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Superconducting aluminum heat switch and plated press-
contacts for use at ultralow temperatures

R. M. Mueller, C. Buchal, T. Oversluizen, and F. Pobell
Institut fiir Festkorpe, h K h lage Jiilich, D— 517 Jiilich, West Germany
(Received 2 November 1977; in final form, 21 December 1977)

We have measured the thermal conductivity of a 0.1-mm-thick Al foil in the normal and
superconducting state down to 58 mK. At this temperature, our data give a ratio for the
conductivities of k,/k, = 1600 T~2 They show that Al is a better material for a heat switch
than the usually used superconductors because of its large k, and large Debye temperature
(reducing the lattice conductivity k). In addition, we describe the design of a heat switch and
an excellent performing demountable press-contact between Al and Cu, both gold plated, as
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joint to the switch.

INTRODUCTION

An essential part of an ultralow temperature apparatus is
a heat switch connecting and disconnecting various parts
of the setup at the will of the experimentalist. Super-
conducting heat switches have been used almost ex-
clusively for this purpose.! The quality of a super-
conducting heat switch is expressed as its switching
ratio, defined as the ratio of the normal state to super-
conducting state conductivity, &,/k,.

The known properties of Al indicate that it should
have a substantially better switching ratio than the
usually used Sn,?~* In,? Pb,>% or Zn.® In addition, Al
has good durability, it is easily available in very high
purity, and it has a convenient critical magnetic field.
Previously published data for the thermal conductivity
of Al extend only to 0.3 K.” Our data extend to about
58 mK, and show that Al indeed is a better heat switch
material. They agree well with theoretical predictions
based on the BCS-theory.*

The contact problem caused by surface oxide has been
solved by electroplating Al. In addition, we describe
the heat switch’s construction and its demountable
joints which might also be useful in other parts of an
ultralow temperature system.

l. EXPERIMENTAL
A. Removal of Al-oxide and electroplating

Aluminum has not yet been used as heat switch
material possibly because of the contact problem caused
by its tenacious surface oxide. The oxide can be dis-
placed by ultrasonic soldering Al to other parts, but this
usually results in alloys with large thermal resistances.

In an early version of our heat switch we clamped
0.1-mm Cu wires between Al and Cu foils to severely
deform the Al, break-up the oxide layer, and to give at
least some intimate metal-to-metal contacts. Although
this method is easy, and resulted in an appreciable
improvement, the Al-Cu contacts still had a resistance
about an order of magnitude larger than the Al foils
of our switch in their normal conducting state. At 67
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mK, the conductance of this joint was about 1 uW/mK.
It varied roughly as T2, a result which has been observed
earlier for dirty contacts between metals.*

Excellent results have been obtained with press con-
tacts between Cu foils and Al foils, when both are
gold plated. The plating of the copper is no problem,
it was done as stated under item 8 in the appendix after
the foils had been thoroughly cleaned with dilute nitric
acid. For the more complicated treatment of the Al foils,
we have slightly modified a plating method described
by Vanden Berg.! In particular, substantial controlled
etching of the surface is allowed to occur in order to
increase the area of contact between the aluminum and
other metals, and to roughen the otherwise bright,
freshly rolled foils to encourage diffuse instead of spec-
ular scattering of phonons at the surface.

The composition of the required solutions and the
plating procedure are given in the appendix. The zinc-
ate solution is strongly basic so it removes the
aluminum oxide film but it simultaneously deposits a
thin layer of zinc metal onto the exposed aluminum.
The process is self-limiting to the extent that the film
remains fairly thin, even after prolonged dips, but it is
recommended that the length of the final dip in this
solution be kept short as heavy zinc films are detri-
mental. A cyanide plating bath then deposits only a thin
layer of copper, but unlike less toxic acid copper
plating baths, this solution does not destroy the zinc
film before a protective copper layer has been formed.
The final gold plate is most easily deposited from one
of the proprietary solutions according to the instructions
provided with it (see Appendix).

B. Design of the heat switch and press contacts

The heat switch was constructed from Al foils rolled
to 0.1-mm thickness, starting from a 99.999% pure
aluminum rod. The steel rollers have never been used
except for aluminum in order to reduce the hazards of
contamination. The finished foils were not annealed;
their resistance ratio was 1400. The 15 x 10 mm? contact
areas at each end of the Al foils are electroplated
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