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Fig. 1 Conversion of a continuous function into a diffractive
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Fig. 2 Ray tracing of phase DOE.

(Parameters of phase DOE)
n : refractive index of incident side, n’:refractive index of
output side, s’ : unit vector in the direction of incident light,
s:unit vector in the direction of output light, € :normal
unit vector at incident plane, A :grating period, q: parallel
unit vector at grid line tangent to plane, k : diffraction order,
A @ wavelength of vacuum, v : spatial frequency.
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Fig. 3 Modeling process of Fresnel lens using CODE V.
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Fig. 4 Analysis of Fresnel lens using CODE V.

(Parameters of Fresnel lens)

design wavelength (Ao) : 632.8nm

numerical aperture (NA): 0.1
focal length (f) : 10.0mm
Thickness is excluded.

Table 1 Diffraction efficiency of 2 level MLZP.

(a) design parameters (b) diffraction efficiency

Diffraction efficiency

Design wavelength A ¢ 632.8nm Analysis method %]

Number of level L 2 level CODE V 40.5

Numerical Aperture NA 0.02 F_resnel»»chhhoff 40.3
diffraction theory

Focal length f 50.53mm Experiment 39.6

Diameter of MLZP D 2.0mm

Number of line M 32 lines

Minimum feature size

1.00 £ m
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(Parameters of incident light)

diameter of beam (d): 2.0mm
wavelength (A) : 632.8nm
incident angle (6): 0.0deg.
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Fig. 5 Dependence of diffraction efficiency of MLZP on
number of level.

(Parameters of MLZP)
design wavelength (Ao) : 632.8nm
numerical aperture (NA):0.02
focal length (f):50.53mm
Thickness is excluded.

(Parameters of incident light)
diameter of beam (d):2.0mm
wavelength () : 632.8nm
incident angle (6 ):0.0deg.
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Fig. 6 Recording and reconstruction of VPH grating.

(Design parameters)
A : grating period, n:refractive index, An:refractive index
modulation, d: thickness of grating, A :recording wavelength,
A’ reconstruction wavelength, Os:Bragg angle, 0 :incident
angle (recording), Oin:incident angle (reconstruction), 6Oou :
diffraction angle, k : diffraction order.

So,
A\
object
light incident reconstruction
light light

So

reference
light

(a) recording (b) reconstruction

Fig. 7 Ray tracing of HOE.

(Parameters of HOE)
k : diffraction order, & :normal unit vector at holographic
plane, so:unit vector in the direction of object light, s: :
unit vector in the direction of reference light, so’: unit
vector of incident light, s, :unit vector of reference light,
A :recording wavelength, A’:reconstruction wavelength.
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Fig. 8 Calculation process of holographic plane and VPH grating.
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Fig. 12 Two waves interferometer combined array light source and two prisms.

(Design parameters)

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

ws: 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
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Abstract: In order to realize so-called “ubiquitous society” where information technology can be accessed and
used by anyone anywhere, processing large quantity of information at high speed and in parallel are necessary. In
general, the control of information using optics requires optical devices that provide the functions of wave plane
control, amplitude control, polarization of light and wavelength conversion. As optical technology can meet these
requirements, much attention has been paid to diffractive optical elements (DOEs) and their features.

DOEs provide flexibility in designing a compact and light-weighted system and can also easily be integrated with
other devices.

Over four decades, our team in the laboratory has been engaged with DOEs, from theory-testing, design,
fabrication, experiments, evaluations to applications. Recent years has seen developments of applications such as a
high-dispersion optical elements for astronomical (observation) and an optical spectrum synthesizer for photonic
network

History of optical instruments demonstrates that computers have made huge contributions to their developments.
Although early software for optical instruments were limited to analysis based on geometrical beam tracing, recent
software is equipped with auto-optimization function and became indispensable for those in the field. Furthermore,
sophisticated software comprises a number of macro-functions such as beam-tracing, image analysis, auto-optimization,
diffractive efficiency calculation based on Scalar theory or Kogelnik theory, which is conducive to design, fabrication
and performance assessment of DOEs.

In this paper, high-performing and highly efficient CODE V was selected among the available software to analyze
Multi-level Zone Plate (MLZP) and Volume Phase Holographic (VPH) grating. MLZP is a phase-type diffractive
grating and has the same function of separation - focusing as refractive lens, while VPH grating is a Holographic
Optical Element (HOE) and can achieve high efficiency by periodic structure.

Moreover, we have proposed two-beam interferometer using two prisms and VCSEL (Vertical Cavity Surface
Emitting Laser) as a method to create a holographic memory which can read out large quantity of information
at high speed. Using CODE V, the technique of modeling was established and the validity of this method was

confirmed. This paper also reports the results.

Key words: diffractive optical element (DOE), optical design software, CODE V, ray-tracing, multi-level zone plate
(MLZP), holographic optical element, VPH grating, holographic memory, prism






