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Abstract 

This paper reports a novel tri-axis MEMS accelerom-

eter with a single Au proof mass fabricated by multi-layer 

metal technology. We propose segmented electrodes to 

simplify the MEMS structure. The fabricated device 

shows capacitance change as a function of input accelera-

tion in Z-, X- and Y-axis within the sensing range of 3 G. 

Brownian noise on each axis is evaluated to be below 300 

nG/Hz1/2 (G = 9.8 m/s2).  

 

1. Introduction 

Microelectromechanical systems (MEMS) technology 

has potential to realize highly-sensitive small-sized accel-

erometers [1, 2]. We have developed the comb-type tri-axis 

accelerometer fabricated by multi-layer metal technology [3, 

4]. From the viewpoints of design of MEMS devices, it is 

necessary to simplify the MEMS structures that utilize a sin-

gle proof-mass to achieve small chip size. 

In this work, we present the principle and evaluation re-

sults of a novel tri-axis single-proof-mass MEMS accelerom-

eter fabricated by multi-layer metal technology. To simplify 

MEMS device structure, we propose segmented electrodes to 

sense tri-axes accelerations. 

 

2. Design Concept 

Fig. 1 represents a schematic image of the proposed ac-

celerometer. An electroplated Au proof mass is suspended by 

folded sprigs. High-density of gold enables us to reduce 

Brownian noise on a small-sized proof mass and thus achieve 

high-resolution sensing [2]. Segmented electrodes are pro-

posed for tri-axis acceleration sensing as shown in Fig. 2. 

 

Fig. 1. Single proof-mass tri-axis segmented electrode MEMS ac-

celerometer fabricated by multi-layer metal technology. 

 
(a) 

    
(b)                         (c)  

Fig. 2. (a) Cross-section view of the proposed accelerometer. (b) 

Z-axis, and (c) X- and Y-axis acceleration sensing. 

 
Fig. 3. Optical micrograph and SEM image of a fabricated MEMS 

accelerometer. 
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When sensing capacitance (Csense) is C2, Z-axis acceleration 

can be obtained (Fig. 2(b)). X- or Y-axis acceleration is ob-

tained by differential sensing when Csense is C1-C3 (Fig. 2(c)). 

Those segmented electrodes make it easy to design MEMS 

devices when compared to the previously reported tri-axis ac-

celerometer with comb electrodes [4]. Fig. 3 shows the opti-

cal micrograph and the close-up scanning electron micro-

scope (SEM) image of a fabricated MEMS accelerometer. 

 

3. Evaluation Results 

CF (capacitance-frequency) Measurements 

   Fig. 4 shows the measured capacitance and phase as a 

function of frequency evaluated by the LCR meter. Depend-

ing on sensing axis, we selected either Z-axis sensing elec-

trode or C-F measurement electrode as shown in Fig. 1; we 

experimentally obtained resonant frequency (fres) and quality 

Table I Measured Accelerometer Characteristics 

 
Axis (Sensing range: ±3 G) 

Z X Y 

Proof mass (kg) 5.45×10-7 (4.95×10-7)* 

fres (Hz) 
862 

(562)* 

938 

(1122)* 

984 

(1044)* 

Q 
25 

(145)* 

415 

(165)* 

84 

(157)* 

BN (nG/√Hz) 
220 

(114)* 

180 

(114)* 

83 

(114)* 

*Design value @RT 

factor (Q). Then, Brownian noise (BN) was estimated by re-

ferring to [2] with the Boltzmann constant of 1.38×10−23 J/K 

at the temperature of 300 K. Measurement results and design 

parameters of the MEMS accelerometer are summarized in 

Table I. The results suggest that the actual BN on each axis is 

evaluated to be below 300 nG/Hz1/2 (G = 9.8 m/s2), which has 

a potential to sense acceleration below 1 mG [5].  

CG (capacitance-acceleration) Measurements 

Measured capacitance change/differential capacitance as 

a function of input acceleration are shown in Fig. 5. The vi-

bration exciter was used to apply input acceleration at 19.9 

Hz. Csense was selected according to the sensing scheme as 

shown in Fig. 2 and measured by the capacitance evaluation 

board. The results demonstrate Csense change as a function of 

input acceleration in tri-axis within the sensing range of 3 G.  

 

4. Conclusions 

   We proposed the single-proof-mass tri-axis segmented 

electrode MEMS accelerometer fabricated by multi-layer 

metal technology. The segmented electrodes was used to sim-

plify the MEMS device structure and thus to achieve the ease 

of device design. The fabricated device demonstrated the ca-

pacitance change as a function of input acceleration in each 

axis within the sensing range. The actual BN on each axis was 

evaluated to be below 300 nG/Hz1/2. Those results confirmed 

that the proposed device structures would be useful for high-

resolution MEMS accelerometers. 
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Fig. 4. Measured capacitance and phase as a function of frequency 

between the proof mass and fixed electrodes. 

 

 
Fig. 5. Measured capacitance change/differential capacitance as a 

function of input acceleration between the proof mass and Csense. 
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