EE C245/ME C218: Introduction to MEMS CTN 11/10/11
Lecture 22w: Electrical Stiffness

Lecture 22: Electrical Stiffness

- Announcements: Bt paws e A

: en 2
- First project slide due 11/11/11 (email it) Fe= 61};;\/( ) l 4 — R’ Ai ?’V
* Reading: Senturia, Chpt. 5, Chpt. 6 ,Dmg( ffh gap '

* Lecture Topics:

9* Jom 2" ﬁo =
~
s g Ao ap o bott sides!
% Parallel-Plate Capacitive Transducers 9*p
— Linearizing Capacitive Actuators — g}t Te®
— Electrical Stiffness Vg ©
Y Electrostatic Comb-Drive K G, ‘Reaouacrﬂﬁ‘
— 1s* Order Analysis . .
— 2" Order Analysis L (0% gt >1, Fen #ir )
¢ e g0 unsteile [
- Last Time: Spy- ¢
, — (e Wl Collapre!
Jolfge -Gl ol é ket €] 4 P o e il
e pldr & Chene: (fne thlle gcp)
=t 9| i
- 2 9 D oy o okl
: > - ,/// fixed 6
R, LF
sz

Copyright © 2011 Regents of the University of California 1



EE C245/ME C218: Introduction to MEMS

Lecture 22w: Electrical Stiffness

(SR
= chebmmire ynd coled condidfons (ollige “Corhg
will cave C°}/0pﬂ’ ot ’}ZPPW?J:

et * For Popr < é’*; - k(95-9)

\.ﬂw

e

fe FJP"E

4)‘.00)" /Ioppm o\)lor\ T clwrgy 9 67 o sSSP
Nc&mehl’ dg‘
y‘an I'WOFM ’)’\7,44 ret dﬂﬂ&'fﬁe

Loece FN—(-

)

fnlw.'
(fra stz% qncolfqph/
Sysom)

CTN 11/10/11

Copyright © 2011 Regents of the University of California

‘l[(_,‘h Volbzge § Pull-in @d
VPI 2 1o ffﬁy@ chih plofer collpee

3rn’
(Dﬂ P]df', Goer kb colon :
ke A% (1)

In
Frat> O éﬁ/gr_ I(-(gpeg ) (2
2501
Suhafifde (1) Tnbs (2):
sl

P

3 - I( 09

0 z—g% ggr 9 Pl)
- 3

94 9 24 7 9o 29

Gy —
“| Ger 394

A)}\or\/% Gap ir oAPron L‘ya WQ{??
a['b (2(3) de MM@epdcolb}omf

ol (e )

1 le




EE C245/ME C218: Introduction to MEMS
Lecture 22w: Electrical Stiffness

CTN 11/10/11

v
1 b
i
08 . Spring Force LA
i V’I
!
g 0.8 - i Ver
3
' \ Electrical
b od b o Forces
R «'(
Stable "2 ez T " Increasing V
Equmbﬂll'l'l — T -
Points 0 I l L I 1

9

0.2 0.4 08 08 1
Normalized Displacement

Advantages of Electrostatic Actuators:

- Simplicity of transducer greatly reduces
mechanical energy losses, allowing the highest Q's
for resonant structures

Disadvantages of Electrostatic Actuators:

* Nonlinear voltage-to-force transfer function

* Relatively weak compared with other transducers
(e.g., piezoelectric), but things get better as
dimensions scale

* 6o through variable naming convention in slide 21
of Lecture Module 12
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* Easy to manufacture in micromachining processes,
since conductors and air gaps are all that's needed
— low cost!

* Energy conserving — only parasitic energy loss
through I?R losses in conductors and interconnects

* Variety of geometries available that allow tailoring
of the relationships between voltage, force, and
displacement

* Electrostatic forces can become very large when
dimensions shrink — electrostatics scales welll

+ Same capacitive structures can be used for both
drive and sense of velocity or displacement
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