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Lecture 21: Capacitive Transducers
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Advantages of Electrostatic Actuators:

! ; * Nonlinear voltage-to-force transfer function
05 - ] * Relatively weak compared with other
' ’ L transducers (e.g., piezoelectric), but things
E 08 - ; get better as dimensions scale
TR Electrical
L 0.4 - Forces Eh@aﬁ%’hs 'ﬂ, Volhf o~ fore )(4-9\ F\Mc'h'n\
Stable 92 = . )
Equilloriun=—L .7 - - i :
Points 0 I 1 I I L
O 02 04 0B 08 1 ¢ b t
Normalized Displacement + H— —- o
q(1) o | q(t)

Advantages of Electrostatic Actuators: H e -

- Easy to manufacture in micromachining 1 P
processes, since conductors and air gaps are all g
that's needed — low cost! .

* Energy conserving — only parasitic energy loss 4(.,, }7
through I2R losses in conductors and
m’re.r'connects - . vg = VP + V(t)

* Variety of geometries available that allow S‘ wd (a
tailoring of the relationships between voltage, B\w( by -0 )
force, and displacement - ' .9 [ _?]; e (/V'(&))z]

* Electrostatic forces can become very large € I x s
when dimensions shrink — electrostatics scales aC 2 y
welll -5 S i)=& gf( RS

+ Same capacitive structures can be used for

_ 7) 25
both drive and sense of velocity or T3 [va + 2% H) + Lovel])
displacement

L1 ]= CLlyzes Ly 2w
- Simplicity of transducer greatly reduces [-VP>7%&)]_7 Fe (f) VP T H oY)

mechanical energy losses, allowing the highest LR 7
Q's for resonant structures &C° A PC offct  Acdne sigyed

Copyright © 2009 Regents of the University of California



EE 245: Introduction to MEMS CTN 11/9/09

Lecture 21: Capacitive Transducers

-5 w1~ B ofi )
(x«gs]

g,‘. a_ Co

Go

= foh-: 3 C° Ve
[ st
7/

~(omt., -(n smdy
0&»\ Caﬂmo L\{ O'Vh,p”f\‘vil’}

Symmay
(laden) ‘
This 1o srmaf-amd
anahysis T Ho machovicd
dowmah

Copyright © 2009 Regents of the University of California



