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The response of a granular film of YBa, ;Cu; ,0;_, to pulsed far-infrared light has been measured at
temperatures which are near the resistive onset of the film. The photoresponse at 26.0 cm™! is interpret-
ed due to the direct modulation of intergrain Josephson currents (“current mode™) by the incident far-
infrared light. The observed dependence on far-infrared power ( ~P!/2) is consistent with a supercon-
ducting energy gap which is much larger than 26.0 cm ™. There is evidence for a current mode response
at 87.7 and 152 cm™!, but with a greatly reduced photoresponse magnitude. The decrease in pho-
toresponse measured at 87.7 and 152 cm ™! is attributed to intergrain capacitive effects.

I. INTRODUCTION

The investigation of the photoresponse of high-
temperature superconducting films is motivated by possi-
ble infrared sensor applications and also by interest in ex-
ploring the dynamical response of these materials to elec-
tromagnetic radiation. The present paper is concerned
with granular films having thickness on the order of or
less than the magnetic penetration depth. Such a system
can be described in terms of a disordered two-
dimensional (2D) array of weakly coupled Josephson
junctions or weak links. 2

It has been previously shown® that visible light (either
steady state or pulsed) incident on 2D granular films
leads to a resistive increase which is not consistent with a
uniform bolometric heating of the film. We consider a
model in which an induced flux-flow resistance due to a
vortex unbinding or depinning process®~° occurs when
photons having an energy greater than the superconduct-
ing gap are absorbed.

It is possible for photons having energies near and
below the superconducting gap to modulate the Joseph-
son current between superconducting grains. The pho-
toresponse is characterized by dependences on intensity
and temperature which can vary significantly for photon
energies above and below the superconducting energy
gap. Recent observations® in 2D granular NbN/BN
films”® established a crossover from an above- to a
below-gap response. Other far-infrared photoresponse
measuremenis have been reported. These include the
measurements on PbBi oxide films,° granular NbN
films, '° and the recent work!! on Bi,Sr,CaCuO,. In par-
ticular, the latter measurements report dependences of
the far-infrared photoresponse on the intensity of the
far-infrared radiation which are in agreement with results
reported in the present paper.

The present work extends the far-infrared response
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measurements carried out on NbN/BN films® to a granu-
lar film of YBa,Cu; 4O;_, (YBCO). A measurement at
20 cm™ ! carried out on a YBCO film deposited on sap-
phire was reported earlier.'> We will show that the
YBCO film exhibits a far-infrared photoresponse that is
qualitatively similar to that of granular NbN/BN, that is,
a low-frequency (w <4kT, /#) photoresponse which, com-
pared to the high-frequency response, has a greatly
enhanced magnitude and a much weaker temperature
dependence. We observe significantly different depen-
dences on the far-infrared light intensity for the two ma-
terials, which we will relate to the different magnitudes of
their respective superconducting energy gaps.

The outline of the paper is as follows. The relevant ex-
perimental details are discussed in Sec. II and the experi-
mental results are presented in Sec. III. The focus here
and in the discussion in Sec. IV is on the data taken at
the lowest far-infrared frequency (26.0 cm™!) and a com-
parison of the 26.0-cm™ ! data with measurements made
at 87.7 and 152 cm ™.

IIL. EXPERIMENTAL DETAILS

The YBCO film was prepared by radio-frequency mag-
netron sputtering onto a MgO substrate and subsequent
oxygen annealing. Details of the sample preparation
have been described previously.?® The 2500-A-thick
film was slightly copper rich with composition
YBa, Cu; 4O;_,. A scanning electron microscopy
(SEM) photograph of the film, shown in Fig. 1, reveals an
array of irregularly shaped granules of micron and sub-
micron size. The film resistance is thermally activated
above 100 K (i.e., decreases with increasing temperature,
consistent with intergrain hopping transport in the nor-
mal state). The film was scribed and contacted with eva-
porated Ag pads to allow four-probe transport or two-
probe pulsed photoresponse measurements. The width of
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FIG. 1. Scanning electron micrograph of the granular
YBa, ;Cu; ,0;_, film. Crystallites are several tenths to about 1
pm in size, and are nearly randomly oriented.

the current path was 2 mm.

The far-infrared photoresponse measurements® were
carried out with a pulsed super-radiant light source
which provided 50-ns-long pulses with a maximum ener-
gy of 1 uJ/cm2-pulse, which is comparable to the max-
imum energy per pulse for the 10-ns pulsed visible light
source. The far-infrared beam diameter was approxi-
mately 1 cm. The temperature rise in the film is estimat-
ed® to be much less than 1 K. The radiation was nearly
monochromatic with wavelengths of 385 um (26.0 cm ™1,
779 GHz, 3.23 meV), 114 um (87.7 cm™ !, 2.63 THz,
10.90 meV), and 66.0 um (151.5 cm™!, 4.55 THz, 18.82
meV). The far-infrared light intensity has been calibrated
using a pyroelectric and a fast Ga-doped Ge detector.

Measurements of the far-infrared reflectivity and
transmissivity have been obtained for the same film. De-
tails concerning these measurement techniques can be
found elsewhere. !*

III. EXPERIMENTAL RESULTS

The far-infrared transmittance 7 of the YBCO film at-
tached to the MgO substrate is shown in Fig. 2(a). The
dominant feature of the 100- and 300-K syectra is the
transmittance onset of MgO below 80 cm™ . Multipho-
non contributions due to MgO are observed near 100,
155, and 290 cm~!. The transmittance spectrum for
MgO at 20 K is relatively featureless below 100 cm™ .

The reflectance R of the YBCO/MgO structure is shown
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FIG. 2. (a) Reflectance and (b) transmittance as function of
temperature of granular YBCO film deposited on a MgO sub-
strate.

in Fig. 2(b). The reflectance is seen to decrease toward
lower frequencies, in contrast to observations for high-
quality crystals'* and epitaxially grown films'®> which ap-
proach a 100% reflectance below 100 cm ™.

The absorbance of the film, 4 =1—R —T, is shown in
Fig. 3. The effects of the substrate have been removed as
described in Ref. 13. It is seen that the absorbance at a
temperature of 20 K is nearly independent of frequency
between 50 and 170 cm ™~ 1. This result will be significant
when interpreting the distinctly different dependences of
the photoresponse measured as a function of far-infrared
frequency in this spectral range.

The granular YBCO film investigated here has a resis-
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- FIG. 3. Absorbance of a YBCO film (same as in Figs. 1 and
2) as a function of temperature. The effect of a MgO substrate

has been removed according to method described in Ref. 13.
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FIG. 4. Current-voltage characteristics of the YBCO film as
a function of temperature.

tive onset corresponding to the superconducting transi-
tion temperature of the grains at T,, =82 K. The tem-
perature below which the resistance drops rapidly toward
zero is T.~11 K. The current-voltage relations near T,
are shown in Fi§. 4. These have been previously analyzed
and interpreted” in terms of a Kosterlitz-Thouless transi-
tion with T, ~T'xr~11.2 K. This interpretation implies
that the resistive onset near 11 K is dominated by the
thermally induced dissociation of vortex-antivortex
pairs.} 7%

The associated response to pulsed visible light has been
shown previously® and is reproduced in Fig. 5 to enable
comparison with the far-infrared pulsed photoresponse.
Noteworthy of the data in Fig. 5 is the nonlinear depen-
dence of the photoresponse amplitude on bias current
below 10 K which was shown to be inconsistent with an
equilibrium bolometric response.® This result is in con-
trast to the nearly linear dependence on bias current at
the highest temperatures (>20 K); in this temperature
range the photoresponse is primarily bolometric in na-
ture.

The far-infrared response to 26.0-cm™! light has been
measured for 0.375 and 0.75 mA. The results are shown
in Fig. 6. Below 15 K the response to 26-cm™! light
varied less with temperature than did the response to visi-
ble light using the same bias current. This same qualita-
tive trend was also observed for NbN/BN measured at
the same far-infrared frequency.®

In Figs. 7(a)-7(c) are shown the 26.0-cm™! pho-
toresponse measurements as a function of bias current for
three temperatures (5, 11, and 20 K). The dots represent
the photoresponse integrated from 0 to 50 ns, and the
squares represent the response integrated between 70 and
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FIG. 5. Photoresponse of film to pulsed visible (584-nm) radi-
ation (~ 10-ns pulse duration) for different bias currents. This
figure is the same as published in Ref. 3 (Fig. 10).

100 ns. The “slower” contribution has a well-defined
current onset, especially at the lower temperatures. The
magnitude of the onset is near 1.5 mA at 5K, 0.6 mA at
11 K, and zero mA at 20 K. The photoresponse depends
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FIG. 6. Response of a YBCO film to a 26.0-cm™! pulsed pho-
toresponse (~ 50-ns pulse duration) as a function of temperature
for two different bias currents. Incident peak power level ~0.2
W/cm?.
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FIG. 7. Response of a YBCO film to 26.0-cm™! pulsed radia-
tion as a function of bias currents and temperature. Dots, in-
tegrated photoresponse from 0 to 50 ns; squares, integrated pho-
toresponse from 70 to 100 ns. Incident peak power level ~0.1
W/cm?,
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FIG. 8. Response of a YBCO film to a 26.0-cm™! pulsed ra-
diation as a function of incident far-infrared power for two tem-
peratures. Bias current is 1.5 mA.

nonlinearly on bias current for T=5 K, but is linearly
dependent on bias current for 7’2 11 K. The magnitude
of the photoresponse depends on the intensity of the far-
infrared radiation. In Fig. 8 are shown resulis at 26.0
cm™! for two different temperatures. The response is
linearly proportional to the far-infrared power P for
sufficiently low power levels. A gradual turnover to a
lower power dependence is observed near 0.1 W at 10 K,
and 0.2 W at 5 K.

Photoresponse measurements carried out at 152 cm
are shown in Fig. 9. Comparison of these results with
analogous measurements at 584 nm (Fig. 5) reveals that
the 152-cm™! response curves are characterized by the
same strong temperature dependence observed for visible
light, but with the maxima in the photoresponse shifted
to lower temperatures. Comparison of the 152-cm ™! re-
sults with the 26.0-cm™! data (Fig. 6), demonstrates that
the direct modulation of Josephson currents is consider-
ably reduced at the higher frequency.

The measurements carried out at 87.7 cm ™!, together
with the 26.0-cm™! and visible light data, are shown in
Fig. 10. Smooth curves have been drawn through the
data instead of showing data points in order to facilitate
comparison between the 87.7, 26.0-cm™!, and visible
light response. Noteworthy are the significant changes

—1

~with bias current for the 87.7-cm ™! response below 10 K.

The 26.0-cm ™! and visible photoresponse data shown in
Fig. 10 have been normalized to the 87.7-cm ™! data near
their respective peak amplitudes.

The power dependences of the response to 152- and to
26-cm™! radiation are shown in Fig. 11. The 152-cm™!
light response is linear in power below 10 W of incident
power. Moreover, the responsivity of the film is much
lower at 152 cm ™. This result is in sharp contrast to the
P%3 dependence observed for power levels as low as 0.2
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FIG. 9. Response of a YBCO film to a 152-cm™! pulsed radi-
ation as a function of bias current and temperature.
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FIG. 10. Comparison of the normalized photoresponse of the
YBCO film at two far-infrared energies and for visible light. (a)
Bias current 0.75 mA,; (b) bias current 1.5 mA.

W at 26.0 cm™ . The deviation from the P dependence
in Fig. 11 at the highest power levels (>2 W) is likely due
to heating effects. The onset of the saturation coincides
with the appearance of a long-time tail for the time-
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FIG. 11. Comparison of 26.0- and 152-cm™! photoresponse
as a function of incident far-infrared power. The bias current is
1.5 mA.
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resolved response for P>2 W. We note that the ob-
served P!/2 dependence is in agreement with the intensity
measurements of the 20.2-cm™! photoresponse reported
recently'! for Bi,Sr,CaCuOj films.

IV. DISCUSSION

Data have been presented for the response of a granu-
lar YBCO film to pulsed far-infrared light at 26.0, 87.7,
and 152 cm ™. In the next section we discuss the expect-
ed dependences of the photoresponse on radiation power
and bias current within the resistively shunted junction
(RSJ) model and consider the 26.0-cm™! results as evi-
dence that far-infrared radiation directly modulates
currents across superconductive weak links.

A. Photoresponse at 26.0 cm ™!

The important features of the 26.0-cm ™! data (Fig. 11)
are its square law (~P) response for low far-infrared
power (<0.1 W), and its weaker power dependence
(~P%3) at higher incident power levels (>0.1 W). In ad-
dition, for temperatures near and above T, (~11 K) the
photoresponse (with P>0.1 W) is proportional to the
bias current I, (see Fig. 7).

Nearly identical observations to those outlined above
were made by Bertin and Rose'® who investigated the
response of granular Sn films to microwave radiation
(9-35 GHz). These authors modeled their results with
the following form for the induced voltage:'¢

SV =I(8R /8T)8T +(8V /81)8I , (D

where the first term is due to the bolometric response of
the film. The second term, referred to as the “current
mode,” was subsequently identified with the response to
microwave radiation of a disordered array of Josephson
junctions or weak links. The current mode can be
modeled in various ways. A simple approach, suggested
by Bertin and Rose,!” is to approximate the nonlinear
current-voltage curves in terms of a series expansion of
the total current

I=I,+i(), @

where I, is the bias current and i(¢) is the current in-
duced by the microwave radiation. In the present experi-
ment i (¢) is induced by a periodic pulse of monochromat-
ic radiation, so that

i(t)=iy, 0<t<50 ns

(3)
i(8)=0,

t>50 ns

with a repetition rate of ~0.5 Hz. Bertin and Rose ap-
proximated the current-voltage curves in terms of a
power series expansion of the total current I and derived
the following dependence of the photoresponse in the
“large” and “‘small” signal limits:!".

SVel, , iy>I,, 4
SVeP, iy<<l,. (5

A P'”? power dependence was deduced for the special



large signal case where io >>|I, — 1|
sV P2 i >>|I—I]|, (6)

where I, is the critical current. Our experimental obser-
vations at 26.0 cm ™! shown in Figs. 7 and 11 are accu-
rately described by Eqs. (4)—(6).

Equations (5) and (6) are also predicted by the resistive-
ly shunted junction model for the case of a single Joseph-
son junction in the presence of high-frequency radia-
tion.'® This model has been shown to be useful for the
description of regular Josephson junction arrays'®?0 and
more recently also for disordered arrays.?! Regular ar-
rays typically exhibit?®2! giant Shapiro steps at large
multiples of the single Josephson value hv/2e. Giant
steplike features in the I-¥ characteristics have also been
observed for granular superconductors.?? It is instructive
to compare the general dependence on far-infrared light
intensity shown in Fig. 11 with the prediction of the RST
model.

The RSJ model response depends sensitively on the
magnitude of the parameter Q=#w/2el R,where I, is
the critical current.!® For low capacitance junctions, the
IR product can achieve its maximum value 7A/2e, so
that Q=#w/mA. For =1, the dependence of the zero
voltage Josephson step on light intensity is close to that
of a Bessel function, which results in a square law
response (=« P) for low power levels.!® At higher power
levels the magnitude of the photoresponse oscillates as a
function of far-infrared radiation intensity. These oscilla-
tions are expected to be broadened by disorder to yield a
weak dependence of the magnitude of the photoresponse
on far-infrared radiation power. This prediction is con-
sistent with the P%, a~0.12, dependence observed® in a
NbON/BN cermet at 26.0 cm ™ !. At this frequency
Q~0.5, given 2A(NbN)=35 cm ™!, and the sample mar-
ginally satisfies the requirement for a Bessel functionlike
response.®!® For Q@ <<1, the RSJ model predicts a dis-
tinctly non-Bessel functionlike response,'® which is «P
at low power levels and o« P12 at higher power levels.
For example, for 1=0.1 the P12 dependence extends
over at least one order of magnitude above the power lev-
el which defines the transition from a P to a P!/ depen-
dence. For 10-GHz radiation and Sn films (2A~15
cm™Y), ©=2X10"3 and the P!/ dependence is expected
to dominate the microwave power dependence. This pre-
diction is corroborated by experiments of Bertin and
Rose!” on granular Sn films who observed a P'/? depen-
dence over four orders of magnitude in microwave
power. Based on these arguments it can be concluded
that the present power dependence data obtained for
YBCO at 26.0 cm™! is consistent with the condition
0 <<1.

A further test of the above model is to relate the transi-
tion from a small to a large signal response to the magni-
tude of i,=1i,, near this transition. From Egs. (4) and (6)
it follows that ig, ~I, ~I,. We want to relate the magni-
tude of I,~1 mA to the induced current iy=1i, ap-
propriate for the transition from a P to a P'/? depen-
dence. According to Fig. 11 the transition froma Pto a
P2 dependence occurs for an incident power level of
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~0.1 W. This is the power level incident on the outer
window of the Dewar. The power incident on the
effective sample area is estimated to be 0.01 W. The actu-
al absorbed power in the film is about 10% of the in-
cident power, or 0.001 W, because of the finite absorptivi-
ty of the film (~ 13% according to Fig. 3). The induced
current i, is obtained by equating P, =i3R #» Where Ry
is the far-infrared impedance of the film. The film impen-
dance can be estimated from the transmittance and ab-
sorbance to be R, ~Zy(T/4)~120Q, which is close to
the actual normal-state resistance of the film R, ~150Q.
This yields i, =2 mA, which is larger than the estimate of
io~1mA. The above estimate must be considered rather
approximate, but it does indicate that the current mode
model predicts the correct order of magnitude of the in-
duced high-frequency current in the granular film.

There are, in addition to dependences on power and
current discussed above, important differences between
the temperature dependences of the 26.0-cm~! and visi-
ble light (584-nm) data. The 584-nm data show a peak
corresponding to the onset in resistance near T~T,. By
contrast, at 26.0 cm ™!, for bias currents of 0.75 and 1.5
mA, there is no evidence of a photoresponse peak near
T,.. The induced current i () dominates, as in Eq. (2), the
thermally induced depairing processes near T,. The tem-
perature dependence of the photoresponse is now dom-
inated by processes approaching T, ~82 K. At
sufficiently low bias currents (such as for the 0.375-mA
data shown in Fig. 6) thermal depairing again becomes
important at the lowest temperatures, even though the
direct process outlined by Egs. (2)—(6) is still applicable.

B. Photoresponse at 87.7 and 152 cm ™!

Inspection of Fig. 11 reveals that the photoresponse at
152 cm™! is proportional to the far-infrared power
throughout the investigated power range. In addition,
the coefficient of the < P photoresponse at 152 cm™lisa
factor of ~25 smaller compared to the < P response at
26.0 cm~!. (Note the 87.7-cm ™! response is also « P and
its magnitude is comparable to that measured at 152
cm ™! within our factor of two experimental uncertainty
of determining an absolute measure of the far-infrared
photoresponse.) Within the framework of the RSJ mod-
el, the loss in photoresponse amplitude at the higher far-
infrared frequencies implies that most of the far-infrared
light-induced current is shunted through paths other
than the inductive Josephson elements, !® moving a tran-
sition from a P to P!/? response to higher power levels
than shown in Fig. 11. .

In addition to the = P dependence and the reduced in-
tensity relative to 26.0 cmfl, the 87.7-cm™! response at
low temperatures (<10 K) exhibits a transition from a
temperature-dependent to a mnearly temperature-
independent response as the bias current is increased
from 0.75 to 1.5 mA (see Fig. 10). This observation sup-
ports the existence of direct coupling to Josephson junc-
tions or weak links by the 87.7-cm™! radiation, albeit
with reduced magnitude relative to 26.0 cm™ L

There is no comparable evidence for direct coupling at

152 em™ L. In fact, the photoresponse for T> 15 K has
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the same dependence on current and temperature as is
observed for 584-nm light (Fig. 5). However, inspection
of Fig. 9 shows that the 152-cm ! photoresponse peaks
at considerably lower temperatures for a given bias
current than seen for the 584-nm light. A possible ex-
planation is that the effective current in the film is in-
creased by the incident 152 cm™! radiation in a manner
analogous to Eq. (2), but essentially all of the induced
current within the framework of the RSJ model is shunt-
ed through the noninductive elements of the effective cir-
cuit. The above explanation requires that the tempera-
ture dependence of the photoresponse will depend on the
intensity of the pulsed far-infrared radiation. This has
been observed with a shift of the normalized pho-
toresponse to lower temperatures with increasing pump
power.

C. The superconducting energy gap

Various techniques have been used in attempts to ob-
tain information about the superconducting energy gap in
YBa,Cu;0,;. Measurements have been performed on
oriented thin films and single crystals. Features in the
Raman scattering,?® tunneling,?* and infrared reflec-
tivity?® data have been interpreted as gaplike features in
the 200500 cm ™! range, although the features are not
consistent with a BCS-like interpretation. Kamaras
et al.'® have pointed out that the features observed in the
above spectral range in IR reflectivity should not be as-
signed to a superconducting gap. They argue that, in the
clean limit, which is appropriate for these materials, the
superconducting gap cannot be easily determined by in-
frared absorption. Reflectivity data on single crystals
have been interpreted® in terms of an optical gap near
500 cm™!. These results, however, are not entirely in ac-
cord with calorimetric absorption measurements, 2% car-
ried out below 400 cm ™ L.

Tunneling measurements®* carried out on single-crystal
YBa,Cu,0, show structure near 4 meV (~32 cm™1), 19
meV (153 cm™}), and 36 meV (~290 cm™!). A multigap
system has also been proposed on the basis of Raman
scattering,>* although the energies of the Raman features
differ from those observed by tunneling measurements. A
recent measurement?’ of the temperature dependence of
the magnetic penetration depth in YBa,Cu;O,_, films
can be interpreted in terms of two gaps 2A,~17.5 meV
and 2A,~30.5 meV. According to an alternative ex-
planation,?” the smaller gap is interpreted as a reduced
weak-link gap 2A*~12—-14 meV. A two-gap interpreta-
tion has been proposed by Kresin and Wolf?® on the basis
of a Fermi-liquid muitiband model. A treatment by Press
and Jha?® has considered an anisotropic gap and an open
Fermi surface, which, when fit to existing optical data,
leads to a proposal of two gaps differing by a factor of
3—4. Within the interpretation of Kresin and Wolf, the
smaller gap 2A, depends sensitively on the coupling be-
tween carriers associated with the copper-oxide planes
and those carriers associated with the copper-oxide
chains. Structural and stoichiometric disorder, which
will tend to reduce 2A,, is predicted to have much less
effect on reducing Ty For our film, T,,~82 K is rela-
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tively large, considering the significant deviation from
stoichiometry (~ 10% Cu excess) and the large intergrain
disorder, leading to a thermally activated hopping con-
ductivity for T> T,,. Thus, we can expect that the 24,
gap, if it exists, is not well defined for our granular film.
This prediction agrees with the observed power depen-
dence of the 26.0-cm ™! photoresponse, which was inter-
preted in terms of the condition <<1, i.e., #fiw <<2A,
and therefore 2A ~2A,>>26cm ™ 1.

The response to 152-cm™! radiation was reduced in
amplitude relative to the 26.0-cmm ™! response by approxi-
mately . This reduction is close to a ~1/w* depen-

dence, ie., (260)2~_L  Such a dependence was also ob-
152 32

served for granular NbN/BN, where it was interpreted as
due to a response appropriate for ¥ >>1 since, at 87.7
and 152 em ™), #w >>2A, where 2A~35 cm ™! for NbN.
Capacitive effects were not expected to dominate for this
material because of the small intergrain capacitance (due
to the ~100-A grain size). Our YBCO film, on the other
hand, with grain sizes of ~0.1-1 pm, is expected to have
larger intergrain capacitances, which will dominate the
photoresponse at lower frequencies (=30 cm™!) than ex-
pected for NbN/BN. At the same time the proposed
(larger) superconducting gap of YBCO is about five times
larger than the NbN gap. Only a weak confirmation for a
remnant direct response at 152 cm ™! was seen in the shift
of the peaks of the photoresponse toward lower tempera-
tures. More direct evidence for the (larger) supercon-
ducting energy gap of YBCO in the far-infrared pho-
toresponse of granular films will only be possible with the
availability of ultrathin, fine-grained films with the small-
est possible intergrain capacitance.

V. CONCLUSION

We have investigated the response of a granular film of
YBa, ;Cu,; ,O,_, to radiation in the 26-152 cm™! spec-
tral range. On the basis of the magnitude and depen-
dence of the photoresponse on temperature, bias current,
and far-infrared radiation intensity, we concluded that
the 26.0-cm ™! response was consistent with a model in
which the far-infrared radiation directly modulates the
intergrain Josephson currents. The magnitude of the
photoresponse was proportional to the far-infrared power
P for low power levels, but proportional to P!/2 for high
power levels. The magnitude of the power at the cross-
over from a P to a P!/? dependence was consistent with
the proposed model. On the basis of analogous observa-
tions made previously for granular Sn films by Bertin and
Rose, ® interpreted in the context of the RSY model, we
concluded that the 26.0-cm™! photoresponse required
that #iw <<2A, where #©=26.0 cm—! and 2A is the su-
perconducting energy gap appropriate for our granular
film. This conclusion precluded the possibility that a
smaller gap (~30 cm™! or ~4 meV), inferred from tun-
neling measurements, significantly affected the 26.0-cm™!
photoresponse. The present experiment cannot address
the validity of other proposed values for a smaller gap
which fall in the 12-19 meV range.
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The above experiments have outlined a possible ap-
proach to investigate the photoresponse of granular films
made from high-temperature superconductors. The mea-
surements also demonstrate the need for low capacitance
microstructures if the large superconducting gaps of the
cuprate superconductors are to be displayed in a gap-
dominated response to radiation in the 100-500 cm™!
spectral range. The quasi-two-dimensional granular Nb-
based films are excellent examples of granular films with
very low intergranular capacitance. Current efforts are
under way to realize similar films for the cuprates using
two-target sputtering techniques. The resultant films
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should provide a more controlled means of investigating
large-gap, 2D granular superconductors.
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