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Development of Optical Head Unit for
Nano Optical Probe Array
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Abstract

A optical head unit for nano optical probe array was developed. The optical probe array is generated by Talbot effect.
The shape and thickness of microlens array(MLA) were designed to minimize the spot size at the foci of MLA. To
increase the optical efficiency of the system and obtain the large tolerance for fabrication, aperture size was theoretically
optimized. Then microlens illuminated aperture array(MLIAA) as an optical head unit was fabricated using a ultra
violet(UV) molding process on aluminum aperture array. In this process, Al aperture array was fabricated separately using
the photolithography and reactive ion etching(RIE) process. Optical properties of the generated optical probes were
measured and compared at Talbot distance from the aperture array having a diameter of 1pm and MLIAA.
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Fig. 1 Concept of optical ROM card system
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Fig. 2 Principle of macro-cell scanning
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Fig. 3 Simulated optical probes generated by Talbot
effect passing through aperture array with a
diameter of 1pm and a pitch of 15pm
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Fig. 5 Normalized energy through aperture hole
versus (a) defocus and (b) misalignment

Table 1 Final specification of microlens illuminated
aperture array

Size of microlens 14pum
Radius of curvature 10pum
Sag height 2.86um
Substrate thickness 21.32um
Numerical aperture 04
Size of aperture hole 10pum
Pitch [S5um
Array dimension 1000 x 1000
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Fig. 6 Normalized line integrated intensity profile at
Talbot position of (a) MLA without aperture
array, (b) MLIAA with Spm aperture, (c)
MLIAA with 10pm aperture, and (d) MLA
with dark corner
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Fig. 7 SEM images of aluminum aperture hole array
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Fig. 8 Picture of monolithic lithography integration
system
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Fig. 9 SEM images of (a) mold and (b) fabricated
microlens array

Fig.10 Microscope image of microlens illuminated
aperture array

Table 2 Comparison of geometrical properties between
design values and measured values

Design Measured
value value
Sag height 2.86pum 2.68um
Radius of curvature 10pum 10.48um
Substrate thickness 21.32um 22+3um
Surface roughness A/ 10 5.41 nm
(A=405nm)
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Fig.11 Intensity profile of optical probes at Talbot
position by (a)aperture array without MLA
and (b) MLIAA with 10pm diameter
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Fig.12 Line integrated intensity profile of optical
probes at Talbot position by (a) MLIAA with
10pm diameter (b) MLA without aperture

array
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