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ABSTRACT

In this paper we have examined the usefulness of IWFR (the iterative wave-function reconstruction) analysis for throu-
gh-focal series of high-resolution images for a relative thick crystal. In the work we employed JEOL ARM 1300S, and
observed the high-resolution images for a Si crystal at the two orientations of [01-1] and [11-2] having 30 nm and 35nm
thickness respectively. As aresult of applying IWFR method on the images we found out that even for athick crystal by
the method we can retrieve the exit-surface wave function. However because of the strong dynamical scattering effect,
the image pattern of the function reflects only qualitatively the atomic column structure of the crystal examined. Never-
thelessit is no doubt that the pattern would give important clue for the crystal structure.
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Table 1. KBSI-HVEM (JEM ARM 1300S: 1,250kV) parameters for
imaging and simulations

Wave-length of 1,250KeV electron:
Chromatic aberration:

Spherical aberration:

Beam convergence:

Objective aperture cutoff:

Defocus spread:

Scherzer defocus:

A=7.354x 10"*nm
C.=0.41cm

C=0.26cm

Bs=0.28 mrad (0.5 mrad)*
0:=9.6nm™(9.017 nm™%)*
Ag=4.0nm (8 nm)*
Afe=—-52nm

*parameters listed in the instrument manual.
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Fig. 1. The map of the phase contrast transfer function (imaginary

part) of (1) in text modified by the damping envelopes, which is gray-

scaled —1 asdark and +1 as bright. The parameters used in the map

caculationislisted in Table 1. The two vertical lines are correspond-

ing to near the first and the second Scherzer defocus values. g.=9.6

nm is the magnitude of the cut-off reciprocal lattice vector by the
objective aperture inserted in imaging.
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Fig. 2. The experimental images (left) of Si viewed along an [01-1] zone axis orientation at the each steps of defocus, a@ Af=—47 nm, b: —69
nm, c. —76nm, d: —86 nm. The right images were processed with the left mages by a non-periodic noise filtering and imposing lattice translation
symmetry. The simulated cell images of final results are inserted in the middle of the right figures to show good matching.
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Fig. 3. Theimage contrasts of the exit wave function evaluated by IWFR method from the right four imagesin Fig. 2, and a phase, b: imaginary,
c: redl, d: intensity of the wave respectively. The cell contrasts inserted in the middle were evaluated from the simulated cell imagesin Fig. 2. In
the ¢ and d, the separation of the two spotsindicated as bar linesis 0.115 nm.
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Fig. 5. The experimental images (left) of Si viewed along an [11-2] zone axis orientation at the each steps of defocus, a: Af=—-45nm, b: —55nm,
c. —65nm, d: —75nm, e —87nm, f: —97 nm. The right images were processed with the left mages by a non-periodic noise filtering and impos-
ing lattice trandlation symmetry. The simulated cell images of final results are inserted in the middle of the right figures to show good matching.
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Fig. 5. Continued.
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Fig. 6. The contrast images of the exit wave function evaluated by IWFR method from the right six images in Fig. 5, and a phase, b: imaginary,
c: redl, d: intensity of the wave respectively. The cell contrasts in the middle were evaluated from the simulated cell imagesin Fig. 5.
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