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Fabrication of Optical Micro-Encoder Chips for Sub-Micron
Displacement Measurements

Keunjoo Kim* and Yun Goo Kim*

ABSTRACT

The integrated chip of optical micro-encoder was fabricated and the feasibility as displacement measurement device

was confirmed. The geometry of micro-encoder was designed to utilize the optical interference effect on the second
order of diffracted beams. The hybrid-type micro-encoder consisted with light emitting diode, photodiode. polyimide
wave-guide and micro-lens provides stable micro-encoding results for high speed displacements. The measurement
shows the resolution of displacement of 1.00 +/- 0.02 pm for the grating with scale pitch of 2.0 pm.
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E = electric field

k = wave vector

A ¢ =phase shift

A =wavelength

@ =diffraction angle
D = grating pitch
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Fig. 1 The superposition principle of two diffracted light
beams at a point, P
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Fig. 2 The schematic of a hybrid-type micro-encoder.
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Fig. 3 Lithographic design processes of the hybrid-type
micro-encoder
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Fig. 4 SEM images of (a) RIE dry etching process of
edge emitting LED at p-n junction area and (b)
wet etching process with the KOH solution.

Fig. 52 PD A= ¥4 Ao} PDo| YAt F
MzFol E&E FUsly] Y8 snPbEHS £
] ¥ (solder bumper)E 183 °C o4 60 um A=
9] ¥olg A3l Si PDE FH3AUch PD Y
FE2E pin T2RE 231 oy $E HFERL
700-1050 nm 2 BEE 38dd slrjg e &
& A7stgETt (Optel A} HPI2CR2 59). &0
(soldering) %] &2 B9 mlo]am W=E F
& ol FHAEFol Si (11he] Azt Aol WA}
o] p-i-n PD 9] p-Holl YAF HEE At

W
G



C AR EH] AeW A2 %

Fig. 5 (a) The solder solution for mounting the p-type
electrode of PD and (b) the SEM image of the
mounted PD.
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Fig. 6 (a) Cross-sectional SEM image for the wave-
guide structure of PMMA/SIO,/c-Si and (b)
SEM image of the fabricated PMMA micro-lens.
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Fig. 7 (a) Plane view of SEM image for the linear grating
with the scale pitch of 2um and (b) the cross-
sectional image.
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Fig. 8 The image of the fabricated hybrid-type micro-
encoder.
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Fig. 9 The optical transport property of wave-guide of
Air/PMMA (2.5 nm)/SiO,/c-Si with a width of 40
pm: (a) optical image and (b) the transmitted light

intensity.
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Fig. 10 The optical transmission and reflection rates of
PMMA wave guide.
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Fig. 11 (a) The diffraction pattern for the scale with the
pitch of 2 pm and the line width ratio of slit to
pitch of 0.5 and (b) the corresponding simulated

- intensity of diffracted beams.
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Fig. 12 Displacement measurements for translated speeds
of grating scale: (a) 10 pm/sec and (b) 200
um/sec,

SﬂZMZM 27 Dol X-y zelo]xo] J-2x5iof
210 A8 23U 49 TECojE 91
5101 LAR2FT 7|FHE F AFH M7 @
3171 982 3 A= wASHD 27 200 WjAE 9
F3le ddAz d&d 3 "AF AriHg:s
2041 3 Az HAskA "ol w}aw. g e
F B2 (pulseyoll 213k #MzFL vlo]az A=

E1—4 2&lsol AFshe tum R0l



nESs

o2F - PYET  BIRLTGEA) Ao A2 %

olg} A2 FAF X2 (pulse)E AFTEE o)
G20 Aol FEAQ rvlojlaz dzy Hel,
F23E Aolstod Yxg3 (digitization)ste A
apajol A7t BRI EFIZ  (subdividing
electronic circuits)® AN EE )2 AR FHsA v|3
& olz}e} olFWlo] U FUZHo 7H5EHA
Hrh

5. 48

gyrjole =g o] 43 IAF A9 solH
=y vlo]4 2 dztE A 2 AP A
& B A&l giaddsiq
He Az on =g @ F/aARAE 7
staich AZE 850 nm FYE o] £ viojaE
dxvis 2 um HEA=Pe] AAY (scale)2 7o}
tsted MEFuZ 052 o, AFAH 23
sl 93 (peak)E ol 83t UHL o2 WE
tfolag A=2E B8 TEDojR =M FF8}
31 Z2AAY7H 100 um B Y5 HYESIHEA
B2gch E=aEs 282 (polymer)?)
PMMA € |83 on 7jgozE 49Ux37)9
¢-Si BEAE A&l AzdE dage 27
7} lem x lem 2 B3 34 AFEQon, A3
of A% 23sdE 4 AR EFLED FY oAl
#HojAriolo g AEFoas FgHo I F
2Arh.

e o X2 o

e
o

7

B ATE ME71% MEArE (GT Projects)d] &
2% RAUANA 71EME (MEMS) AFGEoko] o
3 FHEAEe] % ufo]aE dzr A
Yoz +HHAL.

81

Angs

Lin, J-D. and Kuo, H-B., “Development of a New
Optical Scale System by the Diffractive Phase
Interference Method,” Meas. Sci. Technol. Vol. 6, pp.
293-296, 1995.

Miyajima, H., Yamamoto, E., 1to, M., Hashimoto, S..
Komazaki, 1., Shinohara, S. and Yanagisawa. K..
“Optical Micro Encoder Using a Vertical-Cavity
Surface-Emitting Laser,” Sensors and Actuators A
Vol. 57, pp. 127-135, 1996.

Sawada, R., “Integrated Optical Encoder.,”
Transducer '95, Stockholm, Sweden, pp. 281-284.
1995.

Hecht, E., “Optics,” 3 ed. pp. 378-381 and 451-453,
Addison-Wesley, New York, USA, 1998.

Sadler. D. J., Garter, M. J.. Ahn. C. H., Koh. §S. and
Cook. A., “Optical Reflectivity of Micromachined
{111}-Oriented Silicon Mirrors for Optical Input-
Qutput Couplers,” J. Micromech. Microeng. Vol. 7,
pp. 263-269, 1997.

White, V., Ghodssi, R., Fish, G., Herdey, C., Liu, H.,
Denton, D. D. and McCaughan, L., “A New Method
for Producing Graded Index PMMA Waveguides,”
IEEE Photonics Technol. Lett. Vol. 7, No. 7, pp. 772-
773, 1995.

Shimokawa, F., Tanaka. H., Uenishi, Y. and Sawada.
R.. “Reactive-Fast-Atom Beam Etching of GaAs
Using Cl, Gas,” J. Appl. Phys. Vol. 66. No. 15, pp.
2613-2618, 1989.

. Bazylenko, M. V., Gross, M., Allen, P. M. and Chu, P.

L., “Fabrication of Low-Temperature PECVD
Channel Waveguides with Significantly Improved
Loss in the 1.50-1.55-Micron Wavelength Range.”
IEEE Photonics Technol. Lett. Vol. 7. No. 7, pp. 774-
776, 1995.



