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1. Introduction

Optical information systems which have been constructed mainly by refractive /
reflective optical elements are expected to be reduced at their size, weight and cost by using
diffractive optical elements (DOEs). Among the fabrication technology of the DOEs,
electron-beam (EB) lithography™® attracts increasing attention, because high-efficiency
blazed DOEs can be formed by a single process in addition to its potential for submicron
patterning. The single process of making blazed structure is very important for the fabrication
of high-performance DOESs, because the optical aberrations can be minimized without
misalignment of the grating patterns such as in binary optics lithography®.

There have been many reports about EB-lithographed blazed DOEs, but the
experimental values of the first diffraction efficiency have been lower than the theoretical

values. It was, for example, 84%"° at the period of 8nm for red wavelength (I =0.633mm), and
excellent blazed structure was not demonstrated in the small period region (< ~4mm).

We have studied improvement of the diffraction efficiency of blazed DOEs especially
for violet wavelength (I ~0.4nm) in the period range of 10 to 0.5mm. The DOESs for violet
wavelength could be key devices in high-density DVD optical disk systems in the next

generation.

2. Theoretical Efficiency for Violet Wavelength
Using the electromagnetic theory®, we solved Maxwell's equation at violet
wavelength to satisfy the grating boundary conditions. The first-order diffraction efficiency is

! T. Hamamoto is now with Dainippon Screen Mfg. Co., Ltd., Kyoto, Japan.
% K. Takaharais now with Minolta Co., Ltd., Osaka, Japan.



defined as the ratio of the power of the first-order diffracted wave to the power of the
transmitted wave through the substrate without gratings. Calculated diffraction efficiency
curves are shown in Fig. 3 as a function of the period when the plane wave is incident
verticaly from the substrate. The solid and dotted lines show the efficiency when the incident
wave is TE and TM polarized, respectively. The groove depth was taken as L=| /(n-1)=0.8rmm
where | =0.407mm and the refractive index of blazed layer n= 1.51. As shown in Fig. 3, the
theoretical efficiency exceeds 80% when period L > ~2mm. But it decreases rapidly when L

~2mm and a peak appears at L = 0.54nm (L /I =1.3) before the efficiency drops to zero.
The peak appearance is considered because the Bragg condition is satisfied at that period.
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Fig. 2 (b) Cross-sectional SEM photograph of the

Fig. 2 (a) The surface profile of the fabricated fabricated blazed grating with the period of 2mm.
blazed grating with the period of 5mm which

was measured by AFM.
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Fig. 2 (c) The surface profile of the fabricated  Fig. 2 (d) Cross-sectional SEM photograph of the

blazed grating with the period of 1.5mmthat was  fabricated blazed grating with the period of 0.54nm.

measured by AFM
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the EB scanning speed in consideration of the resist-sensitivity curve, which depends on the
groove period. Development of the resist achieved the desired relief structure. As an EB
writing system, we used JEOL JBX-5000SI with a laser interferometer, where the
accelerating voltage and the current of the EB during the writing were 50kV and 0.5~1nA,
respectively. The superposition accuracy of patterning was ~60nm in the area of 1.5mm.
Eight kinds of linear blazed gratings with uniform period (L=10, 5, 3, 2, 1.5, 1.2, 1.0 and
0.54mm) were fabricated by optimizing experimentally writing parameters and electron-dose
distributions. The gratings were designed to have the groove depth of 0.8 mm and the area of
1.3x 1.3mm?. The surface profiles of the fabricated gratings were shown in Fig. 2, where Fig.
2 (a) and (c) are the profiles measured by AFM and Fig. (b) and (d) show the cross-sectional
SEM photographs. It was found that excellent blazed structure without roughness was formed.

Even in the fine period of 0.54nm, the blazed structure was made better than our expectation.
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the incident wave is TE and TM polarized, respectively. The diffraction efficiency of 95%
was obtained for TE polarization at the period of 10mm. The experimental values at other
periods also agreed well with the theoretical ones, where the differences were only within a
few percent at L 2mm. It is noted that at submicron period of 0.54mm, a peak appearance
of 75.6% (TE) was confirmed experimentally for the first time.

A wave aberration of the first-order diffracted wave from the fabricated DOES was
measured by a Fizeau interferometer system (ZYGO DVD-400) to be as small as ~0.01l
(rms) at | =0.405mm. We can also fabricate various types of high-performance DOES such as

diffractive microlenses with high efficiency and small aberrations.

5. Conclusion

The blazed DOEs were studied for violet wavelength by using EB lithography. The
rigorous theoretical diffraction efficiency was calculated by electro-magnetic theory. By
optimizing EB writing parameters and electron-dose distributions, eight kinds of gratings
(L =10~0.54mm) with excellent blazed structure were fabricated. It has been demonstrated that
the measured diffraction efficiency values agreed well with the theoretical ones. In fine period
of 0.54mm, a peak appearance of 75.6% (TE) was confirmed experimentally. A wave
aberration as small as ~0.011 (rms) was obtained for the first-order diffracted wave from the
fabricated DOEs. It is expected that the blazed DOEs could be used as key devices in optical
information systems such as high-density DVD optical-disk pickup by the development of a
precise replication technology from the EB lithographed elements.
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