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Cpi= m{(x2)* — (%1 +)%)}T (2.2)
Cpo= m{(x3)? — (x, + 8)*}T (2.3)

d Azs §F zdld vpelazA=e B39 (Zy, Z Zi2)E Bl

Zun= "D (3(x)? + 3((x1 + 9))? + (T)?} — (s + )2(T) (2.5)
Zuo= "D (3(x9)? + 3((x + 9))? + (13 — (3 + (1) (2.6)
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R radius of curvature
r- radius of the Fresnel microlens
T: glass cylinder height

T,0- center glass cylinder height

g: si rim width

X,: width of each zone lens
C,: cylinder volume

Z,: lens volume
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Fog A WrE BRgYd FHolth m A5 ABE
2 3

FEFgol AAA HH AA FFs wHTh. ZHEA (photoresist) &
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AS = D%y (2.7)

EEAEH N/m)elth 283 Fgd sk 22 o)
AG = D*pg (2.8)

A ope UE(kg/m?) 283 g= TYIFEE (m/s?) o)) whabA,
ey mugge] Adzd FeAe Sy ol AW FAS

Sg=2=_1 (2.9)

A= A0l 10 m BF sge 10°9 AF5 /M4 FHe JIS
A g Qo kxRt FHo AdA dFde AA Al
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Al ool mEr webA =% fre T vielar A=
AAel el FH dFeE WA g 2 HEY AdE 1
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g

Parameter Value Unit

Radius of curvature of the Fresnel microlens 962.7 um

Diameter of the Fresnel microlens 1400 um
Total number of Fresnel lens zones 3 -
Glass cylinder height 50 um

Microlens height 128 um

Focal length 2040 um
Refractive index of Borofloat33® 1.472 -
Numerical aperture (NA) 0.453 -
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2.2 ufo| A2 AN AA

2.2.1 AHLF1 AA
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Centered Decentered
microlens microlens
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1.6 kHz® AASH}.

£ 2-2 ol AR ALY 20

27

Objective
Die size < 4 mm, in diameter 4,00 x 3.70 mm2
Lateral displacement Large displacement +50 pm
> +40 um
Resonant frequency Higqi[ﬁfd 1.60 kHz
Effective mass - 6.52E-7 kg
Effective spring constant - 65.84 N/m
Structure height - 60 pm
Number of comb finger - 660 EA
Comb gap - 4.0 gm
Assumed Q-factor - 100
Vbias_ x VAC 93.9 V2
(50 um displacement)
16 sﬂ-iwjrﬁ
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Mg AYsck AEdold Ay 19 2.99 e
TE2Y IXFoeE 474 1597 kHz (180 RE)7F 2&9%oH
AAEQ 1.6 kHzeF 0.188 % 2 2215 JERSIYE 2nd R EE 4.173
kHz# 1st &&= g7F olF AT F AAWE dol7t 1 mm
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Eigenfrequency=1597.2 Surface: Total displacement (um)
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(a) 2nd Mode - 4.173 kHz (b) 3rd Mode - 4.634 kHz
i I

(c)4th Mode - 5.175 kHz

(d)5th Mode - 9.546 kHz
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B Ao AFE 2xE A ZEd vlolgzdl 27 FA Y

43} mlolZzAAUL A= Hs o vtk F oWl

ANzE FAS Edlo] Zyd nlo|azdxs= A3 7|deo| A zrEc),

ne

S A7hd sl 1B AR Edd slelazdzsl IAE s)ww
o] 47 F3L ol dezue] a4t At

B e RE ¥ E FAL AZ4330 ZFAS oLy o 5.2 mE

3 3—-1AZ4330 #FA9] 34=x4

Step Process conditions

Spin coating 35 sec @ 2000 rpm
Soft bake S50sec@ 110°C
Expose 14 sec @ 25 mW
Develop 3 min
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AAFE 88ty Hitachi ite] S—4800< o]&slodtt.  ZF oA

FFHFOR fel AolHE A ALE dolsel BT F
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31(h). 4 AzE 342 A=LdIERY it

SMF—-800%H]E o]g35}9tt. CMP (Chemical mechanical polishing)
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Before reflow
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Abstract

Design and Fabrication of Glass Fresnel
Microlens for Optical Scanner

Minsu Jung
Department of Electrical Engineering and Computer Science
The Graduate School

Seoul National University

This paper describes a new method for fabricating glass
Fresnel microlenses for optical scanners pre—bonded to a silicon
substrate through a glass thermal reflow process. Since the
fabricated glass Fresnel microlens is pre—assembled to the silicon
substrate, it is possible to combine with the actuator through the
semiconductor process without additional manual work. Thanks to
the thin and light structural features of the Fresnel lens, it is possible
to design an optical scanner with a large area lens and a high driving
speed. In addition, compared with conventional spherical lenses, the
focal length can be shortened and the design freedom is high. In this
study, we made glass Fresnel microlens for the first time in academia
through semiconductors process and succeeded in driving by
combining with microscanner.

The fabricated glass Fresnel microlens consists of three
concentric circles and has a diameter of 1.4 mm. The average surface

roughness was measured at 36 nm. Compared to a spherical lens with
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the same radius of curvature and diameter, it achieved a weight
reduction of 24% and a thickness of 42.4%. Increasing the number of
glass concentric circles can further reduce volume and thickness.
The microscanner is supported by four folded—beam springs and a
Fresnel microlens is located at the center.

The resonance frequency of the optical scanner measured at
atmospheric pressure was 1.292 kHz and the Q—factor was measured
as 107.7. When a DC bias voltage of 17.5 V and an AC voltage of 17.5
V amplitude were applied, the lateral displacement exceeding £ 50
um was achieved. Through the optical demonstration, the laser
steering angle of £ 1.20 ° was measured.

The fabricated Fresnel microlens scanner achieved the
fastest driving speed among forward optical scanners using glass
microlenses with diameters greater than 1 mm and would be a new
solution to lightweight large area microlenses. In addition, a method
of manufacturing an asymmetric structure such as a Fresnel
microlens through a glass thermal reflow process can be utilized to

fabricate more complicated structures.

Keywords : Fresnel microlens, Thermal reflow, Optical scanner

Student Number : 2016—23836
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