Benefits of a Cs FIB with a low 73
temperature ion source compared to a standard Ga F
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core facility of the TUK
- electron, ion, photo lithography
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what we DO what we DO NOT DO
- micro and nano structuring - developing machines
- developing processes - modifying systems

- supporting students
- training on machines VY NSC



Commercially available FIB systems HEE

www.raith.com

- GaFIB - LMIS with Eutectic
- many applications possible - DI {AX DSz ! %Z [
- often combined with SEM - dedicated ion writer VY NSC



Commercially available FIB systems % e
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WWW.zeiss.com

- Xe plasma FIB - helium or neon ions
- higher currents> high sputter rates - high image quality, small SPLA
- large volumes can be milled - low sputter rate VY NSC
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Low TemperatureCsFIB T3 Gmeesonmm:

- unique ion source
- uses laser to cool ions
- chamber like FEI Ga FIB

- acceleration voltage 2 16 kV 'ﬁSC

Nano Structuring Center



Low TemperatureCsFIB T3 Gmeesonmm:

additional
laser rack
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Cold atomic beam ion source for focused ion beam applications -
Journal of Applied Physics 114, 044303 (2013) D

VS
https://doi.org/10.1063/1.4816248 : '
B.Knuffman A. V. Steele, and J. J. McClelland Ion beam NSC
Nano Structuring Center
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2 step ionization

only in focus of both lasers
laser power can be changed
laser beam diameter can be
changed

ion beam can be changed
continuously

no aperture needed
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energyspread[eV] 0.45
accellerationvoltage[kV] 30 30 30 2-16
[106'1'?252?_1‘32 v 1 1000 0.01 20
lon beam PA-nA pPA nA PA-nNA
sSputter rate medium low high medium
singlepixelline [nm] 40 4 250 ~ 10
penetration depth Si [nm] 28 283 23 6

Nano Structuring Center
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comparing Ga FIB and Cs FIB

- imaging

A resolution

A depth of focus

A material contrast

A crystal orientation contrast
- deposition of platinum
- milling

A silicon

A silver

Nano Structuring Center
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SE images taken with Cs ion beam @ 16 kV
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Gaionimage Csionimage

HV curr | mode | dwell ‘mag WD ————4um
800 kV |11 pA| SE |30 pus|10000x|16.3 mm T. Loeber NSC

HV curr dwell det mode WD tllt mag H
30.00kV | 7.7 pA |30ps |ETD | SE | 13.0mm | 52° | 10 000 x |TU Kaiserslautern NSC T. Loeber
graphite pen magnification 10k x v NSC
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Gaionimage Csionimage

o' HV curr | mode | dwell | mag WD —_—2um
8.00kV |11 pA| SE |30 pus|[20000x[16.3 mm T. Loeber NSC

’ .'v
HV curr dwell | det | mode WD tilt mag H
30.00kvV | 7.7 pA |30ps |ETD | SE | 13.0mm | 52° | 20 000 x |TU Kaiserslautern NSC T. Loeber
graphite pen magnification 20k x v NSC
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Gaionimage

¥ Ga @ 30 kV, 7pA
7 | Yea ,

HV curr dwell | det | mode WD tilt mag H n
30.00kvV | 7.7pA |30ps | ETD | SE 13.0 mm | 52 ° | 50 000 x aiserslautern

graphite pen magnification 50k x
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Gaionimage Csionimage

Ga @ 30 kV, 7 A
HV curr dwell | det | mode WD tilt mag H
30.00kV | 7Z.7pA |10ps |ETD | SE | 13.0 mm | 52 ° [ 100 000 x |TU Kaiserslautern NSC T. Loeber

graphite pen magnification 100k x
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Depthof focus
SEM imagewoodpile made of photo resist acrylate
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HV curr |mode | dwell | mag WD —5um—~
16.00 kV|3.4 pA| SE |30 ps|10000x|16.5 mm T. Loeber NSC

wood pile height 120 pm 'ﬁsc
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electron image Gaionimage

ﬁ HV curr dwell | det | mode WD mag H 3 pm — HV curr dwell | det | mode WD
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Gaion image Csionimage
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Material contrast

Gaionimage Csionimage

Pt layer contrast of Ga inverted to Cs: dark kght
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