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Succeed in sensitivity increase and noise reduction of accelerometer:
Sensitivity over 100 times, noise less than one-tenth

(Tokyo, July 19) Tokyo Institute of Technology President Kazuya Masu (research director, JST-CREST
project in Nano-electronics) and NTT Advanced Technology Corporation succeed in the
development of high-sensitivity and low-noise MEMS (1) accelerometer by using multi-layer metal
structures that are composed of multiple metal layers. The developed accelerometer achieves 1 pG
level resolution that has been a challenging task with conventional MEMS technology. (G:
gravitational acceleration, G = 9.8 m/s2) The proposed technology is an innovative solution to
increase the resolution of miniaturized accelerometers for general purpose use. Such
accelerometers would be useful for the development of new devices and systems for medical and
healthcare system, infrastructure monitoring, mobile vehicle control and robot technology that
require motion sensing. The research group has previously proposed a method of using gold
material to downscale the proof mass size of MEMS accelerometers to less than one-tenth.
Expanding this achievement, in this work, they have increased the proof mass per area by employing
multiple layers of gold for the MEMS structures, and thereby successfully increasing the sensitivity
over one hundred times and reducing noise less than one-tenth when compared with conventional
ones.

A significant increase in the demand of accelerometers is expected as the market for consumer
electronics, such as smartphones, and social infrastructure monitoring applications are expanding.
Such miniaturized and mass-producible accelerometers are commonly developed by silicon MEMS
technology where the fabrication process is well established.

In the design of accelerometers, there is a trade-off between the size reduction and the noise
reduction because the mechanical noise dominated by the Brownian noise is inversely proportional
to the mass of the moving electrode called as proof mass. Moreover, as for capacitive accelerometers,
the sensitivity is generally proportional to the accelerometer size, and thus there is also a trade-off
between the size reduction and the sensitivity increase. Since high-resolution accelerometers require
low noise and high sensitivity performances, it has been difficult for conventional silicon-based MEMS
accelerometers to detect 1 uG level input acceleration.

Low noise and high sensitivity MEMS accelerometer

The research group consisting of Tokyo Tech and NTT Advanced Technology Corporation has
previously proposed a method to downscale the proof mass size of MEMS accelerometers to less than
one-tenth by using gold material. In this work, as an extension of this achievement, they have
employed multi-layer metal structures to the proof mass and spring components, and developed a
low noise and high sensitivity MEMS accelerometer.

As shown in Fig. 1, they reduced the Brownian noise being inversely proportional to the proof mass
by increasing the mass per area with the use of multiple layers of gold for the proof mass structure.
Furthermore, they utilized the whole area of the 4 mm square chip by reducing the warpage of the
proof mass, which enabled them to increase the capacitance sensitivity of the accelerometer. Figure



2 shows a chip photograph and scanning electron microscope images of the developed MEMS
accelerometer.

With these results, the developed accelerometer achieved the sensitivity to be one hundred times or
more and the noise to be one-tenth or less as compared with conventional accelerometers with the
same size, as shown in Fig. 3. Accordingly, they confirmed that the accelerometer would have
potential to detect input acceleration to be as low as 1 puG. The fabrication process utilized
semiconductor microfabrication process and electroplating, and thus it could be possible to
implement the developed MEMS structures on an integrated circuit chip. Therefore, the proposed
technology would be useful to increase the resolution of miniaturized accelerometers for general
purpose use.
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Fig. 1. Schematic image of the proposed MEMS structure.

The illustration shows a schematic image of the proposed single-axis MEMS capacitive
accelerometer. Input acceleration can be sensed by monitoring the capacitance change between the
proof mass and the fixed electrode. The device is realized by the multiple layers made of
electroplated gold. We utilize the third (M3) and fourth (M4) layers for the spring structure, and the
M4 and fifth (M5) layers for the proof mass structure.

Fig. 2. Photographs of a developed device.

Left; The photo shows a developed high-sensitivity MEMS Accelerometer. The Au proof mass was
fabricated on a silicon die. The accelerometer was implemented in a ceramic package and wire-
bonded. Right; The SEM images show the close-up views of the Au proof mass and the spring
structure. The Au proof-mass structure of 22-um thickness was successfully developed by employing
the M4 and M5 layers. The serpentine spring structure was made of the M3 and M4 layers. The
serpentine springs and stoppers were placed at each corner of the proof mass.
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Fig. 3. Performance comparison.

The graph shows a comparison of Brownian noise (BN) versus capacitance sensitivity. Thanks to the
high density of gold, the BN achieved in this work was more than an order of magnitude lower than
those of conventional devices when compared with the same sensitivity. Furthermore, our device
was fabricated by surface micromachining that would useful for miniaturization.

An era of placing a large number of sensors on all thing

It would be a breakthrough in a variety of motion sensing application to realize an ultra-compact and
high-resolution accelerometer. Such accelerometer can be applied to medical and healthcare
technology, infrastructure monitoring, high precision control of ultra-lightweight robots, mobile
vehicle control, navigation system in places where GPS cannot be used and space environment
measurement that needs ultra-low acceleration sensing.

In the near future, an era of placing a large number of sensors on all thing is expected to come, and in
such case, it would be extremely important to miniaturize high-resolution accelerometers because
accelerometer technology is a fundamental of motion sensing.

(1) MEMS (Microelectromechanical Systems)

A term that represents micrometer-scaled three-dimensional electronics and mechanical devices

manufactured by semiconductor microfabrication process. Currently, the majority of commercialized
accelerometers are silicon-based MEMS devices.

Reference



Authors: Daisuke Yamanel, Toshifumi Konishiz, Teruaki Safuz, Hiroshi Toshiyoshis,

Masato Sonel, Katsuyuki Machidal, Hiroyuki Itol, and Kazuya Masu1

Title of original

paper: A MEMS Accelerometer for Sub-mG Sensing
Journal: Sensors and Materials

DOI: 10.18494/SAM.2019.2122

Affiliations: Tokyo Institute of Technology, Japan

ZNTT Advanced Technology Corporation, Japan

3The University of Tokyo, Japan

*Corresponding author’s email: Daisuke Yamane (yamane.d.aa@m.titech.ac.jp)

Contact

Kazuhide Hasegawa

Public Relations Section,
Tokyo Institute of Technology
E-mail: media@jim.titech.ac.jp
+81-3-5734-2975

About Tokyo Institute of Technology

Tokyo Institute of Technology stands at the forefront of research and higher education as
the leading university for science and technology in Japan. Tokyo Tech researchers excel in a
variety of fields, such as material science, biology, computer science and physics. Founded
in 1881, Tokyo Tech has grown to host 10,000 undergraduate and graduate students who
become principled leaders of their fields and some of the most sought-after scientists and
engineers at top companies. Embodying the Japanese philosophy of “monotsukuri,”
meaning technical ingenuity and innovation, the Tokyo Tech community strives to make
significant contributions to society through high-impact research.

Website: http://www.titech.ac.jp/english/

About NTT Advanced Technology Corporation
Since its founding in 1976, NTT Advanced Technology Corp., as the technical core company of
the NTT Group, has incorporated not only NTT Laboratories' diverse leading-edge
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technologies, such as network technology, media processing technology, Japanese language
processing technology, environmental technology, optical devices, and Nano device
technology, but also leading-edge technologies from both within Japan and abroad, and has
integrated them to solve customer problems and provide value to customers.
http://www.ntt-at.com/
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