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2r high tension forms a cone

Zeleny (1914)
C @Fv'ed and filmed cones and jets

Gilbert was the scientist (and
probably lover) of Queen Elisabeth I,
she was fond of physical phenomena.

Taylor (1964)
exactly conical solution to equations of
Electro Hydro Dynamics (EHD)
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THE Zeleny 1914: he took excellent ultra fast

PHYSICAL REVIEW pictures of TC moving the photo plaque with

a rubber band! Inventor of Zeleny
Electroscope (University of Minesota)

THE ELECTRICAL DISCHARGE FROM LIQUID POINTS, AND
A HYDROSTATIC METHOD OF MEASURING THE

TO VOLTMETER
ELECTRIC INTENSITY AT THEIR SURFACES! : AND STATIC MACHINE

3

BY JoHN ZELENY.
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Fig. 3.

Oscillations of meniscus during intermittent discharge. ‘ Fig. 1.

Diagram of apparatus.
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Electrostatic energy and surface tension energy

Unstable
=

Stable Unstable Stable
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Iﬁ Fernandez de la Mora J. 2007.
Annu. Rev. Fluid Mech. 39:217-43

a: TC on capillary

b: ethylene-glycol Rayleigh explosion no external field
c: idem plus external field

d: no charge only external field

Role in thunderstorms formation!
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ud et al Paris Xl Orsay (1974)

= _University of Oxford Mair (1980)

Culham UK,Roy Clampitt Prewett (1980)

Oregon Graduate Center L.Swanson (1980)
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T ep—

Refractory, Wetting, insoluble, tip and reservoir

_;:'re : Heater, T° higher than Mp

—

;ﬁetal : low Mp, low vapor P, oxyde VP > metal VP

-
- I-""-- -
_—

~Tip : cone angle, apex radius

=

e
=
—
—

g

= L_i-c_quid flow : surface compatibility
= Reduced energy dispersion

Gallium Is a very good element !
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BenAssayag et al. — LPS Orsay Driesel et al. — MPI Halle
3 MeV TEM (1985) 1MeV TEM (1996)
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L.M.L.S.

—
A

J.Gierak — LPN (F)

e Orsay Physics Ga LMIS
~ ~  — DenkaGalMIs

L.Bischoff — FZR Dresden (D) Orsay Physics alloy LMIS
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Available lon Species for Focused lon Beam Implantation
at Chair of Applied Solid State Physics of Ruhr-University of Bochum
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1d LMAIS

. A.Wieck - RUB

AsPdB CoNd MgGa,

GePd (Muhle et al, ETH)

etc...

are also available.

- e——

Type of LMIS

Most intensive fraction of ioms

1 AgGe Ge . Ge , Az

2 AgAuGe Ge . Ge Ag” (&u—"j fLu AnGe™

3 AuBe51 Be .Be .Si .5i.Au . .J’Lu L Ann

4 AuBGeNi Ni  Ni_ Ge . Ge . Au . Au. Auy . AuGe . AurGe
5 AnCeSi Si.8i,Ce ,Ce ., Ce,h6 Au , Au, Aus

] AuColGe Co ", Co LGe Ge L Au L AnT. Awr . AuGe”, AuwmGe
7 AuCrGe Cr _Cr_ Ge _Ge Au . Au_ Aur . AuGe”. AuiGe’
3 AnDnGe Ge .Ge Dy .Dy . Au , Au, Au; AuGe

o AuDySi Si .5i.Dy Dy _Au _ Au, Aus | Aoy
10 AuErSi Si . 8i.FEr _FEr _ Au . Au, Auy
11 AuFuSi Si.Si.FEu . Au . Au’, Auz
12 AuFeGe Fe .Fe B Ge .Ge . Au . Au. Auy . AuGe . AuyGe
13 AuGdSi Si .S8i.Gd .Gd . Au . Au, Auy
14 AuGehn Mn _ Mn _ Ge . Ge Au . Au AuGe  Auw, Aw
15 AuGeN: Ni  Ni. Ge  Ge Au _ Au_ Aur . AuGe  AuwGe
16 AnGeV VL Ge . Ge, Au , Au, Any . AuGe . AuyGe
17 AnHoSi Si .5 .Ho .Ho . Au . Au, Au
18 Anl aSi Si .8i.la _.la .la. Au . Au . Aux
19 AnMNdSi Si .Si.Nd . Au Ao Au
20 AuSbSi
21 AuSiSm Si .Si.Sm . Au . Au. Auy

2 AuSiTh Si.8i.Tb . Tb . Au . Au Aoy’
23 AuSiTm Si.Si.Tm . Au . Au_ Aud
24 BPt BT.B.Pt Pt
25 Bi Bi ,Bi.Bi; .Bin . Bis . Bi;, Bi: , Bis
26 BiGaln Ga _Bi . In
27 CoDv 'C'-:u", Co . Dv _Dvy
28 CuP E~ “(C u*“:l Cu_
29 CuPPt P P (C u”:l Cu Pt .PtP PP . Pt
30 DvNi Ni~ Ni-. Dy . Dy
31 Ga Ga_

2 Galn Ga . In
33 GaZn
34 GeNiTi Ti _ Ni . Ge .Ti.Ni Ge
35 HoNi Ni . Ni_ Ho
36 In In”
37 Sn Sn . Sn. Sna . Sna. Sny L Sng
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= Minimize lenses aberrations

= Chromatic linked with
source AE

= Spherical (large |)

= Coma, alighment

e radius
ze current
:_:' rize | distribution
> Beam purity

-

- =0

= Electric and magnetic noises

= Vibrations, accoustic noise

= Thermal shifts (long working times)
= Software automation
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[on zource

:t_:‘,

)
)

=

Taennolugy

Suppreszsor

Estractar

Spray aperture

Firzt lens

Upper octopale

Wariable aperture

EBlanking deflector &S

Blanking aperture

Lower octopaole

Second lens

MCP

generation of beam
(2 pA)

adjusting the current
(typically pA to nA)

—m

by

scanning the beam

Sample

VERSION 2000

Other FIB columns :
-Sidewinder from FEI

-Cobra-FIB from OP

Typical FIB column geometry
(Sll Zeta) from J.Reuteler
ETH Zdrich
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on measurement 7
separatlon (subjective)of two objects

B 3 more difficult
ast scan: bad signal to noise ratio
:>SJow scan. milling while imaging
=>Measured in % of contrast:

35/65%:16/84%:20/80%:25/75% or Axso
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M) KV

Dr. Anne Delobbe

;;p_r()be current Dr. Bernard Rasser

= Resolution < 2.5 nm

-~ Calculation of 20/80% Prafile

Distance (nm)

I:> FOV —— 780 n m 1,7 nm resolution has been performed at 20-80 with Cobra-FIB
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| :esting that you should be running into beam-
n interactions that limit resolution. Mark Utlaut,
vanson and |, made prediction for imaging

=Fesolu ution for a Ga FIB based on specimen damages and
'_..1-—-#
N considerations. This issue becomes even more acute
| _new-lhat beam sizes decrease so much. »

From Jon Orloff to P.Sudraud, June 26, 2008




e, Resolution and current with
ORSAVPHYSICS gaussian distribution

.

>ontrast D/sigma
0 2,565
2,355

1,685
25 15% 1,35
35-65% 0,771
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Focusing adjustment

Dr.Anne Delobbe
Dr.Bernard Rasser

a) focus

In @) imaging resolution is optimum but milling is not sharp

In b) imaging resolution is poor, but milling is optimum.




ORSAYPHYSICS

[ —

-

volves mostly elastic collisions.
_i?.fi-small quantity of heat is produced.

—Or ne could Imagine that it is a « quiet »
mec:hamsm’?’>
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Lets see some simulations from Prof. Dr A.Wucher group
at Duisburg Universitat to be convinced !
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0 fs

}1*1‘.‘1Ii'#1‘l

itt;'..ﬂ.n ,:ﬂun nuntt-liﬂlr

6 keV Ag;on Ag (111)
Prof. Dr A.Wucher group — Duisburg Universitat
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271 pA
10 um X 10 uym

Mag= 4306 KX System Vacuum = 8.392007 mBar Sig
WD= 5mm StageatZ=49763mm StageatT=540° E

~ Sputtering rate
measurement

509 KX SystemVacuum =8.02¢-007 mBar Signal A=SE2  Date :9 Apr 2008
Smm  StageatZ=49763mm StageatT= 540° EHT=2000kvV Time :11:21:10

-\ g o~ 3 different times

For linearity control

Mag= 5192 KX System Vacuum = 807007 mBar Signal A=SE2  Date :9 Apr 2008
WD= Smm StageatZ=49763mm StageatT= 54.0° EHT=2000kV Time :11:07:05




= 15 kV : 2.0 atoms/ion
= 5KkV : 1.4 atoms/ion
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Mag= 3935 KX System Vacuum = 1.04¢006 mBar Signal A=SE2  Date :2 Jun 2008
WD= S5mm StageatZ=49963mm StageatT= 54.0° EHT=2000kV Time :12:52:49

—,———— T
3 = - L T —— -
B e—— e -‘\ y —
1pm® Mag= 37.75 KX System Vacuum = 1.04¢.006 mBar Signal A=SE2  Date :2 Jun 2008 Mag= 3935 KX System Vacuum = 1.06s006 mBar Signal A=SE2  Date :2 Jun 2008

WD= 5mm StageatZ=49963mm StageatT= 640° EHT=2000KkV Time :14:14:54 WD= 5mm StageatZ=49963mm StageatT= 540° EHT=2000kV Time :15:21:30




- = Auon Si
- Incidence angle 90°

: 5.2 atoms/ion
= Au**t : 5.6 atoms/ion
= Au," : 9.5 atoms/ion
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Ga in Si 30keV 83deg

Gain Si30keV Odeg

£
o
b
i ;
. o —
oA - Tusget Depih - - Taxget Dk -

"Gain Cu 30 keV 89deg

" Gain Cu30keV 0 deg
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gravure avee Tilt sample O deg
observe avec tilt 54

Mag= G842 KX  System Vacuum = 1.322e-006 mBar Signal A=SE2  Date :§ Jun 2008 F Mag= 6607 KX System Vacuum = 1182006 mBar Signal A= SE2
WD= S5mm StageatZ=49962mm StageatT=540° EHT=2000kV Time 9:05:42 WD= 15mm StageatZ=40016mm StageatT=540° EHT=2000kV Time :

ame conditions
at different angles

pumEEEy
s Ta,

Polishing of existing
eSS Cross section

WD= Smm StageatZ=43708mm StageatT=533° EHT=2000kYV Time :14:53:56
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Separation of the two Ga isotopes
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lon source

Extraction electrodes

Condensor lens
lon current selection aperture

Wien filter
Mass selection aperture
Blanking

Faraday cup

Scanning and
Stigmation octupole

Objective lens

Sample
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= Isible and I. R Imaging capabilities
= '“R‘esclutlon <0,5um
F.O.V.— =250 x 250 um?

lon resolution < 8 nm
F.O.V. =400 x 400 ym?
Beam current : 1 pA to 20 nA
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Applied Materials
Revolutionizes Defect
Review with Industry's
First Autornated In-Line

SEMAFIB System, (Photo:

Busingss Wire)
APPLIED MATERIALS®

% FEl COMPANY’ O ULVAC

UWVAC-PHI.INC.

| FB-2100 FIB System

HITACHI
ONS FOR NANOFAERICATION AND Inspire the Next
SEMICONDUCTOR NAVIGATION

INNOVATIVE 50|




Large volumes (MEMS)

Very reactive elements (SIMS, local chemistry)

Light elements (imaging, analysis)




|,1.'||-I|EIH‘
At i

W =
o HANOSOLUTIONS ol
i by ,

ORSAYPHYSICS

10000
1000 -
100 ::;/‘,'
1 f/
0,1 \ \ \ \ |
1,00E-13 1,00E-12 1,00E-11 1,00E-10 1,00E-09 1,00E-08 1,00E-07 1,00E-06
zeta —— COBRA-FIB plasma FEI
MOTIS —ALIS — LMIS FEI

Current and future FIB Technology

VERSION 2000



|,1.'||-I|TIHI.
.,f.-\'l."- "FI.IF
% o

L
HIHHSD.:U'II{INS .

ORSAYPHYSICS

VERSION 2000

KE{II]
1] % Patent J. Keller N.Smith et al
20-3%F| (FEI)

LOAD Inductively coupled plasma

— 3000
d'ﬁl::: Argon or Xenon (clean FlB)
1000 Lt 4500

4 I"“‘“’““ (Lta il =0 AE 7 eV (Xenon)

e diits 10
2000 i | Angular intensity X 10° LMIS

e
=
=
=
-
|
E
ot
I
k™ ;

S Lt et e o
Lo
Lk
=y
4\‘;

] |— T B B S S
=,

I ™ For | > 50nA better than LMIS
‘\E-IJI}I}
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Magneto optical trap ion source

(motis) Enlarges ion pannel
(reactive & non-reactive)

ﬂﬂ’-ﬁi‘ﬂf
N Extremely low AE (0.1eV)
lonizing laser
- ~10 ——» ——+ —ix10 urad
#m Extremely low divergence
_ [ MOT laser t ‘ .
Brighteness > 10 SA m2sr-1V -1

lonizing laser
Expensive

CNST — NIST
Orsay-Physics - Orsay Paris Xl Univ.

Dept of Applied Physics Eindhoven Univ.
FEI
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Very High Brightness

Atomic Virtual Source Size
Low energy spread
Diffraction < SEM
Sub nanometric d

Helium ions
Low current

Limited number ion species
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CS

reactive 1ons

Cs*
(CsCIl)Cs*
(CsNO,)Cs*

NO,-
(CsNO;)O,

Cl-

B ~10.°,A.cm?2.sri

Olivier Salord
Dr. A. Houel
Dr. Pierre Sudraud
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Mass spectrum of Positive ions [ ol sauple current 530 oA
250 F -
49’% Cs
27% (CsNO3Z)Csr (1n1: 328 2iriLl)
200 - /O% (CsCl)Csr (rn: 301zirL)
<
=
150 S 150 L
8 '
| =
(&)
(<b]
= 100 | |
< 10 =
= (7p)
£ 50 |-
P
e 50|
@
@ U ! .S ! E— ' | ' |
40 50 60 70 80 90
ExB Voltage (V)
0
40 50 60

ExB Voltage (V)
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Mass spectrum of Negative ions

100 |-

80

. Total negaive sample current: 200 oA
60 |- 535% NOS-

7% (CsNO3)O2-

4% 95C)-

40 |

20

Negative sample Current (pA)

O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
ExB voltage (V)
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Resolt otain
PESIUVENBRNEamiliened By @ EXBII ilter;: Cs* imagino

£ Cs+FW, 50kx,2pA ipg (50%)
5851.00x5851.00 nm (1024x1024); 8-hit;, 1MB

=1ol=i
Rotate ++ | Flot Profile
Rotate + | Fit 16/84
Rotate -

Line Width : 1

[ Gauss it Wndow Fik: Cs+W, 50kou 208 390

520 E; 904K

IMag 20kx

Nominal energy: 30kV
Acceptance aperture : 150um, Mass aperture: 20 pm Olivier Salord
| =10pA; | =2UA

sample em
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10000 -

1000 /
/ MEMS

100 - / Large volumes

10 - Current
— FIB applications

/ / FIB
polishing
1 -
/ Nano engineering

Subnan
Imaging analysis

0,1 | ‘
1,00E-13 1,00E-12 1,00E-11 1,00E-10 1,00E-09 1,00E-08 1,00E-07 1,00E-06
zeta —— COBRA-FIB plasma FEI
MOTIS — ALIS — LMIS FEI

Current and future FIB Technologies
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Prospechive ofiElBs |

ElPEl"‘ of cormolarnantry/taerme

plasma for clean high currents FIB

MIS FIB could kept many applications

MOTIS for clean low energy nanometric FIB
MOTIS and MILICIS for HR SIMS

GFIS FIB for imaging analysis and assisted
processing at sub-nanometric scale
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