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| ntroduction

The purpose of the research |
was Involved In was to
characterizeaMEMS device
“C2", built by Rajashree
Baskaran.



MEMS

« VWhat are they?

iafape MENS?
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e Micro - very smai device (less
than 1 mm)

* ElectroMechanical - turns
mechanical energy Into
electrical energy or viceversa

e Systems - used with other
electrical products, mostly as
SeNsors



A I\/IEI\/ISdewce on ahuman hair

A MEM Sdevice 30 um
across




Think of the possibilities...

Y our hair




MEMS

v/ What are they good for?



MEMS Saving Lives!

MEMS are used as sensorsto
deploy air bags!!




MEMS Saving Lives!




MEMS Saving Lives!




MEMS Saving Lives!

eThe C-Leg Is
fitted with
MICroprocessors
and sensors
that mimic the
stability and

step of a natural |
leg. ﬂg .

ﬂm@






What else are MEM S good for?
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Inside the Kirby Tilt n’

Tumble Game

e A MEMS device and
electrical circuits needed
to operate the device.

o et’sexaminethe MEMS
device Inside the game.






)
yv— O)
O C
S 5
3 3
@
— O
O35
| & -




A close up of the capacitor “comb’

125 Micron

Figure 1. Beam Dimensions for a Single Finger.




M ovement

1256 Micron
Overlap

2 Microns Thick

Figure 1. Beam Dimensions for a Single Finger.




How does Kirby’s

MEMS work?
* \\When the device istilted:

e The mass moves
* The springs expand/compress

 The capacitor combs “ sense”
a change In voltage.

* The circuitry processes.




Computer Image of
Accel erometer MEM S

The image on the right Is when the game is tilted.






Voltage Combs

'

:5 Cantilever
.

A torsional oscillator. The black parts are
fixed to the substrate, and the gray parts are
movable. The length of the cantilever is
approximately 144um (micro meters).



Scanning Electron Micrographs
of Coupled Oscillators
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d2x dx

m + c—+ kx = -k .V, cos(wt)

Veloci ty— (mllx)/ (M,)? — x2)% + 4(my)2X?




Monitor
CCD Camera

Laser

|

Vibrometer \—l C-mount Adapter

Oscilloscope
or
Spectrum Analyzer

Computer

Microscope

Q

X-¥Y Microscope
Positioning Stage

Signal
Generator

.

Probe Device

Sample Holding Options Packaged device

in vacuum chamber
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File Edit OQperate Project ‘Windows Help

E{>Ig§| K@Ei 1| [13pt Application Fort =] |8 ~ || 0= = |[#% -]

YWave Form Mode|

EQRTCDS | Arb Waveform vl

MaxA | 36 MaxF 7 74500 ¢

: Power Indicator

10+ 100+ Power Switch
= & =
Step A -m—{ /10.00 Step F = 10 ON

-100- -

Current Current
Amplitude 3.6 Freguency 74500

Result Array

? 5, 100000 9400,000000
SO £0,100000 9450,000000
£0,100000 B500,000000

£0,100000 9550,000000
&0, 100000 9A00.000000




i+ Loop1_output_in_one_file

File Edit OQperate Project ‘Windows Help

E{>Ig§| K@Ei 1| [13pt Application Fort =] |8 ~ || 0= = |[#% -]

YWave Form Mode|

EQRTCDS | Arb Waveform vl

MaxA |56 MaxF 7 74500 ¢
Power Indicator

10+ 100+ Power Switch
= & =
Step A -m—{ /10.00 Step F = 10 ON

-100- -

Current Current
Amplitude 5.6 Freguency 74500

Result Array

? 5, 100000 9400,000000
SO £0,100000 9450,000000
£0,100000 B500,000000

£0,100000 9550,000000
&0, 100000 9A00.000000
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74970  119.00 10350  56.75 35.50 20.1 3.104 1122
74980  123.50 107.88  59.60 37.50 21.2 3.326 1.22
74990  127.50 112.63  62.38 39.30 22 3.596  1.353
75000  131.50 116.38  64.75 40.70 22.5 3.724  1.362
75010  135.00 120.88  66.13 41.80
75020  138.50 123.00 22.8 3.612  1.424
75030  141.50 126.50  66.63 41.90 22.4 3.642  1.362
75040  144.50 125.63  65.63  40.80 22.2 3.6 1.402
75050  146.50 64.00 39.30 21.5 3.392  1.318
75060  148.00 12413  61.13 3730  20.76  3.254  1.202
75070  148.50 121.63  58.00 35.40 19.6 3.206  1.164
75080 114.88  54.63 33.60 19 2.964  1.112
75090  146.00 11113 5163 31.70 18.2 2.818  1.048




C2 Frequency v. Velocity

¢ \elocity 32.60
B Velocity 28.60
Velocity 20.6

Velocity 15.60

-.-I-I-I-II-I-II X Velocity 10.60
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C2 Shift of Peak Velocity

¢ \elocity 32.60
B Velocity 28.60
Velocity 20.6

Velocity 15.60

X Velocity 10.60

® \elocity 5.6




The linear equation calculated by Raji fits
almost perfectly into the data collected.
When R? = 1, thefit is perfect.

C2 Frequency Vs. Velocity

= 0.0161x +
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—— velocity28.6

Data 1 4:44:19 PM 7/16/2002

y = m1*MO/sqrt((m2*m2-m0*mO0)...

Value

Error

ml

40096

912.16

75035

3.9297

145.27

4.9165

7282.1

NA

0.91978

NA

y = m1*MO/sqgrt((m2*m2-m0*m0)...

100

80

Value

Error

ml

21828

157.91

75030

0.86549

85.323

0.96636

60

40 L

20 L

503.8

NA

7.44 10"

7.46 10"

7.48 10"

7510"

752 10"

754 10"

756 10"

0.99506

NA

Thetop curve does not fit well into the solution because at this

voltage, the velocity is not linearly related.
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