistance in the normal statbtained ~Mental errorRy obtained by quenching superconductivity

when necessary by quenching superconductivity with a mag}’-‘”th a magnetlc field was identical with the zero—bFamee'l-

netic field was temperature independent in all cases. Thi$ured just abovelc or that measured a/>A. There I

behavior is consistent with transport through a thin Andersorin€refore no reason to believe that the large valuBHR;

insulator (i.e., the indium-oxide layer reported here is due to overestimating the vaIu&BBf The
Upon cooling belowTl = 7.2 K (the critical temperature of Majority of our samplegmore than 80 samples altogether

Pb the zero-bias resistanci started to drop, and theV ~ had Ry/RS values between 2 and 4. Three samples had

characteristics exhibited a resistance minimum at zero bia&y/Rj of 4-5. Only five of the samples haR))/R5<2.

A typical I-V curve measured by dc is shown in Fig. 2. This  No correlation was found betweeRy/R; and Ry, or

is compared with thel-V curve expected for an “ideal with the thickness of the Anderson insulatarin particular,

BTK” junction, namely, one having a unity Andreev coeffi- in a series of samples prepared at the same deposition run,

cient. In the latter cased(/dV)s=2(d1/dV), for V<A and  where L was typically 200, 400, and 600 AR}/R5 was

(d1/dV)s=(dI/dV)y for V>A. ForV>A, (I-V)sis char- essentially the same for all three junctidhs.

acterized by a constant “excess-currety-ly.! Sand N On the other hand, there is a statistic correlation between

subscripts are used here to designate measurements in theand the range of voltage$, over which the anomalous

superconducting and normal states, respectively. By comexcess conductance is observed. It turns out that the smaller

parison, the experimentall{V)s curve shows {l/dV) L is, the narrower this range. Figure 4 compares the dynamic



PRB 61

EXCESS CONDUCTANCE IN NORMAL-METAL/ANDERSON . . .

13039
2 T 1 T T ] I
T T .
LA) R (Q) ./"\.
e 9 08 I
10 | 4 )
: o 115 32 |
8: o 170 1.4 /' \
A 180 46 ? '\
r m 450 30 . &
6| ¢
J s
5 ° ° ° ° LA $ \.
. - 4
(2]
4 O 0 00000, ° L, v \
Z5 % 5 %
= 5 . > Y
o © ]
e oREREE g, . —e—L=400A 3%
5 A A A A ll<>A . —a—1=90A %
l&‘ °
u] o u! 0 o o
-04 -02 0.0 02 04
1 L : N = P H(T)
1 10 0 1 L 1 L i L | L |

V (mV)

FIG. 3. Temperature dependence of the resistance RM&S

for representativéNIS samples, with different barrier lengthsand
normal state resistancey) .

FIG. 4. Dynamic resistand@ormalized to the value at 2.5 mV
vsV for NIS samples with small and larde(measured at 4.11)K
Note the dips at-A for the L=90 A sample. The inset shows the

dependence d’RS on magnetic fieltH for the L=90 A sample.
resistance curves versus bias voltage for a siabmple

with a largerL sample illustrating this point. A convenient
measure ofs is the position of the peak in théV/dl vs V
plot (cf. the inset in Fig. 21° The dependence afon L is
shown in Fig. 5. Although there is a considerable scatter in 2.0
the data, the overall trend is clear. No such correlation could
be identified betweer and R} . Samples with identical
but with quite different junction areaand therefore differ-
entRY) exhibit similar 5. Moreover, although on averagy
does increase with, the overall range oR} in the samples ' |
studied is smaller by a factor of 2 than the respective varia- °
tion in terms ofé. So, the dependence éfon L is nontrivial.
Current models for the origin of the ZBA i8/N contact8 3
are based on the understanding that the Andreev coefficier ®
at theN/S interface is enhanced by disorder due to construc- ~
tive interference between the electron and hole. This en-E 1o
hancement effect persists up to a critical volt&fgegiven by o *
fhiler, (7, is the phase-breaking time of the disordered re- | Y o,
gion at which the particle is “trapped” near the interface .0 é
For N/N'/S junctions(whereN' is a “dirty” normal region
of extentL) this should lead to a zero-bias anomaly with a 05 | }/ 0 -
$o

[
o 00 o

7/

o0

7

voltage width thatdecreasesvith L, as was experimentally
demonstrated*

The two main findings reported here, i.B}/R5>2 and I
the increase of with L, are scarcely observed in “clean” s
S/N contacts. That these features are observed so systema //, '. N T T T
cally in samples that employ InCas the barrier material "o 200 300 400 500 600
motivated us to focus attention on the properties of this bar- L (A)
rier layer. Since transport through indium-oxide films is very
sensitive to the application of microwave radiatidnwe
have studied the effect of microwaves on th¥ character-

1 24
o
®e

FIG. 5. The value ofs as a function ol for 50 of the studied
NIS samples(only samples with 08 <R}<4.6Q are included
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LN A R B BN B B B dently causes an appreciable shift in the above-gap structure
- (Fig. 9. Obviously then, although some heating probably
results from the ac field, the sensitivity of Andreev processes
in our samples to the microwave fieldustinvolve more
than just heating?

Qualitatively, the zero-bias anomalies we observe have
the features expected bf S contacts in which Andreev pro-

4.8 - —e— MW off
—o— Level 1
—vy—Level 2

4.0 Level 3

32 cesses are dominant and interference effects are
= important™*® It was suggestéd that large Andreev coeffi-
Q}, cients in NIS samples could result from barriers that are
o 2.4 Anderson insulators, and thus include a high density of lo-
% calized states near the chemical potential. Such a medium

may contain channels that are nearly resonant due to rare
realizations of localized-state configurations. Lifshitz and
Kirpichenkov (LK) discussed such “optimal” trajectories,
and showed their relevance for transport through disordered
medial® As pointed out by Frydman and Ovadydhit, is
L . difficult to distinguish LK channels from metallic filaments
00 bt e, conr_1ecting_ theS_andN regions thr_ough, say, pinholes in the
"20 15 -10 -05 00 05 10 15 20 b_arrler. '_I'h|s point will be dealt with furthgr later on. For the
time being we focus on the observation of the feature
V (mV) R)/R5>2, which seems to be inconsistent with the current
theories forN/S contacts. The factor of 2 bound is based on
waves radiation intensitiegvhich increase as the level increagses the assumption that each conduction channel that is charac-

Note that, if anything,é increases with the microwaves power terlzzed by a tr'\{l:m_slmlssmn' coefﬂcuzrntzand contrébutes
(compare with Fig. 8 L=275A andT=4.11K. ti(e“/h) to (Rp) ~ contributes 2(e°/h)/(2—t)° to
(Rg)‘l. Therefore, even if all transmission channels are per-
istics of Au/lnQ,/Pb junctions. Figures 6 and 7 show the fect (t;=1) the value ofR§/R] is limited to a factor of 2.
dV/dI curves of two samples in the presence of microwavelhis limitation is equally valid whether the Andreev pro-
radiation with different intensities. It is seen that as thecesses take place via metallic “filaments” or via LK trajec-
power of the microwave increases, the zero-bias resistanderies.
RS increases and approache§ . At sufficiently high level Breaking the factor 2 bound may be possible if one takes
of the microwaves the ZBA features were wiped out almosinto account electronic interactions. A normal region in con-
completely while the Pb electrode remained superconductact with a superconductor exhibits finite pair amplitude due
ing. It is natural to suspect that this effect may be due tdo0 the proximity effect. If theN region is endowed with a
heating of the sample by the ac field. Raising the sampl&onzero electron-electron interaction, the proximity effect in-
temperature does increaR§ (Figs. 8 and & When the tem-  duces a finitepair potentialin the normal metal. Andreev
perature is raised the amplitude of the ZBA is progressivelyeflections would then occur at a distarigefrom the inter-
decreased, and in this regard the effect is indeed the same &@$€ With the superconducting electrodg, is the normal
in increasing the microwave power. There are, howeveretal coherence-lengtleither/D/kT or the phase-breaking
clear differences between the two results. First, the width ofength. In that caseRy andRj are associated wittifferent
the ZBA increasescontinuously with the microwave power, t's, and the ratio between the two resistances could be much
while it decreasesvith temperature. Second, at high enoughgreater than 2. In fact, this ratio should divergeTagoes to
microwave power thé-V curve is characterized by a local zero(or atT=Tcy, the critical temperature of thd metal,
maximumaroundV =0, which resembles a typical BTK fea- in case the interaction iN is attractive.
ture. Increasing the sample temperature never reproduced The correlation of the ZBA features with the appearance
such a behaviofmore than 20 samples were studied in thisof superconductivity in the Pb electrodg. Figs. 3 and #is
regard. Finally, even the maximum microwave power we indeed consistent with a proximity effect. However, the fact
used had a negligible effect on the sample temperature, dbat R)/R3 saturates at low temperatur@i&g. 3) suggests a
can be realized by monitoring the “above-gap” structurecutoff for this process. As mentioned in Sec. Il, care was
(c.f. Fig. 9. The latter is a specific modulation that fre- taken to ensure that this saturation is not due to experimental
quently appears a¥>A. While the origin of this phenom- artifacts. The ac excitation current was varied over three or-
enon is not yet understood, it has been established in sever@dérs of magnitude without any changeRﬁ/RS. The results
system$*® that this modulation appears at a sample-specifiazvere also insensitive to magnetic and rf fields with levels
voltage that scales with (T). Thus, for a given sample, the that are larger than those nominally present. The saturation
change of the temperature can be empirically monitored. Asf R)/RS is therefore a real effect. This makes it hard to
illustrated at the bottom of Fig. 7, a substantial changl@ﬁn believe that the proximity effect involvediffusivechannels,
can be affected by the microwave without any observabldecause then the saturation implies that the penetration of
shift in the position of the above-gap structure. Raising thepairs is limited by a lengttéy such thatéy<L. This is a
temperature to reproduce a comparable changBgoévi- more severe problem than that discussed in Ref. 16, whose

1.6

0.8

FIG. 6. The evolution of the ZBA features for various micro-
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FIG. 7. Same as in Fig. 6 for k=375 A sample(top graph.
The bottom graph shows how the positions of the above-gap struc- \While it is impossible to rule out the presence of metallic
ture vary with the microwave powewhich increases as the level “filaments” by any direct experiment, we believe that most
increasep Note that the voltage position of the above-gap featuregf the observed findings can be qualitatively explained with-
(the peaks aV~=8 mV) is practically independent of the micro- ot them. Transport throughMIS junction is different than
wave intensity, in contrast with the effect due to temperaturen ot of the N/'S system in an essential way. To see that,

(Fig. 9.
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lators, but are incompatible with transport through metallic
shorts.

Likewise, some of the features associated with Andreev
processes imply the role of the Anderson insulator. In par-
ticular, the unique sensitivity of the ZBA to an ac figkigs.

6 and 7 hinges on the presence of the Anderson insulator. In
Au/Pb and Cu/Pb samples we testathmely, in samples
where the InQ barriers were deliberately eliminatecho
effect due to an applied microwave field was observed. Not
surprisingly, such samples had a very sm%gi (typically
smaller than 1 ) but they could still be driven normal by
high enough currents. Due to the problem of the spreading
resistance they cannot be used for a quantitative analysis.
Nonetheless, it is still significant that the application of mi-
crowaves had no effect on thé-V characteristics of
“shorted” samples, while it has a marked effect on tHES
samples. Indeed, due toselection-rule consideration, the
InO, layer, being a highly disordered system, is a more natu-
ral candidate for microwave absorption than the clean metals
(the Au and Pb layejaused as the electrodes. The sensitivity
of transport in InQ films to an applied microwave field has
been demonstrated in Ref. 12. Presumably, the microwave
introduces intraband transitions involving the localized states
in the Anderson insulator, thereby causing a nonequilibrium
occupation of the electronic states. Since the application of
microwave power has a nontrivial effect on the ZBA fea-
tures, it appears that the Anderson insulatwrstplay a sig-
nificant role in the Andreev processes in our junctions.

consider semi-infinit&S andN layers separated by a layer of
an Anderson insulator of extentL along theZ axis, such

authors found a saturation length of the order of few micronghat theS/| interface is aZ=0 and theN/I interface atZ
which is much larger than our. As explained below, this
problem is alleviated if one considers the role played by the

Anderson insulator in this problem.

The role of the Anderson insulator, which forms the bar-

rier material in our samples, must be considered if only for

the reason that it is there. As mentioned in SecR}),in our

=L. The electronic states ihare localized on scalé (the

samples always increases steeply upon cooling down fron
room temperatures, suggesting activation processes consi:
tent with the presence of the Anderson insulator. 6?
At low temperatures howeveR) becomes temperature =
independent. One might then argue that the only function ofZ
the Anderson insulator is to sustain accidental metallic “fila- ©
ments” through which the current flows while transport
through localized states is irrelevant. The latter is certainly
not the case. Note first that elastic tunneling processes evi
dently take place in our samples. IdV/dl plots of
Pb/InQ,/Pb devices we obsen@a dip atV==2A, and
prominent modulations &= +4.5 and*+8.5 mV, the pho-
non energies of leat!. These two features are clear evidence
for Giaever tunneling. In theNIS devices this tunneling
channel manifests itself as a dip d\/dl at £A which can
be clearly seen in samples with< 150 A (cf. Figs. 1 and %

0.6

0.4

02+

0.0
V (mV)

0.1

0.2

FIG. 8. The evolution of the ZBA features as a function of

These(single-particlg processes are associated with tunnel-temperature for a typicallS sample {=90A). Note thats de-

ing paths witht; <1, which arguably exist in Anderson insu- creases wheif increases.
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localization length typically much smaller thah. This in-
troduces a natural hierarchy in the problem. Charge transpori
from N to S must proceed by tunneling, as, by assumption,
no diffusive channel is available. However, it is still possible
that the effective barrier for tunneling is different when the
electrode is in the superstate than when it is normal. Tanaka
and Fukuyama® using a formal calculation, predicted a
proximity effect in Anderson insulators. These authors found
that pair amplitude can be induced into an Anderson insula-
tor, and that the penetration depth is limited by the localiza-
tion length & The physics involved can be understood as
follows. Localized states wit@< ¢ are strongly coupled to
the superconductor. On a length scale that is smaller ¢han
there is no distinction between an Anderson insulator and a
disordered normal metal. Therefore, it is plausible that super- ©
conductivity may be induced in this region by the proximity
effect. This in turn may lead to a ZBA, witR)/R5>2, as
discussed earlier. The difference between the metallic “fila-
ments” and the Anderson-insulator scenarios becomes now
clear: The “leakage” of superconductivity into a normal
metal occurs on a scale of the normal-state coherence length
which is temperature dependent. In the Anderson insulator,
on the other hand, there is a limiting lengéhyhich doesnot
depend on temperatut® This could be the reason for the
saturation ofRy/RS at low temperatures, as seen in Fig. 2.

To be consistent, such interpretation must involve the as-
sumption of a nonzero interaction in the interface layer. By
itself, it is natural to expect that in an Anderson insulator FIG. 9. Same as in Fig. 8 for dn=220 A sample(top graph.
such interaction is repulsive due the lack of electronicThe bottom graph shows how the positions of the above-gap struc-
screening. But the proximity of this thin layer to tBenetal  ture vary with temperature.

may reduce this problem through the induced image charges.

However, it should be emphasized that it is sufficient that the; g o, RN/RS. We note that both features are consistent

interaction in the¢ layer is nonzero, and it might well be i the data. Whether these considerations can account

hegative. . . e quantitatively for the experiments remains to be séeim.
Another question concerns the impact of a proximity layer

NrmS ) any event it is evident that the one-to-one association
of extenté on Ry/Ry. This clearly depends on the ragol . —.2t%/(2—1,)? on which the factor 2 bound hinges, is no
A typical value for the localization length, based on in-plane|ongér validl ’
transport measurements of lp@ms, is'® 10-20 A, which '

o o A The suppression of the ZBA feature at small voltages,
meansé/L<1. In a diffusive transport scenario this will give at 5~A) may be now interpreted in the following way: As

a ne.ghglble enhancement. For tunneling throu,_lgh an Ander'Ehe applied voltag®/ increases, so does the current through
son'lnsulator, on th? other hand, W.h‘?*f?f‘” agiven chan- oo junction. At some point\(= ) this current (¢) would

neli should :_scale like e>{|h_/§], a S|gn|flcar_1t enhan_ce_ment be large enough to suppress superconductivity in the prox-
may be obtained. In the simplest scenario one divides thgyiw |aver. The pair potential in this layer is then quenched,
tunneling channels into two groups: channels witkl and 54" Angreev reflections are shifted back to the interface with
channels witht,=1. The first group controls the single- e ppy \which results in a reduction in the Andreev process.
particle transport, and contributes practically nothing to paif, qiher words, we associagwith the voltage that drivek
tunneling. The only signifigant contribution tcRﬁ)‘1 'then through the proximity layerl¢ is probably much smaller
comes from the exponentially réfeLK channels Withti  than the critical current of the Pb electrode due to two rea-
=1. As a crude assumption let us set all tteeto be iden-  sons. First, the induced superconductivity is naturally

d

d

-

0.8

—T=7.8K

0.0 L

\% (mV)

tically “zero” and “1” for the first and second groups, re-
spectively. TherR) andR§ are uniquely determined by the
number of resonant channeis The ratioRy/R5 will then be

“weaker.” Second, the currerdensityin the proximity layer
is obviously much larger than in the bulk Pb electrode. In the
regimeV> & Andreev reflections are thus still possikik-

given by 2ns/my), wheremg y are the respective number beit with a smaller Andreev coefficient than in small bias
of LK channels in the superconducting and normal statesand lead to the excess current obserid. 2. In this pic-
Since the probability to find a resonant channel increasesire the reason for théaL observation is ascribed to the

whenL is replaced by I — &), mg will be larger thanmy,

on-average increase of the resistance of the reléann-

and R)/Rj can then exceed 2. If, as is not implausible, theduction channels with..

probability to find a resonant channel is exponential, ie.,
«exfd —L/&], the enhancement is a considerable factoe of
~2.8, independendf L and ¢, giving a maximum value of

But in addition to destroying the proximity-layer when the
current it induces exceeds , the appliedv may affect the
shape of the ZBA a¥' < §. The small biaslVV/d| we observe
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is “pointed” rather than “BTK like,” and in this aspect agent. As shown in Figs. 6 and 7, exposing the sample to a
resembles the feature observed by Kastalekgpl? As al- 20-GHz microwave radiation considerably modifies the
luded to in Sec. I, such a ZBA shape is ascribed to an interzBA. It reduces R3) "%, and the ZBA reverts to a shape that
ference effect.In our samples this interference presumablyresembles the BTK feature. Such a behavior is consistent
occurs in the Anderson insulator on a scake . Quantum  with a picture in which the microwave radiation causes
coherence in this medium is well kno@nto extend on electron-hole dephasing, thus suppressing the van-Wees
scales much larger thah In fact, quantum effects are cut off enhancemefito the Andreev processes.
by the hopping length, which is typically a few hundred A at
liquid-helium temperatures, and thus comparablé to our
samples. Note that this is consistent with the saturatidRjjof
at low temperatures. However, transport through Anderson We have presented transport and tunneling experiments
insulators is very sensitive to electric fieffsA typical field  performed on a large number ®fS junctions employing
associated with/~ § is F=250 V/cm (estimated from the Anderson-insulating InQbarriers. While the details of the
straight line in Fig. 4 Fields of these magnitudes are suffi- -V characteristics may differ from sample to sample, they
cient to appreciably reduce quantum-coherent effects assoa@ystematically exhibit common features. These include a
ated with “forward-scattered” tunneling paths in Anderson large ratio ofRB‘/RS (typically larger than the “ideal” factor
insulators”®> Andreev processes are even more sensitive t®) that saturate at low temperatures, and nontrivial effects
electric fields than single-particle processes, because thfue to an ac field. Leaving open the possibility that acciden-
electron and hole acquire different phases upon traversing ital point contacts are present, we offered an alternative pic-
Such a mechanism should also be sensitive to a magnetigre that implicates the role of the Anderson insulator in
field, as it was in the experiment of Kastalsiyal. Applying  giving rise to these anomalies. In particular, we argued that
a fieldH indeed increaseRj in our samplegcf. the insetin  the coexistence of tunneling channels witke1 and chan-
Fig. 4). But the effect is rather small and the field necessannels with tj=1 are inherent in transport through a thin
to appreciably affecRS is considerably larger than that in Anderson insulator. Also, both the sensitivity of the ZBA to
the experiment of Ref. 2. This difference may be related tanicrowaves radiation and the saturationR}j/R3 are more
the effective coherent area involved in the two systems. Imaturally explained in our picture.
the case of Kastalskgt al. the disordered region was a dif- A fuller understanding of these phenomena must await a
fusive system for which the relevant area Li%. For L, detailed theoretical treatment of transport in such systems. In
~1 um this area is of the order of I8cn?. In Anderson particular the nature of the proximity effect in Anderson in-
insulators the relevant area is Sty r¥2¢Y2 wherer is the  sulators needs to be better understood. We hope that the
hopping length, which in the present case is effectiiely present results will motivate such studies.
Taking L=100-600A, andé=10-100A as possible val-
ues, this yields an area smaller thar 10" *cn?. The as-
sociated field is then much larger than that necessary to
guench superconductivity in the Pb electrode. We gratefully acknowledge useful discussions with M.
While a magnetic field is ineffective in this case, an acPollak. This research was supported by a grant administered
field of frequency comparable tf.gl should be a dephasing by the Israel Science Foundation.
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