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MATERIALS FOR SUPERCONDUCTING CAVITIES

Abstract
The ideal material for superconducting cavities should exhibit a high
critical temperature, a high critical field, and, above all, a low surface
resistance. Unfortunately, these requirements can be conflicting and a
compromise has to be found. To date, most superconducting cavities
for accelerators are made of niobium. We shall discuss here the reasons
for this choice. Thin films of other materials such as NbN, Nb3Sn,  or
even YBCO compounds can also be envisaged and are presently
investigated in various laboratories. We show here that their success
will depend critically on the crystalline perfection of these films.

2 . CRITERIA OF CHOICE DERIVED FROM THE SURFACE RESISTANCE
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Table 2 gives the thermodynamic field, superheating field and maximum attained RF field
for various superconductors.



4 . NIOBIUM



The above arguments show how important it is to make superconducting cavities with
very pure material. One of the most significant advances in cavity performa.nce is due to a recent
effort fivm niobium suppliers to produce niobium of improved purity.
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Fig. 3 The thermal conductivity of niobium as afunction of temperature, for various
RRR values.

Niobium elaboration
“ Niobium elaboration from the ore to the raw ingot involves a complicated path, with

chemical treatments and high temperature steps, which have been desaibed in [9].
The purified ingot is then rolhxi in sheet form. Recrystallization annealing are usually

performed by the supplier, between the rolling steps or before the sheet delivery, in order to
warrant a uniform and well controlled grain size (typically 50 pm, for good sheet deformation
capabilities). The cavity can then be foxmed.

The main impurities which contribute to the RRR degradation are C,N,O [9]. For state-
of-the-art material (RRR 300), these are present with a concentration of about 100 at. ppm;
Tantalum is also present in large amounts (1000 at. ppm). This element is difficult to separate
from niobium because both have very similar chemiczd properties.



5 . THIN FILMS
Fabrication of superconducting cavities by deposition of a thin superconducting film can

also be envisaged. For a complete screening of the RF field by the superconductor, a minimum
thickness of 10 times the penetration depth I should be deposited. This corresponds to a

-a cheap substrate can be used, with a subsequent cavity cost saving;
-a good heat conductor can be chosen for the substrate, giving a good cavity thermal

stability.
These two criteria can be met by use of copper as a substrate.
-materials unavailable in bulk form can be deposited in thin films, with potentially

interesting superconducting properties.
Nb/Cu thin films





Table 3 summarizes the requirements put on superconducting materials for RF and DC
applications.
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