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High-resolution Capacitive Microaccelerometers
using Branched Finger Electrodes with High-Amplitude Sense Voltage
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Abstract

This paper presents a navigation garde capacitive microaccelerometer, whose low-noise
high-resolution detection capability is achieved by a new electrode design based on a high-amplitude
anti-phase sense voltage. We reduce the mechanical noise of the microaccelerometer to the level of
5.5ug/ VHz by increasing the proof-mass based on deep RIE process of an SOI wafer. We reduce the
electrical noise as low as 0.6ug/vHz by using an anti-phase high-amplitude square-wave sense voltage
of 19V. The nonlinearity problem caused by the high-amplitude sense voltage is solved by a new
electrode design of branched finger type. Combined use of the branched finger electrode and
high-amplitude sense voltage generates self force-balancing effects, resulting in an 140% increase of the
bandwidth from 726Hz to 1,734Hz. For a fixed sense voltage of 10V, the total noise is measured as
2.6ug/VHz at the air pressure of 3.9torr, which is the 51% of the total noise of 5.lng/VHz at the
atmospheric  pressure. From the excitation test using 1lg, 10Hz sinusoidal acceleration, the
signal-to-noise ratio of the fabricated microaccelerometer is measured as 105dB, which is equivalent to
the noise level of 5.7ug/VHz. The sensitivity and linearity of the branched finger capacitive
microaccelerometer are measured as 0.638V/g and 0.044%, respectively.
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Performance Values
Detection Range £2 [g]
Bandwidth 0~10 [Hz]
Resolution < 50 [ug/VHz]
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Fig. 3 Functional block diagram of the branched
finger capacitive microaccelerometer
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Table 2 Geometric characteristics of the capacitive

microaccelerometer

Geometric characteristics Measured values

Structure thickness, ¢ 3343 {um]
Suspension width, ws 3.7+0.1 [um}

Suspension length, Is 580 [um]
Overlapped length of combs, /3 | 2.4:0.1 [um]
Gap between combs, ds 1.8%0.1 [um]
Gap between finger and comb, ds| 5.6+0.1 [um]
Gap between fingers, dr 10.620.1 {um]}
Mechanical stiffness, &m 0.88+0.11 {N/m]

Proof-mass, m 42+3.8 [ug]

Sense capacitance, Cop 2.4£0.1 [pF]
Overall size 2x2.2 [mmxmm]
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Table 3 Geometric characteristics of the capacitive

microaccelerometer
A, Vs [V] 1 2 5 10 19
HA A& 2 8 6 | 59| 55
[ng/ v Hzl 1.6 | £1.02| +0.8 | +0.76 | +0.72
A7H A 59 | 29 | 12 | 064! 06

[ng/ v Hz] +0.76 | £0.38 | +0.15 | +0.08 | 0.075

2148 & 1061 73 | 59| 58| 55
[ug/ VHz] +1.85| +1.12| 0.8 | £0.76 | £0.76

HAAa A= | 329 | 215 | 162 | 159 | 148
7} E* [pg) 43 | +27 | £22 | £20 | *19

HAA 275 E | 15 1098 | 064 | 041 | 0.19
w9 JA] +0.2 | £0.12 [ £0.08 { £0.05 | +0.03

*Based on the bandwidth = 726Hz
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Table 4 Stiffness varying ration for the different
type of the branched finger electrodes

Elisggde BF1 | BF2 | BF3 | BF4 | BF5| BF6 | BF7 | BF8

Number of
the branched| 30 | 26 | 22 | 18 | 14 | 10 6 2
finger*
Total branched
finger electrode | 1.635]1.417|1.199]0.981|0.763] 0.545 | 0.327 {0.109
length [em]

Proof-mass,
m [ugl 42 1365131.2(2581202] 1371 95 | 41

THFAS,

£ Hzl 726 | 738 | 904 | 873 | 960 | 1369 | 1559 | 2155

AT,

j;, VS-IOV 1078 | 816 | 967 | 838 | 698 | 986 | 1216 | 2012
[Hz]

Stiffness

varying mle 116 | 175 | 145 |-0.61{-3.46| -4.87 | -3.55 [-0.97
x107 +1.7 {2041 +0.41{+0.08|£0.25| +0.02 | £0.08 {+0.08

IN/m/V?]

*Length of the branched finger = 545 pm
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Table 5 Performance comparison of the navigation
grade microaccelerometers

Case Present Navigation grade
Performance microaccelerometer* | accelerometer”
Detection range 2 fg} +2 [g)
Resonant frequency 1.73 [kHz] BW: 1~10 [Hz]
Resolution 5.5+0.72 [pg/ VEz] | < 50 [ug/ VHz]
Sensitivity 0.638 [V/g] N/A
Nonlinearity < 0.044 [%] < 0.1 [%]
Minimum
detectable 0.19£0.03 [A] N/A

displacement

* At the sense voltage of 19V
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Fig. 14 Instrument set-up for the performance measure-
ment of the branched finger capacitive micro-
accelerometer using an electromagnetic exciter
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Fig. 15 Output of the fabricated microaccelerometer
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10Hz, 1g sinusoidal acceleration: (a) voltage
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Fig. 16 Microaccelerometer output for varying acceler-
ation measured for a 10Hz acceleration at
the sense voltage of 19V
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