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DEVELOPMENT OF A HIGHLY INTEGRATED LASER 

DRIVER WITH A NIR DISTRIBUTED FEEDBACK LASER 

FOR CO-SENSING SYSTEM 

Bin LI1, Yuqi ZHANG2, Yaodan CHI3, Xiaotian YANG4, Yiding WANG5 

A distributed feedback laser driving instrument was designed and developed 

specifically for a laser at 1563.06 nm which is applied for CO detection. This 

instrument can be applied as the integrated light source to meet the requirements of 

CO-sensing experiments based on wavelength modulation spectroscopy technique. It 

replaces commercial instruments including laser temperature controller, current 

driver and signal generator by using the self-developed circuit boards that are 

integrated inside the instrument. Experimental results demonstrate that the center 

wavelength can be effectively modulated by using the developed instrument 

suggesting good performance of the developed laser driver. 

Keywords: near infrared (NIR), Distributed feedback laser; temperature control; 

spectroscopy measurement; CO detection 

1. Introduction 

Carbon monoxide (CO) is well-known as a hazard to mining safety 

because it is a common kind of toxic gases. It is also crucial to detect CO 

concentration in mining workplaces to prevent serf-combustion of coal. Compared 

with traditional gas-sensing techniques such as catalyst combustion [1-3], 

electrochemical [4-6] and semiconductor [7, 8], infrared absorption spectroscopy 

is widely researched due to numerous advantages including fast response, non-

intrusive nature and sensitive species-specific detection capabilities [9-12]. 

Therefore, CO sensing systems and sensors based on infrared absorption 

spectroscopy have been reported by many research groups in recent years and 
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many related techniques have been developed and improved to achieve high-

sensitive sensing ability. 

Wavelength Modulation Spectroscopy (WMS) technique is widely 

adopted in the trace gas detection field due to its capability of high-accuracy 

detection [13-16]. In WMS, lasers with center wavelength in the near infrared and 

middle infrared region are broadly applied as light sources. Emitting center 

wavelength sweeps across one absorption line of gas molecule periodically at a 

low frequency. Meanwhile, the laser is also modulated by a relative high 

frequency signal for the extraction of harmonic signals [17, 18]. In this way, 

experiments based on WMS are commonly utilizing commercial instruments 

including laser current driver and signal generator to satisfy the experimental 

requirements. Besides, laser diode temperature controller is also a type of 

essential instrument for accuracy experiments. By utilizing the commercial 

instruments mentioned above, lasers can be controlled effectively to meet the 

requirements of gas-sensing experiments based on infrared absorption 

spectroscopy techniques [19]. However, there are still some drawbacks of using 

the commercial instruments such as high expense, large size and difficult to 

integrate. These drawbacks are practical barriers for industrialization of WMS-

based gas sensing technique and these problems should be solved. 

In this paper, a cost-effective DFB laser driver was developed 

experimentally demonstrated. This laser driver is made of self-developed circuits 

and is integrated as a standalone instrument. It has the capability of controlling 

laser temperature, driving current and modulating essential signals based on the 

WMS technique. This instrument can be applied as the radiation source of CO 

detection system. The applied gas sensing theory is briefly discussed only to guide 

the audience and define units. Then, details of the key modules developed in this 

paper is demonstrated with individual tests. Finally, the spectroscopy is measured 

by using the self-developed instrument and results are discussed in the end of this 

paper. 

2. Theoretic perspective 

Wavelength modulation spectroscopy technique is widely applied word 

widely for its low-noise and high signal-noise radio feature. The foundations of 

laser absorption with WMS-2f detection requires controllable radiation source for 

generating desired spectrum containing modulation signal. Therefore, a brief 

summary of the laser driving theory related to WMS-2f detection is shown below 

before the demonstration of system details. According to the law of Lambert-Beer, 
)(I  and )(0 I  are emitting optical power and original optical power respectively 

shown in Eq. (1) below, where the frequency is expressed as   and ),( t  is the 

absorption coefficient. The concentration of gas is expressed as C  and the 
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effective optical path length is expressed as L . Under the operation of signal 

modulation, the variation of emitting wavelength leads to the change of the 

absorption coefficient ( )t , which is dependent on the emitting wavelength of 

DFB laser, expressed as Eq. (2). In Eq. (2), 0  is the central emitting light wave-

number of the laser which is determined by the operation temperature described in 

chapter 3.2 in this paper with details, g  is the central absorption wave-number of 

gas molecular, 0  is the light absorption coefficient at 0 ,   is the half-width of 

the absorption peak at 0 , and   is light wavelength modulation coefficient.  
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In this paper, the output wavelength of DFB laser has been modulated by a 

low frequency saw wave signal and a high frequency sine wave signal in order to 

satisfy the WMS detection theory. Therefore, the two signals above can be 

expressed as Eq. (3) and (4) respectively. In these equations,  and  are the 

amplitude and the period of the saw signal, respectively.   is the saw wave 

signal and time  is in the scope saw0 t T  . In the sine wave signal ,  and sin  

are the amplitude and the angular frequency of the sine wave signal, respectively.  
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)sin()( sinsin tbtu =                                                             (4) 

In this way, two separated circuits have been developed to perform signal 

generation of Eq. (3) and (4). The circuits of DDS and DAC are shown in Fig. 1 

where between the DSP and the additive laser driving circuit module in Fig. 1. 

The frequency of the saw wave signal and the sine wave signal is 10 Hz and 5 

kHz respectively. Then, the emitting optical signal of the DFB laser can be shown 

in Eq. (5) where 0I  is the mean optical power at center wavelength and m  is the 

modulation coefficient.  

)]()(1[)( sin0 tmutmuItI ramp ++=                                       (5) 

Therefore, the final output of the DFB laser is the combination of the 

original wavelength, saw wave signal and the sine wave signal. The central 

wavelength of the laser can scan across the absorption line periodically according 

to the saw wave signal. And harmonic signals can be extracted by using the sine 

wave signal and further operations. The temperature controller and signal 

generation circuits related to the equations (2), (3) and (4) are shown in the photo 
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of the developed circuits as Fig. 5. The combined signal without absorption 

related to Eq. (5) is shown as the black waveform in Fig. 6.  

3. Design details of key modules 

3.1 System structure 

The laser driver is demonstrated with experiments in this section. There 

are two major functions of the developed laser driver which are temperature 

control and current modulation. The schematic diagram of the DFB laser driver is 

shown in Fig. 1. As shown in the figure, a digital-signal-processor (DSP 

TMS320F28335) chip is applied to be the main controller in the system. It 

controls the developed Thermo Electrical Cooler (TEC) controller module to set 

and verify the laser’s working temperature by using a 16-bit digital to analog 

converter (DAC). The TEC controller is ADN8831 that is a high precision 

monolithic TEC driver chip. The DSP also reads real-time laser temperature by 

using the analog to digital converter (ADC) circuit and the results can be shown 

on the LCD screen which is embedded in the front panel of the developed 

instrument. Meanwhile, according to WMS detection theory, a DDS circuit and a 

DAC circuit were developed to generate sine wave signal and saw wave signal 

respectively. The DFB laser is shown in Fig. 1. It is a 14-pin fiber coupled laser 

and the center wavelength is around 1563 nm which is suitable for sensing CO 

concentration in the near infrared region.  
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Fig. 1. Block diagram of the developed DFB laser driver. 

3.2 Laser temperature controller  

Laser temperature must be controlled effectively and accurately due to the 

fact that laser center wavelength is determined by laser temperature while driving 

current is fixed. According to the Peltier effect, the two sides of TEC will release 

and absorb heat respectively while current flow through. In this way, the laser 

temperature can be controlled by driving the TEC. The laser center wavelength 

can be controlled by varying laser temperature. According to the resistance-

temperature table and experimental tests, the relationship between RTD value and 
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laser temperature can be determined as shown in Fig. 2 (a). Thus, the setting 

temperature can be performed by controlling the RTD value by the obtained 

fitting formula. In addition, further experiments were carried out and the 

relationship between the setting voltage and temperature was determined as 

shown in Fig. 2 (b). Therefore, the DFB laser temperature can be set and justified 

by using the DAC circuit to output corresponding voltage. 
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Fig. 2. Curve of RTH versus temperature (a) and the setting voltage versus temperature (b). 

In Fig. 3, the laser temperature was measured by using the ADC circuit 

every 30 seconds during a total period of 24 hours. It can be seen that the laser 

fluctuation is maintained in the range ±0.02 ℃ around the setting value of 45.15 

℃. The fluctuation range is narrow enough to ensure the stability of the laser 

center wavelength. In addition, the response time test was performed by 

increasing and decreasing the temperature with a step of 1 ℃. The result is shown 

in Fig. 4 and it can be seen that the response time is less than 8 seconds and the 

overheating and overcooling range is within 3 ℃ without repeating thermal 

vibration. Therefore, experiment results suggesting good performance of the 

developed laser temperature controller.  
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Fig. 3. Stability test of the laser temperature controller. 
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Fig. 4. Response time measurement of temperature modulation. 

3.3 Laser current and signal controller 

In WMS systems, the optical sources are generally simultaneously 

modulated by sine wave signal and saw wave signal for the extraction of 

harmonic signals. In this paper, the DFB laser is driven by the self-developed 

signal generator circuit. This circuit was designed and developed to generate a low 

frequency saw wave signal for swapping across the absorption line and a higher 

frequency sine wave signal as the modulating signal. The sine wave signal is 

generated by using a DDS chip, which is shown in Fig. 1. This DDS circuit can be 

controlled by DSP and is applied to generate sine signals at different frequency. 

The modulated signal must match with the backend of the system for harmonic 

extraction. In this system, 5 kHz sine wave signal is chosen as the modulating 

signal and a 10 Hz saw wave signal is chosen as the scan signal. The saw wave 

signal is generated by DSP along with a high accuracy DAC chip. The 

combination of the scan signal and the modulating signal can be applied to drive 

the DFB laser for the CO detection system based on the WMS technique. The 

developed board for laser temperature controlling and current driving is shown in 

Fig. 5. 
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Fig. 5. Developed PCB for laser temperature controlling and current driving 
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The laser driving signals are crucial for gas concentration detection in 

WMS based systems. The spectrum must be stable and controllable effectively in 

order to meet the requirements of the sensing system. In our CO sensing system, 

the laser beam is divided into two power-equaled beams by using a fiber optic 

beam splitter (FOBS). One beam is linked to the gas cell as the absorption channel 

and the other beam is linked to optical attenuator (OA) as the reference channel. 

As mentioned above, the laser is driven by a 10 Hz saw wave signal and is 

modulated by a 5 kHz sine wave signal. Thus, the optical signals in the two 

channels are captured by two InGaAs photodiodes and are converted into 

electrical signals as shown in Fig. 6. The absorption signal, which is the red signal 

in Fig. 6, losses a certain part of power due to the phenomenon of CO gas 

absorption. Therefore, the value of the loss power can be obtained by the 

differential between the reference signal and the absorption signal. The loss power 

is proportion to CO concentration and effective optical path length. In this way, 

the CO concentration can be calculated and obtained. 
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Fig. 6. Reference signal and detection signal under modulation of saw wave signal and sine wave 

signal. 

4. Experiments 

4.1 Experiment setup 

 

During the CO sensing process, the DFB laser must be driven precisely 

and stable to meet the requirements of the experiments. The center wavelength 

must be controlled effectively by adjusting the laser temperature and driving 

current. Therefore, the relationship between spectrum and laser driving parameters 

are obtained by carrying out spectrum measurements. In order to evaluate the 

performance of the developed laser driver, spectrum measurements were 

performed by using a Fourier infrared spectrometer (Scientific, NICOLET 6700 

FT-IR) which is shown in Fig. 7. The developed laser driver is integrated as a 

standalone instrument which is shown in Fig. 7. The FC/APC fiber port is 

embedded on the back panel of the instrument for linking optical fiber. After the 
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preparation of experiments setup, the relationship between spectrum and laser 

controlling parameters such as driving current and laser temperature were 

researched.  

Integrated 

Instrument

Infrared 

Spectrometer

Optical Fiber

 
Fig. 7. Spectrum measurements by using the integrated DFB laser driver. 

4.2 Spectroscopy measurement  

The DFB laser driving current is set as 60 mA and its spectrum was 

measured while adjusting the laser temperature. The temperature was increased 

from 43 ℃ to 47 ℃ while the driving current was constant which is shown in Fig. 

8. It can be seen that the center wavelength is shifted while the laser temperature 

is linearly tuned. The modulating coefficient can be obtained as 0.381cm-1/℃ by 

calculating the relationship between the variation of wavenumber and 

temperature. Meanwhile, it can be seen that the optical power is also changed 

while laser temperature varies.  
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Fig. 8. Spectrum measurement with laser temperature variety from 43 ℃ to 47 ℃. 

Then, spectrum was measured under the condition of changing current 

while laser temperature was fixed. As shown in Fig. 9, the center wavelength 
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shifts linearly while laser current is tuned linearly from 40 mA to 80 mA. The 

laser temperature is fixed as 45 ℃. Meanwhile, optical power is influenced by 

driving current obviously which is shown in Fig. 9. The optical power of the laser 

beam is proportional to the laser driving current and the coefficient can be 

obtained as about 0.027cm-1/mA by calculating. Results that is shown in Fig. 8 

and 9 demonstrates the effectiveness and controllability of the self-developed 

laser driver. 
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Fig. 9. Spectrum measurement with laser driving current variety from 40 mA to 80 mA. 

4.3 Test of spectrum stability  

The stability of laser wavelength is crucial for CO sensing experiments. 

Unstable wavelength causes huge error of the detection results. The stability of 

wavelength is affected by temperature fluctuation and noises in the electrical 

system. The center wavelength will shift, and the optical power will fluctuate 

ceaselessly if the driving conditions are not stable. Therefore, the test of spectrum 

stability was performed to evaluate the performance of the laser driver. In Fig. 10, 

the spectrum was measured every 10 minutes while the laser temperature and 

driving current were fixed at 45 ℃ and 60 mA respectively.  
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Fig. 10. Stability test of the laser center wavelength. 
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The resolution of the spectrum meter was set as 0.125 cm-1 during the 

experiments. It can be seen in Fig. 10, the measured spectrum show good 

repeatability for the six curves. The center wavelength is not shifted for each 

curve and the optical power remains the same value. This proves the stability of 

the developed laser driver. 

4.4 Gas detection experiments  

After the integration of the DFB driver, a CO detection system was 

established, and experiments were carried out to evaluate the performance of the 

laser driver. Standard concentrations of 10 CO samples were comparatively shown 

in Fig. 11 (a) with measured data. The relative error of each gas sample was 

calculated and are shown in Fig. 11 (b). Under the concentration of 10×104 ppm, 

the relative error becomes the maximum, which is about 3.8%. As shown in Fig. 

11 (b), the absolute error increases while the concentration raises. Whereas, with 

the increasing of concentration, the relative error tends to be decreasing, and 

within the whole detection range, the relative detection error is within the range of 

−2.9%~3.8%. According to the gas detection experiments, the detecting error are 

remained in acceptable range. The effectiveness and stability of the developed 

laser driver were proved.  
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Fig. 11. (a) Measured concentrations as well as standard concentrations and (b) relative detection 

errors test 

6. Conclusions 

In order to satisfy the requirements of CO sensing system based on WMS 

technique, a distributed feedback laser driving instrument was self-developed and 

integrated as a standalone instrument. The center wavelength of the laser which is 

applied is around 1563.06 nm which is suitable for CO detection in the near 

infrared region. The developed instrument can be applied as the optical source of 

the CO sensing system and it replaces commercial instruments including laser 

temperature controller, current driver and signal generator. In this way, the total 
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cost of the CO sensing system can be limited into a more affordable region than 

using commercial instrument. Experiments were carried out to evaluate the 

performance of the integrated instrument. Firstly, stability and response time of 

laser temperature controller was tested. The fluctuation is in the region of ±0.02 

℃ and the response time was less than 8 seconds which proves good performance. 

Then, center wavelength under temperature & current control was measured to 

investigate the relationship. Spectroscopy measurements demonstrate good 

stability and linearity of the developed laser driver. Experimental results show that 

the developed and integrated instrument can be applied in WMS-based CO 

sensing system to achieve high stability, accuracy, lower cost and smaller size. 
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