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INTRODUCTION

Field emission scanning electron microscope (FE-SEM) 
is used in various fields of research because of its superior 
resolution to optical microscopy, simple preparation of 
samples, support for analysis of various sample image sizes, 
and fast data acquisition. The development of FE-SEM 
equipment has enabled high-quality image analysis, but 
fundamental problems such as charge-up (Shaffner & Van 
Veld, 1990; Thong et al., 2001; Kim et al., 2010), thermal 
damage (Egerton et al., 2004), and contamination (Hirsh 
et al., 1994; Postek, 1996; Vladár & Postek, 2005) must be 
resolved for a high-quality SEM image analysis. Charge-up 
is the most common among these problems and the greatest 
obstruction in image analysis. This occurs when the number 
of electrons landing on the sample is not equal to the number 
of electrons escaping from the sample. To remove charge-
up, the sample surface is coated with a thin layer (~10 nm) 
of metal materials (Pt, Au, Os, C, etc.). The uniform metal 

coating layer on the sample surface serves as an electrical 
conductive path connecting the sample and the stub surface, 
thereby effectively removing charge-up. However, for dynamic 
structured samples having a small contact area with the stub 
surface, the shadow effect (Clay & Peace, 2011) occurs because 
the surface is not fully covered by the coating layer. As such, 
charge-up is not effectively removed when a metal coating 
is applied to dynamic structured samples since the resulting 
coating layer is non-uniform.  
The ion sputtering (Kemmenoe & Bullock, 1983; Stokroos et 
al., 1998) method, commonly used in SEM image analysis, 
involves deposition of Pt and Au ions emitted from the target 
onto the sample surface. Under the ion sputtering method, 
the shadow effect has greater infl uence when a metal coating 
is applied to dynamic structured samples, and charge-up 
frequently occurs. Excessive coating on the sample surface 
causes changes in the fine structure and even data error. 
This study introduces a converted sample stage to effectively 
remove the shadow effect, and proposes a method of high-
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This study introduces metal coating as an effective sample preparation method to remove 
charge-up caused by the shadow effect during fi eld emission scanning electron microscope 
(FE-SEM) analysis of dynamic structured samples. During a FE-SEM analysis, charge-up 
occurs when the primary electrons (input electrons) that scan the specimens are not equal 
to the output electrons (secondary electrons, backscattered electrons, auger electrons, 
etc.) generated from the specimens. To remove charge-up, a metal layer of Pt, Au or Pd is 
applied on the surface of the sample. However, in some cases, charge-up still occurs due to 
the shadow effect. This study developed a coating method that effectively removes charge-
up. By creating a converted sample stage capable of simultaneous tilt and rotation, the 
shadow effect was successfully removed, and image data without charge-up were obtained.
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quality image analysis without any charge-up or fi ne structure 
modifi cation. 

MATERIALS AND METHODS

The sample used in the image analysis was a spherical, non-
conductive CO2 absorbent (~50 μm diameter). After attaching 
a conductive carbon tape (TED PELLA Inc., USA; Lot. No. 
16073) on the Al-Stub (2.5 cm), a CO2 absorbent was loaded 
on top of the carbon tape using a spatula. By blowing N2 gas, 
the CO2 absorbent that did not adhere to the carbon tape was 
removed. An ion sputter (Q150TS; Quorum Technologies, 
UK) was used to perform Pt ion coating under high vacuum 
conditions. Three kinds of sample were prepared to compare 
images according to the coating method. First sample was not 
coated, second sample was coated for 10 seconds with the stub 
fi xed horizontally, as shown in Fig. 1A, and third sample was 
coated for 10 seconds in the tilt state (~45o) with a rotating 
stub (~30 rpm), as shown in Fig. 1B. 
Image analysis was performed via FE-SEM (S-4700; Hitachi, 
Japan) in Korea Basic Science Institute (KBSI) Jeonju Center. 
The conditions for the image analysis were an accelerating 
voltage of 10 kV, ultra-high resolution lens mode, an emission 
current of 20 μA, a scan time of 40 seconds, and a working 

distance of 6~8 mm.

RESULTS AND DISCUSSION

When there is no residual gas in the coater chamber, metal 
ions from the metal target (Au, Pt, etc.) are coated linearly on 
the sample surface. Fig. 2A shows ion sputtering with coating 
only on the linear surface (yellow layer). Due to the shadow 
effect, charge-up occurs in the uncoated areas (inside of red 
dotted line). Even when a coating is applied, the lack of a 
continuous coating layer results in charge-up. 
As shown in Fig. 2B, residual gas such as Ar is present in 
the coater chamber. Metal ions from the metal target cause 
continuous collisions with the residual gas while moving to 
the surface of the sample. This collision produces a coating 
layer that contributes to reducing the shadow effect. When 
the structure of the sample surface is dynamic, charge-up 
occurs in the remaining uncoated areas (inside of red dotted 
line). The shadow effect can be eliminated by forming a thick 
coating layer through long time sputtering. However, the thick 
coating layer may cause changes to the fi ne structure of the 
sample surface, making the sample preparation inadequate 
for high-quality image analysis. The converted sample stage 
is a coating method that effectively removes the shadow effect 

A B

Fig. 1. Horizontal sample stage of coater 
(A), converted sample stage of coater; 
simultaneous tilt and rotation (B).

A B

Fig. 2. Diagram of ion sputtering system; 
imaginary trajectory of coating particles 
without residual gas in chamber (A) with 
residual gas (B).
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while preventing modification to the fine structure of the 
sample surface.
When an image analysis was performed with the non-
conductive, uncoated CO2 absorbent, image data acquisition 
was impossible due to severe charge-up, as shown in Fig. 3A. 
When the sample was coated using the horizontal sample 
stage of Fig. 1A, image data with partial charge-up were 
acquired, as shown in Fig. 3B. 
When the sample was coated with tilt and rotation of the 
stub using the converted sample stage of Fig. 1B, image data 
without charge-up were acquired, as shown in Fig. 3C. 

For the coating method of Fig. 1A, the bottom of the sphere 
remains uncoated due to the shadow effect, as shown in Fig. 
4A, and this leads to charge-up. For the coating method of 
Fig. 1B, the tilt and rotation of the stub allows the bottom of 
the sphere to be fully coated, thus effectively eliminating the 
shadow effect and enabling images without charge-up to be 
acquired. The mechanism of eliminating the shadow effect is 
shown as Fig. 4B. 
The introduction of a converted sample stage effectively 
eliminates the shadow effect in spherical or dynamic 
structured samples, and an accurate image analysis is 

A B

C

Fig. 3. Scanning electron microscope images of non-coated CO2 absor-
bent (A), Pt coated for 10 seconds with horizontal sample stage (B), Pt 
coated for 10 seconds with simultaneous tilt and rotation stage (C). Scale 
bars=50 μm.

A B

Fig. 4. Diagram of Pt coated layer with 
horizontal sample stage (A), with simul-
taneous tilt and rotation sample stage (B).
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possible since no modifi cation is made to the fi ne structure. 
The converted sample stage system can be attached by 
modifi cation of the already attached sample stage.  

CONCLUSIONS

The charge-up phenomenon is a frequent problem in SEM 
image analysis. Samples are coated to remove charge-up, but 
this phenomenon may still occur due to the shadow effect. An 
enhanced understanding of the ion sputtering mechanism, the 

principle behind the shadow effect, will help achieve effective 
coating of samples. The shadow effect can be eliminated using 
a converted sample stage, capable of simultaneous tilt and 
rotation, and this makes it possible to perform image analysis 
without charge-up.
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