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Sub-wavelength Periodic Structures with Phase Control Fabricated by Precision Glass Molding
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Abstract

To improve light use efficiency, optical pickups and
liquid-crystal projectors must have a wave plate, an
optical element which controls polarization. The wave
plate is usually formed from either a high-precision
fabricated quartz or from a birefringent polymer.
However, the former is costly, and the latter suffers from
low resistance to heat. In response, we aimed to
develop a polarization controlling element by fabricating
sub-wavelength periodic structures with high aspect
ratios on the surface of glass during the glass molding
process. As a result, it has been demonstrated for the
first time that the glass molding process allows precise
fabrication of one-dimensional sub-wavelength periodic
structures upon oxide glasses. Further, phase
retardation between TE- and TM-polarized transmission
beams was recognized in the visible wavelength region.
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Fig.1 Wave plates with form birefringence
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Fig.2 Fabrication of glassy carbon molds
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Fig.3 Glass molding
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Fig.4 Molding machine: (a) interior exposed, (b) during heating
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Fig.5 Flow of molded glass through glassy-carbon mold (a) with
narrow groove width and (b) with broad groove width
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Fig.6 SEM images of four (a) glassy-carbon molds and (b)
corresponding molded glass

B LHITEDLL9D ) VBER T ATH A,

Fig.6 (b)ICIE L7249 A DSEMEB B % /7 ¥, #IE
150nm, 220nm, 290nm, M U"330nm®-E—)V K% Hw,
£ Z1380nm, 510nm, 610nm, M U¥730nmdDHEE D
RBSEBHT A ENTE,

TR L7245 A 31 o — ke B 8 & ofilling factor
LESOMREFIR.7 2R F o GCE— IV FO#EIEAH A
K BBlzE, WEESNIZHN T ZAO/ED R S ATEHIC
BINLTWAZ Edbhr b,

1000
900 - m e
800 = mm e
(L
L Oy
U O
400 Fo-mmmmo Lo
T
B
U

Height [nm]

0.00 0.20 0.40 0.60 0.80 1.00
Filling factor

Fig.7 Dependence of height on filling factor
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Fig.8 SEM images of (a) glassy-carbon mold and (b)
corresponding molded glass
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Fig.9 Measurement principle of phase retardation between TE-
and TM-polarized beams transmitted through a fabricated
1-D periodic structure
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Fig.10 Dependence of phase retardation on wavelength
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