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Fig. 2 Analysis examples of triplet lens by optical design software [CODE V].
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Fig. 4 Two waves interferometer combined array light source and two prisms.

6 : beam divergence angle, «,: apex angle of prisml, «,: apex angle of prism2,

f: focal length of lens, 0,,: maximum oblique incident angle allowed to setup,

w,: distance between lens and prisml, w,: height of prisml

w;: distance between prisml and prism2, w,: height of prism2,

ws: distance between prism2 and crossing position of two beams, W: total width,

h;: length of array light source, D: aperture of lens, h,: length of prisml’s base, h;: length of prisml’s base

spot diagram

Fig. 5 Two waves interferometer of compact optical memory system using VCSEL array and two prisms [OSLO].

(A =780nm, O =15.0degrees, f=10.0mm, n=1.51 (BK7), h, =10.0mm §,,, =10.0degrees, @, =120.0degrees, @ ,=90.0degrees)
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Abstract: The optical design was originally launched in order to develop classic optical elements such as telescopes
and microscopes. Along with the demand for optical devices with a compound function, came improvements in
fabricated techniques, development of new materials, and miniaturization of optical elements. Since the dawn of
micro optics, our laboratory has been engaged in variety of research, ranging from basis study to design, fabrication
and evaluation experiments. Currently, those devices and techniques are being applied to high-dispersion spectra for
astronomical observation, a novel optical spectrum synthesizer for photonic network and a filter for color separation.

In parallel to this development, optical design software has made great progress since the late of 1950s when
computer tools became available. Design and assessment methods for optical elements included ray tracing, scalar
theory and electromagnetic wave theory. The most primitive software employed geometric ray tracing, in which
many rays were observed after its entry through an optical system and spotted on the image plane by spot diagram.
However, this analytical method has a limitation. Successively, the Damped Least Squares Method with an automatic
optimization function was developed, and became one of the most frequently used optical software.

The optical design in finding construction data with the global minimum aberration requires a complex process.
It is difficult to trace back numerical values by “inverse analysis”. These values make up the whole or part of the
optical setup, for example, curvature radius, surface separation, refraction index and dispersive power of the glass.
It requires minute processes of changing parameters at each phase and checking them carefully, based on aberration
theory. In addition, experimental judgments of the designer play also an important role during series of elaborate
investigations, as new data have to meet the criteria to improve performance. Ray tracing is to be conducted at
each step by inputting new data, until aberrations are calculated to confirm better performance. We continue this
“trial and error”, and have computers process and optimize these data.

This paper demonstrates characteristics and optimization processes of optical design software using computers.
Referring to “automatic optimization” theory, the latest trend for global optimization of the optical design software
is also introduced. Moreover, variations of optical design software on the market are presented, with some special
characteristics featured. As applications, two examples will be displayed. Optimization of a triplet lens is one,
while the other is two-beam interferometer for compact optical memory system using VCSEL and two prisms with
optical design software. Lastly, experiments on the directional-sensing photodetector using MEMS (Micro Electro
Mechanical Systems) were carried out. An examination on its angle measurement of incidence was conducted using

the illumination analysis. These results will be exhibited.

Key words: optical design, optical design software, ray tracing, optimization, MEMS, directional-sensing photodetector



