EE 247B/ME 218: Introduction to MEMS Design CTN 4/5/18
Lecture 21m: Capacitive Transducers

%  Voltage-Controllable Center Frequency & Microresonator Thermal Stability
" UGBetkelsy I .
Micromechanical 100
Anchor " Resonator Electrode . T |eededesdindbdin b i b b
M\ \ Silicon S s0 : .
X Nitride o -1.7ppm/°C i
Vp—— H x o 60 - -
= ) @ ¢
= Elsolation Oxide 5= E 20l AT-Cut
— o - Quartz
323 S of t(:rys.tal
° f . =] . at various
Quadrature force 322 1 % Y 2 20 angles
voltage-controllable — 322 =
electrical stiffness: Cy B, T -40 p— |
e A— Electrode =. 32.1 "\A“ 1.1% S 60 Resonant beam
0 0.2 oxerlap ‘:" 32 R S Poly-Si uresonator
k = Vp Area g 32 X £ 80 A70pm/°C ..
e/ a3 g 274 88um? I w ppm : T 35030"
Q — R . . . . . . . . .
Gap S & 3T 4210004 a0 20 o 20 40_ 60 80 100
— 31.9 Temperature [°C] [Ref:Hafner]
f =4 m_"e 1.8 . T - ) o * Thermal stability of poly-Si micromechanical resonator is
0 2my m, ® DC-Bias v, s 10X worse than the worst case of AT-cut quartz crystal
EE C245: Introduction to MEMS Design LecM 12 C. Nguyen 11/18/08 26 EE €245: Introduction to MEMS Design LecM 12 C. Nguyen 11/18/08 27
A A
& Geometric-Stress Compensation &%  Voltage-Controllable Center Frequency
B . T UCBerkeley . .
* Use a temperature dependent mechanical stiffness to null Anchor Migromechanical Electrod
frequency shifts due to Young's modulus thermal dep. m\ petrode Silicon
[Hsu et al, IEDM’00] topm] —2.5ppm/°C L \} Nitride
\ o =T U o 11 \
2 I 1 —{160/40 I 1
£ 500 A I
2 = ElIsolation Oxide =
8 -1000
£ 10 70140 323—
= 2000 40/40 ® Quadrature force = 32.2 %
T 2500 “ voltage-controllable _ 322
g p80/40 electrical stiffness: & o1
5 3000 s LI30/40 Electrode = ,,
o 300 320 340 360 380 € A= overlan = 321 1.1%
Temperature [K] k= 0 0V2 Xreap 2 4 '-\A
® Problems: 4 PRI o 2 = 2 L\
Y stress relaxation Gap /'v £ 5o ] Ao=88um N
- - % compromised design a10{ =1000A hT
[Q=10,317 flexibili -k —k
exibility ;o= 1 *m %e 318 r
- o 3. "Tm 0 5 10 15 20
13.48 1349 13.50 DC-B V,
EE _ Frequency [MHz] [Hs‘u' et al IEDM 2000] EE €245: Introduction to MEMS gesign LecM 12 . Nguyen las [ 11’!/18/08 29

Copyright © 2018 Regents of the University of California 1



EE 247B/ME 218: Introduction to MEMS Design

Lecture 21m: Capacitive Transducers

Increasing Electrode

& Excellent Temperature Stability
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Can One Cancel k, w/ Two Electrodes?

i
UCiBerkeley
* What if we don't like the -
dependence of frequency on V,? X
* Can we cancel k, via a differential F,, k.,
input electrode configuration? dl —W
. - . \ 7
If we do a similar analysis for Fj, d d
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EE €245: Introduction to MEMS Design LecM 12 C. Nguyen 11/18/08 32

& Measured Af/f vs. T for k.-
"eBeikekymmmmm  Compensated pResonators

Design/Performance:
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[Hsu et al MEMS’02] Temperature [K]

* Slits help to release the stress generated by lateral
thermal expansion U linear TC; curves [ -0.24ppm/°Clll
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Problems With Parallel-Plate C Drive
UCEBerkeley

Nonlinear voltage-to-force
transfer function
% Resonance frequency becomes F,, k

dependent on parameters (e.g., F;
\ dz
[€—>

bias voltage V;)

% Output current will also take on
nonlinear characteristics as
amplitude grows (i.e., as x
approaches d,)

% Noise can alias due to
nonlinearity

* Range of motion is small
% For larger motion, need larger
gap ... but larger gap weakens
the electrostatic force
% Large motion is often needed
(e.g., by gyroscopes,
vibromotors, optical MEMS)

EE €245: Introduction to MEMS Design LecM 12

=

{

|
S
v

=~

<
1H |—@— Electrode 1//

1
Vp :l:

N

Q

e}

o

o

+-—

Q

o

w

ep"z

— V.

I
33

C. Nguyen 1/18/08




EE 247B/ME 218: Introduction to MEMS Design CTN 4/5/18
Lecture 21m: Capacitive Transducers

& & Electrostatic Comb Drive
e UG Berkeley
* Use of comb-capacitive tranducers brings many benefits
% Linearizes voltage-generated input forces
% (Ideally) eliminates dependence of frequency on dc-bias
% Allows a large range of motion %y Stator  Rotor
'\ilbrat_ir.]g Shuitie z X
. . A—— | Mass
Electrostatic Comb Drive
Comb-Driven Folded Beam Actuator
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B Typical Drive & Sense Configuration &%  Comb-Drive Force Equation (2" Pass)
UCBerkeley " UCBerkeley
2-port Lateral Microresonator . * In our 15* pass, we accounted for
Neg:-f# '
Y e % sl fugees % Parallel-plate capacitance between stator and rotor
(g)—> i i * .. but neglected:
z X ! 2 % Fringing fields

— % Capacitance to the substrate

wE) Vi, = || V., O All of these caPacirl'or's must be included when evaluating the
energy expression!
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