MTM G260/ECE G244, MEMS Exam 1 ~ Name,
October, 2006
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10" Problem 1: (25)

9

»

. Skeich a process flow to fabricate a cantilever-based ing
from the side of the cantilever beam. Show the use ofphomremsl in panemmg layers at
least once in your sequence of cross-sectional views. The finished device should have 3
or 4 terminals; one or two actuator terminals and the two terminals for the switched
signal (one of the actuator terminals may be common with one of the signal terminals.

. How many masks are required by your process?

. Describe each process step.

. Identify all materials used.

. Sketch a top view of the finished switch, showing the connections for the actuator and
signals.
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Problem 2. Using the Deal-Grove model for silicon oxidation, determine the time required to
grow a 1 micron oxide using wet oxidation on a wafer that already is covered with a 0.5 micron
oxide at 920 and 1100 °C. (You want to end up with a total thickness of 1 pm.)

T [A(um) [ B (um’hr) | B/A (um/hr) | Too (hr) |
920 10.05 [0.203 [0.406 I |
L1100 [0 0510 [4.64 o |
2 P
Frest Find Zie * X . A
bpc (6o /Pse)
©05)° 2.5
+ = ————— =
2t 920, T, 7 ey 2.4¢
©5)" . 5
T s = ZLZ— -0 40
at 100y oo =, #it
Z,, (or #) for Mom
! 1 =739
9200 T, < o.03 o40¢
/ / =
. ~ — T 248
woi Zoe 5 Tge T i

livess tre 5 The

g rew 0.5 wM

fiee to grow L om - Fime Fo

920 + T 7.37-2.4¢ =493 hr

)|oo !

t < 2.8 940 =

1.5¢ by



Problem 3. Find electrical equivalent circuits for the following systems:



Problem 4. Find a set of state equations (first-order differential equations in the state variables)
for the following system. You can work directly with the system or transform it to an electrical
equivalent first .
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Problem 5. Give short answers to the following questions:

. Give an example of a successful microfluidic MEMS product.
Lk jut Prot head.

b. Give examples of two successful MEMS products that use the electrical and mechanical
domains.
hieleromstey
Gyroicope
pressore sevsoy

c. Give an example of a MEMS product that uses (at least) the electrical and thermal

domains. )
Tak jet puinf bead
LAk imazer

d. Explain why the electrostatic actuator has a snap down instability in the voltage
controlled mode but not in the charge controlled mode. P
Tt force @hn he shown fo be o fomchin of charse, rndependent @
Jap.  Charge - contorl ) force 15 4 omstent = ho i stab ), becauce
The ,/m'j fore mercases. Tn tue veltepe coipol mode, Tee
forie inerenses with decreasing gap, wilnest bound, s fat
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increases fusber fuan  fue [//r?j Poce Gnd [re aituetor suaps dowy,
e. Considering the electromechanicaf clectrbstatic actuator, why is it difficult to drive the
actuator in the charge controlled mode?
| The cupacifance of Toe ac foator 15 small - dffrdt areot.
2. The capacitune of lee crreo?; wives, leads, s
relatiely large and charge can  he Lrans Fertred
from fhese taf&(zzuutcs fo fre @ibuatey,
f. Considering an electrostatic actuator, describe electrical and mechanical methods to
increase the damping of the motion.
Mechaniel = small gap , hish pressore - aiy damprag
Eleckis! = The dampiy 15 h e pesrstance -a

larse sovrce ves'$tunce.
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