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New Type Sensors using MEMS Technology

Tatsuo Suemasu1

Fujikura has been manufacturing a variety of sensors along with requests from the fields of 
telecommunications, automotive, medical and consumer electronics. In this paper, we introduce 
new type sensors that have been developed using the latest Micro Electro Mechanical Systems 
(MEMS) technology. The MEMS technology refers to technology to integrate micrometer-sized 
mechanical elements, sensors, actuators and electronic circuits, on a single substrate such as 
silicon, glass or organic materials. 

Currently, we are developing an ultra-compact digital output absolute pressure sensor, a 
through-silicon via (TSV) package for image sensor and a thin film fluxgate type magnetic 
sensor, using the MEMS technology. We also report their features and performance.

1. Introduction
We started handling the silicon processing technol-

ogy that composes one of the MEMS technologies 
from early time, then succeeded in developing the pi-
ezo resistance type semiconductor pressure sensors in 
the first half of the 1980s, and began manufacturing 1).  
Afterwards, we expanded area of our research and de-
velopment, and developed new products along the 
market trends such as small size, high performance, 
and processing technologies of various materials.  Re-
cently vorious types of sensors have been equipped in 
various electronic devices because smart phones have 
been commonly used and cloud computing era has 
come, then applications and servicses were widely di-
versified subsequently 2)3).  Moreover expectations to 
sensors and its performance improvement are grow-
ing year by year in the situation that nurcing care for 
the aged, daily management of health condition along 
with population aging, health promotion and disease 
prevention for healthcare cost reduction are required.  
In this background we are accelerating development 
of new sensors located as 2nd or 3rd generation sen-
sors, which is not simple extensive development of 
existing sensors.  In this report, we introduce new-type 
sensors utilizing the latest MEMS technology, and its 
packaging technology.

2.  Ultra-compact digital output absolute pres-
sure sensor

2.1  Measurement princple

We are developing a ultra-compact digital output ab-
solute pressure sensor in conformity to the I2C serial 

communication.  Fig. 1 shows measurement principle 
of a piezoresistance type semiconductor pressure sen-
sor which we employ.  The piezoresistance type semi-
conductor pressure sensor utilizes piezoresistance ef-
fect of a gauge resistance (piezoresistance) formed by 
diffusion or ion implantation on a diaphragm (pressure 
receiving part) thinned by silicon etching.  The pi-
ezoresistance effect is that electrical conductivity or 
resistivity changes according to stress induced in a re-
sistance, which is different from piezo effect which is a 
polarization effect caused by stress.  This phenomenon 
originates from change in numbers of carrier or 
change in mobility in semiconductor, which is caused 
by stress-induced strain in crystal lattice.  When a dia-
phragm bends with pressure, each gauge resistance 
receives stress according to bending extent of the dia-
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Fig. 1. Measurement principle of silicon piezoresistive pressure 
sensor.
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phragm.  The resistivity of gauge resistance changes 
in proportion to the stress.  Equation 1 indicates resis-
tance change rate when assumed that crystal plane 
direction of n-type silicon substrate is {110} and gauge 
resistance (piezoresistance) is along <110> direction 
as shown in Fig. 1.
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π44 : Piezoresistance coefficient

We can obtain output voltage difference by applying 
current or voltage to the Wheatstone bridge composed 
of the gauge resistances (piezo resistances).

2.2  Features and specifications

We achieved a small package of 3.4 ¥ 2.6 ¥ 1.0 mm 
as shown in Fig. 2 by fabricating ultra-small pressure 
sensor element utilizing specialized MEMS technolo-
gy. An Application Specific Integrated Circuit (ASIC) 

is also equipped in this package.  This ASIC enables 
various user requests such as calibration of sensor 
output, temperature compensation, and change in op-
erating voltage range.  The calibration of sensor out-
put can be done by digital trimming in this ASIC 4)5), 
then users can measure pressure and altitude precise-
ly.  Table 1 summarizes specification of this pressure 
sensor.  Output data is digital and compliant with I2C, 
a serial bus communication standard.  Source voltage 
is 1.8 - 3.6 V, featuring low power consumption.  We 
are also developing dedicated driver software corre-
sponding to Android OS, therefore we are expecting 
application to new services such as digital healthcare 
or wellness navigation, which is coming up as new 
business along with arrival of cloud era.

3. Flux-gate type magnetic sensor

3.1  Measurement princple

Fig. 3 indicates measurement principle of flux-gate 
type magnetic sensor.  The sensor element is com-
prised of a soft magnet, an excitation coil, and a pick-
up coil as shown in Fig. 3(a).  When magnetic field is 
zero, voltage pulses appear as shown in Fig. 3(c) by 
applying alternating triangular current to the excita-
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PE-CVD– Plasma-Enhanced Chemical Vapor Deposi-

tion

Fig. 2. Ultra-compact digital output absolute pressure sensor.

Specification Unit

PKG size 2.6 ¥ 3.4 ¥ 1 mm

Pressure range 300 ~ 1100 hPa

Operating temperature range -40 ~ 85 °C

Data format I2C -
Operating voltage 1.8 ~ 3.6 V

Consumption current 9 μA/sample/sec

Pressure resolution 0.02 hPa

Altitude resolution 20 cm

Table 1. Specifications of ultra-compact digital output absolute 
pressure sensor.

Fig. 3. Measurement principle of fluxgate type magnetic sensor.
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tion coil as shown in Fig. 3(b).  When magnetic field is 
applied, output from the pick-up coil changes as shown 
in Fig. 3(d).  We can measure the magnetic field from 
change in time difference (t1  t2) between output 
peaks in this manner.

3.2 Features and specifications

Our sensor features compactness and high perfor-
mance, which is achieved with sophisticated MEMS 
fabrication technology of thin-film soft magnet and 
coils, and also achieved with originally designed shape 
of the soft magnet.  Fig. 4 shows appearance of our 
sensor.  The package size is 3.0 ¥ 3.0 ¥ 1.0 mm.  Fig. 
5 indicates output characteristics of the sensor.  We 
can measure small magnetic field with the range of a 
few tens of mT like earth magnetic filed while wide 
dynamic range of +/- 3 mT and high linearity are si-
multaneously realized.  Now we are developing non 
contact current sensor by applying this magnetic sen-
sor.  It features high tolerance to external magnetic 
noise and small dependency on ambient temperature, 
in addition to compactness and light weight.

4. TSV package for the image sensor

4.1 Structure

Packaging technology utilizing Through-Silicon Via 
(TSV) is one of the miniaturization technologies of 
various types of semiconductor devices such as image 
sensor.  The TSV is a kind of wiring technology devel-
oped for high-density stacking of DRAM chips, which 
connect surface and backside of a silicon substrate 
electrically through internal wiring inside the sub-
strate.  We adopted this technology to sensor package.  
Specific structure is shown in Fig. 6, where we cover 
surface of image sensor device with a glass plate then 
we obtain electrical contact from I/O pad of the sensor 
through TSV formed in the silicon substrate.  We can 
obtain ultimately small package with the same size as 
a sensor chip by using this technology.

4.2 Process flow and example

The process flow of TSV packaging is shown in Fig. 
7.  First the glass wafer is bonded onto a Si wafer with 
completed image sensors with adhesive resin.  After 
the glass-Si wafer bonding, the bonded wafer is put 
into Si wafer grinding for reducing etch depth of 
through-hole Vias.  The glass wafer bonded onto the Si 
wafer acts as a mechanical support not only in the back 
grinding/polishing process but also in the rest of the 
whole processes.  Through-holes are etched from the 
backside of the Si wafer towards I/O pads on the sur-
face using Si Deep-Reactive Ion Etching (DRIE) ma-
chine. Then SiO2 layer is deposited using Plasma-En-
hanced Chemical Vapor Deposition (PE-CVD) onto 
the whole area of a backside of the wafer including in-

Fig. 4. Thin film fluxgate type magnetic sensor.

Fig. 5. Typical output characteristics of thin film fluxgate type 
magnetic sensor.
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Fig. 6. Schematic diagram of through-silicon via (TSV) package 
for image sensor.
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side walls of the through-holes.  After that the SiO2 
layer at the bottom of through holes are selectively re-
moved by using Reactive Ion Etching (RIE).  General-
ly, the process temperatures of both PECVD and RIE 
are more than 200 °C, which are still too high for adhe-
sive.  So we have successfully lowered the process 
temperature down to 150 °C by carefully selecting the 
resin and optimizing the cure temperature.  In the re-
routing process a seed layer is sputtered onto a whole 
wafer and then Cu interconnecting layer is electrolyti-
cally plated on a wafer surface and the walls of through-
holes simultaneously.   Cu is plated in a conformal way 
onto the walls of through-holes instead of burying 
through-holes.

Fig. 8 shows the TSV package for the image sensor 
produced in the above-mentioned process.  This is a 
cross-sectional view where TSV formed to the I/O pad.  
We established the process where TSV of 25μm in the 
diameter and 50μm in depth was formed in high qual-
ity.

5. Conclusion
The miniaturization and weight-reduction of elec-

tronic equipments will advance in future, and the sen-

sor will be required to have new functions and to adapt 
to various environments.  We will continue to study 
the MEMS technologies to answer those market re-
quest, and develop next generation’s sensors.
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Fig. 8. Cross-sectional view of TSV in image sensor.

Cu

Ni

25 um

Au

SiO2

Si

I/O pad
Fig. 7. Process flow.
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