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Abstract:  High current liquid metal ion sources are well known and found their first application 
as field emission electric propulsion (FEEP) thrusters in space technology. The aim of this work 
is the adaption of such kind of sources in broad ion beam technology. 

Surface patterning based on self-organized nano-structures on e.g. semiconductor 
materials formed by heavy mono - or polyatomic ion irradiation from liquid metal (alloy) ion 
sources (LMAIS) is a very promising technique. LMAIS are nearly the only type of sources 
delivering polyatomic ions from about half of the periodic table elements. To overcome the lack 
of only very small treated areas by applying a focused ion beam (FIB) equipped with such 
sources, the technology taken from space propulsion systems was transferred into a large 
single-end ion implanter. The main component is an ion beam injector based on high current 
LMAIS combined with suited ion optics allocating ion currents in the µA range in a nearly parallel 
beam of a few mm in diameter. The mass selection of the needed ion species can be performed 
either by an ExB mass separator (Wien filter) and/or an existing  dipole magnet of the ion 
implanter itself.  
 Different types of LMAIS (needle, porous emitter, capillary) are presented and 
characterized. The ion beam injector design is specified as well as the implementation of this 
module into a 200 kV high current ion implanter (Danfysik model 1090) operate at the HZDR Ion 
Beam Center (IBC). Finally, the obtained results of large area surface modification of Ge using 
polyatomic

 

Bi2
+ ions at room temperature from a GaBi capillary LMAIS will be presented and 

discussed.  
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I. INTRODUCTION 

 

The investigation and development of liquid metal (alloy) ion sources (LMAIS) has a long history 
1 and culminates about 60 years ago in the idea to use it as a heavy particle propulsion system 
for space thrusters 2. Later on, it was found that this type of source is an ideal candidate for 
focused ion beam (FIB) systems 3. The capability of LMAIS to emit a broad variety of ions from 
nearly half of the periodic table including molecular ions or small clusters, consisting of a few 
atoms and different charge stages render them unique for special applications. LMAIS are 
characterized by a high brightness of about 106 A/cm2 sr, low energy spread of some eV and a 
compact design which lends them for FIB systems 4,5 and for further appreciation as field 
emission electric propulsion (FEEP) thrusters in space technology as well 6,7. 

A modern implementation is dedicated to the emission of heavy metallic polyatomic ions 
– a speciality of LMAIS. With Bi or Au polyatomic ions in the energy range of some 10 keV, 
regular self-organized hexagonal dot structures were obtained after room temperature 
irradiation of Ge at normal incidence using a mass-separated FIB instrument 8. The patterning is 
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Fig. 3: (Color online) LMAIS injector module positions implemented in a Danfysik model 1090 
           high current ion implanter (schematic)14. 
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Fig. 4: (Color online) Obtained target currents for different ion species in the ion implanter from 
two different source positions (Exp1 and Exp2) and different acceleration energies and 
two emission currents for 20 keV, compared with usual currents of a mass separated FIB  

           system15. The cup current corresponding to doubly charged ion species is corrected in 
           the plot. 
 

 

IV. RESULTS AND DISCUSSION 

A. Ion beam performance 
 
To control the performance of the ion beam for all species of interest, the optimized current was 
measured in an FC at the end of the beam line under conditions of a further use. The quality of 
the spot was imaged and analyzed using a standing beam on a Ge-target. The stability of the 
system and also the source was measured in the same manner over approximately two hours. 
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As an example, the beam current of Bi2
+ ions on the target of the 1090 implanter (LMAIS 

position Exp2) as a function of the emission current at an ion beam energy of 20 keV is 
presented in Fig. 5. The ion target current is also increasing with ion beam energy up to about 
30 keV for Bi2

+and is then decreasing due to the performance of the internal quadrupole 
magnet.  
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: (Color online) Beam current of binary Bi2

+ ions on target of the ion implanter from a 
           GaBi LMAIS (position Exp2) as a function of the emission current at an ion beam energy  
           of 20 keV. 
 

B. Applications 

 

In first experiments the formation of self-organized hexagonal dot pattern on a Ge surface, 
found after FIB irradiation of polyatomic Bi ions8 was performed on a larger area by the 
implanter. Using the same energy of 30 keV and the same ion species Bi2

+ for the irradiation at 
room temperature in normal incidence, the patterns are compared with the FIB results depicted 
in Fig. 6, which shows nearly the same quality of surface patterning under ion treatment.  
The FIB modified area of the surface was only 5x5 µm² in size, now with the implanter areas of 
mm² are attainable which gives access to new technological applications. 
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