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ABSTRACT

There is a strong desire for utility gas alarms to be made cordless by battery operation. For this reason, the
power consumption for methane sensors must be made 1/1,000th or lower than that of current products. Osaka Gas
and Fuji Electric have achieved a sensor with this ultra low power consumption by attempting to create a thin mem-
brane and miniaturizing the sensor using MEMS (Micro Electro Mechanical Systems) technology to drive the sensor
intermittently to generate heat only at the instant of detection. Currently we are participating in the “Technological
Development for a Next-generation Highly-reliable Gas Sensor” project, a New Energy and Industrial Technology
Development Organization (NEDO) grant project, and the long-term reliability of the sensor is being verified by large-

scale field tests.

1. Introduction

At present, utility gas alarms for home use can
be found in approximately 40% of households, but the
penetration rate for this market has remained essen-
tially unchanged since 1999. Factors inhibiting great-
er market penetration include the 100V AC power
specification of existing utility gas alarms and the re-
striction that the alarms be installed at high locations
in a kitchen. Consequently, cordless, battery-powered
utility gas alarms are strongly desired. However, be-
cause methane sensors must be made to consume very
low power that is less than 1/1,000th the power con-
sumption of existing products, the technical challenges
for long-term battery power have been extremely high
and such technology has been a dream.

Since 1980, Fuji Electric has continued to develop
and sell utility gas alarms, and has developed sensors
based on semiconductor designs and manufacturing
technology that utilizes micro electro mechanical sys-
tems (MEMS) technology. This paper introduces a
MEMS methane sensor, jointly developed with Osaka
Gas Co., that realizes cordless operation in a utility gas
alarm.

2. Background

2.1 Prior technology

Semiconductor type gas sensors utilizing tin ox-
ide (SnOg2) as gas sensitive material have been widely
used as methane sensors in utility gas alarms. Fig. 1
shows the detection mechanism of this semiconductor
type gas sensor. SnOg is an n-type semiconductor with
electrons as the majority carriers. In a clean air envi-
ronment, the resistance value increases due to the che-

misorption of oxygen, but if a flammable gas such as
methane (CHy) is present, the chemisorbed oxygen re-
acts with the gas to increase the carrier concentration
in the SnO2 and reduce the electrical resistance. In
the case of methane, however, which has low reactivity
among flammable gases, the sensor element must be
heated to about 400 °C.

Conventional methane sensors, commonly called
“sintered body type sensors” or “bulk type sensors” are
the mainstream. These sensors, in which gas-sensitive
materials consisting mainly of SnOgz surrounding a
metal heater coil are sintered, have reached their limit
for reducing power consumption through miniaturiza-
tion.

2.2 Requirements for cordless utility gas alarms

So that utility gas alarms can be powered by bat-
teries at a realistic cost for the duration of their 5-year
lifecycles, the average power consumption of the meth-
ane sensor part must be reduced to 0.1 mW or less.
(Here, the average power consumption refers to the
power consumed to drive the sensor elements and the
control circuit.) This reduction in power consumption is

Does not

02 ol
react unless
CH.: heated to I-':IC(())Q
approx. 2
400 °C

O — 0% O — | OH:
AlA ] |:> I\
SnO: \ SnO: N o
e:/ e = e"’\\>e’-> e
- . e -
e - - C e T o=
g cmp cm e m o=

(High resistance state) (Lower resistance state)

(a) Clean air environment (b) Gaseous environment

T Fuji Electric Co., Ltd.

Fig.1 Sensing mechanism of semiconductor gas sensor
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a novel concept and is 1/1,000th that of existing meth-
ane sensors.

While working to realize such ultra low power
consumption, basic performance that satisfies the “util-
ity gas alarm inspection regulations” (JIA E001-07) of
the Japan Gas Appliances Inspection Association and
5-year long-term reliability are sought.

3. Development of Methane Sensor Having Ultra
Low-Power Consumption

3.1 Thinner film gas sensor

Osaka Gas Co. has been researching thin film
gas sensors since 1980, and by employing a thin film
fabrication technique known as “RF sputtering” and
controlling microstructures at the nanometer level, has
developed a method for producing SnOg thin film hav-
ing a special “nano columnar structure.” Fig. 2 shows a
scanning electron microscope (SEM) photograph of this
structure. Because gas molecules are able to diffuse
between the columnar structures, a high sensitivity
is realized and the thin film has the features of stable
crystalline particles and sensitivity that remains un-
changed over long periods of time.

Osaka Gas has also developed a “thin film meth-
ane sensor’ having high sensitivity and selectivity to
methane by laminating, on top of a columnar-structure
SnOg thin film, a catalytic thick film through which the
combustion-removal of flammable gases such as hydro-
gen (H2), carbon monoxide (CO), alcohol and the like is
possible.®

3.2 Ultra low power consumption by applying MEMS tech-
nology
Osaka Gas Co. and Fuji Electric have jointly de-
veloped a thin film micro methane sensor based on
Osaka Gas’s thin film sensor technology and using Fuji
Electric’s proprietary MEMS technology®.

100 nm

Fig.2 SnO:z thin film SEM photograph
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As shown in Fig. 3, the sensor is constructed with
a new structure consisting of a thin film heater, SnOg2
thin film and catalytic thick film formed on top of a
thin film diaphragm, and the sensor is intermittently
driven and heated only at the time of detection.

Features of ultra low power consumption are as
follows.

(1) Spot heating

By forming a thin film heater on a thin film dia-
phragm having a thickness of several microns, small
areas of several hundreds of microns in size, and tend-
ing to retain their heat, can be heated.

(2) Short pulse heating

Because SnOgz thin film, which has a small heat
capacity, is formed above a thin film heater, with an
electrically insulating layer positioned in between, the
thermal responsiveness is good and short pulse heat-
ing can be implemented.

(3) Intermittent driving

With the ability to perform short pulse heating, in-
termittent driving is possible such that heating is per-
formed only at the moment of detection and is stopped
at all other times.

Figure 4(a) shows the heater power consumption
and Fig. 4(b) shows the gas responsiveness of the newly
developed thin film micro-methane sensor. Fig. 4(a)
shows the relationship between heater power con-
sumption and surface temperature (center part) at a
steady state, and Fig. 4(b) shows the relationship be-
tween heater heating time and sensor resistance value
when 30 mW of power is supplied to the heater. From
these drawings, it can be seen that the heater power
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necessary for heating the sensor to 400°C is less than
30 mW, which is low, and that the sensor responds
quickly to gas, with methane sensitivity (the change
in the sensor resistance value in air) occurring in sev-
eral tens of milliseconds. Thus, by reducing the power
consumed in heating the sensor to 400°C and enabling
short pulse driving by improving gas responsiveness,
an average power consumption that is 1/1000th that of
existing methane sensors was realized.

Note that in Fig. 4 it can be seen that for a heater
heating time of several tens of milliseconds, sensitivity
to Hz and CO is established (when the resistance value
in gas is lower than the resistance value in air) but
that the Ho and CO sensitivity diminishes thereafter
(with the resistance value in Hz and CO increasing and
approaching the value of resistance in air). This be-
havior occurs after several tens of milliseconds because
H2 and CO are combusted and removed through the
catalytic thick film, and the concentration of gas reach-
ing the SnO3 surface diminishes.

3.3 Basic performance

A methane sensor for use in utility gas alarms
must have high sensitivity to methane, which is a ma-
jor component of town gas, and also must have selec-
tivity with regard to interfering gases such as Hz and
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Fig.5 Gas sensitivity characteristics of thin film micro methane
sensor
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CO.

Figure 5 shows the gas sensitivity characteristics
of the new developed thin film micro methane sensor.
Gas sensitivity is defined as the ratio (Rair/Rgas) of
sensor resistance in a clean air environment (Rair) to
the sensor resistance in a gaseous environment (Rgas).

From Fig. 5, it can be seen that gas sensitivity
increases with respect to methane concentration, and
that at the level of 2,000 ppm of methane, the sensitiv-
ity is greater than 5, while on the other hand, for Hg
and CO, gas sensitivity is suppressed to rather low
levels compared to methane, and therefore the sensor
does exhibit sufficient basic performance as a methane
sensor for use in utility gas alarms.

4. Long Term Reliability

In addition to exhibiting the basic performance de-
scribed above, a methane sensor for use in a utility gas
alarm is also required to provide long-term reliability
with at least a 5-year replacement term.

Fuji Electric is participating in the “Next Gen-
eration High Reliability Gas Sensor Technical Devel-
opment (2008 — 2011)” project sponsored by the New
Energy and Industrial Technology Development Or-
ganization (NEDO), and aims to establish long-term
reliability. In this project, accelerated testing is per-
formed in a laboratory based on large-scale field tests
and the data thereof with the aim of realizing a useful
service life of at least 5 years. In the large-scale field
tests, so that data can be acquired in various types of
installation environments, the following factors were
considered broadly as conditions of the installation
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Fig.6 Installation sites of the large-scale field test
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site: (1) geographical region (climate), (2) house type,
(3) family structure, and (4) year built (building and
painting materials). Fig. 6 shows the installation areas
of the large-scale field test.

For this large-scale field test, 400, 200 and 60 units
were tested in years 2008, 2009 and 2010, respectively,
and field data of up to 2.5 years can be acquired so far.
Additionally, the construction work for accelerated
testing based on the accumulated data is proceeding
according to schedule, and by the end of the project,
long-term reliability corresponding to a service life of
at least 5 years is anticipated.

(b) Cordless product
(Battery powered)

(a) Existing product
(AC power specification)

Fig.7 Appearance of utility gas alarms
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5. Application to Utility Gas Alarms

Simultaneous with the development of methane
sensors, cordless utility gas alarms that are equipped
with such sensors are being studied.

Figure 7 shows the external appearances of exist-
ing and cordless utility gas alarms. The cordless prod-
uct has the same footprint as the existing product, but
with a thinner and simple profile. The cordless type
utility gas alarm also has the same basic specifications
as the existing product, and functions to detect gas
leaks, incomplete combustion and fire.

6. Postscript

This paper has introduced a methane sensor for
use in cordless utility gas alarms that incorporate
MEMS technology, which is an area of expertise of Fuji
Electric.

By realizing the early mass production of this sen-
sor and making efforts to popularize utility gas detec-
tors for residential use, Fuji Electric intends to contrib-
ute to the safe use of energy.

Some of the research herein was carried out with
support from the “Next Generation High Reliability
Gas Sensor Technical Development” project of the New
Energy and Industrial Technology Development Or-
ganization (NEDO) and by collaborative development
with the Osaka Gas Co. The authors wish to express
their gratitude to all parties concerned.
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