PM E5231 Final Exam

= d9o03793

(Part 1 takes 5% of your final grade. Part 2 takes 35% of your final grade.)
Part 1- For parallel-plate capacitive micro-actuator s-
Question 1-1: (40%) why don’t we use charge control instead of voltage control?
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Figure 1. Plot of normalized deflection
(zZ/g0, green curve) and voltage
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Figure 2. Graph showing normalized
deflection, z/g0, as a function of
normalized voltage in an electrostatic,
parallel-plate actuator. There are two
equilibrium deflections for each value of
the voltage. The solutions corresponding
to the upper branch of the graph are
unstable.

Question 1-2:( 60%) Please give adesign to let actuating distance overcome 1/3 of

nominal plate separation.
Ans:
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Part 2-Simulation of a Tunneling Acceler ometer
The side view of a MEMS tunneling accelerometer illustration with a simple
feedback circuitry is shown in the following figure.

(a) The proof mass is made by a p-type (100) 200 mm-thick Si wafer with athin
Cr/Au layer as proof mass electrode. The mass of Cr can be neglected compared
with Au layer mass. The proof mass electrode and proof mass have the same area
of 0.54 cm? and 0.8 cm long.

(b) The proof massis 28.2 milli-gram. The resonant frequency of proof massis 100
Hz. The quality factor Q for the proof massis 140.

(c) Unforced gap between proof mass electrode and deflection electrode is 34 nm.
The tunneling tip height is exactly 31 mm.

(d) The relationship between tunneling current and tunneling gap is
Iy Ve~ exp (- ai (F)*° x ),where Vg is tunneling bias across the tunneling
electrode gap, a; is a constant, | =1.025(A * ev?), and F is the effective work
function of Au which isto be measured in this exam. x is the tunneling gap.

(e) The gravity isignored in this exam.

(f) The op-amp is modeled as alow pass filter with high DC gain

A, = Kep where K, =10° a= 1
as+1 20 p

Question 2-1: (5% )What is the width of the proof mass? What is the thickness of

the Au layer on proof mass?

Ans:

(2-1-a) Area of the proof mass = 0.54 cm? > Length of the proof mass= 0.8 cm >
Total proof mass = 28.2 mg. Width of the proof mass = 0.54/0.8 =.0.675 cm
Si wafer thickness = 200 mm

(2-1-b)r ,, = 19280 k%3 rg = 2330 k%3
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The thickness of the Au=h

Total proof mass=M,, + Mg =28.2"10° kg m
M,, =(2.82- 2516)" 10°=3.04"10°=1.041"10°h h=292mm

Question 2-2: (5%) What are the spring constant and damping coefficient of the
proof mass? What are the equivalent spring constant and resonant
frequency around tunneling operation position (consider softening
spring effect)?

Ans:

(2-2-9) Q=140, m=282mg,f=100Hz ,wo=27f=2007 rad/sec
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Question 2-3: (20%) Download laser vibrometer measurement data—» Xtun.mat

(http://mx.nthu.edu.tw/~chhsliu/M EM S/Xtun.mat) and Vtip.mat

(http://mx.nthu.edu.tw/~chhdi/MEM S/Vtip.mat). These data show
the tip voltage corresponding to individual tunneling gap. The data
sampling rate is 10000Hz. The proof mass is oscillated at 200 Hz
during measurement experiment using Laser Vibrometer. The Vtip
also collects some noise. Based on these measurement data, find the

valuesof | ,and F.where I, = 1,” exp(-a,VF X)
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V.
(2-3) 1,=1," exp(-a,\Fx) I;p =1,” exp(- 1.025VF x)
Vtip _ -
In = In(l,” exp(- 1.025VF x))
InV,, - INR =Inl, - 1.025JF x
InV,, - In(22" 10°) =Inl, - 1.025VF x
InV,, - 16.9=Inl, - 1.025JF x
InV,, =Inl, +16.9- 1.025/F x
B B eV gpfex o d excel & 210 Vipfex sl o
[— i — s @) |
0
29 2 4 6 8 10 12 14 16
4+
In Vtip
6
8
-10
X
y =-0.4924x + 1.6038
d Bl 7 @ 250 %y =-0.4924x +1.6038
FERD InV,, =-1025/F x +Inl, +16.9
5 SR ARG IHEE 0.4924 = - 1.025\F F =023 eV
? i 1.6038=Inl, +16.9 l,=227"107 A
—> |, =227 107" exp(- 0.49x)


http://mx.nthu.edu.tw/~chhsliu/MEMS/Xtun.mat
http://mx.nthu.edu.tw/~chhsliu/MEMS/Vtip.mat

Question 2-4: (70% )Develop a simulink model to simulate this Micro
ElectroMechanical System. (nonlinear model)

(a) Submit your simulink file.

(b) Plot Vpl and Vdeflectv vs. time for 0.1 pg external acceleration at 50 Hz.

(c) Plot Vpl and Vdeflectv vs. time for 0.1 pg external acceleration at 500 Hz.

(d) Plot Vpl and Vdeflectv vs. time for 0.1g external acceleration at 50 Hz.

(e) Plot Vpl and Vdeflectv vs. time for 0.1 g external acceleration at 500 Hz.
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(@ # MEMS tunneling accelerometer illustration with a simple feedback
circuitry - 3 2 T & T % B
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By Taylor expansion at operating point, the tunneling current can
be express as:
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The force generated by applying voltage on the electrodes is:
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(b) Plot Vpl and Vdeflectv vs. timefor 0.1 ug external acceleration at 50 Hz.
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Figure 5 Vdeflectv vs. time
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Figure 4 Vpl vs. time




(c) Plot Vpl and Vdeflectv vs. time for 0.1 ug external acceleration at 500 Hz.
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Figure 6 Vpl vs. time Figure 7 Vdeflectv vs. time

(d) Plot Vpl and Vdeflectv vs. time for 0.1g external acceleration at 50 Hz.

Figure 8 Vpl vs. time Figure 9 Vdeflectv vs. time

(e) Plot Vpl and Vdeflectv vs. time for 0.1 g external acceleration at 500 Hz.

Figure 10 Vpl vs. time Figure 11 Vdeflectv vs. time
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