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( Capacitive ) [2,3]% & ¢ ;% (Piezoelectric) [4]
FZfFEP RN BRI E R B R
BA BRI HAEDR T T kR R A R 2 S
TORBRTHRAMKEE G BRI E T L F g R
F oo - B R T MR e &R 4
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n &
2 1 . 2 2y
U—n—Z(gi—u) LR RS
g SUEREFHR ¥ H*“‘W%?ﬁ*] VR RE
n 54E &2 F%REP
éi’s‘;ﬂ‘flfﬂ; R R A Sl
LR k®E S ok 20

129

302 IR 2 ok ER
Level 1 Level 2 Level 3
| 300 400 500
b 180 200 220
10 15 20
It 700 800 900
hwm 250 300 350
H i :um
BR4vrd BRI B gr g fA53

5000Hz 2. & » Z #c#isz P B2 vk § > M 5 7]
Fw(=2mf) 3 e KRB oq H g FlF

P2 FL AT A kB ek 3o d
WAk FAFEAUGERFELE HET 2L
AL a2 B E o

3 wkF FF 2ok

Level 1 Level 2 Level 3 Level 4

w 31.416 10493 20954 31416

Al -1.0 1.0

Ab -1.0 1.0

Ah -0.8 0.8

Ay Y™ -1.0 1.0

Ay 0.3 0.3

AE -2.0 2.0

Hi: wirad/sec; AE % Gpa; HZ 45 pum

ZIN S e ﬁﬂ“’%“%‘]iﬂ'ﬂ?};ﬁaﬁ*?
- BE LA L IPME TR T B F] G
fok ¥ - L%_ﬁ_iz\’ﬁapf’:ﬂ‘_'i%’“%ﬁ?
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ﬁi&ﬂﬂ4’ﬂ¢§ﬁmeﬁﬁii%ﬁ$
2_16{%;311\;@‘_&%2 CH R EAck 4o A g
3 HRFEFF LB KRR BB kT
WERF R FLEATEREY F LT A
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mean % S/N 2 %&»x% B > 4@ 11% @ 12+%7 4
7_I‘~ ° 38 +hl
4 /13 \ 713
2 A PERE2ZFEHRE 0 |
2.6
Pt \ hM2
|l | b | h | Iy | hy |mean SN 2T Fa
1 | 300 | 180 | 10 | 700 | 250 |1.1434| 15.5038 18 e | Jm "
2 | 300 | 200 15 800 | 300 |0.7720| 19.1410 14 X -
3 | 300 | 220 | 20 | 900 | 350 |0.6313| 21.5853 10 7 -
4 | 400 | 180 | 10 | 800 | 300 |3.2188| 14.0685 06
5 | 400 | 200 | 15 | 900 | 350 |1.9936| 18.5755 '
6 | 400 | 220 | 20 | 700 | 250 |0.5266| 21.6968 B 11 & F]5 % mean 2 22 % B
7 | s00 | 180 | 15 | 700 | 350 |1.5987| 18.5210
8 | 500 | 200 | 20 | 800 | 250 |1.1545| 21.3503
9 | 500 | 220 | 10 | 900 | 300 |7.4810| 10.7328 »
10 | 300 | 180 | 20 | 900 | 300 |0.5961| 21.5888 . /43
11 | 300 | 200 | 10 | 700 | 350 |1.2603| 15.4802 0
12| 300 | 220 | 15 | 800 | 250 |0.7157 | 19.1983 o L ——
13 | 400 | 180 | 15 | 900 | 250 |1.7218| 18.6565 N S VI G TR
14 | 400 | 200 | 20 | 700 | 300 |0.5587 | 21.6415 - s / —
15 | 400 | 220 | 10 | 800 | 350 |3.3485| 14.3853 ; / MG
16 | 500 | 180 | 20 | 800 | 350 |1.3052| 21.1525 /
17 | 500 | 200 | 10 | 900 | 250 |6.8572| 10.6950 15 /
18 | 500 | 220 | 15 | 700 | 300 |1.5362| 18.7450 '4 I
13
% 548242 A%l Bl 12 & %]+ $ SIN 2 3<% B
Al Ah
W Al Ab Ah Mt M AE ﬁ*%ﬁé 'L Jy‘) li'—ﬁ ﬂ}%_,ﬂ_‘ b2z y A
1 |31.416] -1.0 | -10 | 08 | -10 | 03 [ -2.0 , N IR
2 [31416] 1.0 | -1.0 | 08 | 1.0 | 03 | 20 A 41:« ® vl 2 @ 4 T i E mean D 1.385
3 [31416| 1.0 1.0 0.8 10 | -03 | -20 mV/m/sec? % B ﬂéﬁs?] HE e FF | E Ny 5B
4 |31.416| 1.0 1.0 0.8 1.0 0.3 2.0 23 [’]-+ ’ :I:S-;f% L2 2t '>I NI E R D R
5 | 10493 | -1.0 | -1.0 | 08 | 1.0 | -03 | -2.0 S . . L
6 | 10493 | 10 | 1.0 | 08 | 10 | 03 | 20 Bo@ A F] SRR LR SIN xR
7 [10493] 10 | 10 | -08 | -1.0 | 03 | -2.0 oo AFRL2ZFERRFFF RIS
8 |10493| 1.0 | 10 | -08 | -1.0 | 03 | 20
9 | 20954 | -10 | 1.0 | -08 | 1.0 | 03 | 20 406 R BB ARRE
10 | 20954 | -1.0 | 1.0 | 08 | 1.0 | 03 | 20
11 | 20954 1.0 -1.0 0.8 -1.0 -0.3 2.0 Control Factors pm)
12 | 20954 1.0 -1.0 0.8 -1.0 0.3 -2.0 | b h It hw
14 31416 | -1.0 | 1.0 | 08 | -1.0 | 03 | 20
15 | 31416 | 1.0 | -1.0 | 08 | 1.0 | 03 | 20
16 | 31416 | 1.0 | -10 | 08 | 1.0 | 03 | 2.0 TR Uy
—ﬂ;&#lﬂ+§+%] Mz BEBT L i d R oA 3745 AR R8T e S
g UL || ) ﬁgjg] 92 mean 3 B A EN ;\ (Linear Superposition Model)[16] % 3¢ /7]
HOSIN g B WA ) RS Bt % PokRE T R N RER R E
EE O (A ﬁ’rr]:»ofe—ﬂﬁvf’r;‘;{d B B e e SR N AT R e de 2 R0
FlF P EERE SIN ﬂ+lrapaﬁfﬂ Wit SIN B4
FOFRFLRD R Ef CRIE R ES b R A ARk 3t 2 SIN
- U HIF S o d T m,g,\ s —;- -
BF SN R nAI o« LR DL A S/Niia (02N2lichuiz) = M+ bt Mot Ly, + hy , = 18.70
2 IMtL%ﬁg] 4t mean % S/N % 4; B e 4p et
#v F+H SINREE? A VR 2 ]S AR Ve RN B AR 2 SIN
T S/Nropust (D1h3lwishmz) = m+ byt hgt I3+ hy 3 =21.22
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F T A4 2 BRI SIN R
S/N 3R] oy
AR 18.70 18.86
R 21.22 21.17
G 2.52 2.31
\Z} _r H’ L ﬁL ‘,.‘L %]ﬁ Iﬂ‘ s 1 9‘(3}:‘,}:)‘]' M ]4 E‘!/” %

RER T RAT AR M R L 2 ATR R R
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ABSTRACT

Piezoelectric films are in wide use in the design of
micro-sensors and micro-actuators due to the high
dielectric constant, small size, and the possibly very high
natural frequency. However, manufacturing errors
result in the variations of design variables, which have
significant effects on sensor accuracy. Minimization of
performance sensitivity to manufacturing errors in the
stage of parameter design has become an important issue
in the design of microsensor. The paper addresses the
design optimization and the robustness analysis using
Taguchi methods to reduce the sensitivity of the sensor
response to the dimensional errors of microstructure and
variations of material properties. A system model of
the microaccelerometer using piezoelectric thin film is
proposed for the simulation of design optimization.
The proposed scheme provides the robust design with a
reduced variation of frequency response.

Keywords: MEMS, Micromachining, Robust
Design.



