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ABSTRACT

We report studies of a thin high-Te film operating as a fast bolometric detector of infrared radiation. The
film has a response of several mV when exposed to a 1 W, 1 ns duration broadband infrared pulse. The
decay after the pulse was about 4 ns. The temperature dependence of the response accurately tracked
dR/dT. A thermal model, in which the film's temperature varies relative to the substrate, provides a
good description of the response. We find no evidence for other (non-bolometric) response mechanisms
for temperatures near or well below Tc.

1. INTRODUCTION

The properties of superconductors have long been recognized for their potential application as infrared detec-
tors. The far IR performance of bolometers based on a superconductor's large dR/dT near Te is comparable to other
state of the art semiconductor detectors. In general, such devices have slow response times. Recently, however,
films of high-Tc material have been reported to respond to short duration, near-IR laser pulses1'3'3. The range of
reported characteristic decay times extend from several microseconds to as short as 1 ns. In some studies1-3, this
fast response has been attributed to a non-bolometric mechanism.

We have investigated the response of a YBajCu3O7_* film to pulsed IR radiation. Our goal was to characterize
the fast response and determine whether any non-bolometric components are present. A unique feature of our study
is the use of IR synchrotron radiation. This source provides nanosecond duration pulses with an extremely broad
range of wavelengths, extending from the visible to submillimeter. This feature enables us to determine the spectral
character of the response.

2. EXPERIMENT

The sample was a 40 nm thick film of YBa2Cu307_« deposited onto a 1 mm thick MgO substrate by laser
ablation. Details of the process are described elsewhere4. The original film was cut into several pieces, each about
5 mm square. One piece was used for spectroscopy while another was patterned for the response measurements.

The patterning process began with the film exposed to an oxygen plasma for approximately 15 minutes (to
clean and enhance the oxygen content near the surface of the film). This was immediately followed by a deposition
of 200 nm of silver to form a set of electrical contacts on the film. Next, a photoresist pattern was developed on
the film, covering the contact pads and narrow "bridge" regions between the pads. Exposed portions of the film
were removed with a dilute acid, followed by removal of the remaining photoresist. The resulting pattern had four
outer silver contact pads and a central silver stripe. The width of this stripe was chosen such that it, plus the MgO
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Fig. 1. (a) Sketch of the YBa2Cu307-< detector device. Only one of the four bridges was connected to
ground at any one time, (b) Resistive transition (two-probe) of a 40 nm YBajCuaOr-* film.

substrate, formed a 50 (2 stripline when combined with a ground plane. A YBajCu3O7_< bridge extends from each
outer pad to the central stripline (see Fig. la). The four bridges had widths of 50, 100, 200 and 500 pm.

Two probe resistance measurements were sufficient to determine the location and width of the superconducting
transition. Contact resistances were estimated at 1 ft or less. The superconducting transition for the 200 fim wide
bridge is shown in Fig. lb. The transition is about 4 K wide, centered near 83 K. The transitions for the other
bridges were similar. We also measured the far infrared transmission and reflection for the unpatterned film. The
results were consistent with results from other high quality films5, indicating good homogeneity and essentially full
oxygenation.

The substrate (with patterned film) was cemented to a copper plate using GE 7031 varnish. The stripline on
the substrate was connected to a 50 Q coaxial cable. A given bridge could be selected for study by grounding the
appropriate contact pad. Electrical connections were made with silver paint.

The copper plate was then bolted to the tip of an Air Products Helitran cooling system, which could cool the
samples to temperatures below 20 K. A dc tee was used to bias the sample through the coaxial cable, and also
allowed resistance measurements of the bridge in sit*. The sample was biased with a constant current through a
1000 fl load resistor (the results were rather insensitive to the value of this resistor). The ac signals were fed to an
rf amplifier (HP model 8447D, 28 dB gain, 0.1 MHz to 1.3 GHz bandwidth) and then to a digitizing oscilloscope
(HP model 54100D, 1 GHz bandwidth, 350 ps rise time).

The response studies used infrared synchrotron radiation from an electron storage ring. An infrared facility at
the National Synchrotron Light Source (NSLS) of Brookhaven National Laboratory has recently begun operation.
Beamline U4-IR* at the NSLS provides infrared radiation from 10 cm"1 to 20,000 cm'1 . The synchrotron radiation
comes as a train of pulses, with a pulse duration slightly less than 1 ns and pulse spacings up to 170 ns. The pulses
are highly stable and reproducible, with each pulse delivering up to 2.5 W peak. An additional benefit (when
compared to some pulsed lasers) is a reasonably noise-free electrical environment.

The infrared synchrotron radiation was fbcussed onto the sample with an ellipsoidal mirror, yielding an esti-
mated spot size7 of 500 jim by 100 /im, well matched to our bridge geometry. A selection of bandpass filters could
be inserted in the beam, thus limiting the sample's exposure to solely far IR, mid IR, near IR, or mostly visible,
light. The actual intensity transmitted for each filter was determined using a commercial detector.

3. RESULTS A N D ANALYSIS

All four bridges produced a measurable response to the infrared pulses, with the 500 and 50 fim bridges
pr educing smaller signals than the intermediate width bridges. The response (at 20 mA bias) to a 1 ns duration
pulse (1 W peak power) of near-IR/visible light is shown in Fig. 2. The decay of the signal after the pulse is
basically exponential, with a decay time (1/e) of 4 ns.
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Fig. 2. Photoresponse of a 40 - i film on MgO to a 1 ns pulse of near-IR/visible light.

In Fig. 3 we show the temperature dependence of the response, along with the slope of the resistance vs
temperature (dR/dT) for the same bias current. The close agreement of the two curves indicates that the response,
though fast, is bolometric. The response was also found to vary linearly with incident intensity and bias current.
Finally, we observed response for all spectral ranges of incident light, including the far IR. The responsivity as a
function of spectral range is shown in Fig. 4.
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Fig. 3. Comparison of the "fast1* photoresponse of a 40 nm
the resistive transition, dR/dT.
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Fig. 4. Relative response a YB&iCuaOr-t film at far-IR, mid-IR, near-IR, and visible wavelengths.

4. DISCUSSION

From the results of the previous section, we conclude that the response to pulsed IR is of a bolometric nature.
The responsivity, exponential decay, time constant, and spectral sensitivity can be used to determine details of the
detection mode; all point to pure bolometric response.

The responsivity of a bolometer (with exponential decay) is given by8

tju)IdR/dT
G(l + «wr) ' (1)

where t{y) is the emissivity (absorptivity), I the bias current, dR/dT the slope of resistance vs. temperature, G
the thermal conductance, and r = C/G is the thermal time constant with C the bolometer heat capacity. As
illustrated in Fig. 3, our signal follows dR/dT, in accord with bolometric response.

The exponential decay of the response after the pulse indicates that heat is removed from the bolometer
element through a thermal resistance, as opposed to a i~1 / 2 dependence characteristic of one-dimensional thermal
diffusion.

The short time constant of our films implies a small heat capacity. We propose that this time constant is
governed by heat transfer between the film and the MgO substrate. When the IR pulse is absorbed, the film heats
up relative to the substrate. This heat is then conducted across the film-substrate interface, which acts as the
thermal impedance for the bolometric response.

The signal size and time constant we measure is in accord with this model. In the high frequency (wr > 1)
limit, which is the case here because the response time is ~ 4 as and the pulse duration is ~ 1 ns, the thermal
conductance drops out of Eq. (1), which becomes

t(u)IdR/dT

(ignoring the 90 degree phase lag). Using c = 0.9 J/cm3-K for the specific heat of a high-Te superconductor9 we
obtain C - 4.3x 10" 9 J/K for the heat capacity of a film with an area of 200 /im x 600 /im and a thickness of 40 nm.
Estimating the absorptivity at 20%, and using u = 3.1 x 109 sec"1, 7 = 5 mA, and dR/dT = 23 fi/K, we predict
a responsivity of about 1.7 mV/W, remarkably close to the measured response of 1 mV/W. Next, the effective



thermal conductance C to the reservoir (the substrate) can be deduced from the time constant and C; we obtain
G = 1.1 W/K. Finally, assuming the thermal boundary corresponds to a 10 nm thick layer of disordered material,
its thermal conductivity is about 0.1 W/m-K, more than an order of magnitude below the thermal conductivity of
YBaaCu307_j (along the c-axis)10 or MgO11.

The spectral character (Fig. 4) shows extremely broadband response, with a moderate drop in the responsivity
toward longer wavelengths. Such behavior is consistent with the known optical properties of such films.13 The
absorption, estimated as 1 — 72 (where Tt is the measured reflectance) is largest for frequencies above about 1000
cm"1. Below this frequency, the reflectance rises (and the absorption drops).

A comparison of this film's responsivity with other broadband devices having similar speed (e.g. pyroelee-
tric detectors)13 shows that high-Tc films can be very competitive. However, a detailed comparison will require
knowledge of the NEP (or D*), which awaits accurate noise and bandwidth measurements.

5. CONCLUSIONS

High-Te films show considerable promise aa fast, ultra-wideband detectors. A 40 nm thick film patterned into
a bridge 200 /im x 600 ftm produced several millivolts of response to a 1 W, Ins duration IR pulse. The expected
responsivity for signals below 100 MHz is over 100 mV/W. A simple bolometer model gives a good description of
the measured response. Optimization of substrate, film pattern, buffer layers, and absorbing coatings may lead to
considerable improvements.

A search for non-bolometric response revealed none.
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