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Abstract: This paper presents a design method for optimizing the focused beam characteristics, which are mainly
determined by the condenser lenses in a scanning electron microscopy (SEM) design. Sharply reducing the probe
diameter of electron beams by focusing the condenser lens (i.c., the rate of condensation) is important because a small
probe diameter results in high-performance demagnification. This study explored design parameters that contribute to
increasing the SEM resolution efficiently using lens analysis and the ray tracing method. A sensitivity analysis was
conducted based on those results to compare the effects of these parameters on beam focusing. The results of this
analysis on the design parameters for the beam characteristics can be employed as basic key information for designing a
column in SEM.
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SEM(Scanning Electron Microscopy)< &v|7 K.t}
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71 <] 4x}7]ﬂ£(electro-
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Fig. 1 Basic structure of an electro magnetlc lens
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Table 1 OPTICS Input data

Cross- o Current
. No. of |Excitation .
Lens | Current | Section turn [Ampere Density
type | [A] Area of [turns] turlrl)s] [Ampereturns
Coil [em?] Jem?]
CL1] 0.6000 16.9 920 552.0000 | 32.6627
CL2 | 1.1000 16.9 920 |1012.0000| 59.8817
OL | 1.1219 | 9.8374 604 677.6276 | - 68.8828
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Fig. 11 Ray-tracing in the column system
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Table 2 Results by the column system analysis

CL1 CL2 OL Demag

Excitation 1 55) €595 | 1009.5304| 677.4963
[Ampererturns]

Max B, [T] 0.11841 | 0.24403 | -0.14589

; 0.0006
Peak location [mm] || 95.09065 | 183.312 | 373.765
Image Plane [mm] || 110.766 | 183.312 | 373.765
Sub Demag 0.1675 0.0653 0.0529
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Fig. 14 Schematic diagram for testing design parameters

=

stube] AERE ol & 16 M(AA o] o]Fdte
ot 3 e WEE AAA HedH, 1 AR et
A= =3 744 3 0, AE W v 4 F57, W= Apo)

Ag 3 7N, @=e] Aol 3 I, @=e] v 3 Iyt
EAg ol AA AR} AFRE 16 A= weE
DOE(Z @A) == =+ 2 7He &4 29
AdE FAste e 2'%<65536 WO xFl sl
A EHO)AS slloF star, Whe W HES AMSEHY
A3 57 3 A 3n 89
3'9m o] 238 Al sof gt
olgA AHelslor & WFvF BE we
=537l AslA o FH(grouping) HH
A dor & AR MFE vk &, Wk
7NAE= Sy 7lwo]  fAREE AAE
shife] oz glofA T e
dHH o2 FEFo ¥WetE FAUT A4
16 712 AAE 5 79 wFoz J
TES e Zoh

A1t A= = A (pole-piece) HA (gap)wt(g: 2 ~ 5
mm)°] W3k 371 x| @M= 53 114 o
sl d&AQl dolo] Hl&w¥E0.81g, 0.9025g,
1.1025g, 1.21g) 4 &

A2v AE W ¥ (radius) v (r: 4 ~ 8 mm) 2] H 3}
A Wlel ®RHE ol diste] d#AQ AHole]
H] & 3}1(0.9r, 0.95r, 1.05r, 1.1r) 2] &

A3 A= AT (p: 9523 mm, p,: 84.015
mm, p;: 186.015 mm)e] W3} @M= Alo]o Ay
ol Al Holo] HlE&WSH0.81p, 0.9025p,
1.1025p, 1.21p) 4 &

A4 N A=5e] WHAEATR: 545 ~
mm)2] W3} 3709 #=Ed dE dEHQ
HE7(R: 0.9R, 0.95R, 1.05R, 1.1R)%] B] &3} % &

Alsa NE A=E2] Aol (L: 80.5 ~ 97 mm) <
W st 370 A=Eel s d&2Q1 Aol(L: 0.81L,
0.9025L, 1.1025L, 1.21L)2] H]&W3} #-&.

o
O
N OB ol

[e)
Z‘:l-’i_‘

ofje

[o

x5 -

4 E g

Zb A ES] HEWs e AR FI st
It WekE ovgith. =, F3 VvV 7 081V,
0.9025V, 1.1025V, 121V = WHd uwj, A= =H
£ 0.8lg, 0.9025g, 1.1025g, 121g =
A% W 9 r 2 09, 0951, 1.05r,
wat= Zlolt ol &3l HEF H¥
upe} Zbzke]l A 1A wEC] vy

CL1 9 ZolLpel wis] <=
Hele FEAYE A dud, d= S3H(g) Y
dl= Afo] o] gE fjA|of] xfo]l7F YA T
wkok W= FHo| #W=Eo| Zolo 1/3 A A
AA & Adctar 7hgetA, v st @z Zo]
HetE 7 HAS W, S3e] A= Hek d=
Zolo] 1/3 A Qe fA|EHA HoRE F 1Ak 7He]

1F of 1o 1% o_?;

343 AA X}t Fo| Ao w2 T Atst
Al d= =31 A9 A7]E Wy o #
st de A7]e] Wshrt d=3F A JEs
i

U AN lo

Zo| Fig. 1404 @07 SoluA Ha, CL2 =
A FHAo] e E8FHo g FojuA H™ CL1 ¥ CL2
Abol o] A (p)7F WatAl Ak &, °E A}

Al HoR, v Aabs o S o7

d

A Azel WAL ARz ARe7] W]
AER N7 Ao FE WG Ade dze] W

A, & g FARoRE 33U YgXE HIAA
M qF " Zde) AXE 2AANTIVA AE
F UZE@Zd g AeF s HdFo2HE A
o] xS WYty AEH WA FHo W= F
s APA Ak T} 2, Fig. 15 9 o=z A
e Fio FANE WsA7) A o) w, o)
o, U A= HHES|H Fie] Agrt 1A



Hojok gto g HFFe WA sreol e F79
FARE HStAAFH ok g

A3 d= 7o) Age A= 531 F
o] Aglz gt} OPTICS oA 54
@ A= =5 7]F(local origingS 7
A 237 (global coordinates)oll 13|
Atol Ag o] WstE & 4 Uth wekA 9
Azl 45 y|Fo2HY S A 7tA 9 A
BRE A dofstar glofop sk 1Ak
TFrog Wyt 7 st

A4 A= HFF(R: 545 ~ 69.5 mm) L A5
gd=o] Zo](L: 80.5 ~97 mm)w* W3} Al :rmg =
W Wl wE o Af(excitation)] WIE T2 5|
ofF gttt dl=o] FAh(HolWd, WA 5’—"'1:“01]

E

o] WA FHWH, Y wo] WA ¥,
] ke

(o]
IN 2 > o

>,
oY o
[o
il
=

o2 2<¢d A (operator)7} = =
z7] A o= 01;“0}71] ‘TTX] Al A gt} 1
e 2, FZdo e o wishd e W=
7bE = ARy WighS owmgith. AHeletd, Y
o] Yiwste] wep ofzke] w®Wishyh A7) A E o]

ol & Al=dol el Hred A Ak st&=H|, 1 041}9]
Hsls = ¢ v A A= Mg AA %
Ao WstE FafAolth webA Xﬂﬁlﬁoi A
H3 RS Ayl AlEHolde] o8 e
7} A= Aol

- dze] dolii(L) #H F7F aPAE: AR
el A=t Agdp)e A AR A A7
el 71Ee AEH oA d=59 531 T4
(pole-piece center)®] XS FAAAFF
T}.(CL1: 95.23, CL2: 179.245, OL: 364.44 & 4])
=259 dojygle] whaf W= Z5 A Al
Al =1 S YA wskr] wEel dEE A
A FAzANA =5 FAx2A A= =248l 7S

9 F4e 9AE fHRES Fo),

O T, 5 —]
‘J

L

Fig. 15 Schematic of column radius

2 @AM W 54 A7 7

2 He A s AL s s
o), A=o] o7} dojA= A5 d=zke] 1A
HAFo] WAs= Zlolt) o Ao glo]
F=o] gtk HAES AAE & dANh
OPTICS oM E A xoz = mdo] AXE A
= el 23}HA Fes FF AlEUCIAS
o AUk 2, 7 N d=E ¥ 3
AR S we] deE
Ay

o

o = o

]

N R rlr

}]1

s A, 7gw

B,9] o] §IA|Wt Apel7h EA)
- AN U9 WETOS AA dAE HAE

7] witell, dl= wbEate) s WA W, A
o] v Y] AVE uAge Ald Eevt
Ak olwE, AEE el wEe WsAzlE wA
H, dz=s} FEH Aol stEgele FAE M

=]

2 =9 ZAojwgrow 7H= o] whjE kS
Zole d F2X], wbEWgo gl = Flo| F
2215 gletaxt ghod, e ¥ItE ZY
e o] Wsle] =4S grFo] AlEdelds F
JafjoF sty 19 1o wel HASHE B9 kY
Aoiviart 7hsete, 1 Ayl whE whel & o
Hlu ke 7hs38bAl doh ol AlE# el o
slo] 242 FIE dAstA HsiAZ we] Q1)
o s BMo= AEe Fyd ugt £
o] WslE A HA

3.5 21}

Z4zke] 2ol og A F2 o A3 Fig 16,
Fig. 173} ) ol& L+ 85 Fyve] wst
o st A Ak Wstel Pk A
& WA= 3ol ofyel Z4zhe] 1A}
a2 z7e s ®EkE F= slo]r] wiEel,
e - 7F we ufjo] whal gl S
AAl A wEo] R ERE = Stk 4
Fig. 16014 121V o], =38 (9] ¥}
21g, ﬁELH el WEhs Lireli 1o
&2 747# 0.0007, 0.0008°] t},

Z3 =8 1A7(), 4 LH
17V Eoleas, agal A=zt
W7 (R), A= QOHL( ) o]
o] _]—o}x]‘— A3 S Helth Ho
o3 AAZS & aHoﬂ‘— o9} e
o] frelstt.

-z
i N,

o

oot X O g Ho
P

o i A MU A2 2ol R

-

i) Fi':
:_‘ =
ml

z

)

ﬂ__

H

Sz
rlo

rru
m_mlrl

N o

)

o
-~

o9
-
==
o

S

| 2
T

ox

to oX T
22
il

rir

>'.\|1.. ra"

Fl

oX mN MY Y oM



(

oY
Roc)
)
fo

Table 3 Results of the mean sensitivity

gavg I'avg pavg Ravg Lavg
(Demag/mm) | (Demag/mm) | (Demag/mm)|(Demag/mm) | (Demag/mm)
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0.0002
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