20034 8F BT LEamEE % 40 & SDiE % 8 % 1

#wX2003-405D-8-1
e 3 294 9 23 ASE vlolzE vl

(Two-Axis Rotational Micro-Mirror for High-Capacity
Optical Cross—-Connect Switch)

EFWE* ZEMHE"
(Tae-Sik Kim and Sang-Shin Lee)

o of
=t

oM 2 33k 24 2% A% vio|aE velE Akl Azl olegt nlo]l=E ol
NxN vlg2F 3 32 AE A3 (optical cross—connect switch)& F&she d I3l 84
29)x9) 428 F7HII7] SleiMe 4 mlelaz vield] H7-E A siok Pt of v}
7HER 5]313}7] Slsfirde A S vle] B SHAF Alojoll SR F3te] #E ook Tt A
] FZ2= 719eA 7R (bulk micromachining)& o]4-8led AHRF vizle} sASE 747 o
7]-?}] Xﬂ;ﬂrﬂ T 71Ee Ao A4 ve A S grskic gebs vee] A
gHE g W] —?~£7](actuator £ 291& "oy} glgdu)l Ak mlolmg w9 "5"53 S
Aag AHER, x53% v WEeRe] HAAL A7 +55°¢ £84°%1 2], o] | E4l (pull-in)
"4%}—‘ 247k 380 Vet 275 Vit ol2{d #Adze] Aed A AAR R Ag7k] nak °d?‘7—i*+ el
A 71 gl Aot

o %
N B r}n:

off rit 2 it
d‘l

{‘,\‘..
J&?L

ok
[

Abstract

In this paper, we have proposed and fabricated a two-axis rotational micro-mirror with large tilt
angle. Such a micro-mirror isa key element for NxN high capacity optical cross—connect switches.
The micro-mirror is required to have large tilt angle to increase the capacity of the cross—connect
switches. For larger micro-mirror tilt angle, the gap between the grounded mirror plate and the
bottom electrode is to be large enough to provide space for the tilting of the mirror. For our
proposed structure, the gap was produced in such a way that thegrounded mirror plate and the
bottom electrode were made separately in different substrates by using the bulk micromachining
technology, and combined later by employing self-align technique. As a result, a large tilt angle has
been achieved without using additional actuators. The measured tilt angles were as large as +5.5°
and #8.4° in the x and y direction respectively, and the pull-in voltages for the two directions were
380 V and 275 V respectively. Finally the fabricated mirror was successfully utilizedto steer the
optical beam. To our knowledge, our micro-mirror has the best performance among the micro-
mirrors reported internationally so far

Keyword : mirrors, optical switches, actuators, micromachining.

* B R, BEREEER ETESEN ERYET IS

(Division of Electrical Engineering, Dept. of Electvical Frisd A gdT4A MEMSE S 32Ee uki}
Engineering & Computer Science, KAIST) J zgeE]z oledF whapdA A} =fHyc)
# 2 ATE pdske B =85S FALGE BEAFA0LFIZAI8H, $AEL:200347 A29H

(543)



I.ME

T A, AR, Herlle] 502 Qg §
S7H2 sk gk BEAld o
Z4eiA diFE I Qlek dgeF FEAl Al

ZHe NxN 3% zZ8x AYE ~¢27} 3
A7 olEd e 29X 73
3] A% 28] 842 HHEA 28 (Planar lightwave
circuit : PLC) 1x2 3= 2x2 % 2913 Aol mlA}
Z 7% (Microelectromechanical Systems: MEMS)el|
AalA AR vlolm2 vl LAl Fo] F2 o]LE
o givh FAEs2E 2AE o147 F 2L AN
E 281%9] A4 &Y g8 Sy wet A4
218l 27 FA3) Bl 23 3 Ee] Fvle)
€ 2EAQ ARG AU glcl vbdel, vlojmz
vlg] &2HE o]43le] FHE F mATx AYE 29
e A2y 38 M o] mikg- Lol B
glole}, gake] ZollE F AR A ZolslA
Won Axte] F2E Bae] Ax| o 5o AHE
AU ook =3 F 290%19] 738} (crosstalk)7} 2H
2, 325t dge dig dEEx e g oyt
AHES 723 b, vlo)=E viElE o]4% F 2
AYE 290xe G4 F FA Azl AHE
A71A A2z AYE 29XE A Aoz )
=i

Ea
L
o

Two-axis micro mirror array

Fiber collimator array

GRIN tens

Fiber

vlo]a2 vle] wid-g o] 43 NxN % A2~
AYE 29]%)

Large-capacity optical cross—connect switch
based on a micro-mirror array.

a8 1.

Fig. 1.

<27 1ol vlolzz BlElE oledt F =2 A
ME A9)Ae) TEA BAS ok o] selAE

43 F 2922 99 2% A% tfo]az vy

(544)

EFME 5+

NN #jd &efe] 2% 2Hed 2 vlolaz vleis
T NN F4H i 2 o]felA glrk £ =Follxe
NxN dlgat 3 325 AdE ~4x5 Fsier]
AHE 2 gl AR T2 melaz vEE At
i vAZRTIes =Yl Atsla 54E B4
sldel. o] wlolzz wlEle AAZ1Y  (electrostatic
forcelell 93] FF=v 2% AHEE et} 53], W
=9 F%7) (atuator) §e] ©iz7t AT F e
& I Hugogy & sAzke A48 4 gl
o} g, AF7A] BaEl AR 7)eg olgalod
AR vlele AAS]] vgds) SRS Ale)d)
Sug viel A FrE FHsb] $EA Hee T
715 s Eqlsidth |l B, 9 75
(thermal actuator) v A=2)z] =glolrd. %57
(scratch drive actuator: SDA)E o]-43}e] nlutu)y
7} (surface micromachining) 2.2 A2 vlz]E 3}
FAF 92 A Fo7A] o) g3 E A7}
< gusidn? os} o) METEsS AMgdle
73flle FAo] EAtdxln Ededt d¥irws} 4
ok B =Folld Ak uhelzg mlgle] 1z
olelsa} sASS A7 5] J)gel A= ¥ %
Z12-& slolBel=thybrid) AP ZA w29 3
A F Fuol wlg- folslr) wal vleas snAd
F2 7)gu)A 72 (bulk micromachining)-g ¢85}
of  ARldZl  wiktell  wheheld]l 7R (surface
micromachining) &2 #|2Hgt vle|ixlic) 7|A-d ez
Aslel. AEH o= Ak wholaz vlEe A 3
A A= 84°F HoH, 449 st AT o] 43}

of Qole) wre 2 A A7 & e dEshe

[
=

o. dA o Mz

£ =ollA Ak velaR wlgle] FRUE <o
2>of) =A] Hojgieth. AR7HE vlejaR viRie} o] 5
R Qe AE (gimba)Z A 9leH, 470
2] &7 (hinge)7} vlels} HES AYsla e P2
olc}, #H7|ehe wAHmesa) TFE2 71 9o =9
1] sHRAFe] HAE] gleh o]FA vlo]az v
29} Tl Bog AFS 4 A2 E J)do) &
HAHOE AR F, o] F s AL A¢AA
ARAT ST bl dAE 7HAe £4A4 R
e e =3skedch sHATo] A

H
AT



20036 8A ETTLEHIIE £ 40 % SDE % 8 %

g 7lgez (100) W3] A dolsE AMgsle
{111} He] =2=E KOH 4l Azshd, 47
B AelEwe] Aatss 5474°7) ok ulha o)y
g A dolule A1z BAE B8] ST A
g A glol F riwel AU AP F U=EF
ek AR vlele] FARlEE AR oet 2
of A, Aljkd wlele AR He] vlelaz vleo]
7] wEo vl e PSS ol gshd deje] Wk
o2 vYE A 5 Aok F, vig] 719t sA
Fell At Ak Ak =R 7 AdS7rel AA
718e] fr==le] vizz|He] HA3lA Hel ofuf vlo)
z2g vlEE x5 yHoe 47 JdA7aA @ o
B 2 ukEke] Fegle F Ao ATl AHkE i
ok 2l xF3 yEo2 Al AT & o
2 kel Feisle Al AR ASel AE <7t
nlola R mleje BA wekez A Hrt &
474 =2A 3] HsidE viefst sA= A
7HAo] 283 Aok Tk 2P, F AF Aol
Azle Wele] dA gk elabe] =W o]lel o&) WA
H Ar)He] A} A2 FHEPlEE vleld &

=
T
kil
3,

o

to

-
L

Micro—mirror: W, L

X-axis hinge : w,, |,

Four bottom electrodes
MESA structure for self-alignment
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Proposed micro-mirror structure. (a) Sche-
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sectional view of the micro-mirror (A-B)
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