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Abstract 

In this paper, the steady-state average optical power of VCSEL laser at different ambient 
temperatures is calculated, and the average optical power with random disturbance of 
input current and voltage is further calculated. Finally, the upper limit of ambient 
temperature of the VCSEL laser is obtained. 
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1. Introduction 

With the rapid development of Internet technology, the speed of home fixed network has 
rapidly developed from 2Mbps and 10Mbps to 100Mbps or even 1000Mbps “As the name 
suggests, optical fiber is used to transmit signals [1]. The transmission rate of laser signal in 
optical fiber is much higher than that of electrical signal (the transmission bandwidth of laser 
signal is much larger than that of electrical signal), so it is more suitable for the future high-
speed transmission network [2]. Before the design of optical fiber communication transmission 
system, engineers often study the system design index by means of computer simulation, so as 
to quickly find the most suitable solution [3]. Therefore, in the system simulation, it is necessary 
to accurately grasp the characteristics of each device in the system to ensure the accuracy of 
the simulation model [4]. As the core device of optical fiber communication system, laser is an 
important factor to be considered in system simulation. 

There are many kinds of lasers which are closely related to our life. Among them, vertical cavity 
surface emitting laser (VCSEL) has the characteristics of simple operation and low power 
consumption. The working current of VCSEL is generally 6mA ~ 8Ma. The main task of this 
problem is to get the mathematical model which can accurately reflect the characteristics of 
VCSEL laser. 

The output optical power intensity of the laser is related to the temperature of the device [5]. 
When the temperature of the device is changed, the output optical power intensity of the laser 
will change accordingly. 

2. Mathematical Model 

2.1. L-I model 

L-I model, that is, the relationship between the laser's working current and the output optical 
power intensity model. The laser is a semiconductor device that converts electrical energy into 
light energy. The process of energy conversion is also the process of electronic electrical energy 
into photon's light energy. In the conversion process, with the movement of electrons, the 
semiconductor device will produce a certain amount of heat. From the perspective of energy 
conservation, the more energy is converted into heat energy (heat causes energy waste), and 
the higher the temperature of the device, the less energy is converted into light energy (the 
lower the output optical power), and the less energy can be used. 
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𝑃0 = 𝜂(𝑇)(𝐼 − 𝐼𝑡ℎ(𝑁, 𝑇))                                                           (1) 

Among them, 𝑃0 is the output power of the laser, 𝐼 is the external driving current injected into 
the laser, and 𝜂(𝑇) L-I is the slope of the L-I curve. From the perspective of energy conversion, 
the slope corresponds to the conversion efficiency, 𝐼𝑡ℎ(𝑁, 𝑇) threshold current and 𝑁 carrier 
number. 

The mathematical model is as follows. 

{

𝐼𝑡ℎ(𝑁, 𝑇) = 𝐼𝑡ℎ0 + 𝐼𝑜𝑓𝑓(𝑇)

𝑇 = 𝑇0 + (𝐼𝑉 − 𝑃0)𝑅𝑡ℎ − 𝜏𝑡ℎ
𝑑𝑇

𝑑𝑡

𝐼𝑜𝑓𝑓(𝑇) = ∑ 𝑎𝑛𝑇
𝑛∞

𝑛=0

                                                    (2) 

To resolve (2) into 

𝑃0 = 𝜂 (𝐼 − 𝐼𝑡ℎ0 − 𝐼𝑜𝑓𝑓(𝑇)) = 𝜂 (𝐼 − 𝐼𝑡ℎ0 − ∑ 𝑎𝑛 (𝑇0 + (𝐼𝑉 − 𝑃0)𝑅𝑡ℎ − 𝜏𝑡ℎ
𝑑𝑇

𝑑𝑡
)
𝑛

∞
𝑛=0 )    (3) 

The input current of the laser is direct current, so for temperature T, the formula is simplified 

to 
𝑑𝑇

𝑑𝑡
= 0. 

𝑇 = 𝑇0 + (𝐼𝑉 − 𝑃0)𝑅𝑡ℎ                                                            (4) 

For the optical power, the equation is reduced to 

𝑃0 = 𝜂(𝐼 − 𝐼𝑡ℎ0 −∑ 𝑎𝑛(𝑇0 + (𝐼𝑉 − 𝑃0)𝑅𝑡ℎ)
𝑛4

𝑛=0 )                                     (5) 

According to Newton's iterative method 

𝑃0
𝑘+1 = 𝜂(𝐼 − 𝐼𝑡ℎ0 − ∑ 𝑎𝑛(𝑇0 + (𝐼𝑉 − 𝑃0

𝑘)𝑅𝑡ℎ)
𝑛4

𝑛=0 )                                  (6) 

And 

𝑇𝑘+1 = 𝑇𝑘 −
𝑇0+(𝐼𝑉−𝜂(𝐼−𝐼𝑡ℎ0−∑ 𝑎𝑛(𝑇𝑘)

𝑛4
𝑛=0 ))𝑅𝑡ℎ

𝑅𝑡ℎ𝜂(𝑎1+2𝑎2𝑇+3𝑎3𝑇
2+4𝑎4𝑇

3)−1
, 𝑘 = 0,1,2, . . . , 𝑛                          (7) 

2.2. PSO algorithm is used to solve the problem 

The parameters are fitted by PSO algorithm, and the fitness function is 

𝑔 =
|𝑃−𝑃𝑃|

|𝑃+𝑃𝑃|
                                                                           (8) 

Particle swarm optimization (PSO) is a stochastic optimization algorithm based on swarm 
optimization. It imitates the foraging behavior of birds, analogizes the search space of the 
problem to the flight space of birds, abstracts each bird as a particle without mass and volume 
to represent a candidate solution, and the optimal solution needed for optimization is 
equivalent to the food that birds are looking for. Then it is used to solve complex optimization 
problems. The basic idea of the algorithm is to find the optimal solution through the 
cooperation and information sharing among individuals in the group. The advantage of the 
algorithm is that it is simple and easy to implement, and there are not many parameters to 
adjust. 

Then the specific values of model parameter (𝜂, 𝐼𝑡ℎ0, 𝑅𝑡ℎ , 𝑎0, 𝑎1, 𝑎2, 𝑎3, 𝑎4)  in L-I model are 
obtained. As shown in the table below: 

 

Table 1. Comparison table of initial value setting and specific parameter values of L-I model 
Parameter Reference initial value Model specific parameter values Company 

  0.5 0.404 - 
𝐼𝑡ℎ0 0.3E-3 3.297E-4 A 

𝑅𝑡ℎ 2.6E3 1.573E3. ℃/W 

𝑎0 1.246E-3 2.294E-3 A 
𝑎1 -2.545E-5 -8.922E-5 A/K 
𝑎2 2.908E-7 4.189E-7 A/K2 
𝑎3 -2.531E-10 -1.090E-9 A/K3 
𝑎4 1.022E-12 2.071E-12 A/K4 
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According to the simulation results and the reference initial value, the current optical power 
curve at 20 ℃ was drawn. As shown in the figure below: 

 

 
Fig. 1 L-I curve (ambient temperature 20 ℃) 

 

Among them, red curve represents L-I fitting curve under 20 ℃ simulated by simulation, blue 
curve represents L-I curve made by data given by l-i-20c.mat, and the fitting degree between 
fitting curve and original curve is expressed by fitting goodness R2, with value of 0.9912 and 
mean square error MSE of 5.7943e-10. Obviously, the fitting is high and the mean square error 
is small, which indicates that the fitting degree is very good, which means that the parameters 
after simulation are feasible and effective. 

Because the fitting degree is very good, it can be brought into the model according to the fitting 
model parameters, and the temperature measured driving current curve of the device can be 
drawn, as shown in the figure below: 

 

 
Fig. 2 Device temperature measured driving current curve 
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According to the analysis in Figure 2, there is a positive correlation between the current I and 
the temperature T, that is, with the increase of the current, the temperature increases, but not 
linearly. 

Fig. 2 describes the variation of laser output power with the change of laser current at different 
ambient temperatures. The different curves correspond to the initial ambient temperatures of 
10 ℃, 20 ℃, 30 ℃, 90 ℃ respectively. It is found that the output power curve of the laser is 
similar to the parabolic curve with the opening downward when the laser current is fixed. At 
the same time, with the increase of temperature, the input power curve of the laser becomes 
more and more flat until it becomes a straight line with a constant value of 0, such as the L-I 
curve at the ambient temperature of 60 ℃, 70 ℃, 80 ℃ and 90 ℃. When the laser current is 
fixed, the higher the ambient temperature is, the lower the laser output power is. 

3. Summary 

After the injection current reaches the threshold, the output power of the laser will increase 
rapidly. However, the output power does not always keep a linear relationship with the 
modulation current. After the injection current reaches a critical point, the output power will 
appear "roll off phenomenon". After the injection current continues to increase, the output 
power gradually decreases, and finally the output is zero. On the other hand, the critical current 
of the laser will increase with the increase of room temperature, and the output roll off 
phenomenon of the laser will be more serious, that is, the performance of the laser will decline. 
When the initial temperature of the environment is high, such as 80 ℃ and 90 ℃, with the 
increase of current, the optical power is always 0, indicating that there is no electric energy 
converted into optical energy at this time, and the user can not connect to the network. 
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