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Abstract

A prospective study of new materials for
making superconducting cavities is presently
undertaken at CE Saclay. Coatings of the B2
intermetallic compound ~ Nbq 4Ti,N  with
0.30 < x < (0.64 have been elaborated by a reactive
magnetron sputtering method. Structural, chemical
and electrical characterizations of the deposits have
been made in order to correlate the deposition
parameters and the superconducting properties of the
films. One of the main goals is to minimize the RF
surface resistance of the coatings. For this purpose, a
cylindrical TEQ11 cavity made out of massive
niobium, with a dismountable end plate, has been
developped in order to test the NbTiN films deposited
on copper substrates. The best surface resistance of
the deposit we have obtained at 4 GHz and 4.2K is
lower by a factor of 3 than for niobium.

1. INTRODUCTION

Superconducting  cavities for electron
accelerators are being studied at CE Saclay. These
cavities, usually made out of massive niobium, benefit
of the knowhow accumulated over the years in many
laboratories and display remarkable performances:
quality factor Qp= 1010 and accelerating field
15 MV/m for monocellcavities. The chosen frequency
(1.5 GHz) and the superconducting properties of Nb
(Tc = 9.2 K) dictate an operating temperature below
2 K in order to get a reasonable RF surface resistance
(typically 20 nQ).

In order to reduce the cost of fabrication of
these cavities, as well as the cost of the cryogenic
installation, it may be interesting to replace massive
niobium by thin films with better superconducting
propertics. The compound NbTiN is a good candidate
for this purpose : first, its high critical temperature
(Tc = 17 K) should permit for cryogenics the use of
boiling Helium at atmospheric pressure (i.c. 4.2. K);
second, previous results obtained by R. Di Leo et al.
[1] indicate that this material may have a low residual
surface resistance ; last, the elaboration technique

(reactive magnetron sputtering) is compatible with the
cylindrical geometry of the cavities [2]. It is thus
possible to deposit the superconducting thin film
inside the cavity made out of a good thermal
conductivity material (copper), in order to evacuate
readily the dissipated power into the helium bath.

We present in this paper a prospective study
of NbTiN coatings. We describe their characterization
on samples and their RF surface resistance
measurements on discs with a TEQ11 niobium cavity.

2. ELABORATION AND SAMPLE
CHARACTERIZATION OF NBTIN COATINGS.

The films are prepared by planar magnetron
sputtering. Their thickness measurement is made with
a Taly-Step gauge. The chemical analysis uses an
electron microprobe and ion beam techniques (RBS,
NRS) (3]. X Ray diffraction, using a (0-20)
goniometer, enables the determination of the
cristallographic  structure of the surface (phase,
texture). Resistivity and superconducting critical
temperature measurements are performed with the
"4 points” method. The superconducting behaviour of
the films was also investigated by a.c. susceptibility
measurements at low frequency (35 Hz).

The first step of the study consisted, with a
first magnetron NbgseTiggq target, in the
determination of the sputtering parameters which
gives the best superdonducting properties of the films.
In the second step, with two other targets, we
analyzed the influence of the Nb to Ti composition
ratio on the film properties.

With the first composition Nbg 35Tig g4N, the
highest Tc values obtained is 13.9 K and the lowest
resistivity at room temperature is 41 uQ.cm.

The critical temperature of the coatings
increases with the niobium concentration, as it is
reporied in [1], and the maximum value we have
obtained is 16.08 K for Nbg 79Tig 30N films. For this
last composition, resistivity at room temperature is
about 90 uQ.cm,



3. RF CHARACTERIZATION OF THE
SUPERCONDUCTING FILMS.

We use a cylindrical TEO11 niobium cavity
(RRR = 180) with dismountable end plate to
determine the RF surface  resistance  of
superconducting coatings deposited on a copper disc
(4,5]. We also obtain their critical temperature and
penetration depth (if the film is thick enough) from
quality factor and resonance frequency measurements
as a function of the temperature in the 10K to 17K
range.

The resonance frequencies of the TEOL1 and
the TEQ12 modes on which we operate are
respectively Fy= 4.04 GHz and F;= 5.66 GHz. In
order to localize defects of the coated disc in
superfluid helium, we use sensitive fixed
thermometers developped at IPN Orsay [6].

The quality factor Q of the cavity is
measured by the usual decrement method. A
preliminary test is first carried out with a RRR =
180 Nb end plate in order to determine the surface
resistance of the cavity main body. Then, from the test
performed with the coated disc, we obtain the surface
resistance of the coating by substracting the
contribution of the cavity body.

The validity of this method is based on the
invariance of the surface resistance of the niobium
cavity from one test to another one. In order to check
this reproducibility after disassemblings and
reassemblings without any treatment of the cavity, the
first experiments were carried out with niobium discs.
For three consecutive tests with different bulk
niobium end plates chemically treated, the residual
surface resistance at T= 1.6 K and F= 4 GHz was
R, = 100, 130 and 105 nQ. For three other tests
performoed with the same Nb disc we obtained
successively R, = 50, 70 and 70 nQ2.

With our experimental precautions
estimate the Q measurement error at +/-4%.

At T = 1.6 K the major part of the error on
the coating R, is determined by the uncertainty on the
R, of Nb, i.e. +/- 20 nQ at 4 GHz, and +/- 50 nQ at
5.7 GHz. At T = 4.2 K the R, error results from the Q
errors on each of the two measurements with Nb disc
and with coated disc. It becomes very important when
the coating surface resistance is lower than the Nb
one.

we

From all the results we have obtained for 10
significant tests with coatings prepared in different
conditions, one can distinguish two sorts of R,(B)
curves :

- a first one (D21 type, figs 1 and 2) with low
R, values at low field, but with a steep slope with B
and quench from B = 11 t0 22 mT.

- a second one (D12 type, figs 1 and 2) with
higher values of Ry at low field, but with a much

-

lower increase with B and a quench from B = 20 10
28 mT.

The correlations between the sputtering
parameters, the sample characterizations, and the R,
values are still not clear, but we have observed two
general tendencies :

i) The BCS surface resistance is lower for high Nb
content coatings. From the two first Nbg7oTig 30N
coatings recently tested the measured BCS resistance
was 60% lower than for the precedingt Nbg 35Tig 4N
ones in relation with a corresponding increase of Tc
from 134 to0 15.8 K.

i) The R (B) slope decreases significantly and the
maximum field increases when the coatings are
prepared with a negative bias voltage applied to the
substrate during sputtering (between -50 and -100 V).

The maximum RF magnetic field limited by
quench has been obtained with the D12 end plate of
Nbyg 36Tig 64N composition and Tc =12.95 K. Iis value
of 28 mT corresponds to the critical field H, for
Nby 16Tig g4N films reported in [1]. In all our tests of
NbTIN coatings on coopper discs no particular local
heating has been detected by the thermometers just
before quenching (measured AT not higher than
350 mK). Moreover, for the two films of lowest R, :
D12 and D21 for which no RF power limitation has
occured at 4.2 K, the quench field level was the same
at T= 42K and T= 1.6 K. This secems to reveal a
magnetic quench occuring at a field level more or less
close to the critical field H;, but more investigation is
needed to verify such an hypothesis.

4. CONCLUSION

A surface resistance lower by a factor of 3
than the surface resistance of niobium has been
obtained at 42K and 4GHz (about 1600 nQ)
compared to 5200 n{2 for niobium). Significant
improvment of the Rpcg value has been achieved
after we have increased the niobium content of the
coatings up to the Nbg 70T 30N composition. But the
residual surface resistance is important: the lowest
obtained ie. 400 nQ2 at 1.6 K and 4 GHz is much
higher than the 70 n€2 niobium one.

The maximum ficld level attained before
quenching is 28 mT, value which corresponds to the
critical field H.; reported in (1]. We expect to
determine soon whether the quenches in our deposits
are of magnetic or thermal origin.

Our work will now consist in preparing
NbTIN coatings with the new sputtering set up that we
have developped in our laboratory, and in completing
their optimization before depositing inside cylindrical
1.5 GHz cavities.
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Fig.l RfCS(B) curves of the D12 (Nb0.36Ti0.64N) and
the D21 (Nbg 70Tig 30N) coatings at 4 GHz and 1.6 K.,
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Fig.2 R¢(B) curve for the D12 (Nbg 36 Tig 64N) and the
D21 (Nbg 70Tig 3oN) coatings at 4 GHz and 4.2 K.
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