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Regulated VRegulated V-- scans on ~ cmscans on ~ cm2 2 sample area sample area 
•  EP only

up to 30 emitters / cm2  at 120 MV/ m
•• EP + HPR EP + HPR 

No FE at 40 MV / m (� Eacc� 20 MV / m)
Reduced field emission up to 14 emitters / cm2 at 120 MV/ m
~3 emitters might be fixed due to FE current during scans before HPR.

High resolution scans and local measurementsHigh resolution scans and local measurements ( ( ΦΦΦΦΦΦΦΦanodeanode= 2 = 2 µµmm))
(EP only) (EP + HPR)

EEonon (1 nA) (1 nA) 33 MV/ m to 46 MV/ m33 MV/ m to 46 MV/ m 48 MV/ m to 77 MV/m48 MV/ m to 77 MV/m
ββββββββ value         value         31 to 23131 to 231 18 to 16718 to 167
SS--parameterparameter 1010--1313 to 10to 10--1919 mm2 2 1010--1313 to 10to 10--2020 mm2 2 

The SEM images show emitter as a flake like object or a particleThe SEM images show emitter as a flake like object or a particle..
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Enhanced field emission (EFE) from surface irregularities and paEnhanced field emission (EFE) from surface irregularities and particulates rticulates 
is one major obstacle for high gradient operations of SC Nb caviis one major obstacle for high gradient operations of SC Nb cavities.ties.

Epeak� Ep(iris) = 2.Eacc

Strategy for improvement:Strategy for improvement:
•• Avoid field emission by improved surface cleaning Avoid field emission by improved surface cleaning 

e.g. Electropolishing (EP), High pressure rinsing (HPR), Dry ice cleaning (DIC)
•• FE measurements on Nb samples cleaned inside Nb cavities FE measurements on Nb samples cleaned inside Nb cavities 

Automation of FESM with LabVIEW for faster scans, SEM images

Local measurementsLocal measurements

ConclusionsConclusions

11 11 emittersemitters, E = 90 MV/m, E = 90 MV/m 0 0 emitteremitter, E = 120 MV/m, E = 120 MV/m 17 17 emittersemitters, E = 120 MV/m, E = 120 MV/m
A = 12 mm A = 12 mm ××12 mm12 mm A = 5 mm A = 5 mm ×× 5 mm5 mm A = 7.5 mm A = 7.5 mm ×× 7.5 mm7.5 mm
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Eon (1 nA) = 33 MV/m
β1 = 231, S1 = 3.23 × 10 -19 m2

β2 = 160, S2 = 2.15 × 10-17 m2

Emitter 1(a)Emitter 1(a)

Eon (1 nA) = 35 MV/m
β1 = 133, S1 = 3.7 × 10 -18 m2

β2 = 134, S2 = 3.9 × 10-18 m2

Emitter1(b)Emitter1(b)

Eon (1 nA) = 45.5 MV/m
β1 = 31.6 ,  S1 = 9 × 10 -13 m2

β2 = 31.85, S2 = 7 × 10-13 m2

Emitter 1(c)

Comparison of emittersComparison of emitters’’ distribution N(E) distribution N(E) 
before and after HPRbefore and after HPR

•• 2nd series: 2nd series: ΦΦΦΦΦΦΦΦAnode = 100 Anode = 100 µµm, m, ��z= 40 z= 40 µµm (m (±± 5 5 µµm)m)

MotivationMotivation

Electronic circuit of FESM system

DC Field Emission Scanning Microscope (FESM)DC Field Emission Scanning Microscope (FESM)

Regulated VRegulated V-- scansscans

1 emitter,EE = 40 MV/m= 40 MV/m 3 3 emitters,emitters, E = 60 MV/mE = 60 MV/m 6 6 emittersemitters, E = 90 MV/m, E = 90 MV/m

•• 1st series: 1st series: ΦΦΦΦΦΦΦΦAnode = 300 Anode = 300 µµm, m, ��z= 50 z= 50 µµm (m (±± 5 5 µµm), scan area (A) = 12mmm), scan area (A) = 12mm××12mm12mm
Nb sample EP at Saclay (Nb thickness removed 140 µm )

2*

3*

1*

0 emitter,EE = 40 MV/m= 40 MV/m 2 2 emittersemitters, E = 60 MV/m, E = 60 MV/m 3 3 emittersemitters, E = 90 MV/m, E = 90 MV/m

•• 1st series: 1st series: ΦΦΦΦΦΦΦΦAnode = 300 Anode = 300 µµm, m, ��z= 50 z= 50 µµm (m (±± 5 5 µµm), scan area (A) = 12mmm), scan area (A) = 12mm××12mm12mm

•• 2nd series: 2nd series: ΦΦΦΦΦΦΦΦAnode = 100 Anode = 100 µµm, m, ��z= 40 z= 40 µµm (m (±± 5 5 µµm), A = 7.5 mm m), A = 7.5 mm ×× 7.5 mm7.5 mm

Same sample after HPR at DESY (cavity rotation speed 4-5 rpm; Pump pressure= 150 bar )

3 3 emittersemitters, E = 90 MV/m, E = 90 MV/m 8 8 emittersemitters, E = 120 MV/m, E = 120 MV/m
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Higher resolution V Higher resolution V -- scansscans

(a) E = 80 MV/m, ΦAnode = 30 µm    (b) E = 83 MV/m, ΦAnode = 10 µm

•• ZoomedZoomed--in scans for localization of emittersin scans for localization of emitters

250 µm150 µm
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•• ZoomedZoomed--in scans with 2 in scans with 2 µµm diameter anodem diameter anode

250 µm

#1(a) #1(b) #1(c)

Eon (1 nA) = 68.7 MV/m
β1 = 75.1, S1 = 1.6 × 10-15 m2

β2 = 64.6, S2 = 2.4 × 10-13 m2

Emitter # 1*
On comparison with 1(a),1(b), 1(c):
Onset Field value has been increased.
β-value is much smaller than the 
average of β for 1(a), 1(b) and 1(c)

Eon (1 nA) = 48.5 MV/m
β1 = 166.6, S1 = 1.6 × 10-20 m2

β2 = 147.6, S2 = 7.2 × 10-20 m2

Emitter # 3*
Most strong emitter.
Switch-on of emitter at high field

Eon(1 nA) = 76.9 MV/m 
β1 = 19.3, S1 = 1 × 10-13 m2

β2 = 17.9, S2 = 5 × 10-13 m2

Emitter  # 4
New emitter after HPR.
Higher Eonset and β< 20
S-factor reasonable for a sub-micron 
size emitter

Comparison of local measurements on emitter #2 (EP only) and #2* (EP + HPR)

EP only EP + HPR

V(z) plot:
• Eon (1 nA) = 44.6 MV/m (EP only)

= 54.3 MV/m (EP + HPR)
FN curves :
• For EP only, β value increases at high E   
probably due to its alignment.

• After HPR, emitter is more stable and    
has reduced β value.

Images of emitter:
• showing a flake like object with sharp tips.

β1 = 59.5, S1 = 8.2 × 10-10 m2

β2 = 119, S2 = 1.2 × 10-16 m2

β1 = 67.4, S1 = 2 × 10-17 m2

β2 = 51.2, S2 = 1.2 × 10-15 m2

(ii) SEM image of the emitter 2
shown in inset in (i)

(iii) Optical microscope image of emitter 2*

FN curves for the strong emitters
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(i) SEM image of scanned area  
of EP only
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