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a  b  s  t  r  a  c  t

Time-of-flight  secondary-ion  mass  spectrometry  (ToF-SIMS)  is  an  emerging  technique  that  provides
chemical  information  directly  from  the  surface  of  electronic  materials,  e.g.  OLED  and  solar  cell.  It is  very
versatile  and  highly  sensitive  mass  spectrometric  technique  that provides  surface  molecular  information
with  their  lateral  distribution  as a two-dimensional  (2D)  molecular  image.  Extending  the  usefulness  of
ToF-SIMS,  a 3D  molecular  image  can  be  generated  by acquiring  multiple  2D  images  in a  stack.  These  imag-
ing  techniques  by  ToF-SIMS  provide  an  insight  into  understanding  the  complex  structures  of unknown
composition  in  electronic  material.  However,  one  drawback  in ToF-SIMS  is not  able  to  represent  topo-
graphical  information  in  2D and  3D mapping  images.  To  overcome  this  technical  limitation,  topographic
information  by  ex-situ  technique  such  as  atomic  force  microscopy  (AFM)  has  been  combined  with  chem-
ical information  from  SIMS  that  provides  both  chemical  and  physical  information  in one  image.  The  key
to combine  two different  images  obtained  from  ToF-SIMS  and  AFM  techniques  is to  develop  the  image
processing  algorithm,  which  performs  resize  and alignment  by  comparing  the  specific  pixel  information
of  each  image.  In this  work,  we  present  methodological  development  of the  semiautomatic  alignment
and  the  3D  structure  interpolation  system  for  the  combination  of  2D/3D  images  obtained  by ToF-SIMS
and  AFM  measurements,  which  allows  providing  useful  analytical  information  in a single  representation.

©  2017  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Secondary ion mass spectrometry (SIMS) is a highly refined
mass spectrometry (MS) technique specialized for surface analy-
sis by detection of ionized particles (i.e., secondary ions) on the
surface of the sample [1]. Imaging mass spectrometry by SIMS is a
powerful technique combining the chemical specificity and parallel
detection of mass spectrometry with microscopic imaging capabil-
ities [2]. The ability to simultaneously obtain chemical images from
all analytes on the sample surface provides spatial distribution of
interesting species from atomic to macromolecules and their chem-
ical organization. However, one drawback in SIMS imaging cannot
provide topographical information on the surface because the sec-
ondary ions sputtered from the topmost surface are detected in a
planar way while the surface topography is neglected [3].

The lack of the topography in 2-dimensional (2D) SIMS images
can cause the surface topography-induced artifacts such as the
edge-darkening artifact at the lower lying surface next to the
accentuated surface structures [3]. Moreover 3-dimensional (3D)
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SIMS images have more chance to represent the laterally distorted
element distributions, because the data acquisition is combined
with the surface erosion by the sputtering process. The applica-
tion of SIMS analysis in electronic devices are more and more
increasing since they have been developed into more complex and
smaller structures [4,5]. For example, organic light emitting diodes
(OLED) device has very complex structure, chemically and phys-
ically, which is frequently analyzed by 3D ToF-SIMS technique.
However, all of the complex intra-structure in OLED device should
not be represented in 3D SIMS image due to the layer mixing by the
differences of the sputtering yields.

In order to overcome this limitation, there are attempts in two
ways: one is to perform topographic measurements by ex-situ
technique such as atomic force microscopy (AFM), then manually
combined with SIMS images with a suitable algorithm; the other is
to integrate the in-situ SIMS-SPM instrument by SIMS manufactory
[6–10].

In this work, we present a methodological development for com-
bining the disparate images from SIMS and AFM, called to the 2D/3D
data correlation in Fig. 1. To design the new algorithm, we’ve tried to
add a concept: simplicity. In first, the algorithm has been employed
the semiautomatic alignment system, which lead to reduce the
effort to align the same measuring point when the data are
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Fig. 1. Schematic diagram of data correlation procedures between 2D/3D chemical images by ToF-SIMS and surface topography by AFM.

acquiring ex-situ. Moreover, the 3D structure interpolation system
has been embedded in the algorithm, which can assist to regenerate
the complex 3Dstructure.

2. Experimental

2.1. Sample preparation

For a 3-dimensional structure fabrication on the surface of
the wafer, focused ion beam (FIB, Helios Nanolab 450 FEI, USA)
instrument was used. Thickness of the patterned structures were

controlled by both deposition time and beam current. Using gas
injection system in FIB the 3-D structures (i.e. L and E) were fabri-
cated with platinum (Pt) and carbon (C) sources on the surface of
the silicon wafers. The multistep processes to fabricate the model
structures were shown in supporting materials (Figs. S1 and S2). As
a precursor, (CH3)3Pt(CPCH3) and C10H8 were used to deposit the
Pt/C and C layer, respectively. For deposition of thin layer of both
Pt/C and C, a 30 keV Ga+ ion beam was used with 0.79 nA current
aperture for 10 and 5-s for Pt/C and C, respectively. Then the final
structures were confirmed by scanning electron microscopy (SEM)
and atomic force microscopy (AFM).

Fig. 2. (a) The model structure ‘L’, (b) topographic measurement (left) and line scans (right), and (c) 2D SIMS imaging of the characteristic Pt (left), C (middle), and Si (right)
ions  of the test sample.
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