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Focused Ions Beam (FIB) applications 
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Fig. 6. Complex shapes: (a) Custom made diamond tool fabr icated using FIB sput ter ing,58 (b) dia-

mond like carbon micro-wine glass (2.75 micron external diameter and 12 micron height ) fabricated

using FIBCV D operat ing with 30 keV Ga and an aromat ic hydrocarbon precursor.13 (c) M icro-

sized copy of t he Stonehenge monument in the UK , fabricated using p-beam writ ing in SU8 resist

(CIBA , Singapore). By ut i l izing the different depth exposure of two different proton energies:

500 keV for fabricat ing the hor izontal slabs, and 2 M eV for exposing the vert ical supports, the

complete st ructure can be fabricated in one layer of resist .

product ion of components and devices compared with convent ional masked lithog-

raphy. Ion project ion lithography (IPL)17 ut ilizes medium energy (50–150keV) ions

(e.g., protons, H+
2 , He+ , Ar+ , etc.) and combines the bulk fabricat ion advantages of

masked lithography with the unique propert ies of ions. IPL is pioneered at the Ion



Liquid Metal Ion Source (LMIS) 

J.Gierak – LPN (F) 

Orsay Physics Ga LMIS 

Vextract≈15 kV 

Disadvantages 

 

• Energy dispersion(~5 eV)  

  → Chromatic aberrations 

• Few atoms possible (Ga, Al, Au, In, Bi) 

• Gallium contamination 

Advantages 

  

• Really small source (virtual source ~50nm) 

• High Brigthness B≈106 A m-2 sr-1 eV-1 

• Long life time> 2500 µA.h 



• Emittance  
 

 

 

 

 

• Brightness 
 

 

 Emittance and Brightness are invariant 
during  beam propagation  

(Liouville’s theorem) 
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New idea 

    

The idea is to obtain a large ion source without divergence 

to increase the brightness 

Cold atoms 

 

 

 

 

Advantages 

 

Monokinetic beam 

Reduce chromatic aberrations 

LMIS Cold atoms 



Ion beam with cold atoms 

J. McClelland group  

NIST Gaithersburg 

E .Vredenbregt and J. Luiten group 

TUe Eindhoven 

MOTIS (2008) UCIS(2009) 

Other groups : F. Fuso (Pisa), D. Comparat 

(Orsay), R. Scholten (Melbourne) , C 

Adams (Durham)… 



Our source 

• Goals: 

 Continues and high courant source (~10 nA) 

 High brightness (> LMIS =106 A.m-2.sr-1.V-1) 

 Low energy dispersion (<0.5 eV – LMIS = 5 eV) 

 

• Our setup: 

 Atomic cesium beam with high flux 

 Laser cooling of the atoms 

 Rydberg ionisation in electric field 

           



1 2 3 4-5 

Divergence (mrad) 40 0.5 0.5 0.5 

Flux (at/s) 2.1014 5.1013 

 

5.1013 

 

2.1010 

Diameter(mm) 2 10 1.5 0.1 

~3.5 nA 

Our source 



Recirculating oven 
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Recirculating oven 

• Theoretical flux at 450 K : 2.1014 

at/s 

• Measured : ~1013 at/s 

Theoretical flux 

Experimental flux 

screen 

Crucible 

Water 

cooling 

Thermocouples 

Heating 

parts 

• Up to 450K thermal beam

  

• Silica wick limits the flux 



1 2 3 4-5 

Average longitudinale speed(m/s) 300 300 300 300 

Divergence (mrad) 40 0.5 0.5 0.5 

Flux (at/s) 2.1014 5.1013 

 

5.1013 

 

2.1010 

Diameter(mm) 2 10 1.5 0.1 

1013 

Our source 



Cesium energy levels 

62S1/2 

62P3/2 

852 nm Cooling 

Repomping 

Red shifting Γ<0 
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Collimation 



Collimation 

Le = 66.8 Lcoll = 120 

Collimation area Oven 

 

 

 

 

 

 

 

Detuning  

 

Ilaser=2 Isat 

50 mW 

 

 

 

 

Det=2Γ=2*5.22

MHz 



Le = 66.8 Lcoll = 120 

Collimation area Oven 
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Ilaser=2 Isat 

50 mW 

 

 

 

 

Det=2Γ=2*5.22

MHz 

Collimation 



10 mm 

30% of the beam 

in 0.5 mrad 

After collimation: 

  - diameter10 mm 

  - Divergence 0.5 mrad (half-angle) 

  -30% of the beam 

Transverse 

velocity 

distribution 

x(m) 

Collimation 



• Compression          

Need to increase the brightness 

• compression of a fast beam (v>100 

m.s-1) is not standard 

• Simulations have been started 

 

Compression  

density limit 

1011 at. cm-3 

H. P. Metcalf and P. Van der Straten, Laser cooling and 

trapping, 1999 

• Jouda Djemaa, thesis LAC (1994) 

• done at 170m.s-1 

• laser + magnet on 3 cm  

Brightness x300 
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Compression 



Experimental setup 



Characterisation and divergence 

Le = 66.8 

mm 

Lcoll = 120 mm Ldet 1= 259 mm 

Atomic 

beam Caractérisation and détection 

Collimation 

laser 

Photodiode 

Detection lasers 

Photodiode 

Ldet 2= 627 mm 

Area 1 Area 2 



1 2 3 4-5 

Average longitudinale speed(m/s) 300 300 300 300 

Divergence (mrad) 40 0.5 0.5 0.5 

Flux (at/s) 2.1014 5.1013 

 

5.1013 

 

2.1010 

Diameter(mm) 2 10 1.5 0.1 

1013 

Our source 

3.1012 

<0.3 



alternative to photoionisation 

Δz 

Efield 

ΔE = E Δz 

Limits of photoionisation 

 

ΔE depends to electric field E 

 

Idea 

 

Ionise atoms in a small area with 

well control field 

 

 

   Rydberg atoms 
V0 

V1 

To avoid coulomb effects

 Efield>1kV/cm 

With a waist  ~10µm 

 ΔE=1V 



Rydberg excitation and field ionisation 

• Excitation in homogeneous field 

 

• Excitation under the ionisation limit 

 

• Ionisation in a field gradient 

Classical field ionisation 416

1
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Cold Atoms Excitation to 

Rydberg 

states 

Ionisation 

By 

electric 

field 

Propagation axe  z 
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ΔE depends on the 

gradient and the 

Rydberg 

 

which parameters ? 

Δz             ΔE 
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30 

Rydberg excitation and field ionisation 



Choice of the parameters 

 
Good compromise 

 
Rydberg n≈30 

 

 Homogeneous field for the excitation part 

<100 V/cm/cm to avoid Stark shift 

 Ionisation at 1000V/cm (n ≈ 30) 

 Ionisation not further than 3 mm of the 

excitation area (Rydberg lifetime) 

 Gradient field for ionisation: 

 min 1000V/cm/cm – max 30.000V/cm/cm 

Electric field 

Beam propagation Rydberg excitation 
in homogenous field 

Ionisation in high 
gradient field 

Constraints on the 

field 



Ionic beam Atomic 
beam 

Field ionisation 

Rydberg 
excitation 

Excitation-Ionisation module 

5 cm 

12kV 



Collimated atomic 

beam Ion beam 

Setup 
Electron beam to the 

locking system of the 

excitation laser 

Excitation 
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Excitation and ionisation 

of the atomic beam 



Electron beam 

Collimated atomic 

beam 

Ion beam 

 to MCP 

Excitation 

laser beam 

Setup 

First ions ! 



Coulomb effects and propagation of the beam 

x 100 
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Without 
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Conclusions 

o Realisation of a continuous ionic beam from cold atoms 

• Recirculating oven  - flux de 1013 at/s 

• Laser collimation  - divergence < 0.3 mrad 

• Excitation/Ionisation  - first ions 

o To be done 

• Compression of the atomic beam 

• New oven without wick 

• Improve the ions signal 

• Coupling with FIB optics 

o theory 

• Rydberg ionisation in electric field 

• Coulomb effects 

o Other possibilities 

• Electron beam 

• Pulse source 

• ... 
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