
 

 

  
Abstract—There are a many of needs for the development of 

SiC-based hydrogen sensor for harsh environment applications. We 
fabricated and investigated Pd/Ta2O5/SiC-based hydrogen sensors 
with MOS capacitor structure for high temperature process monitoring 
and leak detection applications in such automotive, chemical and 
petroleum industries as well as direct monitoring of combustion 
processes. In this work, we used silicon carbide (SiC) as a substrate to 
replace silicon which operating temperatures are limited to below 
200°C. Tantalum oxide was investigated as dielectric layer which has 
high permeability for hydrogen gas and high dielectric permittivity, 
compared with silicon dioxide or silicon nitride. Then, electrical 
response properties, such as I-V curve and dependence of capacitance 
on hydrogen concentrations were analyzed in the temperature ranges 
of room temperature to 500°C for performance evaluation of the 
sensor.  
 

Keywords—High temperature, hydrogen sensor, SiC, Ta2O5 
dielectric layer. 

I. INTRODUCTION 
ARIOUS gas-sensing elements have been developed for 
the detection of numerous target gases [1], [2]. Among 

them, metal-oxide semiconductors [3], [4] have been 
considered as typical elements for gas sensing because of their 
good sensitivity and reliability. Most metal-oxide 
semiconductor gas sensors are based on the principle that when 
the sensor reacts with specific gas molecules, the surface of the 
sensor undergoes certain changes, which in turn result in 
changes in the electrical properties of the sensor, such as its 
resistance or capacitance. These sensors usually operate at an 
elevated temperature for maximum performance.  

Today hydrogen has many important applications such as its 
use in the processes of many industries that include chemical, 
petroleum, food and semiconductor. Furthermore, the negative 
environmental impacts of burning fossil fuels, coupled with 
rising oil prices, have led to renewed interest in clean energy 
technologies, especially those involving hydrogen. But, there 
 

J. H. Choi is with the Department of Electronic Engineering, Kyungnam 
University, Changwon in Korea (phone: 82-55-249-2646; fax:82-55-242-5651; 
e-mail: cjh@keri.re.kr).  

S. J. Kim is with the Department of Electronic Engineering, Kyungnam 
University, Changwon in Korea (e-mail: ruruksj@hanmail.net). 

M. S. Jung is with the Department of Computer Engineering, Kyungnam 
University, Changwon in Korea (e-mail: msjung@kyungnam.ac.kr).  

S. J. Kim is with the Department of Electronic Engineering, Kyungnam 
University, Changwon in Korea (e-mail: sjk1216@kyungnam.ac.kr). 

S. J. Joo is with the Creative Fundamental Research Division, KERI, 
Changwon in Korea (e-mail :sj_joo@keri.re.kr) 

S. C. Kim is with the HVDC research division, KERI, Changwon in Korea 
(e-mail: sckim@keri.re.kr) 

are some obstacles to fulfill its potential as a fuel source 
because of hydrogen’s safety. By nature, hydrogen is explosive 
and its low mass and high diffusivity makes it difficult to store. 
If hydrogen flows into the air from a tank or valve, it will pose 
hazardous. Therefore, it is of great attention for detection of 
hydrogen leakage, which is below the lower explosive limit of 
4% by volume ratio of hydrogen to air. Hydrogen is also a 
major cause of corrosion. This happens when tiny hydrogen 
atoms penetrate into steel and other metals and deteriorates the 
metals internally, which results in hydrogen blistering or 
hydrogen embrittlement where properties of metals, such as 
durability, strength and fracture toughness, are affected. This is 
especially deteriorated at elevated temperature.  

Currently, hydrogen sensors [5]-[8] have been demanded 
widely as essential components in industries such as glass, 
chemical and petroleum industries that require storage tanks 
and refining process, where the leakage of hydrogen is 
unavoidable. Besides, hydrogen sensors may be necessary for 
direct monitoring of processes which may require them to be 
placed in high temperature environments where temperatures 
may exceed 500°C.Temperature of automotive exhaust parts 
for cylinder specific combustion rises to 700°C, but there are a 
few of devices capable to operating at this high temperature. 
Hence, devices as well as materials and sensing structures 
capable of withstanding such conditions should be exhaustively 
investigated.  

By the way, silicon has been widely used as a substrate for 
semiconductor devices as it is widely available and has an 
established technology in electronic processing and packaging. 
Nevertheless, due to its narrow bandgap, the operating 
temperature of Si is limited to below 250°C, resulting in 
restricting its use to specific high temperature environments. If 
Si-based electronic devices operate at ambient temperature 
above 250°C, it can lead to disorder as self-heating at high 
power levels results in high internal-junction temperature 
increase and leakages.  

SiC has emerged as the leading candidate substrate for field 
effect based sensors which are suitable to high temperature 
operation [9]-[11]. As well as its compatibility with Si, its wide 
band gap, chemical inertness and stability have made it still 
more ideal for this object. Furthermore, SiC substrate is 
commercially available, it has known device processing 
techniques and it has an excellent ability to grow a good quality 
of thermal oxides. As a result, SiC is now in the forefront of 
wide bandgap semiconductor research. Generally 
wide-bandgap semiconductors allow high temperature 
operation up to 1000°C. This property of SiC allows hydrogen 
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raised to solve this problem. Currently, SiC-based sensors 
appear to be the strongest candidate to replace Si-based sensors 
for harsh environment applications which are related to 
automotive, aerospace, avionics, micro-propulsion, nuclear 
power and well-logging industries. The development of 
hydrogen sensors based on SiC is a representative example. In 
this work, we developed a SiC-based hydrogen sensor 
operating at high temperatures above 300°C, low hydrogen 
concentrations below 500ppm. Our sensor consisted of Ta2O5 
dielectric layer deposited on SiC substrate with Pd electrode as 
catalyst. As the result, the variation of capacitance in the sensor 
was observed very extensively in low hydrogen concentration 
ranges of hundreds of ppms with increasing temperature up to 
500°C. Therefore the sensor showed promising performance 
for hydrogen detection at high temperature.  
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