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Motivation: Gurevich’s idea of enhancing RF breakdown field
by coating thin (d <A, ) superconductor layers in 2005

Increase of B, in parallel with the magnetic field likein the cavity
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Niobium nitride (NbN) phases
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R, of NbN

Thin films coatings are typically done
either by sputtering Nb or by
annealing niobium in N, rich
atmosphere.

Main focus on higher-T, 6 phase NbN.

Typically, thin films have arelatively
high normal-conducting resistivity and
low RRR.

60 uQ2 cm and RRR ~ 1 isreported for
single-crystal niobium nitride film.

Theoretically, an order of magnitude
lower resistance than Nb.
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LANL’s effort of coating NbN using Polymer Assisted
Deposition (PAD) technique

High-quality epitaxial films grown by " Unusudly high RRR = 98.4
PAD: an agueous solution of niobium and [owW p,y = 0.4 uQ cm

lon bound to polymer spin coated on
substrate, and then annealed at 900 °C Tc ~14 K (,Y _ NbN)
for 5 hours in gaseous ammonium. L 40F

Intensity
NbN (002)
STO (002)

LANL: First attempts to deposit on
polycrystalline niobium — unsuccessful,
working with single-crystal Nb now
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NbN work at other labs
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NbN work also is being done:

« at JLab on developing a superconducting connection
between adjacent niobium cavities with the capability
to carry up to 30 mT of the magnetic flux;

 at IHEP to improve Nb sputtered films;

* ideas at different labsto use ALD...
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At 4.2 K, RNPN Jower than RNP has
been reported in 4.5 GHz cavity. But the
coating had high residual resistance.
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Jefferson Lab

Accelerator Facility

Nb compounds investigation studies at JLab and
surrounding Universities (W&M, ODU, NSU)

NbTiN, NbN coatings with Reactive DC Nucleation studies in collaboration with Prof. A. Lukaszew
sputtering and High Power Pulse Magnetron (College William & Mary)

Sputtering in self-sputtering mode & MgO In-situ observation of the nucleation and subsequent
coating with RF sputtering growth with coating parameters, annealing... in homo-
New UHV Multi-technique deposition system epitaxy and hetero-epitaxy on single crystal and

under commissioning @ JLab polycrystalline substrates.

Film growth approach in 3 sequential phases:

v Film nucleation on the substrate (NbN,

_ . NbTiN/MgO and MgO/NbN, NbTiN

| v Growth of an appropriate template for

| ol subsequent deposition of the final rf
surface

v Deposition of the final surface optimized for

minimum defect density.
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Nanometric layers 1/S/lI/ on Nb

Screening effect experimentally demonstrated for the 1st time on a model sample
¥ Collaboration with J.C. Villégier, CEA-Inac / Grenoble

= Asserted techniques used for superconducting electronics (Josephson Junctions)
( H // sample surface.; longitudinal moment )

i Area of the hysteresis is proportional to the vortices’ number trapped inside the material
= Dramatic change in behavior : vortice penetration is prevented in the composite structure NbN / Nb compare to Nb or NbN

|
alones ! ~ 25 nm NbN —_
250 nm Nb “bulk”
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Magnesium Diboride (MgB.,)

A variety of thin film process have been tried to
grow MgB, thin films, eg., hybrid physical—
chemical vapor deposition (HPCVD), molecular
beam epitaxy (MBE), reactive evaporation, ultra
high vacuum—molecular beam epitaxy (UHV-
MBE), electron beam evaporation (EBE), ultra high
vacuum—electron beam evaporation (UHV—-EBE)
and pulsed laser deposition (PLD).
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Figure 1. The pressure—iempfrature phase diagram for the Mg:B
atomic ratio xyg/xg = 1/2. fhe region marked by ‘Gas 4 MgB,’
represents the growth windghv for MgB, films (from [2]).
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MgB, deposition with reactive evaporation

10 | Heater pocket Rotating shaft i
E 8} Deposmnn zone )
g [ . ]
G ! Magnesium || » |
> 6| vapor .
:E' I Bnmn plume
= [ ]
ol ]
n L 1
[
© :

2t |

V)

0 50 100 150 200 250 300
Temperature (K)

Fig. 1. ¢ I curve of a 500-nm-thick Mg, thin film deposited onto
r-plane sapphire. The 7. is 39.1 K. Note the low room-temperature resistivity
and residual resistivity. The pocket heater used for the reactive evaporation
process is shown in the inset.
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MgB, deposition with Hybrid Physical Chemical Vapor
Deposition (HPCVD)

a H, (~100 Torr)
B,H¢/H5 (~5-250 weem)
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profile in the reactor near the susceptor (from Ref, [54]).
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RF measurement @ MIT/Lincoln Lab
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RF measurement @ Cornell University

[
Rs of Nb, MgB2, YBCO and Cu at 4. 2K normalized to 1GHz
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MgB, tests at Stanford Linear Accelerator Center
(SLAC) in collaboration with LANL

colghead sample First faw depositions were done

temperature sensor | on fine-grain niobium samples —
no SC transition, so we switched

to single-crystal niobium
|

thermal shielding
i Single-crystal Nb
after 150 um BCF

/

Input waveguide
hemispherical cavity indium foil
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MgB, (100 nm) coated Nb was tested at low power and
compared to Nb without coating

—m—Single crystal niobium (#4)
—o—MgB,/B/Nb : 100 nm/10 nm/single crystal bulk Nb (#1)

Saturation due
to Cu loss? Magnetic
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High-power test results showed a breakdown at ~40 mT
iIn Nb not in MgB,

= Niobium sample - - .
" MgB/BINb : 100 nm10 nmisingle crystal bulk Nb (#1) MgB,/B/Nb : 100 nm/10 nmisingle crystal bulk (#1) |
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Conclusion

B Both NbN and MgB, promise a reduction in the surface resistance by a factor of 10
and an increase in the critical field by a factor of 2 over niobium at low
temperatures because of larger energy gaps

B Studies on thin film flat samples show results comparable to those of Nb samples

B We should develop methods to coat cavities to make direct comparison to
practical Nb cavities

B LANL plans to optimize NbN and MgB, deposition parameters and develop
methods to coat cavity surfaces

B A lot of posters on characterization and coating development this afternoon;
Please, visit:

TUPPOO034 by Y.Xi et al.,
TUPPOQ039 by G. Martinet et al.,
TUPPOO042 by B. Xiao et al.,
TUPPOO043 by D.L. Bowringet al.,
TUPPOO068 by M. Krishnan €t al.,
TUPPOO070 by C.Z. Antoine,,

[‘j TUPPOO77 by S. Mitsunobu et al.,
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Thank you!
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