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ABSTRACT

We have made an optical device to study the wave optics phenomena, such as image and diffraction pattern,
constructive and destructive interference, by direct operation of laser beam and optical lenses. It consists of
laser beam, goniometer, objective lens, intermediate lens, projection lens, CCD system, and computing system.
As a result of the performance test, we were able to magnify samples up to 44 times with the resolution of

about 5 pm. It is expected to help EM users understanding more easily principles of transmission electron

microscopy (TEM).
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Fig. 1. Comparison of optical microscopy and transmission electron microscopy.
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Fig. 2. Schematic drawing of an experimental device for image and diffraction observation using laser beam. It consists of laser gun,
sample stage, objective lens, intermediate lens, projection lens, CCD system and computing analysis system.
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(a)

Fig. 3. Main features of gun part: (a) top-view of gun system that consists of (D laser gun, 2 X-axis alignment controller, @ Y-axis
controller, and @ Z-axis controller: (b) side-view of gun system: (c) gun cover. ,
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Fig. 4. (a) Six samples can be loaded at once in the sample holder. (b) The sample holder combined in the sample stage can be

moved to the beam center by fine screw motion.

Fig. 5. The objective and projector lens have same configura-
tion. Four fine screws are used to align the lens and the
red arrows indicate the moving direction of the lens.
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).

Retraction

Fig. 6. Intermediate lens for selection of diffraction or image mode by lens insertion and retraction: (a) lens insertion: (b) lens

retraction.
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Fig. 7. (a) Images and diffraction patterns formed on screen are transferred to computer via CCD system. (b) Images and diffraction
patterns displayed via CCD system can be saved for computer analysis.
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5. Intermediate lens
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(b)

Fig. 8. Lens movement system for focusing images and diffraction patterns: (a) each lens holder can be moved along the column by
lockup and lockout of the large screw: (b} each lens can be moved to the focusing point using a measuring tape.

(a)

(b)

Fig. 9. Laser beam path by diffraction from objective lens to intermediate lens: (a) each diffraction beam is not observed because of
its short traveling length: (b) diffraction beams pass through the intermediate lens are clearly observed.
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(b)

(D

Fig. 10. Diffraction beams from various samples are observed more clearly after passing through the projector lens.
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2. Relationship between images and
diffraction patterns from various samples.
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Table 1. Summary of samples used for optical experiment

No. Figure Type Pitch size (um) Hole size (um) Bar size (|Lm)
1 Single aperture 150 -
2 Single oval hole 2000 %X 500
3 Parallel bars 83 43 35
4 Rectangular bars 340/83 290/58 50125
5 Square mesh 83 58 25
6 Hexagonal mesh 125 100 25
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(@) (b) (© (d)
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e
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Fig. 11. Comparison of observed and calculated images and diffraction patterns for various samples: (a) and (b) are observed images
and diffraction patterns by laser beam optical device, respectively: (c) and (d) are calculated FFT data and IFFT data of (a)
and (c), respectively.
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