20004 oistdoiEs siAlstenisl =Y 2000.7.17-20

Ni &2 7XE2 0i88t Mg ¥ Al OiIdid A%

o BiM, & 83, FH &
Matiatn &) 2FE SR, Ao SAP

Fabrication of Al mirror with NI electroplated structure for magnetic actuation
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School of Electrical and Computer Engineering, Seoul National University®. Samsung Electronics™®

Abstract - In this study, we fabricated surface
micromachined mirror that 1is actuated by
magnetic force. The mirror was fabricated with
Al, and Ni was electroplated on the surface of
Al mirror as a magnetic material. The
fabricated mirror is actuated by magnetic force
of simple solenmd The maximum deflection
angle is about 70 ° when the applied magnetic
field is about 1.5%10* A/m

1.4 B

vl g vlge slo]AR ojAlY 71€S B8 AlxF
of $&8 HEAA A AFAA 5 7144 A
%h"l ?‘;:11 A5g drstdch welaz vyt ALgdE

v d9e 3a dogd Ax gev 53 F A=
g *ﬂ%o}‘“ % 29X 24 SLM, 354%, 24¥
2Zgo] F9 Axge) &40 3icH1-3]). vle]AR
AxdolHE FEINY] AP PHoZE FAHEE ol &
g B(1-4), 142}%% ol g8l WY(5.6)F° AL
53 42}34 A% 9 Oy vy way & ¥
¢ dg + "?i—rdl A7t Pdag vele &8
oo A1g8l7] AR "J‘ﬂ‘-"l‘ﬂr. 2 d7dAe 354

o %

dERI0] 28 seEs & dsde 2 AAY
7% slolzz vAE ARHAG. A4 752 A8l
of g¥oly ule Slo] Nig maesen 9% add
J% A43E kel 75 4¥E SR

2. & B

2.1 ojojaz ojale] 7z

2% 1€ WDM # dEYA AMSsE 4x4 #
W 29AE voln Utk 29 19 BAdAE AE 7
Fo] 5@ vlol22 vz olRiA g0 P
FHA2E Y B0} oo Waso] Erie F
A=E B3 Ao PAR) £@HE FaolY. ®
el AYAL 90 "o sl =z 2 WAAL
7 feke] ALz FESE nldE AAREG.

I8 1 4x4 F Bl 29

ag 28 A vlge MHFEE Holu Ut} {0
¥z Z%V—}% olgd Yo A FEL YR NI &
F FRE g8t o FHEA EH49E A 98
hinge éEE’M n g ARsn Ye Fxojth uly
wel 271 100m X 100m ol APAE 2283 1
#He FAE o 6 meltt. ~xge dole 100 mi
AAsRen £ 4 m, FAT & 0.4 molth

Ni zH4d )

- Post

29 2. vholag ule ATFx
2.2 7E 5N &y
a¥ 32 4B AAC g vlgey $A¢9S v
B itk o{RolM A (He) & 7HIE G A 9
28t Wg) pate] AsRgos Emvh WAy 1o
71& old M3 ol FHAT(6].
Ty= Ve MH ysin(y— 86— ¢) (1)
Vinag * A8 AL 0
AAAAS] AL A3 HE Mol Ty o 94 $48 4
el Wk (easy axis) 2RE ¢9E HASA H1 ol
2 Q8] 4 (2)8 Zo] R¥HE BEA} TAYIT(6).
T,=—K,sin28 (2)
Ko @ Ak vy g4

=3 A o3 B ke viest HAsA A4

hinge £E8e] FEA H9 2z A2 A
7v 2R EA g
Tmc&=k¢¢ 3

AAe g 3 A% JARY EZV HYE
o] R HolA vizle] TF Wil é@ﬂﬂl 2 =K1
°17}-=4 AAe] 271 g BATE ¢ ¢ UA 2o

~2239-



] TH{ = l Tal = | Tmechl (4)

Hinge =%

19 3. x}a el7}A] AR A &Y

2.3 njojaz noj9 Xﬂ’-‘l

AAd A i“ gR2nlES F2EE AMESL ¥
A4S Ao *}%51'“1 Azrstdeh, 18 4% “]—"]
2z "9 Xﬂ“—? AL Ro3 g, #AA 4= 7
o 9o Si0; AEEE Z2A9d(a). g EFUFEL
2 A3Z ¥4y HYF F¢ 7&‘3‘74]% spin
coating® F HNUE FoHb). F4F22 ANEE F
2 A AZ4620010 BB & FAE % 6 mo)
o G499 3G gFAY Si0: A4 ntA23E F
gkl post AL A holed () A7 wiaz
2 AAT & AZls ge $A9 SF0FE 24T
thHd). o 9o 2=8 BA4& AT 4z FATer A
g SlOz"“ zad ¥ post hole® F% ZHA =R
A e). Si0; g £%F ’S“J"E 4951‘45}
e (f), post hole% Foub Q%Xﬂﬁ AELEN A
2 Held S 98 A A dabel 9@ e "E’§°
A4 gk, o) fo] A FFH T 27 NS
g & negative PMER E8E5% 343 Nig
Fa(g). A HoE =ZE8EH F §%% A AsH
gl 7t S ETh(h) .

B 7NN

St Si0r Al Ni PR Seed Mold

29 4 wtelzz vigle] AR ¥4

2.4 ®z Zn 2 MR ?5
ofel Az dee & licol=f Alztete] vlaiel A
A FF 4¥E ok Ja* 5= 3% AdL o

© g die

ol
<

4% AXNE Holm U} ZYL A% 4 cm, WA
0.7 cm ZNE Ze AX9 4+ 700 turnolth. 1 A
2 MH7F 528 o & 190 Gauss 9 A% U925 @

:'Q—v
\ /
39 5 rpelaR v 7% A

1y 68 TEFYU UHE YoM #3F 2EE Ho|
3 9. vlgle] #EAL laser profiler® AI43lg o
AAE QUM e #Aso FELE 24sqot.
a3 69M 4

¢=coskl(—z—) (5)

Zol Ae ¢ itk A7ME A&l Wzl g 2

! il ; Holxm glul Hul ‘*%r
10 A/m 0113}‘
448 9 F
HztE dogiw
FAVG Aol
ov] FAHAB
H Az 44

e 2 P Ih 2
oo 1 Ho dfo

(b) AAE ANG S
16 S E vy 7%

-2240-



P — -
e
4G4
* / ) —s— Miror 1
2+ -~ MNirror 2
1:‘ / /

2 H [ g 10 12 14 15
| ( 16Am)
297, AA Aske] we Wsizte) Wt

3.2 &

B dpdrae AAHE o &dd FEHE vleis 4
Astz Azstdck. vl Axe Alg FRER e
B a4 2F e olgstgden AAY FES Y
o AW e ARPAY Nig =F3tgch. FAH L
FEHoZ ol&gogM 70 “Fxe HinEy T HAgH
£ dg F Y9G vy TF AL e 22Xy
F ZFo} QY AAEE 24l 27 AL £ e
o F EHINA 3 B 2932 2§30 galA
e T v Fyia ol A A7t X nly e
23U S 228 # U WY U dFE e,

4. #A 2

o] A7 AN AR FAs}E 22F
AA7A A=A EAds 20004 §+ &F 21
Aol ot A €d AP

(& i 8 8

(1) Jack M. Younse, “Mirrors on a chip”, IEEE
spectrum, pp. 27~31, November, 1993

(2) Larry J. Hornbeck, “Deformable-mirror spatial
light modulators”, Spatial Light Modulators and
Applications I, S8PIE Critical Review, Vol.115Q, pp.
86~102

(3] J. Hornbeck, “Current status of digital
micromirror device (DMD) for projection television
applications”, Technical Digest of IEEE International
Electron Device Meeting, pp. 381~384, 1993

(4} L. Y. Lin, E. L. Goldstein, and R. W Tkach.
“Free-Space Micromachined Optical Switches for
Optical Networking” JSTQE, pp. 4-9, Vol. 5, No. 1,
January, 1999

[5) Behrang Behin, Kam Y. Lau, and Richard S.
Muller, “"Magnetically Actuated Micromirrors for
Fiber-Optic Switching”, Tech. digest of Solid-State
Sensor and Actuater, pp.273-276, June, 1998

(6] Jack W. Judy, Richard S. Muller, "Magnetic
microactuation of torsional polysilicon structures’.
Transducers” 95, vol, 1. pp. 332-385

-2241-



