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Abstract In a microcolumn, a miniaturized electrostatic deflector is often adopted to scan an electron beam. Usually,
a double octupole deflector is used because it can avoid excessive spherical aberrations by controlling the electron
beam path close to the optical axis of the objective lens and has a wide scan field. Studies on microcolumns have
been performed to improve the low throughput of an electron column through multiple column applications. On the
other hand, as the number of microcolumns increases, the number of wires connected to the components of the
microcolumn increases. This will result in practical problems during the process of connecting the wires to electronic
controllers outside of the vacuum chamber. To reduce this problem, modified quadrupole and octupole deflectors were
examined through simulation analysis by selecting an ultraminiaturized microcolumn with the Einzel lens eliminated.
The modified deflectors were designed changing the size of each electrode of the conventional Si octupole deflector.
The variations of the scan field and electric field strength were studied by changing the size of active electrodes to
which the deflection voltage was to be applied. The scan field increased linearly with increasing deflection voltage.
The scan field of the quadrupole deflector and the electric field strength at the center were calculated to be
approximately 1.3 ~ 2.0 times larger than those of the octupole deflector depending on the electrode size.
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Fig. 1. (a) Conventional microcolumn with Einzel lens.
(b) The microcolumn structure used in this work.
Einzel lens is eliminated and one additional
subsidiary electrode (Sys) is added in source lens.
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Table 1. The geometrical dimension of each component
and the distance between each component of a
microcolumn described in Fig. 1(b).

The aperture diameter of source lens electrodes and
the inner diameter of the deflector (um)

Si Sas S, S; Deflector

50 50 50 5.0 1,000

The distances between each component (um)

Emitter-S, Si-Sas S2-Sa S>-S3 S,-Deflector
50 200 200 400 700
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Fig. 2. The schematic diagram for (a) a conventional Si
octupole deflector, (b) a modified octupole
deflector, and (c) a quadrupole deflector,
considered in this simulation.

2.2 Modified Deflector A|E2||0|M
B A BY o)A ME Fig. 29 Asla$-o] A9

2 06=30 , 123 60°% HMSAFIHA A 7]
s uwo; AlEdoldE astatt Fig. 2(c)l
xﬂAlL == DPE*‘EH 785l %L% Ao 715

6=
2o rHoH 741 S EEked

olgA ma s u}ol:&%f?u tZdE ] 2~ o
o #slE 494 X2 ‘OPERA 3D'E AMg3}o]
ZARIALE T A=l kel tEEA Y 150
V 7HA WSIAITIEA 270 49E et

Fig 3(a)€ Fig. 1(b)°ll AIAF mle]az 29| S,¢

3 AFE HAAANT Aol A, AAEel -1 kv, S,
Xd%oﬂ 2700 V, Sy Aol -867 V o AYE 7z} <t
shal Al AAS AL Bloltk o] wf tEHE ]
A QA7kekA ottt MAle] Wk WS 2z &
o2 HAs9S v YZPE Y= z = 1,558 um
ol 4 2,058 um Abolojw, =4 theEF z = 4,700 um %
o] 9A]e FA= AT

100-9) l Limiting Aperture
(a)

Extractor

(b)

300.0|
250.0)
200.0|
150.0
100.0

50.0

(c)

0.0
-50.0
-100.0

-150.0

-200.0 4500.0 5500.0

500.0 1500.0 2500.0 3500.0 6500.0

Fig. 3. Electron beam trajectories obtained by applying
deflection voltage to 30° electrodes of the
modified octupole deflector (a and b) and
quadrupole deflector (c). Deflection voltage is 0
V for (a), and 100 V for both (b) and (c). The
column operation conditions are described in
text.
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