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New applications of ion bombardment in secondary ion mass spectrometry (SIMS) are reviewed. Recent development and 
application of cluster ion bombardment in SIMS method are discussed. Also discussed is recently developed, one of quantitative 
SIMS techniques – “storing matter” technique. Presented is new design quadrupole based SIMS spectrometer allowing to 
perform “storing matter” technique in one analytical chamber. Examples of depth profile analysis of Cr implanted inconel 600 
alloy obtained with the use of ‘standard’ and ‘storing matter’ SIMS are presented. 
 
Introduction 

The paper presents selected issues on 
technology developments of ion etching techniques 
applied in secondary ion mass spectrometry (SIMS). 
We  discuss the use of cluster ion beams in ion 
etching and secondary ion formation. We also 
discuss recent development towards quantitation of 
SIMS namely so called ‘storing matter’ technique, 
where sputtered material from the analysed sample 
is deposited on a substrate, which is then analyzed 
by SIMS.  
 
Cluster ion sources applied in SIMS 

Basic ion sources in SIMS starting in mid 1960s 
were Ar+[1], O2+[2] and Cs+[2]. In 1980s Ga+[2] 
sources were introduced for high spatial resolution 
studies. In recent years, the number of primary ion 
sources applied in SIMS significantly increases. 
Other sources are available such as Au+[3], In+[4], 
Mn+[5] and Bi+[6], as well as cluster sources such as 
Au+

n [3], Bi+n [6], SF+
5 [7] and C+

60[8]. Very recently 
commercially available sources include Ar+ clusters 
[9]. Also organometallic cluster sources are available 
[10]. 

Monoatomic ions like: Ar+, Ga+, Cs+ and recently 
He+ ions are still the basis for the analysis of 
semiconductor materials, however new requirements 
are coming. Development of organic electronics as 
well as an increasing requirements for analysis of 
biological materials, cause that investigators began 
to look for a new types of primary ions, more suitable 
for ion etching of organic systems. The main problem 
is detection of organic molecules without strong 
defragmentation.  

Application of cluster primary ion beams in SIMS 
is a big step towards solving many problems of this 
technique. The use of cluster ions is a significant 
change in the SIMS technique, since in some cases 
it allows to improve several parameters of SIMS like 
sensitivity, secondary ion mass range and ion 
induced roughening.   

Anomalously high secondary ion yield 
enhancement of Si+n secondary ions due to 
polyatomic ion cluster Au−

m projectiles bombardment 
was first noticed by Bielykh et al. [11] Recent results 
of analysis of organic material Irganox 1010 with 
cluster ions show 104 fold increase of sensitivity with 
respect to ion sputtering with monoatomic Ar+ ions 
[12]. 

Cluster ion bombardment allows also to extend 
usable mass range for SIMS experiments, however 
typically molecules heavier than 10 000 Da cannot 

be desorbed intact. Comparing to matrix assisted 
laser desorption/ionisation (MALDI) or electro spray 
ionisation mass spectrometry (ESI-MS), the mass 
range of cluster SIMS is still much smaller [13]. 

Next property of cluster ion beams is that the 
topographical roughening, which is typically 
encountered during ion beam erosion experiments is 
greatly reduced in case of large cluster ion 
bombardment. High depth profile resolution in depth 
profile analysis of nanostructured layers can be 
obtained, without the need of such techniques like 
sample rotation [14]. Efficient high-yield sputtering 
and surface smoothing is possible through careful 
control of cluster kinetic energy. Lower kinetic 
energies can lead to deposition of atomically smooth 
layers or doping of ultra-shallow layers [15]. 
 
Quantification in SIMS - storing matter technique 

One of the main problems In SIMS data quanti-
fication is so-called “matrix effect” [16]. Namely the 
ionisation yield of a given sputtered element may 
vary by a few orders of magnitude. This depends on 
neighbouring atoms, composing the matrix in which 
the given element is located. The idea of decoupling 
the sputtering phenomena from the ionisation step is 
realised in such techniques as sputtered neutral 
mass spectrometry, photo induced post ionisation, 
sputtered neutrals mass spectrometry (SNMS) [17] 
or in glow discharge mass spectrometry (GDMS) [18, 
19]. The idea of decoupling ion sputtering from 
ionisation within SIMS technique was first proposed 
by G. Slodzian as „storing matter” technique [20]. 

The storing matter technique follows two main 
steps. During the first step, specimen to be analysed 
is sputtered and the sputtered material is deposited 
at sub-monolayer level on a dedicated collector. The 
next step is analysis of deposited material [21, 22]. 
This technique has been recently applied for analysis 
of several materials and structures as Si, PVC, PS,  
boron doped and implanted SiO2/Si etc. [23-26]. Up 
to now, the technique is performed in a way that the 
two steps (i.e. sputter deposition and SIMS analysis) 
are performed in two separate vacuum chambers 
[22]. The collectors are transported in a vacuum 
suitcase between the chambers. Here we present a 
solution where the whole procedure is performed in 
one chamber of SIMS analyser.  

In order to perform ‘storing matter’ technique in 
SAJW-05 quadrupole SIMS analyser [27] we have 
modified its analytical chamber. This chamber with 
Physical Electronics ion gun and 16 mm rods 
quadrupole mass analyser – QMA-410 Balzers, now 
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is additionally equipped with special x - movement, 
theta - rotation UHV manipulator applied for transfer 
of metal ring collectors. Regular (horizontally 
positioned) sample holder is also modified. At the 
holder, now there is a place for the analysed sample, 
as well as for a hand watch like rotation mechanism 
carrying continuously rotating collector of 1 inch 
diameter at a rate 1 rev. per hour. The collector 
continuously rotates above the analysed sample 
during the sputter deposition of sample material. 
After completing the deposition process, the collector 
is turned upside down with the use of x, theta 
manipulator and consecutively is analysed with the 
use of the same primary ion beam, which was used 
for the sputter deposition process.  

The several steps of the developed procedure 
are listed below. 
- Wet chemical cleaning of the collector. 
- Introducing of the collector and the sample 
to the analytical chamber. 
- Cleaning of the collector with ion beam 

(Ar+, 3 keV, 1.7E-6 A): 1 – 2 hours. 
- Turning the collector up side down: 5 min. 
- Sample erosion and deposition process  

(Ar+, 3 keV, 1E-6 A): 30 – 60 min. 
- Turning the collector up side down: 5 min. 
- Analysis of the collector (Ar+, 3 keV, 9E-8 A): 30 

– 60 min. 
In the presented solution, the whole procedure, 

including ion cleaning of the collector prior to analy-
sis, sputter deposition and analysis of deposited 
material, is performed in one analytical chamber of 
SIMS analyser and no transfer of the collector to the 
other chamber is needed. 

The procedure is tested for several parameters 
as: deposition diaphragm size, sample distance from 
the collector, sputtering rate etc. Preliminary results 
are obtained with the use of 3 keV Ar+ ion beam at 
45º incidence angle. As collectors we use high purity 
metals as tantalum, titanium, nickel etc.  

As an example of depth profile analyses we 
present depth profile analysis of inconel 600 alloy (Cr 
17.6 at.%, Ni – 72.41 at.%). Inconel sample was 
implanted with 3.5 *1017 cm-2 dose of 130 keV Cr+ 
ions. Due to effect of sputtering, retained dose was 
much smaller. Detailed parameters of ion implanta-
tion are presented elsewhere [28]. As collector for 
“storing matter” technique, high purity titanium is 
used. Obtained results with the use of standard 
SIMS technique are shown in fig. 1. Presented are 
only 52Cr+ and 58Ni+ secondary ion plots versus 
sputtering time for reference sample (not implanted) 
and implanted sample. In fig. 2 presented are 
normalised data of ‘standard” SIMS technique and 
‘storing matter’ technique. 

52Cr+ ion current is normalised with respect to the 
bulk concentration value. The applied procedure  
uses ICr

+ / IX+  formula, where ICr
+ is normalised 

secondary 52Cr+ ion current and IX+ is sum of all 
normalised secondary ion currents of the alloy 
elements. Results presented on fig. 2 for ‘standard’ 
and ‘storing matter’ techniques are completely 
different. It clearly appears, that ‘standard’ SIMS 
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Fig. 1. Depth profile analysis of inconel 600 not implanted 
and implanted with 130 keV Cr+ ions. SIMS raw data 
obtained with the use of 3 keV Ar+ ion bombardment are 
shown  

0 200 400

20

30

40

50

60

70

 

 

0 200 400

20

30

40

50

60

70

 I C
r+/

I x+ [
%

]

depth [nm]

 ref.
 implanted

SIMS "storing matter" SIMS

Fig. 2. Normalised SIMS data of not implanted and 
implanted inconel sample. Standard technique results are 
compared with “storing matter” technique results 

 

technique strongly overestimates chromium concen-
tration in near surface layers of inconel alloy. Matrix 
effects, causing this error are eliminated in ‘storing 
matter’ technique. This method, especially when 
applied in one analytical chamber of SIMS 
spectrometer, is very promising in quantitative depth 
profile analysis. 

 



 

 

328 
 

Секция 6. Оборудование и технология 

 
10-я Международная конференция «Взаимодействие излучений с твердым телом», 24-27 сентября 2013 г., Минск, Беларусь 

10th International Conference “Interaction of Radiation with Solids”, September 24-27, 2013, Minsk, Belarus 

Summary and conclusions 
We present a short review of cluster ion 

bombardment technique recently applied in SIMS. 
Many advantages of using cluster ion beams are 
specified over monoatomic ion species. Cluster ions 
open really new perspectives especially in organic 
based structures analysis. Nevertheless cluster ions 
are not the perfect solution and still new ideas of ion 
erosion in SIMS are needed. 

Another issue discussed is “storing matter’ 
technique applied for quantitative analysis in SIMS. 
Simple idea of sputter deposition of eroded material 
onto rotating substrate and then analysing the stored 
material allows to avoid strong matrix effects in SIMS. 
Presented are the results performed in Tele and 
Radio Research Institute, Warszawa, Poland. These 
are the first results of ‘storing matter’ technique 
performed in one analytical chamber of SIMS 
instrument.  
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