FHL3HE A A 24 A A 9% (20073 9Y)
Joumnal of the Korean Society for Precision Engineering, Vol. 24, No.9, September 2007

SERAHE MBS FAMAL Ho|Zo|
MAME MA L siajol maF oI

%%I_i*t, Q’%%‘ dekek

o
4

£
12}
m_l:
o
1z
(=]
]
N

A Study on Design and Analysis for Magnetic Lenses of
a Scanning Electron Microscope using Finite Element Method

*

Keun Park?, Hyunwoo Jung’, Manjin Park™, Donghwan Kim""* and Dongyoung Jang™

ABSTRACT

The scanning electron microscope (SEM) is one of the most popular instruments available for the measurement and
analysis of the micro/nano structures. It is equipped with an electron optical system that consists of an electron beam
source, magnetic lenses, apertures, deflection coils, and a detector. The magnetic lenses play a role in refracting electron
beams to obtain a focused spot using the magnetic field driven by an electric current from a coil. A SEM column usually
contains two condenser lenses and an objective lens. The condenser lenses generate a magnetic field that forces the
electron beams to form crossovers at desired locations. The objective lens then focuses the electron beams on the
specimen. The present work concerns finite element analysis for the electron magnetic lenses so as to analyze their
magnetic characteristics. To improve the performance of the magnetic lenses, the effect of the excitation current and
pole-piece design on the amount of resulting magnetic ficlds and their peak locations are analyzed through the finite
element analysis.

Key Words : Scanning Electron Microscope (FAFH A% 7| %), Finite Element Analysis (3124 3]4), Electro-
magnetic Lens (3 28l =), Electron optical system (A 2} 33} A

1. M8 Au| 2 JES, 8 9 g F3 RopoA

g AMSET ok 53] AT yxrlee 2

FAyA L @n] 7 (Scanning Electron Microscope; 2 Al7]& ] gl Aoz g4 By
SEM)2 FEAv|ZolA 29 3F3E00~7000m) 2 HolAn Aok a2y @A AAAUHL JE7
A B FAE FHEI] 948 AALEFHZ Ao AY EHEm o, ofAz] itz
Inm °j3hE& AlETo2HN EaFTS FYAMNL F A £ixm UE AAoth B AFqAE & U

o F4d:20061d 119 239Y; AMEAY: 20073 79 29
BAAzE HEADRER JALEA - ASHFUR
E-mail: kpark@snut.ac.kr Tel. (02) 970-6358

* ASAYAYE JIAMA - AFHTER Uiy

» Agdtn JAgEIER gy

o AEAGUYER YregiriedTa

I*

95



%2 yes

uekal - A58 - AEY

FTHLFEIA A214D A9z

g 2#AYe] B ZE AAEWAHY AL
¢ 3 B3 FAAA EviZ3 Y HAAFEAE
M5t AdAsr] 9 7xdFE FHaA
Lid= 2

ZaaA @vAe ARFRAS 2A AR
Y (electron beam source), A =}7] & = (electro-magnetic
lens), A& 7)(detector) L2 o]Fo]A Qr}!? o
F Az A= gyt FEHACdA Y FI d=9
npAAA 2 AAFEAAME Yets HAXd Az
Wel 23& 2F7) 98 AMSEd. A% d=s
dutxy oz QAFEPoz JME IYe HFE
7betd A7) %E YHAFBoEA AR Y BEE
Aoz &S systed, AW AEEE
Fo17] Hdl FAgol ¥ €32 A" SW
(pole piece) FH | Fejd Yol AAAE TZ=
o] glok mebx Az d=9 dA AANA
AEY FHY 72 E A5 dAo] wi FL
e, olgjd EHoz f{gasHME AMESHA
ARz IEEHE dF3rl 9 A7t 2
Y xlo] gc}ss

£ dTdAe A8 FEasrsy 2P
ANSYS™E ALgsto] HAA=9 712 540 #
 ndstn dPZoee] vlang F& MM A
FAHE AF3=EE A =23} dARY FAA

lo ro r

AdnAE ARAzA e A4e TR
Zze] 429 B4 % AA A=A YL ¥

ez, olg T8 AAFEAY dAE A% s
€ FHstnz g

2. FAEXIB0|Z e MALYEA

2.1 FAWKEHOHS 7|2 =
FALAZAEN A 7|8 FRE AWEYE HA
FAE ETE3E P EE(column unit), FHEL Al
87} Z&HE Avi(chamber), AF W nAFE
FAE7 4% AFE, Y FFE £ AR
5o FHEC Fig. 1 o & AFE 3 /L4
ERAY FAMAXREV A AERg UdF FRE

EASA=, Edoz AAYAdn A3 A=A,

W 3, 2/ o2 FAHY vt dAA
HAbE AR AL AR 150um o HAW Pl
EE v&A HE FHA ALLEH, oo
AL ArlFdozN 2EE 2700K oA o2 F7}
AlA AAE $EANE 98 L T

96

Beam sleeve

& Aperture B Gun

Gun Alignment

Condenser Coll

Lens ‘

Final
aperture

«.Condenser Lens 1
Coil

Scanning Coil

¥ Condenser Lens 2
Coil

Objective Stigmator Coll
lens

Objective Lens

Coil

Fig. 1 Overview of the developed SEM column unit
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Fig. 2 Basic structure of an electromagnetic lens
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Table 1 Basic specifications of the test magnetic lens

Dimensions Coil Case
Inner radius (mm) 21.75 14.5
Outer radius (mm) 30.5 45.0

Height (mm) 20.0 57.0
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Fig. 3 Analysis domain for the test magnetic lens

Fig. 4 Distribution of the magnetic flux lines
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Table 2 Comparison of the peak flux with experiments

Excitation current (A) 1.0 1.5 2.0
Simulation (T) | 0.0453 | 0.0679 | 0.0906
;Za: Experiment (T) | 0.0479 | 0.0694 | 0.0911
Error (%) 4.12 2.08 0.62
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Fig. 5 Experimental setup to measure magnetic flux
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Fig. 6 Comparison of the magnetic flux distributions
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Table 3 Basic specifications of three magnetic lenses

Lens CL(D) CL (2 OL
Current (A) 0.57 0.50 1.66
No. of turns 920 920 600
Area (mm?) 1690 1690 1045

Current density
(A/mm?) 0.3103 0.2722 0.9531
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Fig. 7 Analysis domain for the electromagnetic lens
system of a SEM column
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Fig. 8(a) Magnetic flux lines for the 1* condenser lens
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Fig. 8(b) Axial flux distribution for the 1™ condenser lens
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Fig. 9(a) Magnetic flux lines for the objective lens
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Fig. 9(b) Axial flux distribution for the objective lens
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Fig. 10(a) Magnetic flux lines for the electromagnetic lens system
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Fig. 10(b) Axial flux distribution for the electromagnetic lens system

Table 4 Comparison of the peak magnetic densities for various analysis models

Lens type CL(1) CL(2) oL
Peak location (mm) 38.62 123.10 252.12
Separated model 0.1188 0.1079 0.0705
Peak Entire model 0.1198 0.1093 0.0707
density (T)
Error (%) 0.44 1.29 0.19
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