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Abstract— this paper concerns the analysis and evaluation of 

the effects of polarization current and temperature of an 

optical fiber laser based on audio communication systems. For 

that purpose, we will study the effects of polarization current 

and temperature on the two main parameters of the 

communication chain; the transmitter (vertical cavity surface 

emitting laser) and the receiver (at the end of optical 

communication chain). The frequencies range considered are 

between 20Hz and 20 kHz, which correspond to the audible 

field. The quality of the restored signal depends on the 

different harmonics that it contains. We need to perform 

spectrum measurement quality by monitoring and measuring 

two factors TDH and SNR for the different experiments. The 

experimental results show that a high-quality audio laser 

signal can be obtained in fiber optics communication systems 

employing a vertical cavity surface emitting laser at a 

temperature of 10 °C and a current of 5 mA without the need 

for optimized optics. 

Keywords: total harmonic distortion, signal-to-Noise-Ratio, 

vertical cavity surface emitting laser   (VCSEL), fiber optic, 

photodiode (PID), audio Engineering Society (AES-EBU), coded 

pulse modulation (PCM). 

 Abbreviations and Acronyms 

THD        Total harmonic distortion        (%) 

SNR         Signal-to-Noise-Ratio             (dB) 

Dnoise     Noise power spectral density (dBm/Hz) 

Buseful    Useful transmission band        (Hz) 

A0            Signal amplitude                      (mV)   
 

I. INTRODUCTION 

In the last forty years, the optics field has experienced a 

major change, in particular, since the discovery of lasers. 

This growth has been accompanied using optical frequencies 

in communications. Since that moment, progresses in lasers, 

detectors, sensors, optics, and electronics are the end results 

of many successful proofs in optical systems [1, 2]. The 

National Aeronautics and Space Administration (NASA) 

Deep Space Optical Communications Project “is to develop 

key technologies for the implementation of a deep space 

optical transceiver and ground receiver that will enable 

greater than 10X the data rate of a state-of-the-art deep space 

RF system (Ka-band) for similar spacecraft mass and power 

In the light of this, the optical society of America has 

sponsored the first conference on integrated optics 

successfully [3]. In February 1972 [4], it was speaking about  

both optical fibers and on optical integrated circuits have 

been realized. In February 1974, two articles were presented 

on optical fibers [6, 7] during the second conference in this 

series [5]. On the other hand, there are two main parameters 

that have contributed in enlarging the subscriber loop in 

many systems by the integration of optical fibers into 

telecommunications and data-transmission networks. In 

other words, this produces a huge bandwidth for voice, video, 

and data signals transmission [8]. 

According to the request of bandwidth and higher throughput, 

particularly in buildings and campus backbones, LEDs could 

not maintain the same rate of progress. In other words, the 

developed industry has provided a new high-speed laser light 

source called Vertical Cavity Surface Emitting Laser 

(VCSEL). These VCSELs are low-cost and appropriate to 

the multimode transmission systems 850 nm, allowing data 

rates of 1 Gb/s and 10 Gb/s. With the development of these  

VCSELs, multimode optical fiber is useful for operation with 

lasers [9].  

On the other hand, the increasing demand of larger 

bandwidths as the only way to cover the needs of both cloud 

computing and web services,  allowed the increase of data 

communication rates from 1 and 10Gb/s to 40Gb/s and 100 

Gb/s. It appears that many system designers may think that 

single-mode optical fiber is the best choice. Despite many 

advantages such as higher speed and range, multimode 

optical fiber is easily appropriate for most distant enterprises 

and data center networks, at a   lower price than single-mode 

fiber [10]. 

 

Today, the digital audio format based on the AES-EBU 

interface is widely used in most multimedia devices because 

of some advantages [11], such as the use of a single signal to 

transmit Clock data and information and no continuous 

component as part of the signal power spectral density. In 

addition, the use of the 24-bit word length makes it suitable 

for business applications [11, 12]. A serial digital 

transmission of multi-channel audio signals has been 

reported in [13], where an analog multichannel audio signal 
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has been converted to a digital audio signal using a 44.1 kHz 

PCM technique. 

 

Recently, some experimental results on audio signal 

transmission system based on optical fiber links have been 

reported in the literature [14, 15, 16]. An eight-channel audio 

data in real time has been experimentally demonstrated on 

the basis of an optical code division multiple access 

(OCDMA) system using the optical communication [16].  

 

In this paper, we present the effects of both temperature and 

the polarization current on the transmitter (vertical cavity 

surface emitting laser   (VCSEL)) and the receiver of an 

optical fiber laser based audio communication system. We 

monitor and measure two factors TDH and SNR for the 

different experiments on temperature and polarization 

current. On the other hand, we restore the values of 

temperature and bias when high-quality audio signal 

transmissions (based on optical fiber laser) are achieved. 

The remainder of the paper is organized as follows. Section 1 

shows the audio communication in fiber optics link 

parameters used in this work. Sections 2 discuss the results 

and analysis. Finally, the conclusion is presented in Section 3  

 

II. EXPERIMENTAL SET-UP 

 

     This experiment was concentrated on an audio 

communication system in fiber optic. Generally, the 

communication chain will need an optical transmitter 

(VCSEL), an optical transceiver (PIN) and the fiber optic 

(Fig.1). The experimental characterization and analysis are 

presented in table 1.  

 

Table 1 shows the items or materials that are used in the long 

term experiment. These are laser diode (VCSEL), optical 

fiber, and photodiode (PID). 

 

 
Fig. 1:  Audio communication using fiber optic 

III. RESULTS AND DISCUSSION 

In order to improve the effect temperature and polarization 

current on audio signal quality in fiber optic, we present the 

analysis effect on: 

- The transmitter of Laser diode VCSEL 

- The Reception of optical audio  

communication Chain 

 

Table 1: Summary of system parameters 

Fig. 2 Optical power versus current 

A. Laser diode Transmitter (VCSEL)  

The transmission of audio signals using the laser diode 

VCSEL as a transmitter was demonstrated experimentally.  

 

First, we test the effect of polarization current   by measuring 

the output power versus polarization intensity for different  

Temperatures values. 

Figure 2 shows the polarization current effect on the optical 

power delivered by the laser. The current should not exceed 

10 mA, in order to don’t damage the VCSEL. With this  

From the characteristic, we know the threshold current and 

therefore the intensity interval we set for the diode. 

After the first test, we test the temperature effect on the 

transmitter.  Figure 3 shows that the laser diode is also 

sensitive to temperature variations. We identify two 

parameters that characterize our laser that are the threshold 

current and the slope of the linear part, or the performance of 

the VCSEL. 

 

 

 

 

Item Specification                                    Function 
Nbere 

of 
items 

VCSEL 
 
 

DET210 
 
 
 
 

fiber 
 
 

amplifier                

high-performance  
850 nm     
 
spectral response:  
200-1100 nm 
peak response     :  
0.29 A/W 

           
multimode fiber :    
 1,5 nm 

 
amplification factor : 
 15   

vertical cavity surface 
emitting laser 

 
high-speed photo    
detector 
 

 
 
higher bandwidth and 
can 

 
amplifies an optical 
signal directly 

                                   

1 
 
 

1 
 
 
 
 

1 
 
 

1 
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     Fig. 3 Threshold current versus temperature 

 

It is clear that from Figure 4, the increase in temperature 

causes a slight decrease in power in the linear part. The 

VCSEL is therefore more efficient for low temperatures. 

 

 

 

 

 

 

 

 

 

 

 
       

     Fig. 4 Laser efficiency versus temperature 

 

B. Optical audio communication Chain 

     An audio signal has many harmonics believed to degrade 

its quality. In order to assess the transmission quality of the 

audio signal, we used two test signals of the two factors 

TDH and the SNR and using the two equations below (1 and 

2). There are 2 parameters that may affect these two factors, 

the temperature and the polarization current.  
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1) Effect of polarization current   

Figure 5 represents the SNR at different values of 

polarization current. It is clearly shown that, the RSB 

increases linearly with the input polarization current until the 

maximum value. Moreover, as the power of the signal 

increases linearly with polarization current, the signal to 

noise ratio increases also. On the other hand, when the 

polarization current is 5mA, the SNR is maximal. 

 

 
       

      Fig. 5 SNR versus polarization current    

 

Figure 6 shows the THD versus polarization current. We 

find a high value of TDH for a low intensity. This could be 

due to the excessive proximity of the zone where the power 

emitted by the VCSEL is practically nil. Then a better 

consideration can be made if the polarization current is 

around 5mA, the THD is minimal. 

 

 
        

       Fig. 6 THD versus polarization current   

 

2) Effect of temperature 

Figure 7 shows the signal to noise ratio (SNR) versus 

temperature. There is just a small decline of SNR when the 

temperature increases. This is probably due to a general 

excitement which leads to an increase in the noise. 

 
 

 
 
Fig. 7 SNR versus temperature 

 
Figure 8, below, shows the plot of the THD versus 

temperature. The quality of the transmitted signal decreases 

(THD increases) as the temperature increases. This is 

probably due to a general excitation (heat) which increases 

the noise. 

  

(1) 

 

 

 

 

(2) 

 

 

 



 

 
 

       Fig. 8 THD versus temperature 

IV. CONCLUSION 

During these experiments, we have been able to highlight 

certain evolutions of the THD and the SNR according to the 

main parameters of our experiment. 

The effects of temperature and polarization current on an 

optical fiber transmission system for audio signal employing 

VCSEL diode laser was constructed. 

In our results, we show that the temperature and polarization 

current values for high-quality audio communication system 

employing VCSEL has to be 10°C and 5 mA, respectively. 

On the other hand, it must be taken to secure that all 

connection should be perfect. Here we achieved the aim of 

our paper. 
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