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ABSTRACT

Coefficient of spherical aberration of the objective lens in the KBSI-HVEM was evaluated by diffractogram
method. Instrumental resolution was also discussed with this method. In order to improve the accuracy, digital
processing and graphical curve fitting for intensity profile of diffractogram were employed. Experimental
concerns where the optimal procedure of the measurement can be accomplished for this study were discussed.
The spherical aberration coefficient (C,) was estimated to be 2.628 +0.04 mm from this study, which was

almost coincident with the value of the manufacture’s suggestion (C;=2.65 mm).
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Table 1. Characteristics of experimental methods for C; measurement.

Diffractogram

BF/DF Displacement
Accuracy Less accurate (= £ 10%)
Speci Thick specimen (Diffraction contrast)
pecimen

Observation of known zone-axis
Insensitive to radiation
Specimen conditions
400 nm)
Phase shift Not related

Dependency on focusing Apply best Gaussian focusing

Measurable parameter

Large specimen: possible for reproducible
measurement (ordinarily, larger than

C,, Af (not measured independently)

More accurate (< +10%)

Thin specimen (suitable for WPO, Phase contrast)
Internal standards (Au, C, Ge, etc.:**)

Insensitive to radiation

Know the planar spacing

Use low index plane (larger spatial frequency to
improve the accuracy)

Related
Not related to Gaussian focusing

C,, Af (measured independently), resolution,
astigmatism, specimen movement, -+
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9 AHE 2 —T-H%}aiE}(KBSL 2003).
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Fig. 1. Example of diffractogram acquired at certain defocus Af for the measurement of C,. (a) High-resolution image of amor-
phous Ge with Au particle. (b) The diffractogram of the high-resolution image obtained by FFT (fast Fourier transform). (c)
Radial intensity distribution profile of the diffractogram. Even numbers of n denote the positions of contrast minima in the

diffractogram.
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Table 2. Constants of magnetic field design for HVEM objec-

tive lens

Constant Value
a (FWHM of magnetic field distribution) 0.00358 m
I, (generally the same as a) 0.00358 m
e (electron charge) 1.6x107°C
m, (electron mass) 9.2x 107 kg
U* (relativistic accelerating voltage) 2,778,150V
By (maximum of magnetic field density) 26T
K 0.824
Q] 1.3
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Fig. 2. Schematic diagram of calculated lens field distribution
and electron trajectory between the pole-piece gap of
HVEM objective lens.
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Fig. 3. Assesment of instrumental resolution and optical alignment from the diffractogram method. (a) High-resolution image of Au
particle on Ge thin film. (b) The diffractogram of the high-resolution image obtained by FFT. (c) Enlarged high-resolution
image of Au particle. (d) The upper part: intensity profiles of the diffractogram (b), the lower part: lattice fringe profile cor-
responding to the Au (222) plane (d=0.117 nm) as marked in (c) by strong white line.
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Fig. 4. High-resolution images ((a), (b), (c), and (d)) of amorphous Ge thin flim acquired at certain values of underfocus. Au particle
was used for internal standard. The diffractogram of the high-resolution image and its radial intensity distribution profile
stand in a row in each case. In the radial intensity distribution profile of each diffractogram, the fitting result by Gaussian
method enabled to accurately determine the spatial frequencies q which correspond to the positions of intensity maxima and
minima.
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Table 3. Experimental values of n/q> (y-axis) as a function of
q* (x-axis) for plotting the diffractogram analysis gra-
ph. The spatial frequencies q at the intensity minima
(n=even) were measured at each diffractogram shown

in Fig. 4.
. X Y
Diffractogram n
¢*(nm™?) n/q* (nm?)
a 2 21.62 0.09
4 50.69 0.07
2 14.75 0.14
b 4 35.08 0.11
6 63.44 0.09
2 10.77 0.19
. 4 25.27 0.16
6 41.53 0.14
8 60.17 0.13
2 10.74 0.19
4 22.67 0.18
d 6 38.06 0.16
8 55.13 0.14
10 72.52 0.12
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Fig. 5. The diffractogram analysis for determining the spherical
aberration coefficient of the objective lens in KBSI-
HVEM.

Table 4. The results of spherical aberration coefficient C; and
defocus Af estimated from the linear regression analy-
sis as shown in Fig. 5.

o Slope C, Intercept Af
Diffractogram (—C, - 23) (mm) (Af-X)  (nm)
a -1.04x107 261 112x107%* 761
b -1.06x102 266 151x107 1027
¢ -1.03x1072 258 191x107% 1297

d -1.06x107 266 199x107% 1351

Mean value of C, (mm) 2.628+0.04
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