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Niobium SRF Cavities Superconducting
below 9.2 K,
. usually operated
o Feld at 4.2 K or 2 K
Made of bulk 'a\
niobium
Useful for
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""" - quantum
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operated at <>
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Niobium Oxide

Majority Nb,Og
e When exposed to atmosphere, Nb forms a First 3-5 nm of surface,
complex, multi-phased oxide removable by high-temperature bake
e RF interaction is strongest in the first 40 nm ‘Mmﬂ
. . Maijority NbO
of the Nb surface - 5-10 nm of oxide is -

1-2 nm

significant
e Can impact SRF cavity performance for
accelerators and quantum applications:
o  Conductive properties of lower phases can
introduce conductive losses at high energies Metallic Nb
o Dielectric properties of upper phases can
introduce dielectric losses at low energies

HCLASSE SURFACE OPTIMIZATION




Non-Oxidizing Capping Layers

/

Nitrogen
atmosphere

glovebox Gold
e Remove oxide (chemically or thermally) plating (|
H . . solution Beaker
Before oxide can reform, deposit a thin
film of a non-oxidizing metal Nb Ptwire

anode
sample . j ( )
(cathode)

Hot plate

e Film can be normal conducting if
SUﬁiCiently thin Integrated circuit

(power and timing
control)
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Gold Electrodeposition

1. Prepare cavity surface with standard treatments (Buffered chemical
polish = long electropolish - bake - short electropolish = high pressure
rinse)

Move oxidized cavity into inert-atmosphere glovebox

Fill cavity with 1-2% hydrofluoric acid for 30 minutes to remove oxide
Empty cavity and rinse residual acid with methanol

Fill cavity with gold electroplating solution, place platinum wire in center
of cavity, and electroplate with short bursts of low current

6. Empty cavity and remove from glovebox

a b b
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Oxide Passivation in Inert Atmosphere




Q vs. E Results
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Q vs. 1/T Results

Qvs. 1/T
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R vs. 1/T Results

STE1-1 Baseline SRIMP Fit
10 RSS =0.19105
* Data
~ — —— SRIMP Fit
o 109k ;
[&]
c
ks
k7
1]
4
P Tc=9.196 K o
s EnGap = 1.845 ;
S 107 |  lonDepth =390.0 Ang, - ;
@ cohLength = 640.0 Ang @l
RRR = 60.2173
R, = 2.935¢-10 Ohm
108 L L | L | |

0.2 0.25 0.3 0.35 0.4 0.45
Inverse Temperature [1/K]

0.5 0.55 0.6

Plated

N.B. Surface resistance is inversely related to quality factor

LASSE FIRST CAVITY RESULTS

Surface Resistance [(2]

STE 1-1 Plated SRIMP Fit

- RSS = 0.33547
%%—-
]
100 | m— % ]
Tc=9.196 K - .
EnGap = 1.705 lo
lonDepth = 390.0 Ang,
cohLength = 640.0 Ang
RRR = 2.8524
R, = 2.826e-07 Ohm «  Data
= SRIMP Fit
107 . . . . . |
0.2 0.25 0.3 0.35 0.4 0.45 0.5

Inverse Temperature [1/K]

0.55




In-House Sample Study

Chemical Oxide Removal

1.
2.
3.

o

Full surface preparation

Baseline imaging

Move oxidized Nb into
inert-atmosphere glovebox

Immerse in dilute HF to remove oxide
Electrochemically deposit thin Au layer
Remove from glovebox for repeat
imaging
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Thermal Oxide Removal

1. Full surface preparation

2. Baseline imaging

3. Electroplate oxidized Nb with thin Au
layer

4. Bake in vacuum furnace to remove
oxide

5. Repeatimaging




Current Status and Next Steps

Chemical Oxide Removal

6. Remevefromgloveboxfor repeat

imaging
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Thermal Oxide Removal

+—Faltsurface preparatien

3. Electroplate oxidized Nb with thin Au
layer

4. Bake in vacuum furnace to remove
oxide

5. Repeatimaging




Current Status and Next Steps

Chemical Oxide Removal Thermal Oxide Removal

0 boceline . 0 bocelinel .

I—Move-oxidized Nbinte 3. Electroplate oxidized Nb with thin Au
rer—atmosphere-glovebox layer

4—immerse-n-diute-Htoremeve-oxide 4. Bake in vacuum furnace to remove

5—FHeetrechemicallydeposit-thin-Ad-tayer oxide

6. Remevefromgloveboxfor repeat 5. Repeatimaging
imaging

Winning Technique Will Be Applied to 2.6 GHz Cavity!
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Thank You!
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