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Minimization of Initial Deflection of Multi-Layered Micro-Actuator
with Step-Up Structure
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Abstract

In the present study, a new anchor design was proposed to minimize the initial deflection of micro
multi-layer cantilever beam with step-up structure, which is a key component of thin film micro-mirror
array. It is important to minimize the initial deflection, caused by residual stress, because it reduces

the performance of the actuation.
cause of the initial bending deflection.

cantilever beam was the primary source of initial deflection.
and the initial deflections for each design were calculated by finite element analysis.
To reduce the initial deflection a secondary support was
The optimal shapes were obtained by simulation and experiment.

results were compared with experiments.
added to the conventional structure.

Theoretical and experimental studies were conducted to examine the
It was found that the bending deflection at the anchor of the

Various anchor designs were proposed
The analysis

It was found from the analysis that the ratio of horizontal and vertical dimensions of secondary support
was the governing factor, which affected the initial deflection.
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Fig. 1 Bending moment of surface micromachined

micro-actuator with step-up structure"”
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Fig. 2 Various support designs

(aye 7189 Step-Up TH2E 2z
A8 weh olgnol AFx Fejol, A
O~ A2 AAE RrxE g 7HRE
248 ve H@BE Epd solvh I1gel

!
¢ % Rel m~@ FRE J1EY ARTR

Hefell 7 AAF2E FAFEF dAplHo
dizdl, ol2d AXFZE 7hHE 2a¥
B2E Atelr faA Azged W 37
T4 SAE AAA g3, 9w HgA4FY vk

FMask) 8 o=}l HE uldto] A Z:shd HAoh

22 3%g #Etes 29 3 oshy

47}x) 2oke] M2 GE AxFx g9 71
Step-Up 729 %4y uv E3RE {F¥ah
He olgstad sldston, B dAvdA Aty
477 mekel Mg uE 59 Holwes viF
2 #$ i ggoleg a45E Folu, B
A48 vhega gzl el 12 BE¥es 279
& A E 334 s 29Yo] rheIidloh
AEH 9] Stepup WHEWY FAZRAL X, Y, Z
utaro] wWelol MG 0oz Agsigch E£E,
12 Agwel 715E%d d3 gAzHez v
o WoE 9o 39y Edd HEH F
2% Blister Test 81" J?Sﬂ 5 BARE
Ahg iy, B & 27t AXFERY Step-UpH
of &xa1g WAAMA 171 #qe dAAA, F
gos ads ol gea oL E T

Geieh
Fig 3¢ 2 7oA Aek] mdsl A5
Ehuirt,

T



Step-Up 72E Zir h3der 249 754xe 208y Hagd ag a3 2417

=) =
Step-Up 739 %
B2E& AL THE F018A o3, 97 4S9
uh 27 maskingyS oj2] b2 gaozn A2
th. WA, PSG(Phosphosilicate Glass)& 2 2Ha}ilL,
22 Hel LPCVD(Low pressure chemical vapor
deposition) W 22 Az WNEch stop layer) o
2 BMHRPL 2 Ze A Epoly-Si) AL
d4gtm, 9212 Sep-Up RES P43t &
71 fhelA gl (Patierning) T @ AFo] A
2 08 vlaIMask)E AbEehe] 27 gony
AR o tRe] AR A Fasd
Helg el v Abaazt ﬁ“ﬁ% %
A HEF(Anchor)d] BB &S A
ﬁﬁ’éﬁit(&Nx)oi THeoil ZV?'&% Faks)
A dAdsia, SRl waelen, oW dhet
MEQl PZTE Sol—Gel c*ﬂs% Arg-stel HAdad
ooaEa, R A= qbal whubel spR g
i’Jr 135"03 AAE B 98 Ao
sFor 490 £4Y F
64»2‘;‘? TAste WYs FAg 3, ciele
& &3 Az gg. HFHq
%oﬂ A AdE rtebr] Ad g2 1
Egse] Sol(Drain) W9k st Ao
of A F, 348 F(sacrificial layer)S A7 &t}
Fig. s& & ¢7old ARe Stepup 729
SEM Alzlolc},

R} ROS

Rt ROS

ok

(d)

Fig. 4 Fabrication process for the present

Fig. 3 Modeling of suggested designs for FE
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Fig. 5 SEM image of the present step-up structure

Table 1 Comparison of simulation and experimental
results
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Fig. 6 Comparison of simulation with experiment
for initial end deflections
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Table 2 Correlation of end deflections with the

ratio of a/b
alum) | bim) | ratio a/b | End deflection(m)
2 10 0.2 3.285
3 10 0.3 3.792
5 10 0.5 4.649
6 10 0.6 5.028
8 10 0.8 r 5.756
10 1{ 10 | 1.0 { 6.510
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Fig. 8 Correlation of end deflections with the
ratio of dimensions a/b
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