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Effects of Residual Stress on the Performances of Electrostatically
Actuated MEMS Micromirrors

Hu Fangrong'* Yao Jun' Chen Jianming®
' State Key Laboratory of Optical Technologies for Microfabrication , Institute of Optics and Electronics ,
Chinese Academy of Sciences, Chengdu , Sichuan 610209, China
* Graduate University of the Chinese Academy of Sciences, Beijing 100039, China

* Science College , Kunming University of Science and Technology . Kunming, Yunnan 650093, China

Abstract Residual stress is an inevitable factor in microelectromechanical system (MEMS) surface micromachining,
it affects the performances of the devices. In this paper, the formulas for calculating the pull-in voltage and the
stroke of an electrostatic micromirror with residual stress existed have been derived by introducing an equivalent
mechanical model, and the effect of the residual stress on the eigen-frequency of the micromirror is analyzed. The
result shows that the eigen-frequency increases with the residual stress. The micromirror surface profile, under
different residual stress, is tested by a white light interferometer. Experimental results indicate that the residual
stress makes a warp on the surface.and it declines Strehl ratio and lower the image quality.
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Fig. 1 Model of electrostatically actuated plate
MEMS micromirror
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Fig. 2 Equivalent model of the micromirror with

residual stress
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Fig. 3 Applied voltage versus distance between
two plates (without residual stress)
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Table 1 Material parameters of the micromirror

Young's modulus Poisson Density p
Material . .
E /GPa ratio y /(kg/m’)
Polysilicon 160 0.23 2330
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Fig. 5 The first four modes of micromirror. (a) The first mode; (b) the second mode; (¢) the third mode; (d) the fourth mode

HIIET 5 AP 55 — Br R sh B S iR E 0 | T iz
2y 3K 2 i LR AR K 2 RS P IO R BT e A —

M. BB AL R £, =4117 Hz 2
BT A RS T R R . 5 2 R R TSR T R



2l WA 4 -

B A% L 36 i 3R 5l MEMS BB RE 132 I 33

AAESR AR AR E I 2 7% P I i i BB S P T
PRI DASE — B 25 i IR 3h o . 5k N T3 A 0
] 50 MPa 28 Al I+ BUBE 2R — i B 25 A il A3 R 1) A8
EaniE 6 froR

\J \J \J Al 1 L
4226 ok Sttt ututut bt Aubabaiad Sy wha

4224
4222
4220
4218
4216
4214
4212
4210
4208

Eigen frequency of the first
mode f, /kHz

0 10 20 30 40 50
Residual stress ¢ /MPa

PE 6 BF — B A8 35 A AE A3 38 B 5 A B T A AL
Fig. 6 FEigen-frequency of the first mode versus
residual stress
Hi & 6 BT 2 5k A% 0 ) AR A L 3 — B B S Y
ATERE Lo BEALAR P . X JE BN 5 — B R3S 1Y
KR AT LA R R

ke[[
’
Mcf[

So o (1D

BR AR I % A 5005 1 78 Ak 5 AR N L A X A
ROPE R BRI AR K. BR AR B T B3 2 S B0k
BT A A FR BB I PRI 4 (5 BB 14 A E A5 R
.

3.4 WMEKRERHE

R HE A =R s b — A EES
B0 AT IR BB 5 i B 28 4 1 2 M R L T AR AR N
JER I MEMS 23 14 26 1 % 35 47 3K 1) — 4> fe 2
R SRR W W RIS, B A4S MEMS
e FR g il AR A AR 22 . I T F
(b)Y NI Zygo FH 36T ¥ AL A3 19 75 30 TE e 4775
B AR IV 7 R 1) % THT e B L R 6 JE 4 L el ST AT R Rl
BEih 2 0 25 B S5l SR s 0 2 S OB R
FIRHCTRELIE 7o ] e RO G R i AR 22 . 62
MEMS 2§ {1 i 5 38 B2 75 25 #4 )22 % T 9% 4 Jm 1 I
(4D 42 R 1 5% 45 L 7 38 6 LU 285 4 2 R L SRR A 4
i J 22 RN 2 AL 52 22 8] 2 A AEAR I N 7 T, AT i 22
T 768 ot A B L T N A 2 B 4 R )2 A A
FNE A O B R AL, TR G fe] A i 4
i B3 A% I 7 Bk v 2 T O o A B R L S MEMS (R
il 38 Ao i P A A DR ) — A B AR R

B ZYgo0 Intensity Map

(€))

Surface Profile

1.00
0.95
2 090
2 0.
= 085
£ 0.0
n
0.75
0.70

0 10 20 30 40 50
Residual stress o /MPa
(©

P 7 B AN T X SR TR AR AR AR BB MR . () A AE SR AR I I 2 18T T 98 P81 5 (o) A 78 5 A 1oL 1 I F) 2 T 8 46 5
(o) BRAR I 336 J 7 47 UK L B4 32 1)

Fig. 7 Effect of residual stress on the surface profile and Strehl ratio. (a) Intensity map of micromirror;

(b) surface profile of micromirror; (c) effect of residual stress on Strehl ratio
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