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Design of a Condenser Lens System using a Thin Lens Combination

Sun-Jong Lim*, Ji-Yeon Choi’

Abstract

Most of SEM is double condenser lens system. Two condenser lenses are required to provide the high demagnification
ratios necessary for forming nanometer probes). The thin lens concept provides a highly useful basis for preliminary
calculations in a broad range of situations. It is an easy way to understand the electron beam paths in column.
Demagnification is easily calculated by this method). In this paper, we present design processes for condenser lens's
demagnification by using thin lens combination model. Also, we verify the reliability of our design processes by comparing
the modeled demagnification with these of corrected condenser lens.
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Table 1 Design specification of total lens system

Factor Description
40um

(Tungsten filament)

Beam source size

Probe size 4 nm
Demagnification of CL 1 0.05
Demagnification of CL 2 0.02

Demagnification of OL 0.1
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Fig. 1 Design of condenser lenses

Table 2 Design factors

No Factor Description
| From a beam source to the
X CL-1's focal length
2 fi The CL-1's focal length
, From the CL-1's focal length to the
3 X1 .
CL-1's image plane
4 From the CL-1's image plane to the
2 CL-2's focal length
5 f The CL-2's focal length
, From the CL-2's focal length to the
6 X2 .
CL-2's image plane
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Fig. 2 Condenser lenses and condenser lens coil

Table 3 Design specification of condenser lenses

Factor Specification [mm]
Inner diameter of pole piece 6.5 <
Outer diameter of pole piece 24 <
Distance between beam source and “CL_2” 172
Distance between beam source and “CL,_17 88
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Table 4 Parameter values of “CL_1" by modeling

Acceleration ' CI.J_I
voltage[kV] (Demagnification rate : 0.05)
(Focal length : 4.19)

10 0.422

15 0.517

20 0.597

2 0.667

30 0.731

Table 5 Parameter values of “CL_2” by modeling

Acceleration CL2
(Demagnification rate : 0.02)

voltagelkV] (Focal length : 1.56 )

10 0.773

15 0.947

20 1.093

25 1.222

30 1.339

Table 6 Current range of condenser lenses

Acceleration Current range[A]
voltage[kV] CL 1 CL 2
10 03 ~125 1.05 ~ 1.075
15 0375 ~ 1.55 1.275 ~ 1.3
20 045 ~ 1.775 1475 ~ 1.5
25 05~20 1.65
30 055 ~22 1.8 ~ 1.85

Table 7 Parameter value (acceleration voltage : 10[kV]), [mm]

fi S1 s/’ m hy'
7.943 88.7 8.725 -0.098 -0.001967
5.203 88.7 5.527 -0.062 -0.001246
1.109 '88.7 1.123 -0.002 -0.000039

£ 2 s’ m hy'
1.142 75.276 1.16 0.015 -0.000030
1.142 78.473 1.159 0.015 -0.014768
1.128 82.877 1.144 0.014 -0.013798

Table 8 Parameter value (acceleration voltage

: 15[kV]), [mm]

fi S1 st' m h'
7.628 88.7 8.346 -0.094 -0.001882
2.203 88.7 2.259 -0.025 -0.000509
1.115 '88.7 1.129 -0.001 -0.000038

i3 ) s’ m hy'
1.148 75.654 1.166 0.015 -0.000029
1.124 81.741 1.140 0.014 -0.000007
1.135 82.871 1.151 0.014 -0.000001
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Table 9 Parameter value
(acceleration voltage : 20{kV]), [mm]

fi $1 s/’ my hy'
7.079 88.7 7.693 -0.087 -0.001733
5.812 88.7 6.220 -0.070 -0.070119
1111 '88.7 1.125 -0.001 -0.000035

f 2 s’ ny hy'
1.147 82.874 1.165 0.015 -0.000026
1.189 77.780 1.207 0.015 -0.000022
1.189 82.875 1.206 0.014 -0.000001

Table 10 Parameter value
(acceleration voltage : 25[kV]), [mm]

fi 8 st m hy'
7.178 88.7 7.810 -0.088 -0.001761
7.178 88.7 6.810 -0.088 -0.001761
-1.115 '88.7 1129 -0.002 -0.000035

b $2 s’ m h,'
1.146 76.190 1.164 0.015 -0.000027
1.146 76.190 1.164 0.015 -0.000027
1.146 82.871 1162 0.014 -0.000000

Table 11 Parameter value
(acceleration voltage : 30{kV]), [mm]

fi Sy s/’ my h'
7.128 88.7 7.751 -0.087 -0.001748
5.203 88.7 5.527 -0.062 -0.001246
1.117 '88.7 1.131 -0.002 -0.000035

f $2 8y’ m hy'
1.104 76.249 1.120 0.015 -0.000026
1.100 78472 1115 0.014 -0.000018
1.100 82.868 1.115 0.013 -0.000000
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Fig. 5 Comparison of modeling value to
designed value in “CL_2"

Table 12 Modeling value and designed value in “CL_1”

Acceleration Focus length of “CL 1" [mm]

voltage[kV] Modeling value Designed value
10 1.109 ~7.943
5 1.115~7.628
20 4.19 1.111 ~7.079
25 1.115~7.178
30 1.117~7.128

Table 13 Modeling value and designed value in “CL_2”

Acceleration Focus length of “CL_2” [mm)]
voltage[kV] Modeling value Designed value
10 1.128 ~1.142
15 1.135~1.148
20 1.56 1.147 ~1.189
25 1.146
30 1.1~1.104




Table 14 Comparison of demagnification rate in “CL_1”

Acceleration Focus length of “CL_1” [mm]

voltage[kV] Modeling value Designed value
10 -0.002 ~ -0.098
15 -0.001 ~ -0.094
20 0.05 -0.001 ~ -0.087
25 -0.002 ~ -0.088
30 -0.002 ~ -0.087

Fig. 15 Comparison of demagnification rate in “CL_2”

Acceleration Focus length of “CL_2” [mm]
voltage[kV] Modeling value Designed value
10 0.014 ~ 0.015
15 0.014 ~ 0.015
20 0.02 0.014 ~ 0.015
25 0.014 ~ 0.015
30 0.013 ~ 0.015
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