EE C247B/ME C218: Introduction to MEMS Design
Lecture 16w: Capacitive Transducers

Lecture 16: Capacitive Transducers

+ Announcements:

+ HW#5 will be posted soon

* Module 12 titled Capacitive Transducers is online

* Project Definition described today

* 6raded midterm coming back at end of class today

* Reading: Senturia, Chpt. 5
* Lecture Topics:

% Electromechanical Analogies
* Reading: Senturia, Chpt. 5, Chpt. 6
* Lecture Topics:
% Energy Conserving Transducers
—Charge Control
—Voltage Control
% Parallel-Plate Capacitive Transducers
—Linearizing Capacitive Actuators
—Electrical Stiffness
% Electrostatic Comb-Drive
— 15" Order Analysis
—2" Order Analysis
* Last Time:
* Looking at electromechanical analogies

Copyright © 2015 Regents of the University of California

CTN 3/31/15

Folded-beam
suspension

Shuttle w/
mass M,

Folding
truss w/
mass M, \2

Anchor | - thickness

/—\__,b‘z('shdb_} = l('gﬂ/‘h

ﬂi%:[}ww\ > 26X 10k

ﬁ = kei@eu,,) * 9.2 Vs
,m 2N ARER AL AN

\4

L———(‘QWW . (.ozmo""k;(r

(ogbhw) * 48 B by




EE C247B/ME C218: Introduction to MEMS Design CTN 3/31/15
Lecture 16w: Capacitive Transducers

\E lectrmodened Amaloster | k, c
: od chorg R, “x L,
cu \3 ') Hiy (inp o AAA | I_(m\_o
k. F¢) L
r q -
y a IX CX I‘x L qu Cr
m,g J * Mechanical-to-electrical correspondence in the current
— — analogy:
c K 2 - - - -
7 eq 1\ Mechanical Variable Electrical Variable
T FCM‘(O&) —+ o (] = Xcos(wk] Damping, ¢ Resistance, R
Stiffness'1, ' Capacitance, C
%ﬁ'\fv‘« O'F MO*)'M«: Mass, m Inductance, L
I?orce,f Voltage, V'
Velocity, v éurrent, I

Vowpa(r Blfiuaﬂ Tvancfen ﬁ/roﬁaq

keg W
ﬁ_\ Meq — X&)
Cay
F’jwwe,ioé+%oé¢caisé
= cmwal o R plom Koo
Fe (500X ) miay + ‘%W) + G ( juX)
X . 2 V1 . Cag 7
W) ",;i[w ’,f;‘fu\jo—%’l

N

(P oraweder Ptodimrhlpr th e Currest awalogy | %

Copyright © 2015 Regents of the University of California 2



EE C247B/ME C218: Introduction to MEMS Design CTN 3/31/15
Lecture 16w: Capacitive Transducers

[Bacic thyicr of Fleshrrtatic Aoturbin.)

't‘e7 3 C% ‘QOCQL Q\; ! ' NJQ A‘I‘%&M,
¥ ‘ L |, 2R
g 4q — —-q kb
1 Fe Fol.
. ) Got Determba gy
g Speclrs 4 ar a~wefi,
- of tripd voriobles,
e \__/ 4
\’(TG"')\ \ \ ¥ Vv rogy dofiver o recfal
F2laX ! teloffonrhio:
4 = ¢
k% ! Z’L l—‘d-:‘ Be«lenwle‘ﬁeem&y«r(%:y@bn.

2'41-' Ack, chot cavihe doe o D fhe enogy

flo sYsbm?
* Go through pages 11-22 of Module 11 vf y
* Then, start into Module 12 0) C‘«orlge'ﬂr cAorép G-

@ Change Yo sporahon 9-
AW[QS, = VAi"f Fe_A\?

d/= Vdg ¥

dW-Fe dg ~+ fe" ’—‘! Q:camrf.

Copyright © 2015 Regents of the University of California 3



EE C247B/ME C218: Introduction to MEMS Design CTN 3/31/15
Lecture 16w: Capacitive Transducers

m fra cofaq%
, ov— ek
q 1 <
W [Pug=[F( 8ty - T &
V====5" W(q.9) < —
A G
zetp gap = W) leﬁi
[Charge Corﬁ”?C'wcl
No charge i charga: dg + - R ::“RL
Ve ok (Yhedy . _ v 5%2%“
N +0 tH— —- . > -
Fo: (2> L & (ndepondet g) 9 1F, F: q /ﬁm
. j P e 3 = +i =
“ Py (g Feds s feg o ™ fe g ‘ I wejﬁ..»'&
2 1
Wo: 559 ~<r
troon A= Vﬂ%ffeiﬁ
E:FGVHOAW“‘ rerdal o I3 a L0 g = fore it hon by, 2
6 ixed 9% - i g/a fe: Q‘M;( : ‘Tcovwfﬂ: %(‘j’i?;—ﬁ)
dAJ: Udg T Te , 2
T——/—"; - (I}“""P- ‘(09"}’ d]oac:')yl)

Copyright © 2015 Regents of the University of California 4



EE C247B/ME C218: Introduction to MEMS Design CTN 3/31/15
Lecture 16w: Capacitive Transducers

= wlizg 1 Ghonbys
WG, . 2 2
v giﬂ)lgﬂ'wﬁ' 5%(%%3)

2%9 Vc% \/

(cmr{deyl:'anM we alreodyy

Copyright © 2015 Regents of the University of California 5



