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Abstract 
Nb3Sn is considered promising as a coating for super-

conducting radio frequency (SRF) cavities due to its high 
transition temperature Tc ~18.3 K and superheating field 
Hsh ~400 mT, almost twice that of Nb. A cylindrical DC 
magnetron sputtering system was built, commissioned, and 
used to deposit Nb3Sn on the inner surface of a 2.6 GHz 
single-cell Nb SRF cavity. With two identical cylindrical 
magnetrons, this system can coat the cavity with high sym-
metry and uniform thickness. Using Nb-Sn multilayer se-
quential sputtering followed by annealing at 950 oC for 3 h, 
Nb3Sn films are first deposited at the equivalent positions 
of the cavity’s beam tubes and the equator. The films’ com-
positions and crystal structures are characterized by energy 
dispersive spectroscopy (EDS) and X-ray diffraction 
(XRD), respectively. The Tc of the films are measured by 
the four-point probe method and are observed to be 17.61 
to 17.76 K. Based on these studies, ~1.2 μm thick Nb3Sn is 
deposited inside a 2.6 GHz SRF Nb cavity. We discuss the 
first results from samples and cavity coatings and the op-
eration of the cylindrical sputtering system. 

INTRODUCTION 
 Compared to Nb SRF cavities, Nb cavities coated with 

Nb3Sn can achieve high-quality factors at 4 K and can re-
place the bulk Nb cavities operated at 2 K, hence reducing 
the operation cost significantly [1-4]. 

One of the methods used to deposit Nb3Sn coating on Nb 
SRF cavities is Sn vapor diffusion [5-7]. Magnetron sput-
tering is another promising method for Nb3Sn coating as it 
provides better control over stoichiometry than the Sn dif-
fusion process [8]. Magnetron sputtering is applied in sev-
eral methods to grow Nb3Sn: Depositing multilayers of 
Nb-Sn followed by annealing, from a single stoichiometric 
Nb3Sn target, or by co-sputtering of Nb and Sn [9-13]. 

We have commissioned a cylindrical DC magnetron 
sputtering system at Old Dominion University to coat the 
inside surface of a 2.6 GHz Nb SRF cavity with Nb3Sn. By 
applying multilayer sequential sputtering to deposit Nb-Sn 
layers using the two identical magnetrons followed by an-
nealing, Nb3Sn thin film is grown on Nb at the equivalent 
positions of the 2.6 GHz SRF cavity beam tubes and the 
equator. 

DESIGN OF CYLINDRICAL DC 
MAGNETRON SPUTTER COATER 

The cylindrical magnetron sputtering system, schemati-
cally shown in Fig. 1, consists of the custom-designed high 
vacuum deposition chamber and two identical cylindrical 
magnetrons, designed and built by PLASMIONIQUE Inc. 
that can travel inside the cavity while depositing Nb or Sn. 

 
Figure 1: A sketch of the cylindrical DC magnetron sput-
tering system: (1) Magnetron movement controller shaft, 
(2) Gate valve, (3) Vacuum chamber, (4) Magnets, (5) Wa-
ter flow controller, (6) Top magnetron, (7) 8’’ ConFlat 
(CF) port of top magnetron, (8) Tube target, (9) Chamber 
door, (10) 2.6 GHz Nb SRF cavity, (11) Bottom magne-
tron; The magnetrons are made by PLASMIONIQUE Inc 
to fit an ODU custom chamber. 
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The coating chamber is designed to accommodate a 
2.6 GHz TESLA-shaped cavity and two vertically posi-
tioned cylindrical magnetrons. The magnetrons are in-
serted into the chamber and placed on the axis of the cavity 
through two 8’’ CF flange ports, one from the top and the 
other from the bottom of the chamber. 

Each cylindrical magnetron has 4 separate ring magnets 
made of neodymium (N55 grade) and coated with Ni, Cu, 
and epoxy. All magnets have the same diameter (OD 
16 mm × ID 4 mm), though the two outer magnets are 
longer (7.74 mm) than the two middle magnets (6.35 mm). 
The magnetic field of these magnets creates 4 ring-shaped 
plasma formations around the target. Water-cooling 
through the magnetrons keeps the magnets cool. 

Customized software is used to operate the associated 
devices connected with the cylindrical sputter system, in-
cluding a communication device for magnetron selection, 
a motor control device for magnetron movement, and a DC 
power supply. The software can operate a deposition pro-
gram and store readings of current, voltage, power, and wa-
ter flow rate during deposition. 

MAGNETRON OPERATION 
 The magnetron discharge operating conditions that pro-

duce stable and symmetric plasma for the Nb and Sn tar-
gets were identified. Individual tube targets of Nb and Sn 
with identical dimensions (0.9" OD × 0.8" ID × 4.5", 
99.99% purity from ACI ALLOYS Inc.) were installed on 
the top magnetron and bottom magnetron, respectively. 
The chamber was pumped to ~8×10-8 Torr. Then, Ar was 
introduced at the 10 mTorr deposition pressure with a flow 
rate of 50 SCCM. 

For a DC power of ≥18 W, symmetric plasma rings form 
around the Nb target. Fig. 2(a) shows stable plasma for-
mation around the Nb target obtained at 30 W DC power. 
Two outer plasma rings are visibly more intense than the 
two weaker middle plasma rings.  

Due to the much lower melting temperature of Sn 
(231.9 °C) compared to Nb (2469 °C) and its higher sputter 
yield, lower DC power is applied to the Sn target. Operat-
ing the Sn discharge at 8 W produces 4 plasma rings around 
the target; the outer 2 plasma rings are brighter than the 2 
middle plasma rings, as visible in Fig. 2(b). 

  

Figure 2: Plasma discharge using a DC power supply (a) 
Nb at 30 W, (b) Sn at 8 W. 

MULTILAYER SEQUENTIAL 
SPUTTER DEPOSITION  

A custom-made sample holder is used to mount 3 Nb 
substrates (10 × 10 × 3 mm3) with the location of their sur-
faces replicating the inner surface of the 2.6 GHz Nb SRF 
cavity equator and irises. Nb and Sn are sputtered by ap-
plying 30 and 8 W DC power, respectively. For desired 
thicknesses of Nb and Sn, the speed of the magnetron 
movement and the number of scans are adjusted. A 200-nm 
thick Nb buffer layer is deposited on Nb substrate. Then, 
multi-layers of 25 nm thick Sn and 50 nm thick Nb are se-
quentially deposited. A total of 16 layers of Nb and Sn are 
deposited. For the 25 nm thick Sn layer, the Sn target trav-
els across the deposition region once at a speed of 
0.75 mm/s, and for the 50 nm thick Nb layer, the Nb target 
travels twice across the same region at a speed of 1 mm/s. 
The thickness of the films on the equator and the top and 
bottom beam tubes were 1200, 880, and 824 nm, respec-
tively, as measured by a cross-sectional scanning electron 
microscope image. The samples are annealed at 950 oC for 
3 h in a separate furnace with a temperature ramp rate of 
12 oC/min. 

RESULT AND DISCUSSION 
The elemental compositions of Nb and Sn of the as-de-

posited and annealed samples are listed in Table 1. The as-
deposited samples from the three positions have Sn atomic 
compositions of 25‒33%. The annealed sample from the 
top beam tube position has an Sn composition of ~22%, 
while samples placed at the equator and bottom beam tube 
positions have ~19% Sn. This loss of Sn in the annealing 
process was observed before [8]. 
Table 1: Composition of Sn in As-deposited and Annealed 
Samples 

Positions Sn composition 
of as-deposited 

samples 
(at.%) 

Sn composition 
of annealed 

samples 
(at.%) 

Top beam tube 33 22 

Equator 32 19 

Bottom beam tube 25 19 
 
The XRD patterns of the as-deposited and annealed sam-

ples are shown in Fig. 3. All three as-deposited samples 
show multiple Nb diffraction peaks ((110), (200), (211), 
(310)) coming from the substrates and the films. The top 
beam tube position sample shows several Sn diffraction 
peaks ((200), (101), (220), (211), (112), and (400)). 

(b) (a) 
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Figure 3: XRD patterns of (a) Nb-Sn as-deposited samples, 
(b) annealed Nb3Sn samples. 

The formation of Nb3Sn after annealing is verified from 
the XRD patterns. Annealed samples from all three posi-
tions show several diffraction peaks corresponding to 
Nb3Sn (110), (200), (210), (211), (222), (320), (321), 
(400), (420), (421), and (332). No diffraction peaks corre-
sponding to Nb and other Nb-Sn intermetallic phases other 
than Nb3Sn are observed, which confirms that the thin film 
is Nb3Sn only. Several Nb peaks ((200), (211), (310)) are 
observed in the annealed films that are coming from the 
substrate. 

The superconducting critical temperature transition 
width (∆Tc) and residual resistivity ratio (RRR) of the an-
nealed samples are measured by the four-point probe 
method down to 4 K [14]. Figure 4 shows the changes in 
resistivity with temperature and the inset image shows the 
superconducting transition region of the films. 

 
Figure 4: Sample resistance with temperature. Note that 
Nb3Sn films were deposited on sapphire and the resistance 
was measured by a four-point probe method.  

For all three samples, the Nb3Sn films have Tc, ΔTc, and 
RRR in Table 2. The highest Tc of 17.76 K and lowest Δ Tc 
of 0.06 K are observed for the film at the equator location. 
Table 2: Superconducting Properties of the Nb3Sn Films 

Positions Tc (K) ΔTc (K) RRR 

Top beam 
tube 

17.61 0.24 2.26 

Equator 17.76 0.06 3.00* 

Bottom beam 
tube 

17.73 0.1 5.01 

* The RRR value for the sample at the equator position 
is measured from the ratio of the resistance at 275 K to that 
at 20 K. The other RRR value is measured from the ratio 
of resistance at 300 K to that at 20 K. 

SUMMARY 
We have commissioned a cylindrical DC magnetron 

sputtering system and used it to deposit Nb3Sn films on flat 
samples at equivalent positions of equator and beam tubes 
of a 2.6 GHz Nb SRF cavity. The samples had Tc of 17.61‒
17.76 K and ΔTc of 0.06‒0.24 K. We have also coated an 
SRF cavity using the same conditions as used to coat the 
flat test samples. The cavity testing is in progress. 
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