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Validity and Limitation of a Proximity-Compensation Method for Fabricating
Diffractive Optical Elements Using the Direct-Writing Electron-Beam Lithography
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A proximity correction is performed to fabricate diffractive optical elements with the direct-
writing electron-beam lithography. A popular method of the proximity correction is based on a
contrast curve of electron-beam resist. A resist profile after developing is estimated from the
contrast curve, and the electron dosage is corrected so that the estimated profile corresponds to
the desired profile. In this paper, validity and limitation of the proximity correction method have
been investigated for blazed gratings by using the time-evolution process simulator based on the
Monte Carlo method and the cell removal model. When the resist layer is ~1.5 gm in thickness,
the proximity correction is useful to fabricate the blazed gratings of which the period is longer
than 10 zm. For gratings of 0.3 xm in height, the correction method is valid for short periods (>2
um).
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Fig. 1. Proximity effect and an estimation method of
resist profiles from a dose distribution. (a) Absorbed
energy distribution of the point dosage (the point spread
function), which is assumed by the sum of two Gaussian
distributions. (b) Absorbed energy distribution is express-
ed by a convolution of the dose distribution and the point
spread function. Resist profile is determined from a resist
characteristics which is a relation between absorbed
energy and resultant thickness after development.
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Fig. 2. Absorbed energy density in cross sections of
PMMA (polymethyl methacrylate) resist layer with 1.7
um in thickness for different acceleration voltages. Line of
0.2 xm width are written by electron beams of (a) 10 kV,
(b) 25 kV, and (c) 50 kV.
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Fig. 3. Schematic diagram of the cell removal model.
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Fig. 4. Resist characteristics of OEBR-1000 (Tokyo Ohka
Kogyo Co., Ltd.). (a) Resist thickness as a function of area
electron dose for different development time. (b) Resist
solubility rate as a function of absorbed energy density.
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Fig. 5. Resist relief profiles estimated by time-evolution
process simulator and an experimental result. (a) Dose
distribution with a period of 4 ym, and (b) absorbed
energy density of the resist layer. (c) Measured profile
(AFM) with an atomic force microscope and estimated
profile (TPS) from time-evolution process simulation
method. Contrast curve method is an estimated profile
(CCM) in the optimizing method. (d) SEM (Scanning
Electron Microscope) picture of the fabricated resist grat-
ing.
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Fig. 6. Optimized dose distributions for thick blazed grat-
ings with different periods (a), and calculated profiles
(TPS) by the time-evolution process simulator and esti-
mated profiles (CCM) in the optimization (b). Each resist
layer has an initial thickness of 1.7 um. Desired blazed
gratings are 1.3 gm in height.
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Fig. 7. Diffraction efficiencies as a function of develop-
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Fig. 8. Simulation results for thin blazed gratings with
0.3 um in height. Each resist layer is an initial thickness of
0.4 gm.
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