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Abstract— The semiconductor laser is vital in the 

implementation of optical communications systems. The 

increasing demand for bandwidth has resulted in the growth of 

fiber optic-based networks and the rising demands for more 

functionality has lead to increased packaging and thermal power 

densities. Due to the heavy dependency of the semiconductor 

laser’s performance to the temperature, the thermoelectric cooler 

must be capable of removing the generated heat to obtain a 

controlled functioning temperature.  The only method to evaluate 

the performance of a product would be through analytical 

modeling using material properties that are usually undisclosed 

by the manufactures. This work studies the approach of 

obtaining such parameters through a minimization tool. The final 

contribution of this work is the development of a simulator of a 

thermal model for a temperature controlled semiconductor laser 

with tunable parameters. 
 

Index Terms— Optical Communications, TEC, semiconductor 

laser 

I. INTRODUCTION 

he laser diode or semiconductor laser has quickly 

become vital in the modern world due to its importance 

in the implementation of optical communications 

systems. A major benefit to light communications is the 

multiple mediums of information transport as laser light can 

be transmitted by direct line of sight or by means of a fiber 

optics cable. Additionally, multiple signals along a single 

pathway can be achieved with high quality and low losses. 

These advantages make semiconductor lasers the standard for 

the current telecommunications industry, which demands these 

properties for high speed data transmission [1].  

The increasing number of applications becoming online at 

every second, the explosion of the smartphone and tablet use 

and the resulting growth of the wireless stream of high 

definition video and games are placing a huge strain in today’s 

networks design. This continued demand for increased 

bandwidth has resulted in the growth of fiber optic-based 

networks. To follow these rapid changes, equipment 

manufacturers and designers need to evolve and expand at a 
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high rate and scale and at low cost to enable the next many 

generations of efficient and scalable telecommunications 

products. The level of integration required has severe 

implications for hardware design and will lead to substantially 

increased thermal densities which in turn will require 

deployment of new thermal solutions [2].  

Concerns over the environment and energy consumption have 

placed an emphasis on the development of new more efficient 

and less pollutant technologies and an improvement of the 

efficiency in optical transmission [2]. The telecom operator 

Verizon has estimated that each watt saved on an equipment 

card is multiplied by 2.41 when the impact of air-conditioning 

and cascaded power converter inefficiencies in the central 

office is taken into account [3]. For many optical devices, this 

is because it is necessary to use localized thermoelectric 

coolers within the component. Laser lifetime and operational 

efficiency suffer severely with increasing temperature [4], [5]. 

Temperature does not only influence the efficiency of the laser 

diode, but the wavelength of the laser as well, due to the fact 

that pronounced temperature changes in the diode can cause 

shift in the emission wavelength. It requires a precision 

temperature controller capable of maintaining control well 

inside 0.1°C over time and temperature variations [6]. 

Thermoelectric coolers (TEC) being reliable, compact and 

quiet, allow this. While these devices contribute for a good 

laser performance, they can consume and dissipate twice as 

much power as they remove [7]. Consequently, for these 

widely used and necessary temperature controlled DWDM 

lasers each watt of power consumed by the laser transmitter 

can result in up to 6 watts of power taken from the grid [8]. If 

the absolute conversion efficiency of electricity into photons is 

also considered the situation would appear even worse with 

1W of optical power transmitted out of the central office 

requiring up to nearly 1kW of electrical power from the grid 

[8]. However, as most of the power in today’s central office is 

consumed by the electronics and not the optics, this has not 

been considered previously to be so significant. But with the 

projected need for Terabit inter-connectivity, optics will 

increasingly play a greater role, and in particular, the use of 

dense and ultra-dense WDM with spectrally efficient 

transmission formats will become widespread. These 

advanced transmission formats will actually consume more 

electrical power per bit unless urgent attention is paid to better 

understand and efficiently use these devices. 
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I. THERMOELECTRIC SYSTEMS 

TEC modules operate with the Peltier effect, so that by 

passing an electric current through a junction of dissimilar 

materials, heat can be created or absorbed at the junction, 

depending on the direction of the current flow.  

The ceramic plates act as an electrical insulator and thermal 

conductor allowing the couples to be thermally in parallel – 

the top of every couple is subjected to the same constant 

temperature while the bottom of every couple is at another 

constant temperature in the case of a TEC as represented in 

Figure 1. 

 
Figure 1 Electrical and thermal connectivity of TEC couples within a module 

Equations (1) and (2) are known as the Ideal Equations [9]: 

Q1 = αT1I −
1

2
I2R + K(T1 − T2) 

(1) 

Q2 = αT2I +
1

2
I2R + K(T1 − T2) 

(2) 

The first term in both equations αTI is known as the 

peltier/seebeck effect and it is reversible. This is the driving 

force of thermo power, i.e. the stronger this parameter, the 

greater the effect of heating, cooling or power generation. The 

second term 
1

2
I2R is the Joule heating term which comes from 

the interaction between electrical current and the TEC electric 

resistance and works against the primary objective to cool or 

generate power. It however, aids devices aimed at heating. 

The last term K(T1 − T2) is the thermal conduction term 

which occurs due to a temperature difference in any material 

and also works against the cooling power of TECs. Both the 

Joule heating and conduction terms are irreversible. 

The ideal equation is formulated under the assumptions that 

the electrical and thermal contact resistances, the Thomson 

effect (temperature-dependent Seebeck coefficient), and the 

radiation and convection heat transfer are negligible [10],[11]. 

II. THERMAL MODEL 

Using cold and hot junction temperatures, TC  and  TH , 

instead of temperatures T1  and  T2, equations (1) and (2) 

become: 
 

QC = αTCI −
1

2
I2R − K(TH − TC) 

(3) 

 
QH = αTHI +

1

2
I2R − K(TH − TC) 

(4) 

 

The heat transfer rates QC  and QH  can be expressed in terms 

of the heat capacities [J K−1] CC  and CH  and the rate of change 

of the temperature [K s−1]  dTC  and dTH  in the cold and hot 

junctions respectively: 
 

QC = CC

dTC

dt
 

(5) 

 
QH = CH

dTH

dt
 

(6) 

 

An object's heat capacity is defined as the ratio of the 

amount of heat energy transferred to an object and the 

resulting increase in temperature of the object. It is also related 

to the mass specific heat capacity cm  [J kg−1 K−1], an intrinsic 

characteristic of a particular substance: 
        C = cm m (7) 

Figure 2 represents a simplified model for the TEC module 

that will be used in this study. This model goes according to 

the same assumptions on which the ideal equations were 

formulated, that the electrical and thermal contact resistances, 

the Thomson effect and the radiation and convection heat 

transfer are negligible. It considers however the heat transfer 

by conduction with the surrounding ambient temperature.  

Based on the ideal equations (3) and (4) and equations (5), 

(6) and (, the TEC module can be defined by the incoming and 

outgoing flows of thermal power between the cold and hot 

side and with the environment as represented in equations (8) 

and (9). The last terms KC (T0 − TC ) and KH (TH − T0) relate to 

the thermal conduction which occurs due to a temperature 

difference between the cold and hot junctions with the 

surrounding ambient. 

 

Figure 2 Basic thermal model of a TEC module 

 
 

mCcC

dTC

dt
= −αIp TC +

1

2
RIp

2 + K TH − TC + KC T0 − TC  
(8) 

 
 mH cH

dTH

dt
= αIp TH +

1

2
RIp

2 − K TH − TC − KH TH − T0  
(9) 

Where α, R and K are the parameters that describe the 

performance of the thermoelectric cooler, seebeck coefficient 

in VK−1, electrical resistance in Ω and the thermal 

conductance between the cold and hot sides in WK−1, 

respectively, Ip  being the peltier current in A, TC  , TH  and T0 

stand for the temperatures in the cold and hot sides and in the 

environment in K and Kh  and KC  represent the thermal 

conductance between the hot and cold sides and the 

environment in WK−1. 

Introducing now the laser diode and the optional but 

eventually needed heat sink to the system we obtain a system 

more complex than the previously considered. This system, 

represented in Figure 3, describes the heat exchanges between 
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all the components, laser, thermoelectric cooler, heat sink and 

the environment.  

 
Figure 3 Thermal model for the semiconductor laser its TEC module and heat 

sink 

Based on the previous equations (8) and (9), following the 

same assumptions as in the thermal model of the 

thermoelectric cooler alone and also considering the heat 

transfer by conduction with the surrounding ambient 

temperature, the system represented on Figure 3 can be 

described by the following series of equations:  
 

mlcl

dTl

dt
= Pl − Kl Tl − TC − Kl0 Tl − T0  

(10) 

 
mCcC

dTC

dt
= −αIp TC +

1

2
RIp

2 + K TH − TC + KC T0 − TC 

+ Kl Tl − TC   

(11) 

 
mH cH

dTH

dt
= αIpTH +

1

2
RIp

2 − K TH − TC − KH TH − T0 

− Kd TH − Td  

(12) 

 
 md cd

dTd

dt
= Kd TH − Td − Kd0 Td − T0  

(13) 

Like in the previous model α, R and K are the parameters 

that express the performance of the thermoelectric cooler, 

seebeck coefficient in VK−1, electrical resistance in Ω and the 

thermal conductance between the cold and hot sides in WK−1. 

The variable Ip  represents the peltier current in Ampere while 

TC  , TH  and T0 stand for the temperatures of the cold and hot 

junctions and the environment in K. The parameters Kh , KC , 
Kl0 and Kd0 represent the thermal conductance between each 

of the elements, the hot and cold junctions, the laser and the 

heat sink with the environment, respectively, in WK−1 

Analyzing Figure 3 there are five different temperatures that 

describe the system that involves a diode laser with a 

thermoelectric cooler, the temperature of the laser, the  

temperatures of the hot and cold junctions of the 

thermoelectric cooler, the temperature of the heat sink, Td ,  

and the environment temperature, T0. While temperatures are 

normally an easy parameter to measure, the real configuration 

of the system and the fact that some of the elements are 

mounted together in the laser package an accurate individual 

measurement is not always doable. 

To simplify these measurements and consequently the 

thermal model, the system considered is represented in Figure 

4.  

 
Figure 4 Simplified thermal model for a semiconductor laser with a 

thermoelectric cooler and a heat sink 

This simplified model enables a simpler measurement of the 

temperatures of the system and can be described by the 

following set of equations:  
 

mCcC

dTC

dt
= Pl − αIp TC +

1

2
RIp

2 + K TH − TC + KC T0 − TC  
(14) 

 
 mH cH

dTH

dt
= αIp TH +

1

2
RIp

2 − K TH − TC − KH TH − T0  
(15) 

Where Pl  is the optical power of the laser in W, α, R and K 

are the parameters that describe the performance of the 

thermoelectric cooler, seebeck coefficient in VK−1, electrical 

resistance in Ω and the thermal conductance between the cold 

and hot sides in WK−1, respectively, Ip  being the peltier 

current in A, TC  , TH  and T0 stand for the temperatures in the 

cold and hot sides and in the environment in K and Kh  and KC  

represent the thermal conductance between the hot and cold 

sides and the environment in WK−1. 

Writing equations (14) and (15) considering now the steady 

state solution for the system we obtain the following 

equations: 

Pl − αIp TC +
1

2
RIp

2 + K TH − TC + KC T0 − TC = 0 
(16) 

αIp TH +
1

2
RIp

2 − K TH − TC − KH TH − T0 = 0 
(17) 

Unifying both equations we can obtain one single equation 

that represents the steady state of the system: 
Pl + αIp TH − αIp TC + RIp

2 − KC T0 − TC − KH TH − T0 = 0 (18) 

Solving the equation in terms of TH  we obtain the equation 

that describes the temperature in the hot side of the 

thermoelectric cooler for the steady state: 

TH =
−Kc T0 − Tc − KH T0 − RIp

2 + αIp Tc + Pl

αIp − KH

    
(19) 

Replacing TH  in equation (16) by the result obtained in 

equation (19) we find the equation that describes the 

temperature in the cold side of the thermoelectric cooler with 

respect to the parameters of the TEC, and the environmental 

conditions:  

Tc =

1

2
RIp

3α −
1

2
RIp

2KH − KRIp
2 + Kc T0αIp − KCT0K − KKH T0 − KCT0KH + KPl + αIpPl − KH Pl

−α2Ip
2 + KH + KKC + KKH + KCKH

 (20) 

Considering now the case of no current applied to the 

system, we obtain a nonhomogeneous linear system of 

differential equations: 
dTC

dt
=  −

K + KC

mCCC

 TC +
K

mCCC  
TH +

KCT0 + Pl

mCCC

 
(21) 

dTH

dt
=

K

mH CH  
TC +  −

KH + K

mH CH

 TH +
KH

mH CH

T0 
 

(22) 

The system obtained can be written as the equivalent matrix 

system x′ = A t x + f(t), where 
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x =  
TC

TH

 , A =

 

 
−

K + KC

mCCC

K

mCCC  
K

mH CH  
−

KH + K

mHCH  

 , f =  

KC T0+Pl

m C CC

KH

m H CH
T0

  

that admits solutions x(t) as represented in equation (23) 

where the two first terms correspond to the homogeneous 

solution and xp t  represents a particular solution of the 

matrix system. 
x(t) = c1eλ1tu1 t + c2eλ2tu2(t) − xp t  (23) 

The solution obtained for the system with no current 

applied is a second order exponential decay with exponential 

time constants t1 t2 = −
1

λ1(λ2)
. 

Considering the elements of the matrix A, a =
K+KC

m C CC
, b =

K

m C CC  
, c =

K

m H CH  
 and d =

KH +K

m H CH
, we obtain the expressions for the 

parameters λ1and λ2 as follows, 

λ1,2 =
−(a + d) ±   a + d 2 − 4 ad − cb 

2
 

(24) 

Replacing the elements of the matrix A for their 

corresponding system parameters dependency we finally 

obtain:  

λ1 =
−  

K+KC

mC CC
+

KH +K

mH CH
 +   

K+KC

mC CC
+

KH +K

mH CH
 

2
− 4  

K+KC

mC CC

KH +K

mH CH
−

K

mH CH  

K

mC CC  
 

2
  

(25) 

λ2 =
−  

K+KC

mC CC
+

KH +K

mH CH
 −   

K+KC

mC CC
+

KH +K

mH CH
 

2
− 4  

K+KC

mC CC

KH +K

mH CH
−

K

mH CH  

K

mC CC  
 

2
 

(26) 

III. NUMERICAL SIMULATOR 

Using the equations (14) and (15) it was developed a 

numerical simulator of a thermal model for a temperature 

controlled semiconductor laser with tunable parameters using 

MATLAB/SIMULINK. 

The simulator will enable a deep study on all the external 

influences swaying the temperature on a semiconductor laser 

package and therefore influencing its performance. Parameters 

like the environmental temperature, seebeck coefficient 

(different TEC performances) and thermal conductivity 

(different heat sinks) can be controlled so that the designer of 

the system can evaluate the best solution when implementing 

thermoelectric modules into semiconductor laser packaging. 

Table I Values used on the simulation for the coefficients of the thermal 

model of the semiconductor laser and its thermoelectric cooler 

𝛂 [𝐕𝐊−𝟏] 𝐊 [𝐖𝐊−𝟏] 𝐊𝐇 [𝐖𝐊−𝟏] 𝐊𝐂 [𝐖𝐊−𝟏] 𝐂𝐂 [𝐉 𝐊−𝟏] 𝐂𝐇 [𝐉 𝐊−𝟏] 

0.0137 0.0483 0.1609 0.0106 0.1871 1.3218 

 

Using the testing set of parameters represented in Table I, 

the temperature in steady state over the current applied on the 

thermoelectric cooler for the hot and cold side with an 

environmental temperature T0 of 25ºC and a laser power 

of Pl = 1W obtained through simulation is represented in 

Figure 5. 

 
Figure 5 Temperature simulated for the cold and hot side over the current 

applied on the thermoelectric cooler for a laser power of 1W. 

Let us now consider a current step applied to the peltier 

cooler, Ip , with an initial value of 0A and final value of 0.5A 

for a step time of 250s, an environmental temperature T0 of 

25ºC and a laser power of Pl = 1W. The temperature variation 

with time obtained in simulation for the cold and hot side in 

Figure 6.  

 
Figure 6 Temperature variation with time obtained in simulation for the cold 

and hot side for a current step applied to the peltier cooler with an initial value 

of 0𝐴 and final value of 0.5𝐴 

Considering now the case with a current step applied to the 

peltier cooler Ip  with an initial value of 0.5A and final value of 

0A for a step time of 250s, an environmental temperature T0 

of 25ºC and a laser power of Pl = 1W. The temperature 

variation with time obtained in simulation for the cold and hot 

side in Figure 7. 
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Figure 7 Temperature variation with time obtained in simulation for the cold 

and hot side for a current step applied to the peltier cooler with an initial value 

of 0.5𝐴 and final value of 0𝐴 

While the simulator allows the designer to test and access 

different elements on the system, the lack of information 

provided regarding the material properties by the 

manufacturers makes it impossible applying direct theoretical 

means of predicting the performances of these modules. In the 

next chapters it will be exposed the approach of obtaining 

such parameters through minimization tools. 

 

IV. LASER DIODE WITH THERMOELECTRIC COOLER 

CARACTERIZATION 

The laser used in the experimental procedures was a laser in 

a 14-pin butterfly package consisting of a laser diode, 

thermoelectric cooler, and a monitor diode [12] with an output 

power versus input current curve represented in Figure 8. The 

environment temperature was set and controlled with the use 

of an oven. The measurement of the temperature on the hot 

side was made using a thermocouple attached to the laser 

package, or to the heat sink if applicable, with thermal paste 

and tape. The measurement of the temperature on the laser 

was made using the thermistor inside the laser package.  

 
Figure 8 Laser diode output power versus input current curve 

 

In Figure 9 it’s represented the temperature measured 

outside the package TH  and the temperature measured in the 

laser inside the package TC  along an increasing current applied 

on the thermoelectric cooler for different currents injected to 

the laser diode ILD . Observing the curves obtained we can 

verify that the laser diode will affect the temperatures that 

describe the system by shifting the curves up with an 

approximately constant increase of the temperature. If we 

were to set the temperature of the laser to 25ºC to stabilize its 

performance we would need a higher current applied to the 

thermoelectric cooler for higher currents applied to the laser. 

We can then conclude that for a higher power required in the 

laser diode, the more current needs to be applied to stabilize 

the temperature to the aimed value.  

 
Figure 9 Temperature over the current applied on the thermoelectric cooler for 

different values of current applied to the laser diode 

The environmental temperature can be controlled in the 

laboratory with the use of a temperature controlled oven. In 

order to see the effect of the change of the environmental 

temperature the oven was set for temperature of 30ºC and 

50ºC, at each point the temperature was measured on the heat 

sink attached to the laser package and in the laser. The results 

obtained are shown in Figure 10. 

 
Figure 10 Effect of the environmental temperature difference on the 

temperature on the laser diode for different currents applied on the 
thermoelectric cooler  

By altering the environmental temperature there is a shift on 

the corresponding temperature of the each part of the system 

approximately on the difference created. There is a slight 

increase on the temperature difference for higher currents 

applied however it’s possible to make an estimate on the 

behavior of the system for different environmental 

temperatures. 
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The environmental temperature is easily controlled in a 

laboratory controlled ambient but it can’t normally be the 

answer to create a more efficient system. The system should 

be able to control the temperature of the laser diode facing the 

environmental temperature presented or for one specified. To 

do so, the thermoelectric cooler must draw enough heat from 

the laser so that it can work on a constant desirable 

temperature for that specific ambient temperature. 

While normally the answer to reduce the temperature on the 

laser diode is to apply current to the thermoelectric cooler 

until the desired temperature is achieved, the fact that there is 

not a linear relation between the current applied to the 

thermoelectric cooler and the temperature obtained obliges a 

more in-depth study of the system.  

Figure 11 represents the temperature measured on the laser 

diode for increasing values of current applied to the 

thermoelectric cooler. The values obtained were measured for 

an ambient temperature of 30ºC set in the oven.  

 
Figure 11 Temperature on the laser diode for different currents applied on the 

thermoelectric cooler with an environmental temperature of 30ºC  

Observing the curve that describes the behavior of the 

temperature we can see that there is a point where the 

temperature will cease to decrease and instead start increasing. 

This behavior can be predicted by the equation (14). As the 

current applied begins to increase to higher values, the 

temperature on the laser will begin to revert and start to 

increase meaning that the Joule heating and thermal 

conduction term weight will surpass the peltier effect. 

While there is no way to reduce the Joule heating without 

decreasing the current applied to the thermoelectric cooler, the 

weight of the thermal conduction term depends on the 

temperature difference between the laser and the surroundings 

namely the temperature of the hot side. By decreasing the 

temperature on the hot side the influence on the temperature of 

the laser of the parameter referring to the thermal conduction 

between the laser and the hot part of the system will diminish. 

To solve the problem of an increasing heat transfer from the 

hot side of the thermoelectric cooler to the laser a heat sink 

can be attached to the laser package. By adding a heat sink or 

replacing the existing heat sink for one with a better 

performance the thermal conductivity with the surrounding 

will increase making the temperature decrease.  

In order to understand the effect of the performance 

improvement of a heat sink on the system it was made the 

same experiment in the identical environmental condition 

attaching two different heat sinks to the laser package where 

heat sink number 2 was a bigger and more efficient heat sink 

than heat sink number 1.  

 
Figure 12 Temperature on the laser diode for different currents applied on the 
thermoelectric cooler for two different heat sinks attached to the laser package 

Analyzing Figure 12 we can verify that the heat sink with 

better performance (heat sink 2) enabled the temperature on 

the cold side to reach lower temperatures while also allowing 

a more controlled response to a higher current applied. By 

improving the heat transfer from the laser package to the 

surroundings the laser was able to reach lower temperatures 

even for higher currents.  

The effect of a better heat sinking solution will completely 

alter the behavior of the temperature curve over current 

applied on the thermoelectric cooler of the system. This makes 

analyzing the behavior of a system with a different heat sink 

solution less straightforward than altering other elements as 

the environmental temperature or current applied to the laser. 

While its effect on the system can be less obvious than other 

elements, using an accurate thermal model can precisely 

describe the system just by altering its thermal conductivity 

value KH  on equation (15). This value can be provided by the 

manufacturer or by a series of experimental tests to determine 

the parameters of the system. There are a lot of factors to take 

into account when considering this type of system, from the 

environment temperature it should be working in to the chosen 

heat sinking solution but with a thermal model that accurately 

represent all this parameters the designer of the system can 

make the decisions for a better performance.  

To identify the exponential time constants of the second 

order exponential decay that described the system, the 

temperature was measured over time, injecting and switching 

off a set of currents applied on the thermoelectric cooler for 

the system on steady state. For each one of the currents 

applied on the thermoelectric cooler, the temperature against 

the heat sink attached on to the laser package was collected 

over time until it stabilized to room temperature. The values 

collected from this experiment are represented in Figure 13. 
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Figure 13 Temperature on the heat sink attached to the laser package over the 

injection and switch off of current applied on the thermoelectric cooler 

Like previously the temperature was measured over time 

but this time for a set of initial currents applied to the 

thermoelectric cooler. This time the method consisted on 

allowing enough time to let the temperature stabilize for a 

given current applied to the thermoelectric cooler using the 

temperature on the laser diode as the reference. When the 

system reached a steady state a current on the laser diode 

would be injected until it reached a new steady state. Then the 

current on the laser diode would be switched off. The 

temperature of the laser diode was collected over time until it 

stabilized to room temperature for each one of the initial 

currents applied on the thermoelectric cooler and on the laser. 

The values collected from this experiment over time of the 

cold side described an exponential decay when the current 

injected on the laser diode was switched off like it was 

predicted by equation (23) and are represented in Figure 14.   

 
Figure 14 Temperature on the laser diode over the injection and switch off of 

current applied on the laser diode for 𝐼𝑝 = 0𝐴 (top), 𝐼𝑝 = 0.7𝐴 (middle) and 

𝐼𝑝 = 0.5𝐴 (bottom) 

 

For each one of the experiments it was made the non-linear 

second order exponential decay fit for the equation  

𝑦 = 𝑦0 + 𝐴1𝑒
−

𝑥

𝑡1 + 𝐴2𝑒
−

𝑥

𝑡2   (27) 

where variables t1  and  t2 represent the exponential time 

constants of the system and depend on the thermal 

conductance between each of the elements and their mass 

specific heat capacity and relate to the equations (24) and (25) 

through the equation  

𝑡1,2 =
1

𝜆1,2

 
(28) 

The values of each one of the variables obtained from the 

curve fitting of the equation (16) are expressed in Table II. 
Table II Values obtained for the non-linear second order exponential decay fit 

of the curves represented in Figure 14 

𝐈𝐩 [𝐀] 𝐈𝐋𝐃 [𝐦𝐀] 𝐲𝟎 𝐀𝟏 𝐭𝟏(𝐬) 𝐀𝟐 𝐭𝟐(𝐬) 

𝟎 

100 
25.5528 

±0.0033 

1.033 

±0.052 

3.14 

±0.31 

1.996 

±0.026 

49.76 

±0.84 

150 
25.4993 

±0.0045 

1.332 

±0.071 

2.74 

±0.29 

2.808 

±0.033 

50.24 

±0.79 

200 
25.4400 

±0.0029 

1.929 

±0.043 

3.21 

±0.14 

3.566 

±0.021 

54.40 

±0.43 

𝟎. 𝟓 

300 
9.1489 

±0.0054 

2.627 

±0.048 

3.14 

±0.12 

4.353 

±0.025 

49.97 

±0.43 

600 
8.8911 

±0.0096 

7.017 

±0.068 

4.163 

±0.082 

9.817 

±0.038 

58.20 

±0.36 

900 
8.994 

±0.017 

12.36 

±0.13 

3.893 

±0.083 

18.042 

±0.071 

55.87 

±0.35 

𝟎. 𝟕 

600 
6.2261 

±0.0072 

6.372 

±0.050 

3.439 

±0.054 

9.105 

±0.023 

61.82 

±0.28 

900 
6.2136 

±0.0091 

11.569 

±0.071 

3.288 

±0.041 

16.990 

±0.034 

55.94 

±0.19 

In order to find the unknown parameters that describe the 

system it was used the nonlinear programming solver fmincon 

in MATLAB that finds the minimum of a constrained 

nonlinear multivariable function. To set the optimization 

options it was used the function optimset to create 

optimization options structure that limited the iterations. The 

function used in the minimizing function was the normalized 

mean square error: 

𝑁𝑀𝑆𝐸 =   
 𝑥 − 𝑦 2

𝑥
   

(29) 

where 𝑦 is a prediction of the measured values 𝑥.  

The measured values 𝑥 combine the set values of the 

temperatures measured in the cold and hot sides, 𝑇𝐶and 𝑇𝐻 , 

and 𝜆1 and 𝜆2, the reciprocal average of the values obtained 

for the exponential time constants, 𝑡1 and 𝑡2 , through equation 

(28). 

The prediction of the measured values for the temperatures 

measured in the cold and hot sides, 𝑇𝐶  and 𝑇𝐻 , was obtained 

through equations (19) and (20) and parameters 𝜆1 and 𝜆2 

through equations (25) and (26). 

The values for the unknown parameters that describe the 

system that were obtained in the MATLAB script for a 

normalized mean square error of 0.0471 are represented in 

Table III.  

Table III Values obtained for the coefficients of the thermal model of the 

semiconductor laser and its thermoelectric cooler after minimization for 

differents values of current applied to the laser 

𝛂 [𝐕𝐊−𝟏] 𝐊 [𝐖𝐊−𝟏] 𝐊𝐇 [𝐖𝐊−𝟏] 𝐊𝐂 [𝐖𝐊−𝟏] 𝐂𝐂 [𝐉 𝐊−𝟏] 𝐂𝐇 [𝐉 𝐊−𝟏] 

0.0137     0.0483     0.1609 0.0106     0.1871     8.3218 
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Figure 15 Temperature measured over the current applied on the 

thermoelectric cooler with the laser turned off and their respective values 
obtained using the parameters from Table III 

 
Figure 16 Temperature measured over the current applied on the 

thermoelectric cooler for a current applied on the laser of 300mA and their 

respective values obtained using the parameters from Table III 

 
Figure 17 Temperature measured over the current applied on the 

thermoelectric cooler for a current applied on the laser of 600mA and their 
respective values obtained using the parameters from Table III 

 

V. CONCLUSION 

In this work it was created an approximate thermal model 

simulator using MATLAB/SIMULINK that enabled the study 

of the different factors that sway the temperature on a 

semiconductor laser package, therefore influencing its 

performance, as the environmental temperature, the heat 

sinking solution and the optical power of the laser used. 

One of the main goals of this work was to provide 

designers, aiming to implement thermoelectric modules into 

semiconductor laser packaging, a method of evaluating the 

performance of a certain thermoelectric module. The lack or 

insufficiency of information provided regarding the material 

properties by the manufacturers made designers incapable of 

applying direct theoretical means of predicting the 

performances of these modules. 

By using a simplified thermal model for the laser package 

system and laboratorial measurements along with minimizing 

techniques we were able to determine parameters that 

described the system that could be then used in the created 

simulator. While this approach enabled us to obtain simulated 

results very close to the ones obtained experimentally, ideally 

the material properties of the elements of the system should be 

disclosed by the manufactures in order to facilitate 

comparisons between solutions that didn’t involve time 

consuming experimental procedures. 
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