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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 
OptiSystem. In this simulation study, the analysis is done based on four parameters in order to 
determine the quality of received signal which are; bit error rate, eye height, maximum Q factor 
and jitter. 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. 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 because they do not provide 
sufficient coupling between electrical and optical devices. Conclusion: We successfully analyze the 
effect of the temperature on laser source to the performance of optical network system. 
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INTRODUCTION 

 
 The term laser is an acronym for Light 
Amplification by the Stimulated Emission of Radiation; 
device which is built on the principles of quantum 
mechanics to create a beam of light where all of the 
photons are in a coherent state, usually with the same 
frequency and phase Principal of Laser, 2010. Many 
lasers deliver light in an almost-perfectly parallel beam 
(collimated) that is very pure, approaching a single 
wavelength. In addition, a laser is capable of producing 
an intense beam of photons having identical scalar and 
vector properties (frequency, phase, direction and 
polarization). As a result, a laser beam can be bright, 
monochromatic, coherent and unidirectional (Malacara 
and Thompson, 2001). 
 The commercial and industrial use of laser diodes 
has dramatically increased recently. The optical 
characteristics, small size and ruggedness of laser 
diodes have allowed many new uses to be 

commercialized. The output of laser diodes is very 
bright considering their small size. Today, hundreds of 
watts of power are commercially available from laser 
diodes operating under continuous wave conditions in 
packages as small as a few cubic inches. This 
characteristic makes these devices suitable for cable TV 
transmission, High Definition TV (HDTV) development 
and medical applications. Since laser diodes are made of 
semiconductor materials, they do not require the fragile 
glass enclosures or mirror alignment typical of gas lasers. 
The resulting ruggedness and small size allow laser 
diodes to be used in environments and spaces in which 
other types of lasers cannot operate. In addition, laser 
diode also can be directly modulated at high 
frequencies. By modulating the drive current, the output 
of the laser diode is modulated with frequencies up to 
several GHz in high-speed data communications Laser 
Diode Technology, 2011.  
 In this simulation study, focus is on Semiconductor 
Laser Diode (SLD). SLDs lasing at 1.3 and 1.55 lm-
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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). The improvements in laser manufacture today 
allow operating uncooled direct modulated SLDs over 
abroad temperature range (Ab-Rahman and Hassan, 
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 
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 uncooled SLDs have been considered as a 
key technology for future optical network systems (Ab-
Rahman and Hassan, 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 because increasing 
temperature will introduces decreasing of the features 
of SLD. 
 The heart of novelty of the study is that the 
introduced simulations provide a helpful basis for 
interpreting the experimental results. This study also 
demonstrated detailed profiles of optical data pattern 
and eye diagram in directly modulated laser diodes. 
This simulation study is then focused on the eye 
diagram parameter analysis in the laser performance 
during the working condition. The eye diagram shown 
in Fig. 1 is used to analyze the working condition in the 
laser network. The analysis is done based on four 
parameters in order to determine the quality of received 
signal. The parameters are bit error rate, eye height and 
maximum Q factor and jitter (Ab-Rahman et al., 2011). 
Eye height: It refers to the distance from the base to the 
peak of the eye measured in voltage. The allowed 
minimum height value of the eye diagram is inversely 
proportional to the photosensitive sensitivity. High 
photosensitive sensitivity could assess data at low 
height value of eye diagram whereas low photosensitive 
sensitivity requires high eye diagram height value for 
data assessment (for example, at photosensitive 
sensitivity-22.8 dBm, the eye diagram height value is 
5.5 µV and at sensitivity-18 dBm, the allowable eye 
diagram height value is 10 µV).  If there is any fixation 
on the photosensitive sensitivity value, the increase in 
data transmission rate will give similar eye diagram 
height value. 

 
 

Fig. 1: Eye diagram parameters which determine the 
quality of receive signal 

 
Maximum Q factor: The maximum Q factor refers to 
the quality of the produced eye diagram to be analyzed. 
This value is fixed and equal for all photosensitivity 
values for various data transmission rate. The allowable 
maximum Q factor is 6 in current communication 
system to obtain BER value equivalent to 1×10−9. 
 
Jitter: Deterministic jitter refers to the shifting which 
occurs on derivative and embedded time of the received 
signal and the value is measured according to the 
duration at the crossing point. It is measured in UI (unit 
interval) unit and the allowable maximum value is 0.2 
UI. Normally the jitters are generated and give 
pronounce impact on the data transmission system of 
more than 1 Gbps. 
 
Eye area: Eye area refers to the distance between 
levels of bit 0 and bit 1 and the distance between right 
and left embedded derivatives time crossing. The 
parameters are applied in mask technique to evaluate 
the quality of the received signal. The width of this area 
is important in the process of differentiating bit 1 and 
bit 0 as well as the sequence of the first and second bits. 
The more wide the eye an area is, the bigger the 
received data quality is and thus, the process of signal 
sampling becomes easier. 
 

MATERIALS AND METHODS 
 
 The main interface is the OptiSpice schematic, 
where it is one of among Opt wave design software for 
photonic. Opti SPICE 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 
Optiwave System Inc, 2010.  
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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} {19.5e-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 
Sequence length 128 bits 
 
Samples per bit 64 
No. of samples 8192 

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. 2. The circuit design in OptiSPICE schematic is 
then visualized in OptiSystem Graphical User Interface 
(GUI) to get the simulation results, as shown in Fig. 3. 
 In OptiSPICE 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. In this 
design, ambient temperature of the laser is varied with 
time as shown in Fig. 4. 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. 
 

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

 

 
 
Fig. 3: Connection of components 
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Fig. 4: Laser temperature 
 
 Once the setting of layout is done, then the simulation 
result of three parameters which are Q factor, minimum 
bit error rate, eye height and jitter; is carried out by 
clicking at Eye Diagram Analyzer in OptiSystem GUI. 
Note that, eye diagram is qualitative measure of system 
performance. 
 

RESULTS 
 
 Figure 5-8 show the simulated result of point-to-
point configuration of SLD design for three different 
wavelengths; 1550, 1490 and 1450nm, which 
respectively for Q factor, minimum bit error rate, eye 
height and jitter. 
 

DISCUSSION 
 
 By looking at Fig. 5, it shows that the Q factor of 
a laser diode is inversely proportional to its operating 
temperature. 
 Theoretically, the Q-factor is a parameter that 
directly reflects the quality of a digital optical 
communications signal. The lower the Q-factor, the 
worst the quality of an optical signal. Thus, it proves 
that as temperature increases, the Q factor of the laser 
diode going decreases. Higher Q factor indicates a 
lower rate of energy loss relative to the stored energy of 
the laser diode, where high Q factor value means that 
the energy is stored well inside the cavity while, low Q 
factor value means that the energy is emitted from the 
cavity rapidly Eningen GmbH, 2011. 
 For this reason, maintaining the higher Q factor of 
operation is recommended. If not, the temperature of 
operation will affect seriously the characteristics of SLD. 
 In the other case, for every different wavelength, the 
minimum BER value is changed relatively to the 
different value of operating temperature. Theoretically, 
BER  is  a  ratio  of  number  of bit received in error to 
the  total  number  of  bits   transmitted.  

 
 

Fig. 5: Effects of temperature on Q factor 
 

 
 
Fig. 6: Effects of temperature on minimum 

 
From the result in Fig. 6, it shows that the higher the 
operating temperature of laser diode, the higher the 
minimum BER will be. Note that, the difference in the 
mean values produces the vertical eye opening. The 
higher the difference, the better the BER will be as the 
two bell curves drift away from each other and have less 
overlap. This difference is divided by the sum of the 
noise distributions which are represented by the width of 
the bell curves. Increases in noise result in more overlap 
in the two bell curves resulting in a higher BER. 
Typically, the bit error rate is strongly dependent on the 
transmitted power and the latter must be high enough to 
keep the bit error rate below a certain acceptable level; 
e.g., 10−12 for earth-based telecommunication systems or 
10−6 for satellite control (Paschotta, 2008). 
 The variation of operating temperature also 
affected on the eye height of laser diode. Figure 7 
shows how the eye height curve changes with operating 
temperature for typical laser diodes, where the 
relationship for the laser diode tested in this simulation 
is plotted; the increase in eye height corresponds to 
different wavelengths with increasing operating 
temperature.  As mentioned earlier, eye height is a 
measure  of  the  vertical  opening  of  an  eye  diagram.  
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Fig. 7: Effects of temperature on eye height 
 

 
 
Fig. 8: Effects of temperature on jitter 
 
An ideal eye opening would be measured from the one 
level to the zero level. However, noise on the eye will 
cause the eye to close. The eye height measurement 
determines eye closure due to noise. The better quality 
the digital signal transmission, the more open eye there 
should be in the eye. Said differently, the eye width and 
eye height should be as large as possible to obtain the most 
efficient performance of laser diode. 
 Jitter is one of key performance factor in high-
speed data communications such as in laser diode 
application. It is a must to maintain a jitter in order to 
minimize the probability of incurring a BER, as 
mentioned before, defined as the ratio of bad bits 
incurred to the number of valid bits in the data pattern. 
Controlling jitter in the digital signal path plays a very 
important role in minimizing BER and thereby 
increasing system reliability. As a result, it is important 
to understand jitter, its sources and its effects on a 
system. Said differently; as the demand for higher 
frequencies and data rates increase, so does the demand 
for lower jitter. Thus, by referring to Fig. 8, it proves 
that the jitter is getting lower as the operating 
temperature is lower. 
 

CONCLUSION 
 
 In this simulation study, there 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 
work 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 devices. The process is continuing until the 
result on effect of uncooled semiconductor laser diode 
in presence of temperature variation is achieved.  
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