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ABSTRACT

Results from a massive composite bolometer made of a sapphre crystal and ruthenium oxide films
are presented. The properties of such Ru02 films, in the temperature range [ 50 mK, 200 mK] have
been studied. Individual particle detections, using an 241 Am source, have been used to calibrate the
system in this temperature interval, Improvements in the performances of such detectors lead to
consider them as realistic candidates for the detection of Dark Matter.
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INTRODUCTION

The rapid development of bolometers has shed new interest on the few resistive sensors
used at low or vary low temperatures. Semi-conductors doped near the insulator transition
have been recently largely used for bolometry, either doped by (1) chemical doping, (2)

implantation or (3) neutron transmutation,

Other possibilities include superconducting transition (at fixed temperature), cermets, old
carbon resistors and more recently (4,5) commercial thick film resistors made out of RuQ2.

The RuO>> material is sold by Dupont de Nemours as a powdered mixture of glass and

conductive bismuth ruthenate particles; a heating process at a temperature of «800°C will then

melt the two components and produce the resistive film.

These sensors have been described as efficient thermometers, and are only weakly
sensitive to large magnetic fields. They follow Mott's law for variable range hopping :

with a T0 of the order of 1 Kelvin for most of the resistors commercially available. It was

tempting to try to realize a direct deposition on various crystals, at least on those which are

promising as Dark Matter detectors.

Crystals such as CaF2, Si, A^Os have been tried, as these crystals are able to resist the

high temperature of the film melting. However, the film was adhesive only on the last two

crystals. It is probable that some intermediate glassy compound is produced at the interface

(silicate and alumino-silicate respectively). So far, the studies have been concentrated on
RuOg films deposited on AI2O3 substrata, since this material is interesting for Dark Matter

detection due to its non-zero nuclear spin.

On the other hand, AI203 possesses a large quadrupolar heat capacity (already, at 300 mK,

the quadrupolar reservoir heat capacity is equal to that of the phonons; this heat capacity,

however, scales as T-2 , which should be compared to the T3 scaling for phonons). But recent

experiments (6) have shown that the quadrupolar reservoir is only coupled to the lattice via

paramagnetic impurities with such a long time constant that it does not contribute to the
transitory heat capacity of the bolometer.

Ill • RESISTIVE BEHAVIOR OF Ru02 DEPOSIT

Wa have studied the behaviour of our homemade film versus a commercial Ru02 resistor

(Dale Electronics) from a calibrated batch.

The variation of resistance with temperature of a typical resistor from this batch is given by :

Lai1'4
T •

R = 470 exp
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Assuming that the homemade film follows the same type of law, an intercalibration in
Log/Log scale will be represented by a straight line, with a slope given by the ratio of the two
characteristic temperatures. This is of course valid only if there is no spurious heating on

either the two resistances,

Fig. 1 shows the intercalibration of two different types of films (1 kQ and 10 kQ, respectively,

for a square of thickness -15 nm ). Only the first film follows the same type of law as the
reference resistance. The second film (10 kQ) has a resistance which grows even more
rapidly when the temperature decreases. Typically, the resistance of «2,7 kQ value at 4.2 K

Increases to a value of 11 MQ at a temperature of T = 80 mK. Until now, our bolometric

measurements have been realized only with the first type of resistors: the impedance of the

second set requires a FET placed nearby the sensor in order to avoid a sever© cut-off in the

bandwlth of the signal (the parasitic capacitance inside the cryostat is «300 pF).

EXPERIMENTAL SETUP

Cryogenics and electronics

As a first step, we have decided to make a simple dilution refrigerator, until now limited to an
unimpressive 50 mK temperature, but very handy and with a fast cooling. It works without He4

pot, its shape is that of a cylinder 45 mm in diameter cooled down in a commercial bottle of
He4 with large neck (0 - 50 mm). This apparatus requires only 4 hours to reach its lowest

temperature starting from 300 K; for bolometric measurements, the exchange gas of the

calorimeter is pumped for more than 6 hours to avoid parasitic heating due to desorption.

We are working in a room which is not electromagnetically shielded and with rather noisy

surroundings. Although part of the noise is eliminated by night or week-end runs, our
performances are clearly limited by this environment. The acquisition system comprises a

Gould digital oscilloscope connected via GPIB to a Macintosh II which is used to record and

process data. Results presented in this paper were obtained with a commercial amplifier (PAR

113) well adapted to very high impedance sources, which is up to now not the case. More

recently, a FET (CM 860) amplifier working at 100K with low heating (6 mW) was installed

inside the vacuum part of cryostat, followed on the top of the cryostat (at room temperature)
by a low noise room temperature operational amplifier (Linear Technology 1028). The final
bandwith is limited by the PAR 113.

?

Crystal and thermistor mounting

So far, the thermistor which has been best adapted to the bolometric measurements is 0.2
mm wide, 5 mm long with a thickness of =-2 îm. The room temperature resistance is 26 kn,
increasing to «400 kn at 60 mK.

The thermistor is deposited on a AI203 crystal 10 mm x 10 mm x 1 mm. Electrical contacts

are achieved with AI wires (1% Si) 25 urn In diameter which are pressed on the film by another
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Fig. 2 : Alpha particle recorded on April, 4th 1989 on a crystal of 1.6 g.

Electrical and thermal contacts by two graphite pods.
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Fig. 3 : Alpha particle recorded on August, 18th 1989 on a crystal of 0.8 g.

Thermal contacts by four copper wires.



crystal of AI2O3 of the same size. The thermal contact to the dilution is through 4 Cu wires

0,15 mm diameter and 10 mm long.

This very simple mounting was found to be the most efficient, since the Kapitza resistance
between crystal and copper is large enough to provide isolation with a reasonable time
constant at a temperature of -100 m K. Copper wires must be considered part of the bath and

we believe that this clear-cut system avoids spurious behaviour when an ill-defined

intermediate bath couples the crystal to the cold sink.

DETECTION OF a PARTICLES

A collimated Am241 source was used as a source of a particles of energy «5,5 MeV. Alpha

particles collide the bolometer at a rate of 1 a /second to avoid pile-up problems.

Our first bolometric detection of alpha particles (fig, 2) was obtained with a crystal of 1.6 g of
Ala03 on which a strip of RuO2 was deposited (size 5 mm x 1 mm, thickness 10 M) The film

was connected to a gold plot ( 1 mm x 1,5 mm, weight 50 ng). The thermal isolation, together
with the electrical contact, was achieved by two graphite pods of size 1 mm x 1 mm x 1 mm.

The measured heat capacity (assuming that 100 % of the a particle energy is transformed in
heat) is C * 3,3 10-9 Joule K-1 at a temperature of -70 mK. This indicates that most of the

specific heat originales not from the crystal itself but from the film and the graphite pods. Note
the non exponential decay of the heat pulse. Due to its poor characteristics, this first trial was

not further analyzed.

As the final aim of dark matter detection requires honest resolutions in the [0.5, 10J keV

energy Interval, the signal to noise ratio was then improved using two techniques. Firstly, heat

capacities were reduced, suppressing all metallic parts except for AI wires, which are here
superconducting and, in the same spirit, reducing the amount of RuO2 film. Secondly, the

voltage signal V was increased for the same dissipation by increasing the impedance of the
film. The signal 5V is related to V by (8V/V) « (5R/R) - a 5T where a = (1/R)(dR/dT) is a

characteristic of the film. The signal SV will then vary in the same proportion as the applied V.

This improves the signal to noise ratio since the noise is not the Johnson noise of the
resistor but rather spurious noise as microphonic or amplifier noise.

Fig 3 shows the signal obtained with Tbath » 60 mK Jboi = 118 mK and Rbol » 172 kfl. For

an applied voltage Vexcit -13 mV , one gets 5V « 0.1 mV. The heat capacity is now only C »

4,7 10'1° Joule K"1 , which is larger than expected from the mass of the crystal. Here also, the

film is still the largest contributor to the heat capacity. Shortly after this conference, using a

FET functioning in an He4 environment, we have observed the 60 keV gamma-rays from

Am24i. Fig. 4 shows the energy distribution obtained for alpha particles using this device. The

corresponding resolution defined by AE/E, where AE is the standard deviation of the
distribution, is 1,2 percent.
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Fig.4 : Normalized energy distribution of Am241 oc particles

Finally, we have measured the Kapitza resistance between (he composite bolometer and

the dilution refrigerator, measuring the temperature increase of the bolometer when a constant

heat flux 0 is applied. To our surprise, and within the precision of temperature measurement,

we find that the quantity 0/(7/J0f- Tcoia), expected to be a constant if we assume a simple

thermal interface, starts to increase with 0 and saturates to a value - 4 10.-6 W K~4.

CONCLUSIONS

The effectiveness of RuU2 films as thermistors in composite bolometers has been

demonstrated. Although the feasibility of dark matter detection using bolometers has not yet

been demonstrated, the performance improvements achieved during the last few months
suggests that this aim is not unduly unrealistic.

Performances of this type of bolometers will still be greatly improved by reducing the

temperature T, the amount of Ru02 and by increasing the bias factor of the RuO2 films. We

will then be faced with the problem of discrimination of recoil events from the ambient

radioactive background, which appears as the main challenge of dark matter detection.
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