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Processing of Scanning electron microscope imaging has been analyzed in both secondary
electron (SE) imaging and backscattered electron (BSE) image. Because of unique
characteristics of both secondary electron and backscattered electron image, mechanism of
imaging process and image quality are quite different each other. For the sake of characterize
imaging process, Monte Carlo simulation code have been developed. It simulates electron
penetration and depth profile in certain material. In addition, secondary electron and
backscattered electron generation process as well as their spatial distribution and energy
characteristics can be simulated. Geometries that has fundamental feature have been imaged
using the developed Monte Carlo code. Two, SE and BSE images generation process will be
discussed. BSE imaging process can be readily used to discriminate in both material and
geometry by simply changing position and direction of BSE detector. The developed MC code
could be useful to design BSE detector and their position. Furthermore, surface reconstruction
technique is possibly developed at the further research efforts. Basics of Monte Carlo simulation
method will be discussed as well as characteristics of SE and BSE images.
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7|49 o=screening factor
s=step length
)\ = MFP, mean free path RND=random number
N, = Avogadro’s number d=scattering angle of electron
p = density W=azimuthal angle
og = Rutherford cross section dE/dS=stopping power
Z=atomic number J=mean ionization potential
A =atomic density 7 =scattering angle of secondary electron

E=energy



S|X| X 29 5% pp. 554-562

Joh

May 2012 / 555

1. B

#atr]ee] HH e 1%@.
AFAEANA gt

Ttz Aok ool A
2o 5 HArel A7)
mechanics)S ©]&3 =2 F 38 Fokoll g o]
s BoE sk Aot SUbskal gl
8| HhEx] FEhe] wh-A ‘?vfxdgi 71 A& 8t
oA 7t H Ful A Al &
S o] &3 %4¥ TZE AZF ZL Y:(Nano
ol 3

W
%
ot &

é
N,
Jur)
z,
N,
W'D‘ SE _1)4
lo

N S
2 2
X o 41
foE%e
o & =
» M
L X2 0N
55t

o]&]3+ nt
2 A}a-8t,
Ropll M YT F329 44
53] 7}@ okl 7

Z1ghy) (L1thography) D
(Etching)’ & o] &3 %438 7)AFZE(MEMS),
P RE 52 A77h gsA w9
R N S L C IS b R

7= Adelle e A e 3 a1 A"
3L

e T
Ach
i)
we T
o fot,
ok
ko
1 ol
ol E
< =)
SAAL)
o8N
o B

=2

eposition),*

g 2

il

f
5E

ol 2] gk wmjolA * =g 7lssAl S8l
TE Y4 =725 FAY(Electron beam), ©]4
(Ton beam)d} 22 YA (particle beam) 7]&S H]
Z38to] wgo] 2e #lo] #(Laser), EUV(Extreme
ultra violet), X A &3 2 A1l (Photon beam) 7|
otk dyA W =Ee gaady, o, F
Z 55 JbeetAl dAge VEETY BRk ol
A 2} & 1] 7 (Scanning electron microscope), ©]< &1
7 (lon microscope) ¥ X A& ©]&3}= EDS & &

< Ux @99 SNEE JHAE om A 9 &4

7] S JbsEA dAlFE F83 =70tk JA
9 A e AEdoR Bd 0 33 ol

F A7 FA9o, A%
717 % AT AR Homw chpal A AHE-

glomz 71/ el ATA

olaebn A5 AT daol

2 10,y
o

e

;LmloHJ

AAAA AAA e kel A
/Kg ] u}o] 11401]]_‘1:_ ;(OH 9}_1/]— =
}

= o o #AE
o) 29e] A7k FE AF BostE glolA B
82 gd ol dEsn A, o9
A AT AR BE A7 we T

g o] Aol Felsh
Adv o] B w5 A
# A2 A E ol
A2l Hg A
2 ARz ARl Age 7]

Spokl A 1 FHgo] FobAm ek wet
HAER ARdold Z2aRg osw A
A FEAE U@ olsih Dol B3

rE X
) I-H

TFoNE oled AT FAld] wio]

xE g 53 AxE9A

9< 93l AH&3ke olAF % ZK(Secondary

Electron, SE)Q]— S kAR A 2F(Backscattered Electron,
BSE)2] oA EA3 o]=9] FIH(Spatial) Y
Al(Energy) 5745 WAt ok AlFA <

T EEE obs 2k

AR BA F&28S AT fls)
2 FIER AlEdeold 2%

QAR 2] JAfel W o)A} HA E FHpE
& Hzre A 54 24

@el Ad D TS Ao g 542
A=}

o] &3k ojm Y EA A

T AT F HEE AREE ()Y 2H%E
2 Z2a3 Jde] Hmolmz NREE (2)9
()= Mg RO AT JIolv mebA
712 wxd AFARET vuste] HFTsHH,
AA AZL SiRAE yroz g

AAEn 7 2 Axu 2 HEE T2
ol digh MubAQl o] 2 G 3 FollA 1
g3 ey 2y 722 Z2 WS o] &3 1A
AR A AE T olm Aol gk Aol 4 Aol
A Zlednh HE AR o)k Aol ke
AA e o gk oju]d AlE#o]de] 5 AFollA =]
o}

2. MAE0E

2.1. MAEDES 2

ANk Ql M AW 7 2 & 2~ ¥l(Tungsten, W) 2
gl E(Filament)E 7FE3te] HAE SAYAI7 &
Az LG E 01%6}—5—tﬂ, d 2=l



ol

I USS3X M 29¢ 53 pp. 554-562

May 2012 / 556

N

1, W2 S7I, a9l diider we spA o
Qlsto] Wo] AREHTh o]d AAW A=
LaBg(Lanthanum Boride), & 2~®l ©Z27448 A&

+ FEG(Field emission gun), ~1#] 3L Schottky E}]

of glom, = mAdE AAAnGel Tz

20 oft o I KU oo

Fig. 1 oA Kojx= R}k o] A LzmoA
DAY AAe dibror HES 9 FJE

(Condenser lens)®} o] & @ (Object lens)E ©] -85}
el Ades T4 nm xR JESA HH
0.5keV oA 100keV A9 ol x| 7h&HTh A
24 €] ditdow M2 A=
(Electromagnetic) & AF83lo] FaHa FHFHo=
A4 ®@ We #HIF FY(Deflection coil) 52 °]&
stod gl 44 d9S =7 (Scan)dhAl H T
A AAAW Ao Nt FHE 71E9 Charging
dezm wrbeRE A PSS E-
SEM(Environmental SEM) =+ 7} ¢FS(Variable
pressure) AAAU Ao Fo=m ol ¢ H& 3
THE e 2t olgd V&eg Jwst
7] e Ao Tk el A e Akks ALt
g e 2EH JIER A&l 7IHe st

o) W0l rp 0

b

2= 0
;S*i.“\:'

El
Gl

Electron gun —

=
First condensorlens—-j /<% ‘ E %
second condensorlens-% >< 1*% ; E
ey s
e o

Deflection coils

Electron beam

—1 X-ray detector

Objective lens

Backscatter [y
electron detector

sample —4\

vVacuum pump

Secondary
electron detector

Fig. 1 Schematic illustration of scanning electron
microscope with its configuration'*
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Fig. 3 Images of Monte Carlo simulated electron

trajectories: top view (a) and side view (b).
Electron energy of 10keV and 1000 electrons
were used for the simulation in Si substrate.
Simulation was performed using beam diameter
of 10nm (FWHM)
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Fig. 4 Image of simulated secondary electron generation.
Simulation was performed using beam diameter of
10nm (FWHM) on Si substrate at 30keV
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=2

.EE

1

T
T

2
o 3L o mo ok

Y

=H 7122 Algdeld =8 A
@ AR 9 ol A B B4
Colab % FuAR AR A
of uhet EAse] YA F4Esk
Fael Frhe A s,
HgEEs} ol At
Ae Bsgon, oA ASelE

et ZrstsE A

il

oL o
>
)

{ >
= > o Jo—lL: K
dox5h
N

k L
b o 4 o

2
)
lo
=
ki
2
=
il

SN

o rlr
v
N
N
Hir
o
>
miil
)
d
(E 2 o

p
N
ox Mg

©

2o > 0

2 o
32

=
il
ki
ot
o
2
=
N
2
o
=2
o
2
N
N
‘42’ rl

o OF
>
>

S T e g0 M nd o MT ¥R
i
rlr
N jﬁ | o
TN &
S )
N
2 N
IS
E —_
O
it )
s
[e5
o b
™ 4l
2 =
oz 0%
o
o

>
N
P
o
=
T

N

N
2
>
N
o
o (& &
ot
it
N
Y
2 (o
re
-4
it
E
to
=)
TR T o

i
H o

N
=
v
o &
iin)
u
fu
o)
mﬂ‘,

oft

4
et
on

o it

I
o
o
>,
iy
oX,
o %o
o
o
Lot
-0,

o
EX
10]
fo fuow
o
~
>
vl
Mo
o2l
)
rﬁ:r

s

I
2

24 Hob Ok it o 2 o

o 1N
o n
il
[
=
_0|L
2
o
—>|£4
[
x

o 1o

hu S

fo o
r A
p‘L
£
NS

Mo A o 3@ k& T oo

22 e O

2
9
=
o,
o
+
024;,"
off Jer ok
to (o X2

o
N
o X
e
Q,
o H

ue 10, |
w o =
el
S
v
t
ot
Y
rl
i
)
-0l
Q.
-
N

Y
r_|_4
x
p)

( _101,
o
2
o
rN
x
o
=)
oX,
Me

oft ¢ 2 e

R

&
QL
N
Loz
&L o
>
fr 2
rot
28
ke T
)
oz 2
g
o, W
Y
—_—

1o,
of»
2
w2
[
S
=
a2
£
g
2
=
=
2
1 M
il
R 2 o 2 e

fO R > oofh (K

oL
o
D)

W @ Aotk bt A nE SaE ol
&% 32 2 ol Yol B Aol BEY Aol
oh Ea YAARL] Aol A§EE ESEM 9
Aol A Wel Fprshe] FEEAS olo] wE ol
04 SAS AT AolTh

ESnkoy|
1. Ivor, I. and Julius, J. M., “The Physics of

Micro/Nano-fabrication,” Plenum Press, 1992.

2. Kaesmaier, R. and Loschner, H., “lon Projection
Lithography: Progress of European MEDEA &
International Program,” Microelectron. Eng., Vol. 53,
No. 1, pp. 37-45, 2000.

3. Frey, L., Lehrer, C. and Ryssel, H., “Nanoscale
Effects in Focused Ion Beam Processing,” Appl. Phys.
A, Vol. 76, No. 7, pp. 1017-1023, 2003.

4. Matsui, S.,
fabrication by focused ion beam chemical vapour

“Three-dimensional  nanostructure
deposition,” Springer Handbook of Nanotechnology,
pp. 211-229, 2010.

5. Young, R. J, Cleaver, J. R. A. and Ahmed, H.,
“Characteristics of gas-assisted focused ion beam
etching,” J. Vac. Sci. Technol. B, Vol. 11, No. 2, pp.
234-241, 1993.

6. Kim, H. B. and Noh, S. L., “The Characteristics of
focused ion beam utilized mold fabrication on the
micro/nano scale,” Journal of the Korean Society for
Precision Engineering, Vol. 28, No. 8, pp. 966-974,
2011.

7. Kim, H. B., Hobler, G, Steiger, A., Lugstein, A. and
Bertagnolli, E., “Level set approach for the
simulation of focused ion beam processing on the
micro/nano scale,” Nanotechnology, Vol. 18, No. 26,
Paper No. 265307, 2007.

8. Kim, H. B., Hobler, G, Steiger, A., Lugstein, A. and
Bertagnolli, E., “Full three-dimensional simulation of
focused ion beam micro/nanofabrication,”
Nanotechnology, Vol. 18, No. 24, Paper No. 245303,
2007.

9. Vasile, M. J., Xie, J. and Nassar, R. J., “Depth control
of focused ion-beam milling a numerical model of the
sputtered process,” J. Vac. Sci. Technol. B, Vol. 17,
No. 6, pp. 3085-3090, 1999.

10. Kang, E. G., Kim, H. S., Kim, J. S, Lee, D. Y. and



ror

H2

JLUSSIS A A 29F 53 pp. 554-562

May 2012 / 562

11.

12.

13.

14.

15.

16.

17.

Lee, S. W., “Trends on the application of High
density electron beam process,” Proc. of KSPE
Spring Conference, pp. 215-216, 2011.

Danilatos, G. D., “An atmospheric scanning electron
microscope (ASEM),” Scanning, Vol. 3, No. 3, pp.
215-217, 1980.

Smith, R., “Atom & ion collision in solids and at
surfaces,” Cambridge University Press, 1997.
Eckstein, W., “Computer simulation of Ion-Solid
Interactions,” Springer-Verlag, 1991.

Wikipedia, “Scanning electron  microscope,”
http://en.wikipedia.org/wiki/Scanning_electron
microscope

Assa’d, A., “Backscattering coefficients for low
energy electrons,” Scanning Microsc., Vol. 12, No. 1,
pp- 185-192, 1998.

Williamson, W. and Antolak, A. J., “Monte Carlo
calculation of electron scattering from surface films,”
J. Appl. Phys., Vol. 58, No.10, pp. 3687-3691, 1985.
Kim, H. B. and Mazzouz, M., “Investigation of
Imaging characteristic using E-SEM,” FEI Company,
2008.



