Indonesian Journal of Electrical Engineering and Computer Science
Vol. 20, No. 3, December 2020, pp. 1406~1412
ISSN: 2502-4752, DOI: 10.11591/ijeecs.v20.i3.pp1406-1412 O 1406

Laser measured rate equations with various transmission
coders for optimum of data transmission error rates

Hazem M. El-Hageen', Aadel M. Alatwi?, Ahmed Nabih Zaki Rashed®
'Egyptian Nuclear & Radiological Regulatory Authority, Cairo, Egypt
L2Electrical Engineering Department, Faculty of Engineering, University of Tabuk, Tabuk, Saudi Arabia

3Faculty of Electronic Engineering, Menoufia University, Egypt

Article Info

ABSTRACT

Article history:

Received Apr 10, 2020
Revised Jun 1, 2020
Accepted Jun 26, 2020

The present study has outlined laser-measured rate equations with various
transmission coders for optimum data transmission error rates.
Various modulation transmission coders are employed, such as a pulse
position modulation coder, a differential pulse intensity modulation coder,
and a four band/five band modulation transmission coder, in order to create

optimized data rates of up to 40 GBY/s for a fiber extension length of up to

100 km. This study has emphasized the important role of pulse position
Keywords: modulation transmission coders, which exhibit superior performance in max.

Data rates optimum Q parameter and min. data error rates, even for high data rate transmission
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1. RELATED WORKS

Heterojunctions juxtapose two different doping or bandgap semiconductor materials [1-3]. They are
used in the fabrication of many solid-state devices, including transistors, photodetectors, and solar cells,
to name a few. They were first used in 1969-70 to reduce the threshold current density in injection
lasers [1-4]. However, a double heterojunction structure was used to reduce the lasing threshold current
by a factor of approximately 100. This is one of the effects of the confinement of the resulting carrier,
which is expressed by the optical confinement factor [5-7]. Many recent studies have been interested in
the application of heterojunctions in vertical-cavity surface-emitting lasers and have investigated their
electrical characteristics [8-10]. Typically, heterojunctions are made on either side of a thin active layer,
and both carriers and light are confined. This reduces the losses of both, and consequently, the laser
oscillation threshold is significantly reduced [11, 12]. In forward bias, the positive side of the heterojunction
structure connects to the positive terminal, and vice versa [13-17]. The heterojunction’s structure also reduces
the defects in the lattice between the two layers, at which missing or dangling bonds may be formed, such as
misfit dislocations or inclusions. These defects lead to nonradiative recombination, which reduces quantum
device efficiency [18-21]. Therefore, it is recommended that heterojunctions should not have
a lattice parameter mismatch greater than 0.1% [22-30].

2. MODEL DESCRIPTION AND RESEARCH METHODS
The data source generates a stream bit sequence of 10101100 and the bits stream is
encoded/configured through different transmission coders and through the non-return to zero code pulse
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generator. These used transmission coders include a pulse position modulation (PPM) transmission coder,
a differential pulse intensity modulation (DPIM) transmission coder, and a four band/five band (4B5B) coder.
The encoded signal is then forwarded to the light source with a frequency of 1550 nm, a test temperature of
27°C, and a reference temperature of 20°C. The encoded bits are used for a transmission coder of two bits per
symbol. The VCSEL, which is measured by laser, converts the electrical coded signal to the light signal.
The internal modulated signal is then forwarded to the fiber-optic cable length of 100 km.
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Figure 1. VCSEL measured with the laser model for the pulse coders

The light signal is then directed from the fiber-optic cable to the light avalanche detector in order to
convert it to the electrical signal form. The signal is retimed/regenerated/reshaped with three operation
generators, and the maximum quality factor coefficient and minimum data rate error are detected through
the data error rate analyzer.

3. PERFORMANCE ANALYSIS WITH DISCUSSIONS

Figures 2 and 3 indicate the max. Q parameter and the minimum data error rate value estimation
based on the pulse position modulation transmission coder. The max. Q parameter achieved a value of 4.05,
and the minimum data error rates achieved a value of 2.1 x 10, Figures 4 and 5 clarify the max. Q parameter
value estimation based on the differential pulse intensity modulation (DPIM) transmission coder. The max. Q
parameter value achieved a value of 1.784, and the minimum data error rates achieved a value of 0.03198.

The max. Q parameter and minimum data error rate values were estimated based on a four band/five
band modulation transmission coder, as shown in Figures 6 and 7, where the Max. Q parameter achieved a
value of 3.16 and the minimum data error rates achieved a value of 7.59 x 10*. Figure 8 shows the relation
between the maximum Q coefficient factor parameters, with an available propagation distance range of up to
100 km. The negative effects can be observed in the increasing propagation distance and the signal
transmission quality, and the PPM transmission coder has performed better than other transmission coders.
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Figure 4. Max. Q parameter value estimation based on the DPIM transmission coder
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Figure 7. Min. data error rate value estimation based on the 4B5B modulation transmission coder
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CONCLUSION
In summary, the laser-measured rate equations with various transmission coders are simulated to

ensure optimal data transmission error rates. Different transmission pulse coders are employed to enhance
the system performance efficiency. It can be observed that the pulse position modulation coder has presented
a 17.65% higher enhancement percentage ratio in its Q-value than the 4B5B modulation transmission coder.
The PPM transmission coder also outlined a 36.98% higher enhancement percentage ratio in its Q-value than
the DPIM transmission coder. Therefore, it can be concluded that the PPM transmission coder is the best
candidate for a transmission pulse coder for high data rate transmission in fiber-optic systems.
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