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Summary

Thermal Noise is generated naturally by thermal agitation
of electron in a conductor commonly found in opto-
electronic device. In spite of the optical medium is totally
immune to noises but it is not exception to occur in
receiver parts. In communication, thermal noises have
major influenced to the quality of receiver. It is directly
proportional to the resistance and temperature. The lower
the thermal noise the higher and expensive is this receiver
sensitivity. This paper highlights the discussion of
transmission rate that influence to BER performance
improvement by increasing the receiver sensitivity. At
same thermal noise value, decreasing the system
transmission rate will increase the receiver sensitivity.
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1. Introduction

Thermal noise is to be distinguished from shot noise,
which consists of additional current fluctuations that
occurs when a voltage is applied and a macroscopic
current starts to flow. For the general case, the above
definition applies to charge carriers in any type of
conducting medium (e.g. ions in an electrolytes), not just
resistors. It can be modeled by a voltage source
representing the noise of the non-ideal resistor in series
with an ideal noise free resistor [1].

The power spectral density, or voltage variance (mean
square) per hertz of bandwidth, is given by [2,3]:

V2, = 4ks TR (1)

where kg is Boltzmann’s constant in joules per Kelvin, T
is the resistor’s absolute temperature in Kelvins, and R is
the resistance in ohms.

The noise generated at the resistor can transfer to the
remaining circuit; the maximum noise power transfer
happens with impedance matching when the Thevenin
equivalent resistance of the remaining circuit is equal to
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the noise generating resistance. In this case the noise
power transfer to the circuit is given by [2,3]:

P = kyTAf ©)

where P is the thermal noise power in watts. Notice that
this is independent to the noise generating resistance.

In communications, power is often measured in decibels
relative to 1 milliwatt (dBm), assuming a 50 Ohm
resistance. With these conventions, thermal noise at room
temperature can be estimated as [2,3]:

Pygm = -174 + 10 log(Af) 3)

where P is measured in dBm.

2. Thermal noise vs Sensitivity

Thermal noise played an importantly role in order to
determine the sensitivity for a photodetector. As the
thermal noise become lower, the photodetector become
more sensitive, however this value is depends to the data
transmission rate [5,7]. For example, the sensitivity for a
photodetector at -22 dBm for an optical network at the
different data transmission rate is different. This value
only depends to a parameter for photodetector, which is
the thermal noise. Before conducting the simulation using
the Optisystem software, the determination on the
sensitivity value of the photodetector must be optimized
[4]. This optimization process required a new extra circuit,
which consists of several devices including variable
attenuator, photodetectoro, BER analyzer, Bessel filter,
optical power meter, and OSA.

The parameters that need to be optimized are the
thermal noise and the maximum Q-factor. The network
characterization process only can be proceeded after
obtain the maximum noise value for the sensitivity of
photodetector. Figure 1 and Figure 2 indicate the thermal
noise and BER at sensitivity —22 dBm for different data
transmission rate (OC-12 to OC-48). One of the operating
wavelengths can be connected to the photo detection
circuit through variable attenuator. The variable attenuator
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is used to set the magnitude of sensitivity, for example —22
dBm. This reading can be obtained through an optical
meter that resumed to the variable attenuator. After carried
out the optimization process, analyzing the BER may give
the maximum Q-factor, while the photodetector giving the
reading for maximum thermal noise. These thermal noise
values are transferring into all photodetectors in the
respective network for conducting the characterization
process.

From the analysis of Figure 1, it has been clearly
observed that the thermal noise is reduce almost double
times by the raise of data transmission rate which also
double times increased. Thus, it could be estimated that
BER value has a closely relation with data transmission
rate directly, with a factor approximately 0.5. The increase
in data speed and it capacity need a powerful detection
device that is has a low BER value. The existence of high
BER value able to aggravated a data computation, which
received in high speed and narrower bandwidth.

Figure 2 indicates BER right after optimization process
for data transmission rate starting from OC-12 to OC-192
at sensitivity —22 dBm. The results verify that the
sensitivity of photo receiver is inverse proportional to the
value of thermal noise, in which the value is also
difference and difference transmission rate at similar
sensitivity value.

3. Bit Rate vs BER

This objective of simulation is to study the relationship
between output power and operating distance at three
different transmission rate which are OC-12, OC-24 and
OC-48. Refer to Figure 3, we observed the profile of
output power versus distance is similar to three different
transmission rate. This indicates that the output is not
effected by rate of data transmission. The study is carried
out on ring optical network. The decrement of data
transmission rate will increase the receiver sensitivity, thus
the BER will also improved. This indicates in Figure 4.
The decrement of transmission rate is similar to the
increment of input injected power or regeneration via the
amplifier gain. At OC-48, the maximum achievable
distance is 350 km only but at OC-24, the distance is
upgrade to more than 700 km using the same receiver.
Furthermore, the BER performance is more excellence at
OC-12 with the maximum distance is definitely farer as
compare to the distance achieved at OC-24. This indicate
that decrement of transmission rate increases the receiver
sensitivity.
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Fig. 1. Thermal noise values at different data transmission rate

starting from OC-12 to OC-192 at sensitivity —22 dBm. The
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thermal noise exponentially.
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Fig. 2. Maximum BER at sensitivity -22 dBm for data
transmission rate starting from OC-12 to OC-192.

4. Conclusion

This paper highlights the discussion on data transmission
rate that influence the BER performance improvement by
increasing the receiver sensitivity. At same thermal noise
value, decreasing the system transmission rate will
increase the receiver sensitivity, thus improve the BER
performance. Our analysis shows the decrement of
transmission rate is similar to the increase of input injected
power or regeneration via the amplifier gain. At OC-48,
the maximum achievable distance is 350 km but at OC-24,
the distance is more than 700 km using the same receiver.
As well as the BER performance is seem more excellence
at OC-12 with the maximum distance is definitely farer
than the distance can be achieved at OC-24. As conclusion,
this indicates the decrement of data transmission rate
increases the receiver sensitivity and without changing of
receiver, the BER performance is improved when
downgrading the system.
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Fig. 3 The effect of transmission rate to the output power at wavelength 1530 nm measured at different distances up to 700 km.
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Fig. 4 The effect of transmission rate to BER performance at wavelength 1530 nm measured at different distances up to 700 km.
The decrement of transmission rate increases the receiver sensitivity and BER is further improved from OC-48 to OC-12
using the same receiver.

Distance (km)



90 IJCSNS International Journal of Computer Science and Network Security, VOL.8 No.12, December 2008

Acknowledgments

This research work was supported by the Ministry of
Science, Technology and Innovation (MOSTI),
Government of Malaysia, through the National Science
Fund (e-Science) 01-01-01-SF0493. The authors are also
grateful to the Photonic Technology Laboratory, Institute
of Micro Engineering and Nanoelectronic (IMEN),
Universiti Kebangsaan Malaysia (UKM), Malaysia for
providing the facilities to carry out the experiments.

References

[1] Capgo: “Understanding Noise”, (2007)
http://capgo.com/Resource/Measurement/Noise/Noise.
html

[2] H. Nyquist: “Thermal agitation of electric charge in
conductor-The theory”; Phys. Rev. 32, pp 110-113,
1928

[3] J. Johnson: “Thermal agitation of electrical in
conductors — The experiment”; Physis Rev. 32, pp 97-
109, 1928

[4] M.S.A. Rahman: “Appendix B: The analysis of the

effect of thermal noise effect on the photodetector
sensitivity”; PhD Thesis. Universiti Kebangsaan
Malaysia, pp. 343-345, 2007

[5] Nuvation Research Corporation. Treating Noise
Pollution in your Circuit, (2004)
http://www.nuvation.com/corporate/news/newsletter/sp

ring2004/noise.html
[6] R. Sarpeshkar, T. Delbruck & C.A. Mead: ‘White

noise in MOS transistor and resistor”; IEEE Circuit
Devices Mag., pp 23-29, 1993

[7] S. Lee, K. Yang: “Examine the effect of random noise
on jitter. Agilent Technologies: Trusted Resource for
the Engineers”; 2007.

Mohammad Syuhaimi  Ab-Rahman
received the B.Eng., M.Sc. and PhD
degrees in Electrical, Electronics and
Systems Engineering from Universiti
Kebangsaan Malaysia (UKM), Malaysia,
in 2000, 2003, 2007 respectively.

He joined the Institute of Micro
Engineering and Nanoelectronics (IMEN)
in 2003. He is currently a senior lecturer
in UKM, Malaysia. He is also an associated research fellow of
IMEN since 2006. His current research interests are in the area
of photonic networks and optical communication technologies
such as optical security nodes, device fabrication, photonic
crystal, laser technology, active night vision, plastic optical fiber,
fiber to the home, fiber in automotive and optical code-division
multiplexing access (OCDMA). The current and interest project
is development of survivability and smart network system for
customer access network then can be called as an intelligent
FTTH (i-FTTH), collaborated with Ministry of Science,
Technology and Innovation (MOSTI) of the Government of
Malaysia.

Kasmiran Jumari is a professor in the
Department of Electrical, Electronics and
Systems Engineering, UKM. He received
the B.Sc. and M.Sc. in Physics and
Instrument Design from UKM and
University of Aberdeen in 1976 and 1978,
respectively. In 1985, he holds a PhD
degree in Electronics from University of
Kent.

His research is in the area of security system, intrusion
detection system, signal processing, image processing and
computer communications networks. Currently, he is also hold a
position as an associate research fellow of Institute of Space
Science (ANGKASA).




