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Fabrication and characteristics of electrostatic micro mirror
for optical disk drives
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Abstract

Optical disk drives read information by replacing a laser beam on the disk track. As information has
become larger, the more accurate position control of a laser beam is necessary. In this paper, we report
the analysis and fabrication of the micro mirror for optical disk drivers. The mirror was fabricated by
using MEMS technology. Especially, the process using the lapping and polishing step after the bonding
of the mirror and electrode plates was employed for the process reliability. The mirror size was 2.5pm X
3mm and it needed about 35V for displacement of 3.2um.
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MEMS(Micro Electro Mechanical System)
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Fig. 1. Structure of the micro actuator.
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Fig. 2. Structure of the electrostatic micro mirror.
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Table 1. The specification of micro mirror.

L« 3.0mm
L . 2.5mn
_ t (thickness) 60um

I\Ei;zr ¢ (angle range) +0.25°
B(width of torsional beam spring) 20¢m
L (length of torsional spring) 170¢m
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Fig. 3. Operation of the electrostatic micro mirror.
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Fig. 4. Mode feature.
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Fig. 5. The stress distribution at torsional beam
spring.
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Fig. 9. Fabrication process of the mirror formation.

Akl SputMag awh demasesrsetend 2 o,
BOOKV S0 59 288

(a) Mirror part

AccV  Spot Magn WD F—————f 20ym

500KV 30 1760x 1541 KiM

(b) Hinge part

& 10. njo|2= o|{e] MA}HO|E ALEL
Fig. 10. SEM photograph of the micro mirror.

Deep Etchingell 2814 =zl & 3= 3e)



44 AEsk, A, ol §
5 g8k er, w29 =71 3.0mx2.5m
ek, "= A A FEe L 20melsih.

23 108 4R sholzw vz Axjen7
Aotk (a)t A ARlolZ, (b)E ="}
JERE RS

V.53 {4

1. §Het 54

2 el A= volam vl vielw
3 ol olele) FAAe FE AT Aele] A
LAE Fo] 2 Qs wWaygt AHzEow oy
Ag A0l s Y 75 Welh

=
© =z
A

ad 1.
Fig. 11.

a8 112 EASAS S8 &9 mhelaz
vz glo]H ] AbAE Yehliglnh. AR B4
< d7] k] HolA W] AIAME o] &sle]
Ak o] HYE =7 st

Displacement of the mirror
end point [ 4]
S~

t7 21 25 29 33 37

t 5 9 13
Magnitude of the input voltage [V]

Celob Mol of ofe{Ee] e
. Displacement of the mirror end point.

. 9443 A=z

vlef s} qh% Sk Agks ksl
2 A H9)= 2# 129 o] 7k 35V
7 S7F stalen, olule] W)= oF 3.2umo)
a2 opdel AgtelAe Aa W gl 9mE
Bolrh, e Askd 20Vela, Ao A

a2 35Velt.

2. &5 34

vto]z 2 w2 FAHIH A4S
At 28 133 o] AY AAE FAsA
v}, A& o] % (Sine-sweeping) 7HlsbHA]
flo]x W] Ao Vo= AlTE FH AT
247)(Dynamic Signal Analyzer)ol 19

= A 2
sto] Faa 3o -5 ki)
LASER DISPLACEMENT DGTAL
METER OSCLLOSCOPE
DANAMC SIGNAL
——‘\fsmm AMPLIER %o— VIR

POWER SUPPLY

ey

% 13, 00|22 alp{e] e AE Fx|.
Fig. 13. Experimental setup for operation of the
micro mirror.

slolze vlele) % Il P4k 5
Foalololz At jade] A Es] vidH
717k dAlshe AsE ] $jstel, ¥
5 1?4/‘47],] z%s:],z,} o]i A5 E —5]_1,],_,] A%
FENE FFate] A Eolrl H2E AH <
Zo] Aol FEAHoR Arteisich

% 145 75 A¥ Ax] A xe o]
Ak, & ATl Ve E 20Velrlsta, F)
& 1Hz8] AAsE Als FE5715 §38fe] At
stde Wl Y o))

28 158 9% AT ARuleloamte
20Vt 5VAdTtE diAld el R ArkglE
lelgEe] Wt vehd sl et
s 2KHz glem, dHAdgst AR vlelzt
7o) glehe 2wl

o7 FalpE upte] B AYS SR,
Fobe $5re 2] flstel A o)% A

R
rL oft %

_Bi

;F‘;

..l



B AR S8-E A7 vhela g vigle At o 54 45

58 Sl7bslo] §A AlE #4718 Fao] Fu

S5 F5E Fakolch

A olefsisl o
. 3umidev]. . L L

VA

v

NIF o

(LR

5V/devi

Magnitude
T
\.
/

NV%/‘Z

Time [200MS/dev]
a7 14, Azbn 2lokA ojEel SH .
Fig. 14. Waveform response of the mirror by the
triangle wave.

e

Magnitude [2V/dev]

JAS

NAaY
Time [350s/dev]

O3 15, "eiut QiJbA| ool 3E uty.

Fig. 15. Waveform response of the mirror by the
sine wave.
Curve Fir 2:1 .
9E-05 | | ][ R T !
; o e f AIL o h: ke &
TR~ 4 1l v p b L
i ai
Nl '
Magnitude 7!} i :
b \l\ - - b i
E '\ RS I
! i if \ b :}v.— s
i 41 . imb i e S e
ol 1! L] [Tt ]
5 Hz (Log) 5 kHz

g 16. ofol3 2 ojafe| Fulgy &
Fig. 16. Waveform frequency response of micro
mirror.

e,

a8 162 B4 AlE B & Eslo] 73t F
s g el adzoelnt. Fulrt S
of upe} S5e] FA3% st oloew, ZFAl
% Faen AR} ulg A el gl
o} eole wlewy AT Tl 9
g ~7 = Z3H(Squeeze Effect) wjiolzl Al

2}
LAY R = A &
a

V.2 &

3 71EAA ] 23k 1A Aol 2AY FE
71 A4S ¢l MEMS(Micro Electro
Mechanical System) 7]%& o|438 wlo]=
2 vuglE A Azt o BAAS ARk
o]z e wlE viE® R 5AHS AR
22 o|Foic}t vl Z1A] AgE A7
(Dry Deep Si Etching)ell 2slA Az gl
. 1 A7E 3.0mx2.5m ok FEHFES
ZFeba dols] (Pyrex Glass Wafer)ol #l|&
Holrt, Feka doluiel A& dolde o=
A& (Anodic Bonding)el ¢l AHi=E2

o, F 8o AL oF 9melgcl. AeE 4
o}y F¥o] vtz (Lapping & Polishing)
off olsix wElgte) FAE AHesla, Deep

Etchingell 94 rlej#e de]=spd}
B2oodoAle] mlE] AzFH-L AHTFA e
o] FAX L 3o vigHe] FA 2 HYE I
Ao ga] ol gke AE go)HE g3}
s, kA E el Eg sl o E 3RS A
& o M) deols FL wlz{ge 3%
o] g JHAE EY 4 usled, AHE
oA m Ay EHFe e Ay Y
o2 xye] 7l
utolzz wlzle] Z]REQ FREA U}
gl 52k HAE d7] $lElM #eld W9
=475 ol &3l EFASIHt. HA FEAI
Vel W& z7] AAsla, 35Vela W
= 3.2mo)a . o)Ak HgtellA = vleiwe]
A Fol| ol 3 Wl 9mE BT =
F AT AEa AgS ArhEg W Az7kx|ad
Slo] AaAsta dxghs +AYE Yehigdet
54 54 A A Fakerl S5k w
2]

Ol
L o o

A

JE oL, [‘-{E 0%

2,

2y

o



46 AEek M3k,

o gt ~#= FI wvd AHolel dudsH
ole] a|AE S At Bog Aoz yAH

=S

® ATE AFHAAG BT 2AT A
HE 1999-1-304-007-3) A|HFo=Z o]Fo] H
o, Ase) )4del A} iU,

& F2d

(1] M. Sekimura, M. Yonezawa and K.
Uchimaru, “Electrostatic torsion
mirror’, Technical Digest of the
18th Sensor Symposium, pp.167-170,
1988.

(2] D.S.Son, J.W.Shim, H.I.Seo, K.H.Rim
and W.Y.Lee, "Study on the design
of the micro-mirror considering the
squeeze effects of gas film’,

AR

19724 149 1594,

1997 24 AHokgddis A
243 4 (AE3A).

1999 29 ZAdiska Hzp
T 24 (FFAh.

20014 8¢ I=rieasd
5L skl Ar)AdAbgata S (I3
TR

4) b : MEMS, %HEA AN, A4 Az
% 2.

Al 34

19614 3¢ 2644

1984 A5 AA}g-3tat 24 (F3Ah).
19861 A5 e Hapgela} 2 (T4,
1991 75 ok dAlgstal <] (Fghah).
199591 Univ. of South Australia W+
Al =7 easishn R e3EE s
FHAl Rof - wkmA] Al Z AFeo[E

Journal of the Microelectronics &
Packaging Society, Vol.7. No.l,
pp.29-34, 2000
(3] J.H.Chon, H.K.Chang and Y.K.Kim,
“Design and fabrication of mirror
for optical storage’, Proceedings of
99 Conference of the Korean Sen-
sors Society, pp.173-176, 1999.
(4] D.L.Dickensheets and G.S.Kino,
“Silicon micromachined scanning
conformal optical microscope’,
Journal of Microelectromachanical
Systems, Vol.7, No.l, pp.38-47,
1998.
N. Uchide, etc. “Damping of Micro
Electrostatic Torsion Mirror caused
by Air film Viscosity”, dEA4-235}3

2|, vol. 65, No. 9, pp.1301~1305,
1999.
BN
4 74 3
196013 7 28UA8.
1983y grefdista 7Agsat & (FEAh).
19854 st=rastr|ed 71AIF-g) & (3
AP
198841 WEHAI (F) 7|sdFA (A7),
19924 Straslrisd 71AES &4 (Fehdt
AB)

19959 AE 169 FAAQTA (A AT
)
A | T Aol Al 2Tt v

-
FH Rok B2z 2N elrlERy s
=]

& &4



3} = AR
A9z
1957+ 34 19441,
1979 24 ZEusta Fadis Axgsta(F
ahah).
1982 24 ZAndista st ARSI (EFE
AAb).
1992 29 @d=Fsprled  Ar|H2Adz-gstat
(Fahatap).
1980 2% (F) SAW=A(H, LGur=A) A
A4 AH.

1993 29 g=AAEAAFA(ETRD A4 A
7l AT,

1987 949 -1988 84 University of
[llinois at Urbana Champaign
Coodinated Science Lab, Visiting Scholar.
1999 34 -2000 2¢ MDT(Micro Devices
Technology) Inc. in San Jose, U.S.A.

Visiting Professor as Technical Staff.

1993 34 -dA Fxrlesasozta Jrrls

““fi}—r Faula
FA Hof ¢ fAkxe] A CPU, Embedded
controller A#A USB Axld

A, FPGAE o|-&-& AdA.

1z 282 213 npo]m g vlE|e A|&F o BA 47

ol % 94
1960 74 59 A
1984 ghefl| 7]Ag3t) &4
1987 Agdf ok 7)AAAS S 29 (33
Aah)
1990 A&d oiEhd ZAAA S &4
utah)
il P7|ens ﬂlf‘;‘ﬂ 71 A%
‘1_/\1 o}: HE ] % %]



