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Abstract

Nb;Sn for SRF cavities has been coated on copper sam-
< ples by DC magnetron Sputtering. Pure Nb and Sn target
E were installed separately in the magnetron sputtering de-
@ vice. Nb;Sn precursor was coated on copper in the Ar at-
é mosphere of 0.5 Pa. The Nb;Sn precursor was annealed in
Z the vacuum furnace whose pressure is 10~* Pa. The XRD
& results demonstrate the exist of NbsSn crystal, and MPMS
2 results show superconductivity of Nb;Sn. The highest crit-
§ ical temperature obtained is 15 K.
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INTRODUCTION

Nb;Sn is a promising alternative SRF material to bulk
niobium. Its highest critical temperature reported is 18.3 K
[1] and superheating field is 400 mT [2]. These two fea-
tures are beneficial to SRF accelerator, including the high
Qo of cavities, higher theoretical maximal accelerating
field, comparing with bulk niobium cavity.

Copper cavities has several advantages, including better
thermal stability (resistance to “quench”) owing to the
much higher thermal conductivity of OFE copper substrate
and reduced material cost [3]. All of these advantage is
compared with bulk niobium cavity.

Some researchers have demonstrated the feasibility of
coating Nb;Sn by magnetron sputtering. Rossi [4] depos-
Z ited multiplayer Nb;Sn on niobium samples and cavities
< by UHV magnetron sputtering technique. Rosaz [5] con-
§ densed Nb;Sn film on copper sample by using a stoichio-
© metric Nb-Sn target. Guitron [6] deposited Nb;Sn films on
E sapphire, whose SRF properties has been characterized by
5 SIC system.

To take advantage of the merits of Nb3;Sn and copper,
Nb;Sn thin film deposition on copper by dc magnetron
sputtering is conducted in Peking University. Separated Nb
and Sn target is used in magnetron sputtering device.
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EXPERIMENT DETAILS

The Nb;Sn films on copper coating is carried out on a
8 DC magnetron sputtering device, which is shown in Fig. 1.
£ Nb target and Sn target were installed in the vacuum cham-
5 ber. The RRR of Niobium is above 300. The purity of Sn
g target is 99.99%. The sample holder is placed between two
B target. The chamber base pressure is 5X10~% Pa. As the
3 sample holder rotate, the Nb particle and Sn particle con-
dense on the OFE copper substrate.
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Figure 1:schematic picture of sputtering chamber. The Sn
and Nb target were placed separately and Cu substrate is
rotating.

The size of OFE Copper substrate is 25 mm x50 mm.
After mechanical polishing with 300# 600#, 1200#, 2000#
sandpaper, chemical polishing is used. The polishing agent
is SUBU solution [7] and working temperature is 72 "C.
The SUBU is preceded for 30 minutes and followed by 10
minutes passivation with a dilute solution of sulfamic acid
[8]. After mechanical and chemical polishing, the copper
substrate is cleaned in ultrapure water by ultrasonic clean-
ing. The polished copper substrate is shown in Fig.2.

Figure 2: the copper substrate polished by SUBU solution.

The parameters of coating procedure are listed in Table
1. Isolating layer over the copper in used to avoid the reac-
tion between Sn and Cu. In order to reduce contamination
of other elements, the element Nb is chosen for isolating
layer. After 6 min coating of isolating layer, the power of
tin target is turn on and the sample begin to rotate. About
1 um Nb3Sn precursor film on copper is obtained after the
240 min coating of mixing layer including Nb and Sn ele-
ment. Sputtering process gas is Ar and the pressure main-
tains 0.5 Pa. The bias voltage added in copper substrate
maintains -100 V.
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Table 1: Coating Parameters in DC Magnetron Sputtering
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Sputtering Layer: Isolating Mixing
Layer Layer
Element: Nb Nb Sn
Current (A): 1.20 1.20 0.15
Voltage (V): 295 295 325
Time (min): 6 240
Bias Voltage (V): -100 -100

Nb;Sn precursor is placed in quartz-tube vacuum fur-
nace whose base pressure is 1X107* Pa. The annealing
curves is given is Fig. 3. The temperature are initially
ramped up to a stage of 200 °C for 2 hours in order to degas
the furnace. Then the temperature is ramped up to the stage
of 640 °C which lead to the formation of Nb3Sn crystal.
After annealing, the furnace is cooled naturally. The ramp
rate of the whole heat treatment schedule is 20 °C/min.
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Figure 3: Temperature-time curves of annealing process.
The stage of 200 °C for 2 hours is meant to degas the fur-
nace.

After annealing, the crystal structure of Nb;Sn is evalu-
ated by using XRD method. The DC superconductivity of
Nb;Sn is measured by using Magnetic Property Measure
System (MPMS). The surface morphology of Nb;Sn film
is observed by SEM and element ratio of Nb;Sn is meas-
ured by EDX.

RESULTS AND DISCUSION

The annealing process is critical to the quality of Nb;Sn.
In order to analyze the influence of annealing temperature
and time on the formation of Nb;Sn. Experiments with dif-
ferent annealing temperature and time is carried out and
those Nb;Sn samples is evaluated by XRD and MPMS.
Figure 4 shows the XRD diffraction patterns.
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Figure 4: The XRD diffraction patterns of different an-
nealing condition in the formation of Nb;Sn.

From Fig. 4, if the annealing temperature is below
500 °C, the NbySn is amorphous which can’t become su-
perconducting. When the temperature raise to 600 "C or
more, Nb;Sn polycrystalline exists. No distinct differ-
ences can be observed among those XRD results which ex-
ist Nb3Sn polycrystalline even the annealing temperature
and time is quite different. Besides, there exist Niobium
Oxide which may related to the Nb isolating layer or ex-
cessive Nb in Nb;Sn film.

DC superconductivity of Nb;Sn samples were measured
by MPMS. The principle of MPMS is that measuring the
magnetic moment of samples. When the superconducting
samples quenched as the temperature increase, its negative
magnetic moment become nearly zero. By placing the su-
perconducting sample in a small constant magnetic field,
the sample is diamagnetism. Through measuring the mag-
netic moment of samples in different low temperature, the
dc superconductivity of samples is obtained. The influence
of annealing time and temperature on DC superconductiv-
ity of Nb;Sn samples is given in Fig. 5. The maximum crit-
ical temperature become bigger as the annealing time and
temperature increase. The MPMS results demonstrate
there exist superconductors with different critical tempera-
ture from 2 K to 15 K.

One explanation of such phenomenon is that the critical
temperature of Nb;Sn is related to the ratio of Sn [9]. As
shown in Fig. 6. The ratio Sn in Nb3;Sn could be 18~25%
and corresponding Tc is 6 K-18 K. This means excessive
Nb or less Sn will induce the decrease of Tc.

The SEM picture of NbsSn is given in Fig. 7. This
Nb,Sn samples were annealing in the 640 °C 20 h. The
SEM pictures show some cracks in the film which indicate
the fragility of NbsSn.
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Figure 5: The MPMS results of Nb;Sn sample annealing
different time and temperature.
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Figure 6: Literature results for the critical temperature as
nctions of Nb-Sn composition.

EDS was used to evaluate the element ratio in Nb;Sn
film. In EDS technique, electron beam of specific energy
is used to induce the characteristic X-ray of element in the
film. Table 2 shows the results of EDS. From Fig. 7, it’s
obvious that the ratio between Nb and Sn is bigger than 3,
this results is consistent with XRD results and MPMS re-
2 sults.

A significant problem in annealing indicated by EDS re-
& sults is that the distribution of Sn in film is change along
£ the depth. As the Table 2 shows, the amount of Sn is de-
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creasing as the energy of electron beam decrease. The en-
ergy of electron beam decides the detect region along the
film depth. During annealing, the amount of Sn near the
surface evaporate much more than that deeper. Another
problem is that the oxygen takes up most part of all ele-
ment, which may influence the rf performance of thin film.

Figure 7: SEM picture of Nb; Sn films annealing 640°C 20h.
It’s obvious to see some cracks on the film.

Table 2: EDS Results of Nb;Sn Film. The Ratio Between
Nb and Sn is Bigger Than 3. The Amount of Sn is Decreas-
ing as The Energy of Electron Beam Decrease. The
Amount of Oxygen is Biggest.

Energy 20 keV 10 keV SkeV
Nb 3y 10| 3233 | 3470 | 3417 | 34.03 | 35.78
Aom o | 32 . . . . .
Sn ﬁ>:°m 640 | 634 | 2.89 | 297 | 298 | 0.00
0 ‘ﬁ/zom 5326 | 52.70 | 55.94 | 56.21 | 56.43 | 63.14
Cu ﬁzf"m 824 | 864 | 647 | 665 | 656 | 1.08
CONCLUSIONS

Nb;Sn for SRF cavities has been coated on copper sam-
ples by DC magnetron Sputtering. This experiments
demonstrate the feasibility of coating Nb;Sn on copper by
sputtering with two separate Nb and Sn target. The XRD
diffraction patterns indicated the exist of Nb;Sn crystal.
The superconductivity of NbsSn film on copper has been
proved by MPMS results. The highest critical temperature
obtained is 15K.

Some problems need to be alleviated including excessive
Nb and O, cracks of Nb;Sn film, and the non-uniform dis-
tribution of Sn along the film depth.
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