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Introduction to MEMS

 MEMS gave versatile sensing solutions
- Gyroscope
- Accelerometer
- Bio-Sensors

« MEMS have various advantages
- Low cost and high performance
- Small size
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Thermal Noise in MEMS

« Thermal Agitation

-Caused by temperature fluctuation
-Inconsiderable in macro-scale
-Becomes significant in micro-scale
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Thermal Noise in MEMS

 Displacement of a mass-spring oscillator

11
zk(x ) = EKBT [1]

k= spring constant
Xx= mean-square displacement
KB=1.38e-23 J/K (Boltzmann’s constant)

T= temperature
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Thermal Noise in MEMS

Example) At T=300K, a micro cantilever with an effectiv
e stiffness of k=1e-3[N/m] will have an expected displa

cement amplitude <x> about ~2nm.
Thermal Noise

Not desirable for devices 2nm -
such as AFM which £ 0Ll W
3
handles molecular scale E
measurements. 3
‘5 1 I
-2nm

Time (sec.)

.
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FElectrostatic Force Feedback

Previous usages of force feedback
- Extend sensor bandwidth beyond wo.[2]

- Nonlinearities in capacitive pickoff minimized[2]
- Decrease spring constant for high performance[2],[3]

Proot-Mass

[2]
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Flectrostatic Force Feedback

Felectrostatic = 1""15[11“'(2 — [N]

gghN

1 Overlap of the fingers X = - V2 [m]
g Gap between the fingers 8 ' Ky

W Width of a finger

h Thickness of the device C = 2Neggh-1

N Number of fingers 8

Table 1. Important geometric variables for comb
drive
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Electrostatic Force Feedback

 Single-ended sensing interface

— position measurement by applying Vs pulse at capa
citive half bridge[2].

— Capacitive imbalance cause different amount of cha
rge flow[2].
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Modeling in COMSOL

« MEMS> 2D-Plane Stress & Electrostatics
: —
: ise c\
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Negative Positive
feedback feedback
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Modeling in COMSOL

« Modeling Random Noise
Option > Functions >New > File

~Function definition

Ra N d Om arra y S Of dispn =] | | Function name: [random

dispp Interpolation method: IPiecewise cubic

Extrapalation method: {10+ - nolation Function
numbers were '

Walue outside range: |

Lol e

. ® €3]

Created u S| ng 0.0 -2, 59055543 19800 i’
1.OE& 0. 78007772115455
2.0E6 0.602940957090093

M AT L A B 3.0E6 0.942793904629135

. 4.0E6 -1.02391316916655

5.0E& -0.067329320901 2754
6.0E6 0.0317603409164313

Global Expression > Fnoise = (amplitude) * random(t)
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Modeling in COMSOL

» Feedback Voltage Expression

V fb2 V fbl Fx = FElectrostatic

h
X kX — NEDVE_

4 g
— v (L S

Negative
feedback

.

Positive :

g -k, d(dispp)
V tbh2 = .

feedback _ ‘/ EOhN a



Modeling in COMSOL

» Feedback Voltage Expression

V _fb2 V fbl Fx = FElectrostatic

- h
N\
(\}{I'. kX — NEDVE g

Negative Positive
feedback
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Modeling in COMSOL

« Summary of Simulation

- F_noise x10™10 x10™10
~ b Lyl E 1 disg_p | E 1
< oaflk ol ol PEPNT S
= o D el 5 2 AN
o Lilhg 802NV V] 802 .
8 _O 4 | ] ..... 1 8_0 . 6 I Y[ e o= %_0 : 6
-0.8 — X L -1
0 0.2 04 06 08 1 0 02040608 1 0 0.2040608 1
Time [sec.] 107> Time x10-3 Time x10_3

@ @ ®
Apply Noise > Obtain disp. > Apply Feedback V
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Challenges in COMSOL

« Modeling sensing interface with SPICE
Physics > SPICE Circuit Editor

ANN— SPICE netlist: EEEwd o 8 &
RF s n

1
El 2
— RF Z

v
R1 =
2

3
0 1IMEG
3

K0Pl Z 1 3 OPAMPL
*
* OPAMP MACEO MODEL, SINGLE-POLE
* connections: non-inverting input
| inwverting input
| | output |
* | | |
. SUBCET OPAMP1 1 Z &
* INPUT IMPEDANCE
RIN 1 Z 1O0MEG

* gain bandwidth product = DCGATN x POLELl = 10ME
* DCGATIN=100E AND POLE1=100HZ

EGLIN 30 1z 100K hl
K [ »

[ Force &C analysis

Ok I Cancel | Help |

Floating Potentia
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e Electrostatic force feedback reduces the
amplitude of noise induced displacement

« More careful modeling necessary for mor
e significant reduction
— Randomized noise

— Realistic Geometry
— Sensing Interface

.

Conclusion
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