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ABSTRACT   

Based on tunable diode laser absorption spectroscopy (TDLAS) technique and the feature of Vertical Cavity 

Surface Emitting Laser (VCSEL) wavelength scanning range up to dozens of nanometer, methane detection technique 

based on wavelength adaptive VCSEL without Thermoelectric Cooler (TEC), is proposed, then the laser methane sensor 

system design is followed. The reliability experiments study under variety of environments in laboratory, such as 

temperature impact test, damp heat, cyclic and dusty impact test and so on, were carried out. And then the test data and 

some analysis were given. These data verified the feasibility of the wavelength adaptive technique, and these data 

showed the laser methane sensor can provide long working time without any calibration, and they have the advantages of 

high accuracy and stability. 
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1. INTRODUCTION  

Methane (CH4) is a colorless, odorless gas, which is lighter than air. It is the principal component of natural gas. 

Methane widely exists in our life and it is one of the main components of greenhouse gases. This gas is not only an 

explosive but also acts as asphyxiate; it can therefore cause serious harm to human’s health and our home. Therefore the 

methane detection is very essentially required in the areas like in coal mines, power plant, waste water treatment and 

petroleum chemical industry, etc [1]. With the development of optical fiber technique and semiconductor laser 
technology, Tunable Diode Laser Absorption Spectroscopy (TDLAS) has become an important direction in the field of 

methane detection. 

TDLAS was first put forward in the 1970s by Hinkley and Reid [2]. With the continuous development of the 

technology, more and more kinds of gases can be detected, such as O2, H2O, CO, CO2, SO2 and NOx, which is higher 

content or pollution gases in the atmosphere [3-6]. Especially in the recent years, the rapid development of optoelectronic 

technique and optical communication technology, makes the tunable semiconductor laser has the characteristics of small 

size, long life and high power, and this further promote the application in the field of industry, environment and medical 

science. TDLAS is developing follow the direction such as various gases detection at the same time, miniaturization and 

remote detection with open light path [7-9]. 

At present, to keep the output wavelength and the intensity of light not affected by temperature, a high precision 

temperature control system is generally needed in TDLAS gas detection system. This not only increased the complexity 
but also greatly raised the overall power consumption of the system, especially the startup power consumption even is 

few times as much as the system work normally. This greatly restricted the promotion of this technique and the 

development of portable products. As we all know, VCSEL has the feature that the wavelength scanning range could up 

to dozens of nanometer through scanning the current and the temperature. In this paper, A VCSEL without TEC is 

selected as the system light, and the laser worked is a free state. By introducing a wavelength feedback of reference gas 
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