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A CMOS micromachined resonant sensor with thermal actuation and
piezoresistive sensing

student: Chun-Chieh Wang Advisors : Dr. Tsung-Lin Cheng

Department of Mechanical Engineering
National Chiao Tung University

ABSTRACT

Micromachined .resonant sensors have the advantages of robust
measurement and quasi-digital-output and thus have been applied to various
applications such. as; pressure-measurement; bio-molecular detection, and etc.
Realizing these devices with industrial IC CMOS processes is attractive for low
cost. However, it can be very challenging for engineers to optimize the device
performance. This study intends . to - develop < a »resonant sensor using
commercially available:CMOS process (TSMC; 2P4M) and one post-process
step. This resonant sensor 18 excited by the electro-thermal actuations and the
motions are measured by the piezoresistive sensing. The design procedures are
discussed in details to indicate that this could be an optimal design with this
fabrication process. Besides, different to most sensor applications that acquired
piezoresistivity of a film by experiments, this study intend to develop theoretical
models to predict it from the film conditions. The existing models cannot be
applied because they were all developed for P-type silicon with low doping

concentrations. However, it is highly doped, N-type polysilicon in this process.
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(2-23)

l, m, n chcOcy —shpsy  sdcOcy +chsy  —sOBcy
, N, |=|—chcOsy —sdcy —sdpcOsy +cocy  sOsy
I, m, n, chsO s¢s0 cO

# ¢ S % 4k e compliance coefficient » ¥ *F o o 2B R fcse HIE A 5 €13

RGP > T AT FERZE A RERY 0 H G ORI G
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SERais o gt 1z 300K R R a o r (300K) 5 AL 5 ¥o¥ ;‘gc} B 22.¢¥ %
BREZER IR ¥R B
m{N, @) = P(N, @)n(300k) (2-24)

Bois oMb SRS EIL L E A AR e o T @ SR A

e gauge factor °

— Sy, i
G (1+25“ e (2-25)

BB IE il 0 Bk o e X TR W s B et s Ag e Koo R S
&s £ £ gauge factor ¥ % 7+ 3 [28]

€ =1+ 25/, + Bgmi 8 2-26
4/5u [pg (2 +8 gy (L~(2WW+8)1]5y (2-26)

F1 5 S @ Bl 5 HRRES 0 F B A RARTES X AR R
PinE Rk BRRG e AR ST HE S L ORI G

compliance coefficient B~L 3518 » 4o #157

pg=m)(N. )55
[pg+(2W+8]py/ (L—(2W+3}]]

G=1+2<§;/8;>+ (2-27)
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S XE B 15 T REE

2 2 2
‘9—{151a W]+pAa W _p (3-6)
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XV P xdp oSBT b F i i MBS
S90S RS R f AR 4

w(x,t)=W(x)(Acosot+Bsinot), W(x)=e*

PAz

Il

¥ LR a=+f and +iB,p*= (3-7)

=1 W(x)=Acosh(px)+Bsinh(px)+Ccos(Bx)+Dsin(Bx) (3-8)
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