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A High Resolution Capacitive Single-Silicon Microaccelerometer
using High Amplitude Sense Voltage for Application to Personal
Information System

Ki-Ho Han and Young-Ho Cho
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& 78E)

Abstract

This paper presents a high resolution capacitive microaccelerometer for applications te personal
information systems. We reduce the mechanical noise level of the microaccelerometer by increasing
the proof-mass based on deep RIE process. We reduce the electrical noise level by increasing the
amplitude of an AC sense voltage. The high sense voltage is obtained by DC-to-DC voltage
multiplier. In order to solve the nonlinearity problem caused by the high sense voltage, we modify the
conventional comb electrode of straight finger type into that of branched finger type, resulting in self
force-balancing effects for enhanced detection linearity.  The proposed branched finger capacitive
microaccelerometer was fabricated by the deep RIE process of an SOl wafer.  The fabricated
microaccelerometer reduces the electrical noise at the level of 24 .g/V Hz for the sense voltage of
16.5V, which is 10.1 times smaller than the electrical noise level of 24.3 ng/V Hz at 0.9V. For the
sense voltage higher than 2V, the electrical noise level of the microaccelerometer became smaller than
the constant mechanical noise level of 11 xg/V Hz. Total noise level, including the electrical noise and
the mechanical noise, has been measured as 9 pg/V Hz for the sense voltage of 16.5V, which is 3.2
times smaller than the total noise of 28.6 pg/V Hz for the sense voltage of 0.9V.  The self
force-balancing effect results in the increased stiffness of 1.98 N/m at the sense voltage of 17.8V,
compared to the stiffness of 1.35 N/m at OV, thereby generating the additional stiffness at the rate of
0.002 N/m/V~.
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Fig. 1. Schematic of the capacitive accelerometer: (a) comb
finger type accelerometer: (b) branched finger type

accelerometer
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=1

accelerometer

-55-

A7 Gt e IHATIE o)FAF Aol
o A AREF s, o #A ADLE]
aLogce B, o 7F HAS e ol @A A
fzko] wziarolry, gkl @A AL o
g Zol #7149 4 ol
_ Ndy | la Ip )
Cﬂfsnt dU a’,—+ dS [F] (6)
AN = NMERA FRE TH
ol 4 FERE FACh
(combyel whFr = shgEolar gar HlAEAs
TR Hololth g lh de ly d
g 2o]A] woli= I gk 26y
W vol 9wk 3k A gkl wig
ol ek o odvk
. N s n /L X
AC= et AR [rl N
ek Wel vol 91 o 77
b ol el & Qlvh
e 2dC ;X o
R Gre Try  I®)
o] 7|4 ¢ TEvIel Eivkxiel HA Apol o

718 A gakol, vevr el

2 Aske] Avjojrh g

= 26[.1‘10

€

QEEXS

71 Cp= Cuom= Com©I T} Rl A

vl

Ao g do] 7 vk
F _ 2edVs'] Niy I :
= PR LA 29— iy
k. iy E |4 QC=nr— (d,+
I ! & : 2C,pV5"
R N ] e et a4
(15( ds ) E v [N/ml] (‘0)
glol Aot 7hds JdeTd A
Aol drH Ao} o] "HE < F v S
7 A= ‘é il%%kﬁé HEEAE B2 AQ H=
Wol glo) FrHEoz A ZH AP ols]
714 Aol "%}Ol HE 2g dE o] wasHA

Hh



AR Aderd MR AEe Al
oF Fgol dieh #A EHdds v A% #

o},

‘- 2 W . Vo L
J(f Vs (r/m/'w"(z,,m ’)+(S‘+2§,Jw,,s+w;)’ [N
N N WU e e —

s+2wst w;

Vx

o714

6=, ‘:) [N s/m] (12)
o]},
AanERE Ads gdgsd bl

Az ooh 2 o SNRA: O ok

SNR =t

(Lv - W)
N '~‘) C e
w;. v
glel Aan eyl vhsedle] el e vhey
R
_ R ,
[Q‘SO/Z(H()I'ZZV @ -t ws, T [ IVEHz]  (14)
v S
ol AHupell ofapd 7hA wghe]l Frhekel w
g A7) el hastel Wele s Hdly
o] WrAEA] oFir Agek ol fAEE o ¢
Atk
avkdQl ThEmael Ago Aol FrhehR
T WAV wWelkE vl 4ot Fols
oA A7l wiel) wREeEs ojgstel
oAstEA gk g e sy
Apgeboh e W ol A ARbR Wb
A Aeks FUhAF o s gl Frlehd
A Fsba g wS Fheat SAlel g =
gh Fopal= o] ot
3. HzEEd 2 AE

28 ol g8l
Py A P EE-E 7 SOl o)

LSRG 40 o)l 91O AE T
01 0-om& WAYE PEG. 1™ 3(b)oﬂ e

# pawrel A4l Gehel 2o

[&]

5

il o)
‘T‘_{: 5 =

of

capacitive accelerometer

Table 1. Measured dimension

40 m
2.4
500 um
0.31 N/m

Structure thickness. ¢

Suspension width. w

Suspension length. |

Suspension stiffness. km

Finger gap. d, 2.6 (m
- Finger pitcf:'pww 10
o Proof mass. m 13.5 g
mmacilancc. C, V—W

Sensor size 1.7
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Table 2. Mecasured noise and corresponding performance of
the
dependent on sense voltage

branched finger capacitive accelerometer

Sense voltage IV | 2V | 3V [ 10V | 15V
Total noise
273115911051 93 9
[ ug/V Hz]
Electrl'cal llglsc 60 50 36 75 ”
portion [%]
Mcchar.ncq n/om 40 50 61 75 23
portion [%]
- bl
Minimum detectable 1 171 161 0,08 [0.0710.069
displacement [mm]
. T T T
Minimum Vduu[ahle 875 | 507 | 321 | 287 | 279
acceleration [ug]

Electrical and total noise [11g/t-Hz)
Mechanical noise (yigfd-Hz)

Sense mag; )
(a)
Fig. 7. Measured and cstimated noise levels for

Sense voltage [V]
(b)
varying

sense voltage: {a) electrical and total noise: (b)

mechanical noise
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