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Abstract 

Hydrogen sensors have great potential for many ap-

plications. We present an integrated hybrid MEMS hy-

drogen sensor with high sensitivity of 5 ppm, wide dy-

namic range of 6 digits, and excellent hydrogen selectivity. 

The sensor consists of a micro-machined capacitive sensor 

with Pd-based metallic glass and a micro-thermal conduc-

tivity detector, are integrated on a single Si chip. The ca-

pacitive type shows high sensitivity of 5 ppm and excellent 

hydrogen selectivity, while the micro thermal conductiv-

ity-type has excellent linearity for high concentrations 

near 100 vol%. Our integrated sensor can therefore be 

used in many hydrogen-related applications.  

 

1. Introduction 

Hydrogen is utilized in diverse fields including energy, 

chemical industry as well as generated in nature and living 

body. Hydrogen sensors may therefore become widely used 

in many applications. Sensors are generally used for leakage 

detection [1] and process control [2], but they can also be ap-

plied to other areas, such as battery safety [3] and health care 

[4]. Table I shows hydrogen concentration specifications for 

various applications. These applications will require sensors 

with high sensitivity, wide dynamic range, excellent hydro-

gen selectivity, and low power consumption. In this paper, we 

present an integrated hybrid MEMS hydrogen sensor that can 

be used in such applications.  

 

Table I Hydrogen concentration specifications 

Applications Hydrogen concentration 

Leak detection [1] 1000 ppm – 10 vol% 

Process control [2] Several 10 vol% – 100 vol% 

Battery safety [3] Several vol% 

Health care [4] Several ppm – 100 ppm 

 

2. Capacitive MEMS hydrogen sensor with Pd-based me-

tallic glass 

Many types of hydrogen sensors have been commercial-

ized, including catalytic, semiconducting metal oxide, and 

thermal conductivity types. However, all of these sensors re-

quire heating for hydrogen sensing and thus power consump-

tion is as high as several hundred mW to several W, making 

it difficult to realize low-power operation. We have thus pro-

posed a capacitive MEMS hydrogen sensor using a Pd alloy 

as the sensing film [5]. Our sensor utilizes the change in ca-

pacitance that results from a change in the mechanical stress 

of the Pd alloy when it absorbs hydrogen. The Pd alloy does 

not require heat for hydrogen sensing. Moreover, this sensor 

device does not use any DC current owing to the structure of 

its capacitor. Our sensor thus realizes low-power operation. 

However, use of crystalline Pd results in slow response as 

well as hysteresis due to hydride formation. So for our Pd al-

loy, we thus focused on a Pd-based metallic glass, an amor-

phous alloy with promising characteristics for realizing fast 

response with no hysteresis. Figure 1 shows the hydrogen re-

sponse characteristics of our first prototype sensors using the 

Pd-based metallic glass. The sensor using pure Pd had a very 

long response time, taking more than 2000 s to saturate. Fur-

thermore, this sensor exhibited hysteresis when the hydrogen 

concentration was zero. In contrast, the sensor using the Pd-

based metallic glass responded to hydrogen gas within sev-

eral seconds, exhibiting a fast response. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Response characteristics to hydrogen gas in the first prototype 

sensors. 

 

3. Single-chip integration of capacitive MEMS and micro 

thermal conduction detector 

Concept 

To realize high sensitivity and wide dynamic range, we 

present a hybrid MEMS hydrogen sensor that integrates a ca-

pacitive-type and thermal conductivity-type sensors on a Si 

substrate (Fig. 2) [6]. The capacitive-type sensor consists of 

 M-3-01 (Invited) Extended Abstracts of the 2019 International Conference on Solid State Devices and Materials, Nagoya, 2019, pp513-514

- 513 -



an actuator on which a hydrogen-sensitive film is formed, a 

dielectric membrane in which a movable electrode is embed-

ded, and a fixed electrode. The actuator and the membrane 

are connected by a spring structure. The actuator and the 

membrane are connected by a spring structure. Hydrogen can 

be detected with high sensitivity by adopting a spring struc-

ture that produces a large displacement amount. The thermal 

conductivity-type sensor has a structure in which a membrane 

including a micro-heater and a resistive-type temperature sen-

sor is connected by an anchor via a spring with high thermal 

resistance. The thermal conductivity-type detects hydrogen 

according to the heat conduction difference of gas measured 

by a bridge circuit. The thin film structure provides low ther-

mal capacitance and high thermal resistance and can realize 

rapid response and low-power consumption despite being of 

the thermal conductivity-type. The capacitive-type sensor de-

tects hydrogen on the order of several ppm, and the thermal 

conductivity-type sensor detects hydrogen concentrations 

from several vol% to 100 vol% 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2 Integrated hybrid MEMS hydrogen sensor 

 

Measurement results and discussion 

   We fabricated the integrated hybrid sensor using a surface 

micro-machining process. Figure 3 shows the measured re-

sponse curve for hydrogen gas in the fabricated hybrid sensor. 

Both sensors responded in several seconds with no hysteresis. 

The capacitive-type sensor showed high sensitivity in the 

low-concentration region, and the thermal conduction-type 

sensor showed high sensitivity in the high-concentration re-

gion (Fig. 4). We confirmed the capacitive-type sensor detect- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Response characteristics to hydrogen gas of hybrid sensors 

(a) Capacitive-type (b) Thermal conductivity-type. 

ed trace amounts of hydrogen from 5 ppm, and the thermal 

conductivity-type sensor showed high linearity in the high-

concentration region. We evaluated interference with hydro-

gen gas (Fig. 5), and found that the capacitive-type sensor 

showed high selectivity, not responding to gasses other than 

hydrogen due to the properties of Pd. The thermal conductiv-

ity-type sensor responds to CH4, CO2, and He, but integration 

with the capacitive-type sensor can exclude the influence of 

other gases. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Comparison of hydrogen concentration dependence on sensor 

output for the capacitive-type and the thermal conductivity-type. 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Gas selectivity characteristics. 

 

4. Conclusion 

   The proposed integrated hybrid MEMS hydrogen sensor 

achieves a high dynamic range from 5 ppm to 100 vol% by 

single-chip integration of capacitive and thermal conductivity 

hydrogen sensors with low-power consumption. The devel-

oped sensor exhibits fast response and excellent hydrogen se-

lectivity. The proposed sensor is thus promising for various 

hydrogen-related applications. 
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