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Testing and Improvement of a Single-chip Dual-axial

Capacitive Micro Accelerometer

Student : Cheng-Yu Chiang Advisor : Wensyang Hsu

Department of Mechanical Engineering
National Chiao Tung University

Abstract

Based on the previous design of our group, with symmetric coil-type suspension in the
micro accelerometer, here the fabrication process is further improved, sensing circuit and
MEMS structure are integrated, and the electrical output signal are measured for the
development of a single-chip capacitive microaccelerometer.

For the structural design-of micro accelerometer, differential sensing pair we used to
achieve the capacitive measurement. In order to reduce side stiction, the sensing fingers are
fixed at both ends in current-design. At the same time; fabrication process is modified to
reduce residual stress of polysilicon structure and the flaws during the whole process.

For the result of the fabrication process, scanning electron microscope (SEM, NCTU)
and 3D profiler (ET-4000, NCTU) “are ‘used to measured geometric sizes of fabricated
accelerometers. The optical profiler (white-light interferometer, CIC) and MEMS motion
analyzer (MMA, CIC) are used to characterize the deflection of proof mass and the dynamic
response of accelerometer, respectively.

For the electrical signal output, sensitivity of dual-axial accelerometers is shown to reach
above 300 mv/G with the dynamic range of +5G, however cross sensitivity is about 15%. The
all signal self-test actuator is shown to successfully provide electrostatic force to move the
proof mass. Currently, capping process of the micro accelerometer has been developed, and
further package process in under way.
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Max Min

3G .
(Poly3 Structure) Width 6um 1um

Space 5.2um 0.6um
3G Slot '
(Releasing Holes) Width 2um 2um
3G enclosure 3C
(Bump) Width 0.1um
3C
(MEMS Contact) Width 3.8um 0.7um
2C
(Bump) Width 0.5um

3G-Width

3C Width min

2C width min

B 27 f@4zs 4 SEM B
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_—’ l.l d W
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fE BT o
(b) # ik &~ 47 ik

# * CIC # ik & 17 %k (MEMS Motion Analyzer)+4-® 33(b) : %ﬁﬁ T 5 #E T B e
Mo HBEATFEEHORD FAEFT KER P LSRR RCRE RGEH 52,01 2

BRG] A R LT A gl

4.1.2 ;5.8 P

% % 5 (MEMS Lab)#-p (72 %% — 4cid & 2280 2 > 4] 34~ F 35> ¢ = &

A K 0 R FRIEN A o AELERITI S A BN e

1L 7%

2. 20MHz shiz &4 3] A 4 B NI5402

3. 14Bit100MHz % fi247 A& 77 & ® NI5122

4. ] A4RF15(F ## 2+ B)(Vibration Test System)
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HAAE AR
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NIs402FG P

< : N 1 s
P P lm -Sensitivity (mV/G)

-Resolution (mG)

vt 194
NIs122 Scope .-CxossSensxu\n} (%)

V406 Vibrator
352C66 -Max displasment:14mm
J=ATA:W -Max sine force peak: 98N
DERAR -Frequency range: 0~9000:Hz

I Power amplifier I
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(2) 48 £ & (Cross Sensitivity) :
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(3) #- fi 4 F(Dynamic Range) :
BRI BB T Rt RAcR] 38 AR ACE R R

PEAT G B EMEHTMEED -
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- — —

(4) 234 & (Nonlearity)
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4.2.2 %4 SEM Rl
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432 ZATR B ZERME R

4r@ 51 Edhtei B AX P b R &S 23Hz 0 +/-1G e E:E%mﬁ‘i%]ﬂ v m— IF 3%
AP LAY o FathE X$#hi 318(MmVIG) ~ Y $h 52 312(mV/G) » %+ iE Reference 4cik &
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2
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o * ¥
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s
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(o} + * *
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1] 1 4 5 & 7

Acceleration (G)
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Flid gy ot 4o id B3 7 Ripleidt 6 > 4ot B 52 B 53 Bdh oA Bk v
G E P RIIIHEG T A R 2 AU AR R fr-3G 1 T S T
5G 11t 4eid B PFR]§ FIEANL B A 2 R AR F o ol 540 g p BB R S g

* High G erzbanid 2 30 > pt2bdeig B3R R 2 > JFd T S ahde etk o

e £ Uty Wedow b

X output

L1 |

B 0= JE = )

Bl 54 A eEe R SR 6T 5

43418 & &

WL phig s b R Y ER O R F L LM E R T VT £1%
R Ao 55 B 56 0 gtk B en Y X 8 & & (Y to X cross Sensitivity) = 14.5% > X
$Y 88 & (X10Y cross Sensitivity) & 14.9% > B @ F fLr £ RITIREF o & AL T 5
WA LA % p 3t COB 8 e & > 4] 57 > COB 4 ¢h XY $ihid 3 % &
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14DD T T T T T
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1000 o -
o
B00 .
o]
GO0 F = .
]
400 o .
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System Y axis

G sensor Y axis t

B 57. 1 COB # 7 &% B

% 5 mELREEBLIEM 4
Alignment
3’ 6° 9° 12° 15°
Rotation

Cross Sensitivity 5.24% 10.5% 15.8% 21.3% 26.8%

4.3.5 p FpEE

Bt R ARG B M A gk § % (Gap-Closing Actuator) » EET
PR FEHA S - Mol i o deR] 580 A 25V SR A P X Y fhi ¥ F 5
£ 160~180mV g it > Eaap § >+ X $1 055~0.6C 4vid R PFA 4 x> L LT H AR
BOTBAEREE 4 & 67 5 I - ¥ & [ die-to-die 8 £ p B i3 (428 13%) -
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Hoft % 2c4eid B X 0.58G >0 T3 it B A 2 > Ak b 36 pF > Self-Test

FAMGAFER GO k- BEA AT §HEBREORA -

Tek stop
Selt-Test Low
X
Self-Test High
L
@ Self-Test Low Self-Test High
Y
(@ _100mv 2 j{w.mns ]“ggm%isms][ @ 5 251 v]
13:41:04

Bl 58 pAplzEREE (Xi-160mVe-  Y: +170mV)

% 6 'Self-Test 2 %

Sensitivity (mV/G ) | Self-Test AV (mV) | Effective Acceleration (G)
item X Y X Y X Y
Simulation| 300 300 174 174 0.58 0.58
sample #1| 295 290 177 160 0.60 0.55
sample #2| 313 319 180 160 0.58 0.50
sample #3| 314 317 160 170 0.51 0.54
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4.3.6 Bk BB

FAeTE e R AAE R P oA P EHF R S LARMEY B Y § @
REA A4 AL > e 24 F G E(>+-3G)RRIFaEL > 4of 59 5+/-4G £
BIT 5 FIARLAGE S g A i B 0 R ERRIPFR U R St E A

el BFE LV Ak B ERE
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o v| (BN~ RefPostion
Enabled Enabled
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_J —J /J
1.0V v 10V v 50.0ms v
Coupling Coupling

Ac v| lac v
Offset (v) Offset (¥) 2.00ks)s
0 s o £

{ 1 o
Trigger
Type [immed. | Mode  Nom v

28 1 : Scope Measurements.
oo | eouremew [ Ve |
Voltage Max 956.01 mV.
21.822 mV

olo|olE]

PR Il rese (W sw ]

[ Awosewn |[=i= cusors | [E Measwre |

B 59 ¥ # 7 iﬁi;m@?] 4t ( Shaker +/- 4G @ 23Hz)

43.7 B kg &

BRP R PREEH N ERT AL - B I20HZ g & 4o 600 @ H AR
PEIU N = 7 R AU 610 TORERM P A S e R4 S REY RS RN

ERTEMBE SRR AHAETSLEL
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T RTonTs charne Forontal
[ [ i
'{V Couging Coupling
e w o W
2.00ksfs.
[ |
o
o] oo [meed @] Moo Bom ]
AN A

Scope Measuoments

3%y |
Vortage Hin 36475V

Voltage Peak-to-Peak siizmv | IEI

FFT Frequency s3in: | [ Aemovedl |

Voltage Hax ASSmv__ |
Voltage Pesk-to-Pesk 03
Voltage Min asmImv_ | e

—_— | FT Freqaency AT
Voktage Average 8932 mv
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BTG ARA TR RIRAR R 2 LR e r B R DFEL > A Y
AR A B eeis > ALY d B R 5 RES (9 A-2~-5MPa) - pEA 2 & il fe
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