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Abstract: Problem statement: The characteristics of a laser diode are highly dependent on the 
temperature of the laser chip. Thus, the effect of temperature on the network performance of uncooled 
semiconductor laser diode are studied by simulating its equivalent electrical circuit, developed from the 
rate equations that governing optical components directly into an electrical simulation framework. 
Approach: The simulations are carried out using circuit analysis program named OptiSPICE and Opti 
System. On this simulation study, the analysis is done based on three parameters in order to determine 
the quality of received signal which are; center wavelength, bandwidth and output power. Results: As 
the temperature variance is fed to the laser diode through an external thermal noise, the result will shows 
that the ambient temperature of laser diode is varied with time. In this case, the performance of laser 
diode will decreases as the operating temperature increases or, conversely the performance increases as 
the operating temperature decreases. Conclusion: The circuit design must be simulated using a SPICE 
engine that incorporates both electrical and optical models, which is Opti SPICE software. It cannot be 
simulated using traditional software packages because they do not provide sufficient coupling between 
electrical and optical devices. 
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INTRODUCTION 

 
 A laser is a device that emits light through a 
process called stimulated emission. The term laser is an 
acronym for Light Amplification by Stimulated 
Emission of Radiation. Laser light is usually spatially 
coherent, which means that the light either is emitted in 
a narrow, low-divergence beam, or can be converted 
into one with the help of optical components such as 
lenses. Typically, lasers are thought of as emitting light 
with a narrow wavelength spectrum. This is not true of 
all lasers, however: some emit light with a broad 
spectrum, while others emit light at multiple distinct 
wavelengths simultaneously (Silfvast, 2004). 
 Today, communication tools such as mobile phone 
and internet have been widely used and supported our 
daily lives. Many of those systems are based on 
broadband optical fiber communication systems 

because of their large and high-speed transmission 
capability. In those optical fiber transmission systems, 
key components are optical sources and optical 
receivers, especially Semiconductor Laser Diode 
(SLD). SLD lasing at 1.3 and 1.55 µm-band are mainly 
used as the optical sources and their reliability are very 
important for maintaining their performance in the 
systems (Ab-Rahman and Hassan, 2010a). 
 In this simulation study, focus is on SLD. The 
improvements in laser manufacture today allow 
operating uncooled direct modulated SLDs over abroad 
temperature range (Ab-Rahman et al., 2010b). 
Uncooled SLD are simply wide temperature of 
operation range, where it is designed to be wider than 
the span of the environmental operating conditions of 
communications equipment in which they are used. 
Uncooled SLD enable low-cost packaging by 
eliminating many items such as cooler, the thermistor 
which indicates SLD temperature at any time and the 
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thermal control loop (Ab-Rahman and Hassan, 2010c). 
Because a strong cost reduction in optical systems is 
achieved when eliminating costly laser temperature 
control, the uncoiled SLDs have been considered as a 
key technology for future optical network systems (Ab-
Rahman et al., 2011). When considering of uncooled 
SLD in high speed optical communication system, it is 
high of importance to keep the temperature variation as 
optimum as possible. It is because; the changes in 
temperature will translate into changes in wavelength 
and optical power of SLD. It is known that SLD 
wavelengths are inherently unstable, where for every 3 
degrees’ change; the wavelength of the SLD can change 
nearly 1nm. If operated in constant current mode, diode 
output power tends to decrease as temperature increases 
and diode power can exceed its maximum rating with a 
decrease in temperature Laser diode principles and 
diode configurations. For this reason, choosing the 
constant power control mode of operation is 
recommended. If not, the temperature of operation will 
affect seriously the characteristics of SLD. 
 In laser operation, the thin area of an energy 
pumping, when the rapid transition from a spontaneous 
emission mode to a stimulated emission mode occurs, is 
called the threshold. A SLD is related with a term of 
threshold density of a driving current or threshold 
current, when the laser diode operating mode is 
changed from incoherent to laser. Increasing 
temperature introduces decreasing of the features of 
SLD. While the temperature increases, the ratio 

between the electrical power and the optical power 
decreases. The temperature also depends on the 
emitted wavelength or the device operating life. It is 
important to discuss on an examination of 
performance of SLD on a temperature variation 
because by theoretical study, laser thresholds are 
depends on temperature. 

 
MATERIALS AND METHODS 

 
 The main interface is the OptiSpice schematic, 
where it is one of among Optiwave design software for 
photonic. OptiSPICE is circuit design software for 
analysis of integrated circuits including interactions of 
optical and electronic components and it is a fully-
integrated solution for parameter extraction, schematic 
capture, circuit simulation and waveform analysis. The 
process to design a circuit of uncooled SLD by 
presence of temperature variation is start by using 
OptiSPICE schematic framework, where it is 
illustrated in Fig. 1. The circuit design in OptiSPICE 
schematic is then visualized in Opti System 
Graphical User Interface (GUI) to get the simulation 
results, as shown in Fig. 2. In Opti spice schematic 
framework design, the initial DC current is kept at 
0.078A and only the wavelength is changed, where 
three different wavelengths have been used to 
analyse the laser performance, i.e., 1550, 1490 and 
1450 µm.

 

 
 

Fig. 1: Point-to-point configuration of SLD design 
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Fig. 2: Connection of components 
 

 
 
Fig. 3: Laser temperature 
 
Table 1: Summary of temperature description by thermal source 
DC value (C) Time-temperature values (s, C) 
0 {0 0} {1e-6 0} 
20 {0 0} {1e-6 0} {2e-6 20} {4.5e-6 20} 
50 {0 0} {1e-6 0} {2e-6 20} {4.5e-6 20}  
 {5.5e-6 50} {8e-6 50} 
70 {0 0} {1e-6 0} {2e-6 20} {4.5e-6 20} 
 {5.5e-6 50} {8e-6 50} {9e-6 70} {11.5e-6 70} 
100 0 0} {1e-6 0} {2e-6 20} {4.5e-6 20} 
 5.5e-6 50} {8e-6 50} {9e-6 70} {11.5e-6 70} 
 {12.5e-6 100} {15e-6 100} 
120 {0 0} {1e-6 0} {2e-6 20} {4.5e-6 20} {5.5e-6 50} 
 {8e-6 50} {9e-6 70} {11.5e-6 70} {12.5e-6 100}  
 {15e-6 100} {16e-6 120} {18.5e-6 120} 
150 {0 0} {1e-6 0} {2e-6 20} {4.5e-6 20} {5.5e-6 50}  
 {8e-6 50} {9e-6 70} {11.5e-6 70} {12.5e-6 100}  
 {15e-6 100} {16e-6 120} {18.5e-6 120}  
 {19.5e-6 150} {22e-6 150} 
170 {0 0} {1e-6 0} {2e-6 20} {4.5e-6 20} {5.5e-6 50} 
 {8e-6 50} {9e-6 70} {11.5e-6 70} {12.5e-6 100} 
 {15e-6 100} {16e-6 120} {18.5e-6 120} {19.5 
 e-6 150} {22e-6 150} {23e-6 170} {25.5e-6 170} 
200 {0 0} {1e-6 0} {2e-6 20} {4.5e-6 20} {5.5e-6 50} 
 {8e-6 50} {9e-6 70} {11.5e-6 70} {12.5e-6 100}  
 {15e-6 100} {16e-6 120} {18.5e-6 120}  
 {19.5e-6 150} {22e-6 150} {23e-6 170} 
 {25.5e-6 170} {26.5e-6 200} {28e-6 200} 

Table 2: Layout parameter’s detail in OptiSystem GUI 
Parameter Value 

Bit rate 1e9 bits sec−1 
Sequence length 128 bits 
Samples per bit 64 
No. of samples 8192 
 
 In this design, ambient temperature of the laser is 
varied with time as shown in Fig. 3. This temperature 
variance is fed to the laser through an external thermal 
source and for each wavelength; the summary of 
injected temperature is provided in Table 1. 
 While in OptiSystem GUI, the attenuation at 
optical attenuator is maintained at 28.5dB and layout 
parameters are changed, as listed in Table 2. 
 

RESULTS 
 
 Figure 4-6 show the simulated result of point-to-point 
configuration of SLD design for three different 
wavelengths; 1550, 1490 and 1450 nm, which respectively 
for center wavelength, bandwidth and output power. 
 By looking at Fig. 4, it shows that the center 
wavelength of a laser diode is directly proportional to 
its operating temperature. There is almost linear 
relationship between temperature and center 
wavelength. As temperature increases, so does the 
center wavelength of the laser diode. 
 Increased bandwidth means more data per unit time 
but also more impairment through higher power and 
increased channel counts. From the result in Fig. 5, it 
shows that the higher the operating temperature of laser 
diode, the wider the bandwidth will be. In addition; for 
a smaller operating temperature, the narrow the 
bandwidth will be so that an excellent performance and 
outstanding reliability will be provided.  
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Fig. 4: Effects of temperature on center wavelength 
 

 
 
Fig. 5: Effects of temperature on bandwidth 
 

 
 
Fig. 6: Effects of temperature on power 
 
 The output characteristics of laser diode are 
strongly dependent on the operating temperature. 
Figure 6 shows how the output power curve changes 
with operating temperature for typical laser diodes, 
where the relationship for the laser diode tested in this 
simulation is plotted; the decrease in output power 
corresponds to different wavelengths with increasing 
operating temperature.  
 

DISCUSSION 
 

The characteristic that is found from the result is 
useful in spectroscopy applications, laser diode pumping 

of solid state lasers and erbium-doped fiber amplifiers, 
where the wavelength of emission of the laser diode can be 
accurately temperature-tuned to the specific properties of 
the material with which it is interacting (Moharban, 2009). 

In the other case, for every different wavelength, 
the bandwidth value is changed relatively to the 
different value of operating temperature. 

Also, from the result found in Fig. 5, it has proven 
that the bandwidth is directly proportional with the 
operating temperature of laser diode. Note that laser 
diode produce light over some natural bandwidth or 
range of frequencies. A laser's bandwidth of operation 
is determined primarily by the gain medium that the 
laser is constructed from and the range of operating 
temperature that a laser may operate over is known as the 
gain bandwidth (Zhang et al., 2009). In this system, the 
gain bandwidth can limit the usable transmission 
bandwidth and thus the achievable data rate. 
 From the result in Fig. 6, we found that the 
temperature affected the intensity. The higher the 
working temperature, the lower the intensity of the laser 
radiation hence the power of the laser diode also 
decreases (Zulkepli and Bidin, 2008). Therefore it is 
necessary to control the working temperature of laser 
diode to obtain the most efficient output. 
 In this study, in order to observe the temperature’s 
effect on laser performance, the three conditions with 
varying wavelength has been simulated using the 
OptiSPICE and OptiSystem tools which are effect on 
center wavelength, bandwidth and output power. 
However, please take note that temperature can cause 
references to shift in gain control, bias and threshold 
detection circuit where it can cause drift in bandwidth-
determining components, thereby increasing signal 
distortion, intersymbol interference or noise (Jenkins 
and White, 1976). Temperature also can affect the 
physical fiber-to-device coupling.  

  
CONCLUSION 

 
 In this simulation study, it was shown the important 
dependences of laser features on temperature. The 
temperature can have negative effect on the important 
parameters and quality of a semiconductor laser diode. 
There is a need to know the dependency of parameters 
on the temperature for successful diode construction. It 
is well known that a laser diode can study at a low 
constant temperature. In conclusion, the circuit design 
must be simulated using a SPICE engine that 
incorporates both electrical and optical models, which 
is OptiSPICE software. It cannot be simulated using 
traditional software packages that rely on co-simulation 
or equivalent circuit models, as they do not provide 
sufficient coupling between electrical and optical 
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devices. The process is continuing until the result on 
effect of un cooled semiconductor laser diode in 
presence of temperature variation is achieved. 
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