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FIB-based instruments play an ever more important role in materials science and also in life science. 

While such FIB-based instrumentation is an ideal tool for high resolution imaging (2D and 3D 

imaging) and nanofabrication (nanomaching, nanodeposition, specimen preparation), its analysis 

capability is currently limited. By contrast, Secondary Ion Mass Spectrometry (SIMS) is an 

extremely powerful technique for analyzing surfaces owing in particular to its excellent sensitivity, 

high dynamic range, very high mass resolution and ability to differentiate between isotopes. Adding 

SIMS capability to FIB instruments offers not just the prospect of obtaining SIMS information 

limited only by the size of the probe-sample interaction (~10nm) but also enables a direct correlation 

of such SIMS images with high resolution secondary electron images of the same zone taken at the 

same time. 

 

Past attempts of performing SIMS on FIB instruments were rather unsuccessful due to unattractive 

detection limits, which were due to (i) low ionization yields of sputtered particles, (ii) extraction 

optics with limited extraction and collection efficiency of secondary ions and (iii) mass 

spectrometers having low duty cycles and/or low transmission. In order to overcome these 

limitations, we have investigated the use of reactive gas flooding during FIB-SIMS and we have 

developed compact high-performance magnetic sector mass spectrometers with dedicated high-

efficiency extraction optics.  

 

In order to reach good detection limits when probing very small voxels in imaging applications, the 

ionization probability of the sputtered atoms and molecules needs to be maximized. When using 

typical ion species used in FIB-based instrumentation such as Ga or noble gases, the intrinsic yields 

are low compared to the ones found in conventional SIMS. However, the yields may be drastically 

increased by using reactive gas flooding during analysis, namely O2 flooding for positive secondary 

ions and Cs flooding for negative secondary ions [1-3]. Our results show that both negative and 

positive ion yields obtained with Ga
+
, He

+
 and Ne

+
 bombardment may be increased by up to 4 orders 

of magnitude when using such reactive gas flooding (Figure 1). This optimization of secondary ion 

yields leads to detection limits varying from 10
-3

 to 10
-7

 for a lateral resolution between 10 nm and 

100 nm (Figure 2). 

 

The trade-off between detection limits and minimum detectable feature size in the SIMS mode 

shown in Figure 2 can be overcome in the correlative microscopy approach. The SIMS module can 

now be operated in a mode leading to excellent detection at the cost of poorer lateral resolution (e.g. 

1 ppm @ 50 nm), but the sub 10 nm resolution is gained back by overlaying the secondary electron 

images obtained on the FIB, Dual-Beam or HIM instrument. 

 

The developed SIMS add-on system consists of three main components, namely the secondary ion 

extraction optics, the mass spectrometer and the integrated reactive gas flooding system. The emitted 
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secondary ions are extracted by extraction optics with a maximized efficiency and without 

negatively impacting the focusing of the primary ion beam (broadening or distortion of the ion beam 

due to the electric fields). We have successfully designed such secondary ion extraction optics for 

several FIB-based instruments. The obtained extraction efficiency ranges from 40% (extraction 

voltages of a few 100V) up to 100% (extraction voltages of a few kV). These extraction optics are 

coupled to a specially designed compact high-performance magnetic sector double focusing mass 

spectrometer that we developed for the purpose of FIB-SIMS. The specifications of this mass 

spectrometer include highest transmission (100 %), high mass resolution (M/ M > 2000), full mass 

range (H-U) and parallel detection of several masses. The integrated gas flooding system can deliver 

O2 and Cs gas onto the analyzed area for the enhancement of positive and negative secondary ions, 

respectively. 

 

The results are very encouraging and the prospects of performing SIMS in combination with these 

high-resolution imaging and nanofabrication instruments are very interesting. In addition, the 

combination of high-resolution microscopy and high-sensitivity chemical mapping on a single 

instrument represents a new level of correlative microscopy.  
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Figure 2: Detection limit using a Ga
+
 FIB with and 

without Cs flooding vs. minimum feature size: 

example for the detection of C
-
. 

Figure 1: Enhancement of secondary ion yields using 

reactive gas flooding under Ga
+
 bombardment 

Figure 3: Co distribution in a tungsten carbide sample 

imaged by Ga
+
 FIB-SIMS (field of view: 50x50 m

2
): 

(a) without O2 flooding, (b) with O2 flooding  
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