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Electrical Noise Reduction and Stiffness Increase with Self Force—Balancing
Effect in a High—Resolution Capacitive Microaccelerometer
using Branched Finger Elecirodes with High—-Amplitude Sense Voltage
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(Ki-Ho Han * Young-Ho Cho)

Abstract - This paper presents a high-resolution capacitive microaccelerometer using branched finger electrodes with

high-amplitude sense voltage.

From the fabricated microaccelerometer, the total noise is obtained as 9 pg/V Hz at the

sense voltage of 165V, while the conventional microaccelerometers have shown the noise level of 25~800 ¢ g/V Hz. We
recuce the mechanical noise level of the microaccelerometer by increasing the proof-mass based on deep RIE process of

an SOI wafer.

We reduce the electrical noise level by increasing the amplitude of AC sense voltage.

The nonlinearity

problem caused by the high-amplitude sense voltage has been solved by a new electrode design of branched finger type,

resulting in self force-balancing effects for the enhanced linearity and bandwidth.

The fabricated rmicroaccelerometer

shows the electrical noise of 2.4 ¢ g/V Hz at the sense voltage of 165V, which is an order of magnitude reduction of the

electrical noise of 24.3 xg/V Hz measured at 0.9V.

microaccelerometer is lower than the voltage-independent mechanical noise of 11 xg/V Ha.

For the sensc voltage higher than 2V, the electrical noise of the

Total noise, composed of the

electrical noise and the mechanical noise, has been measured as 9 £ g/V Hz at the sense voltage of 165V, which is 31%
of the total noise of 28.6 xg/V Hz at the sense voltage of 0.9V. The self force~balancing effect in the branched finger
electrodes increases the stiffness of the microaccelerometer from 1.1N/m to 1.61N/m as the sense voltage lncreases from
0V to 17.8V, thereby generating additional stiffness at the rate of 0.0016+0.0008 N/m/VZ

Key Words : High-resolution Microaccelerometer, Mechanical Noise, Electrical Noise, High-amplitude Sense Voltage,
Branched Finger Electrode, Self Force—balancing
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Table 2 Measured noise levels and performance of the
branched finger capacitiive microaccelerometer for
varying sense voltage

ZAHY, Vs V1] 1 2 5 10 165
#4 BE 286 | 166 | 107 9.3 9
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[ug/V Hzl +864| £362 | £152 | £128 | £1.22

A FH sHEek | 1139 | 660 426 370 358
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Hi 72 7be% ) 07 | 044 | 028 | 024 | 023
w9l [A] 0.1 | £0.056| £0.036| £0.032| £0.031

“Based on the bandwidth = 1585 Hz

A A S deS r@e. 22 0bhE 5%
H FAFHRLERE ZAAGe] 0Ve 178V A # A
ANAT AAEFE vavrEnA AL A7 LIN/ms)
L6IN/m 9& =eolz itk ol=2F8 AL e A%
# mastemAe 24 7 ¥l 0.0016+0.0008N/m/V: <]
& & & Atk

o018

V5= 0V (1888Hz)

‘0.018 e e

:r VemB 92V {1682Hz)
0014 =

" A -Ve=17 8V (1923Hz)
ooz

0.010

5 1)
it

0008 ¥ [ VR
0006

) 7/ W

0.004 A‘J 4" }
0 002 [~ T \-... 4
b
10000

Amphtude

0.000 |-
100 1000

Frequency [Hz]
(a)

;

Estimated value !
® Measured value /

1750 //

.__._____,_,.-'

2000

Resonant Frequency [Hz]

g

o 5 19 15 20
Sense voltage, Vs[V]

(b)
sto]] W2 XM= HEMIakE g

a7 10 2R s
X B (a) FUHSE: b) BYF

al H
IEEA ] F

Fig. 10 Dynamic response of the branched finger capacitive
microaccelerometer  for  varying sense, Vs (@)

amplitude response; (b) resonant frequency response

#ot alHs Wit S4 % EMTP 4 73



BABEHRE 51CH 430 2002F 45
5 & &

¥ eRAL RAARGE olgdd FAEFY Hav)

2%y A7 Zee ERow, olF ofdd TAE A
A4 MaASEAE Agskdnr.  nARGe] o4

TEE /MAAS FE22 Wasldth Deep RIE 47
33} SOI do]HE ol&35le ARE 7AAS AALEHFY
m a7t S EA S AH FEol 165V BAALAN 9 ug/V Hz
2 2RRYY. B ANAT ZUE2Y naAEEAe
A A AT F2d4 9 g g¥He] TP Z, o=
Qls] 0.0016=0.0008N/m/Vie] #A 27} HE 4Rk ZE
Hom, B =FdA4 Ags ngAx1g 2 AAAZTE o4
T ADLELY nAVEEAE d7E ZLe] i uet
B&# 5ol gAEG, A F2FH o AL THH LA
gt Faedw W97 Sristn AgAde] FH4PHE AHE

Bl

=
L] =,
2" 5 e vAEd BAS sEss] A8 s1Ee] A4
=t
7

UALe 2
2 a7e #erler RFAFAFAdAR O
VeTEATRY “AARANEE &

ia}
kl
ro
i)

[11 Analog Devices, ADXL150 - =*bg to *50g, Low
Noise, Low - Power, Single/Dual Axis IMEMS
Accelerometers, Datasheet, 1998.

[2] Motorola, MMAZ2201D-Surface Mount Micromachined
Accelerometer, Datasheet, 2000.

[3] M. Offenberg, H. Miinzel, D. Schubert, O. Schatz, F.
Larmer, E. Miller, B. Maihtfer and J. Marek,
"Accelerometer Sensor in Surface Micromachining for
Airbag Applications with High Signal/Noise Ratio,”
Society of Automotive Engineers SP-1133 (1996)
pp.35-41.

[4] BE. Boser and R.T. Howe, "Surface Micromachined
Accelerometers,” IEEE ], Solid-State Circuit, vol.31,
no.3 (1996) pp.366-375.

[5] M.A. Lemkin, T.N. Juneau, W.A. Clark, T.A. Roessig
and T.J. Broshihan, "A Low-Noise Digital
Accelerometer using Integrated SOI-MEMS
Technology,” Tech. Digest, 10th Int. Conf. Solid-State
Sensors and  Actuators (Transducers’99), 1999,
pD.1294-1297.

[6] T.B. Gabrielson, "Mechanical-Thermal Noise in
Micromachined Acoustic and Vibration Sensors,” IEEE
Trans. on Ele. Dev., vol.40. no.5 (1993) pp.903-909.

[71 PR. Gray and R.G. Meyer, Analysis and Design of
Analog Integrated Circuits, Wiley, 3rd edition,
Chap.11, 1977.

[8] F. Bordoni,
Actuators, A21-23 (1990) pp.17-24.

i

"Noise in Sensors,” Sensors and

7 = (& & &)

1970 29 279 A8 19933 St abEbs|Z
g sEvjedEd ANRARNFER 4.
1996 & dige #ANEARFSD =9
(AN, 2002 & P4 71AFYEH &9
(qhah).  BAER vlojmg #AAAM, d
ANZTAE 9§ ASIC A 2 miai
Zetel on-chip Az :

Tel : (042) 869-3078

Fax @ (042) 869-8690

E-mail : hkh@kaist.ac.kr

174

=9 5 (F x B)

19573 849 10€AY. 19801 <«9ddh 1A
T8 EH(FgAh. 19829 §=78)
FA(KAIST) 71AFSE EHEAh.
19019 vl= HE#d 7AFES 9
(A}, 1982 ~1986\d St Ely| el
HFKIST) CAD/CAMATA A1,
19874 ~1990%0 Berkeley Sensor & Actuator Center
(BSAC) 9F =3, 1990¢~1991d BSAC Post-doc.,
1991 ~1994d KAIST 7]A71ed9 74 HAddst4d. 1994
W~3x KAIST 7AF87 P54 447509
HAdu=FEATHE. TRk vlo]laE HFde]H,
mhe] 2R FAAA, "4 FUAEF Lz, =T
27 2 &

Tel : (042) 869-8691

Fax : (042) 869-8690

E-mail : mems@Kkaist.ackr




