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Design and Analysis of an Objective Lens for a Scanning Electron Microscope by

Coupling FE Analysis and Ray Tracing
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The scanning electron microscope (SEM) contains an electron optical system in which electrons
are emitted and moved to form a focused beam, and generates secondary electrons from the
specimen surfaces, eventually making an image. The electron optical system 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 study covers the design and analysis
of an objective lens for a thermionic SEM. A finite element (FE) analysis for the objective lens is
performed to analyze its magnetic characteristics for various lens designs. Relevant beam
trajectories are also investigated by tracing the ray path of the electron beams under the

magnetic fields inside the objective lens.

Key Words: Scanning Electron Microscope (F A AHH

# =), Finite Element Analysis (8124

1. B

FA}A AL &7 7 (Scanning Electron Microscope;
SEM)2 3@ FolA e 37300~700nm)el
AT Ty AE FEIFH7] A HF Inm
o]stel A E ALEFOEAN LIH S FHAT
4742 AET, o 9 o3 FF Eofo
A ode ARSEHI Yk AR d@v A AR
F8 A= ZA AR Y (electron beam source), A X}
7] @ Z(electro-magnetic lens), 71& 7](detector) &

1]7), Electron Optical System (& X-2817]), Objective Lens (T &
e ), Ray Tracing (B4l 2%)

2 oA Uk} o)F AR AzE dite 3
Aol AR 2HE 23] S8} AeHE A&
Az} gEdzz 74 U AR A==
gulr o g 01%630 AAEH I AFE <
sted Alge FANPeRN A HFL
AclsiFe 328 sased, AAusl Ase
g Fol7]l 93 FA&o & «HE AFd F
H(pole piece) FHo FAH Zdo] AAAE T
Z22 Fo] vt metA AR Az HAA A
A4¢ 5 72 2 X5 AAo] ¢ F83



Y USSR A 26 H 115 pp. 92-08

November 2009 / 93

o, ol2¥ Aoz {IasdNe AMEEA A
Az AAe we JY&EEH P g a4 gE
AR e ZA5R g 4557 A% 477t 2
P= o] gkt

2 dTedME 48 frdeasy Zag
ANSYS™ME AMg38te] @AY FAPAAAW A 9
HEdze i e SR A= FHgA
Ad Be A7 J&aHe Heolg EAsuz
ot =F A7) SERE ERE AAGEA
A8 34 T2 OPTICS & AH&3te] Fad 3
g FPFo N gEA=Y Fgd b A
S4S Aoz HHo A=FFaA N 1P
stz gt

2. FAEXEN|F A=

21 FAWKHOZS JE FE

FAHAEN A 7|8 FRE AHEA HA
FEAE £33 HEH (column unit), FSHE A
271 AEHE an:ﬂ(chamber), AE W9 13 F&
A5 A TR, nW1YE FEE E AR
ToE 749 Fig. 1o ¥ dTE 53 7H“"Q
AARY FARAEWAE AE8F R 7=
AR e dEHeZ AL Axt %’1174]
HE 34, 27 52 FAREY dd. AAY
AL AH 150um & Had dEES aAgS
A7Mgo =N L2EE 270K o] 4oz Z7HAA A
AE FEANTIE 4TS Tt

FAAAG A ) AARFTAE dF ez J
& ¥ Z(condenser lens)?}t )& @ =(objective lens)Z
T45 itk &A= = AAE I Dol
AAst low, WALE AANE JASAAFL
2R Al E‘?J_'f?]'tb: A Y 3% AAE =4
AFe 98 FPgrt. JEI=E 53 =424
AR %2 ’2}-4 gr)et Az 43S XA
9o gEdze AR e AR Addd
AAst glew, ¢
A A 23S RFFE 4T T wEA
HER2 oo FAAAYAEY El5E
At T2 2oz g’

bl

22 QIBA=S MANY D@

Fig 1 ol =AR vish o] EA=E AAF
g Wl A=F Ashgel AR 33
St Ad gud AA@T e gEa

INH
Y

Electron Gun

Anode
Alignment Coil

Condenser Lens_1

Sleeve & Aperture

Condenser Lens_2

Scanning Deflection
Coils

Objective Lens

4-4—— Aperture
IZ &4—— Stigmator
I |

:@ Sample & Stage

Fig. 1 Configuration of the developed SEM colymn'!
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Fig. 2 Types of objective lenses in the SEM column
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Table 1 Current condition for 4 objective lenses

Lens type | Current (A) | Current density (A/mm?)
Type I 1.66 0.9531
" Type I 1.59 0.9051
Type 1T 1.59 0.9051
Type IV 1.59 0.9051

(c) Type 11 (d) Type IV

Fig. 3 Magnetic flux distributions for various lenses
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Fig. 4 Comparison of axial flux distributions for the each
type of objective lens
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Table 2 Peak flux and positions for 4 objective lenses

Lens type Position {(mm) Peak flux (T)
Type 1 90.90 0.0669
Type 11 87.36 0.0774

Type I 112.32 0.0539
Type IV 84.87 0.1404

42 H= dAH<0| O HE454 v

4.1 Hofo] ARNEFE 4 714 Feo A=F
olFFA A FH(Type IV)9] A47F J&UR 4
=7t 7P $5Ee ¢ Uit B ddMe
olF A FHe AAES i Pz AEKE
doll dis sz} ol

Fig. 5 o o3 A2 Fo AAXSE =
AT, F8 AAAGCEZE olFIHe Z4x
0, 0y, FHY A 2 FAAH ) Fol 3l
om olF Hlo FEEA o] FMAoR
g ZeR #gdHE oF=d Adde Zxe)
4 FHDAWG)E 9siA7IY sia e FeEi
oluf FAA ) & FH F4Y FR@)e 4
8.0mm o} 45°2 RAZH v 6, L 259 A 457
2 50 AR FAFEA AN HHES FHEE

Table 3 Comparison of the peak flux according to various
design specifications of the objective lense

)_g@l (degree) d; (mm) Peak flux (T)
25.0 3.26 0.1462
30.0 5.04 0.1397
35.0 7.00 0.1268
40.0 9.23 0.1153
45.0 11.80 0.1073

Fig. 5 Design specifications of the objective lens
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Fig. 6 Variation of the peak flux according to 6,
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Table 4 Comparison of the image positions and focal
lengths for 4 objective lenses

Focal length(mm)
24.77
19.98
35.18
11.63

Lens type | Image position(mm})
178.67
172.52
197.27

170.80

Type [

Type 11
Type 111
Type IV
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Fig. 7 Ray tracing results from the beam source to the image plane for 4 objective lenses
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