Investigation of different focused ion beam systems and milli
strategies for structuring crystalline semiconductors and
polycrystalline metal layers
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Nano Structuring Center

- core facility of the university
- micro and nano structuring
- developing processes

- supporting students

- training on machines
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R Tz Helios 65(Mualbeam Ga FIB + SEM PHYSIK
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- acceleration voltage: Ga ions 16 and 30 kV; SEM from 1 to 30 kV
- Ion beam current: from 1 to 47008A
- standard mono GIS with Pt aMultiGISwith C, Pt, O andXeF



TU S Cs FIB PHYSIK
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- acceleration voltage: 2, 5, 8 and 16 kV
- lon beam current: from 1 to 1000A

- standard mono GIS with Pt

- manufactured byZeroK
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Shdma Cs ion source PHYSIK
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TU e lonization PHYSIK
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- 2 step ionization

- only in focus of both lasers

- laser power can be changed

- laser beam diameter can be
changed

- lon beam can be changed
continuously

- no aperture needed
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TU s Resolution
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graphite pen magnification 20k x
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L Resolution PHYSIK
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Gaionimage Csionimage

' ) Ga @ 30 kv, 7pA

.o:‘o. 2\ curr | dwell | det | mode WD | tit mag EH —— 500 nm —— gf‘ HY curr | mode | dwell mag 500 nm
e® | 30.00kv | 7.7pA |30ps |[ETD | SE | 13.0mm |52° | 50 000 x |TU Kaiserslautern NSC T. Loeber ‘%‘g B00kY | 11pA | SE | 3ps | 50000x% | 163 mm | T. Loeher NSC

graphite pen magnification 50k
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Gaionimage
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Resolution
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MUt Material contrast PHYSIK
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electronimage Csionimage

e @ 2 kV, 10pA

?ﬁ HY curr | dwell | det |mode | WD tit | mag B 3um &8, HV curr | mode| dwell | mag WD | 4 ym
= |2.00kV [ 0.10nA |10ps |[ETD | SE |3.8mm |52° | 12000 x | TU Kaiserslautern NSC T. Loeber ¢e®|16.00 kV|0.60 pA| SE |30 ps|10000x|16.5 mm| T. Loeber NSC

cross section of GaAs aAdlGaAsayer
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Material contrast

Gaionimage Csionimage

Ga @ 30 kV, gA
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different composition ofAlGaAdayers can been seen in different grey values
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b Depositionof platimun PHYSIK

depositiontime 2:30 min depositiontime 2:30 min

% HV curr dwell | det | mode WD tilt mag FH HFW —5um—-— % HV curr dwell | det | mode WD tilt mag FH HFW 10 ym

2.00kv |0.10nA |10pus | TLD | SE | 4.0mm |[52° | 6500x | 31.9 ym TU Kaiserslautern NSC T. Loeber 2.00kV | 0.10nA |10pus | TLD | SE | 3.9mm |52° | 5000x | 41.4 ym TU Kaiserslautern NSC T. Loeber

- electron image of cross section
- capping layer on top, deposited with e Beam
- increasing current density from left to right



TUZZ Depositionof platimun PHYSIK
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depositiontime 2:30 min depositiontime 2:30 min

7 I w [ ar dwell | det | mode WD tilt mag FH HFW — 10 pm — % HV curr dwell | det | mode WD tilt mag FH HFW 10 ym

2.00kvV |0.10nA |10pus | TLD | SE | 4.0mm |[52° | 3500x | 59.2 ym TU Kaiserslautern NSC T. Loeber 2.00kV | 0.10nA |30pus | TLD | SE |4.0mm |52° | 5000x | 41.4 ym TU Kaiserslautern NSC T. Loeber

- deposition area 2 pm x 10 pum
- good results @ A/UM?
- Cs: layers deposited at lower voltages have rounder cross section
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expectation

Milling in Silicon

PHYSIK
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——re
HV curr dwell | det | mode WD tilt mag 5 HFW 2 pm
2.00kvV | 0.10nA | 10pus |ETD | SE | 4.0mm |45° | 25000 x | 8.29 pm | TU Kaiserslautern NSC T. Loeber \

VS.

reality
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Gaion: 30 kV @ 348A Gaion: 16 kV @ 260A Csion: 16 KV @ 26pA
depth 3.36 pum depth2.41um depth4.19um

T —

T R— d WD tilt | HRW P —

ol wD tilt =] HFW

5 HY curr | dwell | det | mode | wD tt | mag BB | HPW | ﬁ HY curr | dwell | det | mode mag ﬁ H curr | dwell | det | mode mag
200kv 0.10nA 10ps ETD | SE | 3.8mm 52° 25000x  8.29 pym | TU Kaiserslautern NSC T. Loeber 200kv 0.10nA 10ps |ETD | SE | 38mm | 52° 25000x 8.29 ym TU Kai n NSC T. Loeber 200kv 0.10nA 10ps |ETD | SE | 38mm | 52° 25000x 8.29 ym TU Kai n NSC T. Loeber

- rectangle 4 um x 4 pym

- milling time 10 min

- Ga @ 30 kV: uneven bottom
- Ga @ 16 kV: low milling rate
- Cs @ 16 kV: best result
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JTUmzE Milling In Silicon PHYSIK
Gaion: 30 kV @ 2pA Gaion: 16 kV @ 19A Csion: 16 kV @ 2pA
depth from 0.18to 1.87um depth from 0.18to 1.58um depth from 0.23to 1.86um

- low ion beam currents

- rectangle 0.5 uym x 0.5 pym

- milling time from 9 sto 1 min

- Ga @ 30 kV: deeper holes have V shape
- Ga @ 16 kV: rounded bottoms

- Cs @ 16 kV: best result



