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= Limitations of conventionnal Ga* FIB

= |nstrumentation

= Mass filtered FIB Applications
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™ Limitations of Ga FIB

ORSAYPHYSICS

= most FIB use Gallium LMIS

= (Ga limitations:
. contamination (AsGa, InGaAs,...)
. large amorphisation effect
. medium sputtering efficiency
. poor secondary ionization efficiency
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e Limitations of Ga FIB

ORSAYPHYSICS

= |mplantation in sample or/and in deposition

l Gat beam l Ga" beam /

W

! . ®
15 % :-'l. L e
e e
Ga' Implantation Ga' 1in deposition

modification of :
- electrical properties
- chemical properties

- cristallographic properties (amorphisation)
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v Limitations of Ga FIB

ORSAYPHYSICS u

= drawbacks of Ga can be avoided by using
other ions:

* Si, SI": no dopant effect
* Au_*, Au_** (clusters) : heavier elements
« and also : Co, Mn, Fe, Ge, Bi....(")

= lons are created from Alloy Sources
= Need of mass filtering (element,isotope,cluster)

(') L.Bischof, Rosendorf Institute, Dortmund
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Limitations of Ga FIB

Non-exhaustive list

of LMIS and LMAIS

Prof. A.Wieck - RUB

Other alloys, such as
AuSi, AuGe, GaBi, GaBiLi,
AsPdB, CoNd, MgGa,
GePd (Muhle et al, ETH)
etc...

are also available.

Type of LMIS

Mozt mntensive fraction of 1ons

1 |AcGe Ge . Ge . Ag

2 AzAunle Ge ™, Ge, Ag (An" ) An’, AuGe™

3 AnBeSi Be . Be Si _S8i_ Auw _ Au_ Aux

4 AnBGeNi Ni N Ge | Ge . Au . Aw. Aus”. AuGe”, AuaGe”
3 AnCesi Si .81 Ce LCe L Ce, Au, Au, Ay

& AuloGe Co _Co . Ge . Ge . Au . Au Auy . AuGe . AupGe”
7 AnCrGe Cr  Cr Ge _ Ge Au . Au" Auy AulGe’ AmrGe
2 AnDryGe Ge ,Ge . Dy Dy . Au |, Au, A AuGe

o AuD+51 Si .5 . Dy Dy _Au  Au Auz | Aus

10 AnErSi Si .Si . Er _Er . Au | Awn . Aux

11 AuFuSi Si .8 FEw . An | Aw, Auy

12 AnFeGe Fe .Fe . Ge . Ge, Au . Au . Aur. AuGe”, AuyGe”
13 AnGdsi B .81, Gd . Gd . Au | Au. Auy

14 AnGeln Mo~ Mn . Ge . Ge . Aw . Au . AuGe | Aur . AanGe
15 AnGeli Ni  Ni. Ge . Ge . Au . Au. Aur . AuGe . AuwGe
16 AnGeV VT Ge L Ge T AnT |, AuT. Aua . AuGe”, AuGe”

17 AnHoSi 8 .8 . Ho  _Ho . Au . Au, Auy

18 |AulaSi Si .5i.la .La .La_Au . Au_ Auy

i9 AnNdSi St .51 NdTAn . Au . Au”
20 AnSbsi
21 AnSi1Sm i .8 Sm . Au | Au, Aus
22 AnSiTh 8i 8. Th . Th _Aw _ Au, Auy
23 AnSiTm i, 81 Tm _ Auw , Au”, Aud
24 EPt B .B Pt Pt
35 |Ei ST TR L TR 1 T L P 1 T
2 EiGaln Ga _Bi _In
27 CeDy Co .Co.Dv Dy
28 CulP P (Cu™).Cu
29 CuPPt P P*{{'u—:l. Cu Pt PP PHF . Pt
30 DN MNi . MNi Dy . Dy
31 Ga Ga
32 Galn Ga . In~
33 Gasn
34 GelNiTi Ti L Ni . Ge Ti. Ni .Ge
35 HolMi Mi . MNi . Ho
36 In Im™
37 Sn Sn . Sno. Soa. Soy . Sny . Sms
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instrumentation

ORSAYPHYSICS

Mass selection on COBRA-FIB

2.5 nm resolution
high current spots

Energy range : 1 — 30 kV
Beam current : 1pA — 50 nA
13 motorised aperture positions

Max. current density > 20 A/cm?

Ga source lifetime : 1500 pA.h
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ORSAYPHYSICS

2.5 nm resolution

Unique performances
at High Cument
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instrumentation

ORSAYPHYSICS

Mass selection by Wien filter

v =E/B ’“
m/q = kVo(I/VW)2 |
E or B scan Vyy
@8, FELECTRIC FIELD Eq iﬁgﬁ Eﬁ:
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Wien Mass selection chicane

filter aperture
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ORSAYPHYSICS

performances: mass range
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ORSAYPHYSICS

performances: mass range

V0O=20kV,1=1
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instrumentation

ORSAYPHYSICS

performances: mass resolution
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performances: current range
from 6 pA to 40 nA

(Ga 30 kV)
probe aperture probe
diameter (um) current (pA)

10 6
20 26
30 58
50 162
100 648
200 2591
400 10364
600 23319
800 41455

EFUG 2009



'-.'.."-"""”Ir“"H .

. o e
Y

instrumentation

ORSAYPHYSICS

performances: lateral resolution

= resolution with mass filtered
COBRA-FIB for AuSi source

Si beam <10 nm at | > 10 pA (20-80 %)
Au beam <10 nm at | > 10pA (20-80 %)

= Filter OFF Ga* source e
| probe 1 pA 10 pA 50 pA
Image resolution (20-80 %) |<<58.0nm| 15 nm 30 nm
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. MASS FILTERED FIB

Applications
= Sputtering rate :

Example of Au beam on Si sample (30 kV) / incidence angle : 90°

' = Au* :5.2 atoms/ion (0.63 um3/nA.s)
= o Au** : 5.6 atoms/ion (0.70 um3/nA.s)
L = Auy® 9.5 atoms/ion (1.19 um3/nA.s)

For comparison :
Ga* 30 kV : 2.2 atoms/ion (0.26 um3/nA.s)
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~»_ MASS FILTERED FIB
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Ysics Applications
= preparation of samples for off-axis electron
holography (mapping of dopant concentration) c.senassayag etal., MNE 2009

Amorphous surface layer
=> Low energy ion beam
=> interest of low energy
performances of wien filter cobra FIB

near-surface electrically inactive region
=> annealing at low temperature

Gallium is a dopant in silicon
=> Use of Silicon ion beam

P T ) A —
& 0 100 200 300 400 500 600
n Crystalline specimen thickness (nm)
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o, MASS FILTERED FIB

ORSAYFHYSICS Applications A0
= Micro-compression tests of Gold single crystal

micropillars
- pillars oriented along their <123> axis, diameters from 1 to 3 microns

= Ga FIB Milling for pillars fabrication

= - high dislocation density near the surface
| - butalso : Ga implantation, amorphisation,
'_ :m-;ii Intermetallic formation__.(App|.phys_ Lett 91, 111915 (2007))

v

@8 Modification of mechanical properties

- M. Legros CEMES (filtered Orsay Physics column in Toulouse)
- Swiss light source (Paul Scherrer Institut synchrotron).

=> Experiment (under study) of Gold FIB Milling

EFUG 2009
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analysis: advantage of a FIB with Wlen Filter mass selection for
ToF Mass Spectrometry

S.Della Nagra, B.Rasser, J.P.Thomas: to be published

VERSIDN 2000

Au @ 20 keV
E Fragments ions
= M=279ul  (M+H-2HCI)'
M=437u

) |
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= mass filtered column to avoid Ga
Inconvenients in FIB applications

= integration of Wien Filter in COBRA-FIB

= excellent performances

. mass resolution
. current range
. lateral resolution

= extended fields of application
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. Ga free FIB and applica tlons

URSA PH SICS

thank you
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