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In the paper, an analysis of the influence of low frequency characteristics of digital optical links on bit error rate performance

is undertaken. Effects caused by both baseline wander and flicker noise are investigated. Links with one and two poles in the

low frequency range are taken into account. Also some practical conclusions emerging from the analysis are pointed out.
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Almost all practical optical transmission systems present
some low frequency (LF) cut-off in their transfer function
taken from LED or laser driver in the transmitter to the de-
cision circuit in the receiver. The LF cut-off in the optical
transmitter may be introduced by the laser mean-power
controlling loop [1]. In the receiver, AC coupling (with re-
sulting LF cut-off) is typically used to eliminate DC offset
and its thermal drift occurring at the output of the
optoelectric (O/E) converter (i.e., photodiode with its
front-end). However, the exact value of the LF cut-off fre-
quency is not rigorous from the above point of view and so,
it would be desirable to know some guidelines how to
choose its value. It may be expected that increasing the LF
cut-off frequency results in higher baseline wander, but on
the other hand decreasing the LF cut-off frequency leads to
higher noise, especially when the 1/f noise component is
significant. In this paper the bit error rate (BER) optimisa-
tion taking into account the baseline wander and LF noise
shaping effects is presented.
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The block diagram of optical link considered in the paper
is shown in Fig. 1. Frequency characteristics of the link
are modelled only in the LF range and it is assumed that
the HF cut-off frequency is properly chosen to the trans-
mission bit rate. In practice, the AC coupling network is
realised simply by a series capacitor in the signal path
thus HR(f) is of high-pass type. The noise source in Fig. 1
represents the total noise occurring at the output terminal
of O/E converter. The noise power spectral density
(PSD) is assumed to have a flat (“white”) component ex-
tending up to 1/2T frequency (what is equal to the mini-
mum bandwidth accordingly to the Nyquist theorem),
caused by thermal and shot noise, and some 1/f compo-
nent in LF region caused by flicker noise. Usually the
flicker noise significance is limited to relatively low fre-
quencies (some tens of kilohertz), but sometimes it is
dominant in a total noise PSD up to tens of megahertz,
especially in PIN-FET receivers [2].
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Fig. 1. Block diagram of optical link considered in the paper.



In general, the baseline wander is caused by removal of
the part of signal spectral power density located below the
link LF cut-off. If the LF cut-off was caused only by the
AC coupling network, the baseline wander would be equal
simply to voltage fluctuations across the series capacitor.
Baseline wander manifests the most when the long unbal-
anced data sequences (i.e. having not equal count of “ze-
ros” and “ones”) are transmitted. This process itself usually
does not cause the errors in data detection but leads to de-
crease in link noise immunity, consequently increasing its
BER.

In the past, the influence of baseline wander on BER
was investigated, however, the very simple Gaussian prob-
ability density function (PDF) was used for baseline wan-
der modelling [3], what appears to be highly inaccurate [4].
Assuming that the consecutive non-return-to-zero (NRZ)
data symbols are uncorrelated1, it may be shown that the
baseline wander is stochastic signal and its PDF may be ap-
proximated by beta PDF [4], defined as2
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The values of � w
2 , wmin and wmax depend on the bit du-

ration T and the link frequency characteristics in LF range.
Limiting further considerations to the cases when the link
LF transfer function poses only one pole (with the time
constant �LF) or is of the second order type (with equal time
constants)3, the following approximations may be obtained
[4]
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for the second order transfer functions (although exact
expressions for � w

2 , wmin and wmax are possible they are

very complex and approximated Eqs. (3) and (4) are
enough accurate for all practical purposes).

Taking commonly accepted Gaussian PDF for noise
modelling it is necessary to know the noise power (i.e., its
variance � n

2 ) for BER calculation. In the further computa-
tion, the total noise PSD in the frequency range (0,1/2T) is
assumed to obey the equation Sn(f) = NF(1 + fC/f), where
the parameters NF (noise floor) and fC (the flicker noise
corner) are defined accordingly to Fig. 2. Because the HR(f)
is of the first order, taking into account the relation
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Having determined baseline wander and noise PDFs,
BER can be calculated as follows [4]
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where f(w) and �n are given by Eqs. (1) and (5), respec-
tively.
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Exploiting Eqs. (1)–(6), the calculations of link BER were
performed and their results are drawn in Fig. 3, where BER
is plotted versus the LF time constant normalised to the bit

Optimisation of low frequency characteristics of digital optical links

28 Opto-Electron. Rev., 11, no. 1, 2002 © 2003 COSiW SEP, Warsaw

1 Assumption of uncorrelatedness is usually valid for optical
links, when no redundant coding is applied to data prior trans-
mission. Application of redundant coding modifies transmitted
signal PSD, especially in LF region, thus modifies baseline
wander effects.

2 The unity signal amplitude is taken in all equations.
3 For the performance analysis purposes the link transfer func-

tion in the LF range may be considered to be dominated by one
pole in the receiver or having two poles with comparable time
constants (located either in the receiver or in the receiver and the
transmitter). Fig. 2. Power spectral density of equivalent noise source.



duration (and this way related to the bit rate B = 1/T). The
curves are parameterised by the flicker noise corner fre-
quency fC normalised to the bit rate B. The noise floor NF is
chosen in this way to obtain BER = 10–9 [for Fig. 3(a)] and
BER = 10–15 [for Fig. 3(b)] in the case when fC = 0 and �LF

 � (what is equivalent to the lack of baseline wander and
flicker noise). In each figure, two sets of curves are shown:
for the dominant pole introduced by the AC coupling net-
work (drawn with the solid lines) and for two poles with
equal time constants (plotted with the dashed lines).

It may be noticed that in all cases, except these with no
the flicker noise (fC = 0), some BER minimum can be ob-
served. To understand this behaviour, two facts may be
pointed out: the increasing �LF reduces the baseline wander
[see Eqs. (3) and (4)] but from the other hand it causes that
greater amount of flicker noise PSD is located in the
pass-band of the AC coupling network and so reaches the
decision circuit [see Eq. (5)]. The general feature of the
presented curves is that the optimum is more visible for
links with two poles what is caused by stronger BER deg-
radation in the range of baseline wander domination (addi-
tionally a slight shift of the minimum location may be ob-
served).

In principle some BER minimum may be expected even
for fC = 0, but in fact it does not occur. It appears that the
increasing �LF takes much more effect on the BER through
the baseline wander decrease than through the noise vari-
ance increase.

It may be observed from Figs. 3(a) and 3(b) that the op-
timum location of LF cut-off is quite essential if fCT is
greater than 10–3 (what occurs for relatively slow links or
high values of fC). Usually the optimisation process leads to

�LF values in the range (2�102T, 2�103T). For fCT <10–3 de-
termination of the value �LF is not such rigorous and it is
enough to assure that �LF >103T. It may be concluded that
the value tLF � 103T may be recommended in most practical
situations, even without detailed knowledge about noise
characteristics.
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In the paper, the optical transmission link LF cut-off influ-
ence on the system BER was investigated. It was found that
in most cases some minimum of BER is possible to obtain
by proper choice of the LF cut-off. The close matching to
this optimal value is more rigorous in links with relatively
high flicker noise corner frequency and/or with two poles
in LF region. Some practical conclusions emerging from
the analysis were pointed out.
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Fig. 3. BER performance of analysed optical links. Description is given in the text.



Forthcoming conferences
Readers are invited to send the Executive Editor details of conference to be announced

6–9 April
Condensed Matter and Materials Physics Conference
Belfast, UK
Symposia will cover ferroelectric materials, semiconductor nanostructures
and spintronics, and superconducting materials and devices.
Tel: +44 (0) 20 7470 4800
Fax: +44 (0) 20 7470 4900
E-mail: sara.sommerville@iop.org
URL: www.iop.org

8–9 April
Nanotechnology Meets Business
Frankfurt, Germany
The first international conference on investment opportunities in
nanotechnology across Europe. New technologies and their commercial

potential will also be discussed.
Contact: Caroline Russell
Tel: +44(0)1786447520
Fax: +44(0)1786447530
E-mail: caroline@nano.org.uk

21–25 April
2003 Materials Research Society (MRS) Spring Meeting
San Francisco, CA, USA
Symposia topics will cover electronic, optical, nanostructured, molecular,
and bio- materials.
Tel: +1 724 779 3003
Fax: +1 724 779 8313
E-mail: info@mrs.org
URL: www.mrs.org

22–24 April
DFC7: International Conference on Deformation and Fracture
Composites
Sheffield, UK
Conference scope will span reinforcements, interfaces, and
nanostructures; damage sensing and smart systems; and fracture
mechanics of composites.
Tel: +44(0)114222 5467
Fax: +44 (0)114 222 5943
E-mail: f.r.jones@sheffield.ac.uk
URL: www.shef.ac.uk/~em/conferences/DFC7.html

27–30 April
105

th

Annual Meeting and Exposition of the American Ceramic Soci-
ety (ACerS)
Nashville, TN, USA
This event covers materials science, engineering, manufacturing, and ap-
plications of ceramics.
Tel: +1 6148904700
Fax: +1 6148906109
E-mail: info@acers.org

5–7 May
COMP ‘03: 5

th

International Symposium on Advanced Composites
Corfu, Greece
Smart composite materials, recycling, macro- and micro-mechanics, mod-
eling, and applications for biomedical devices will be discussed.
Contact: S. A. Paipetis
Tel: +30610992 172
Fax: +30610 992 644
E-mail: paipetis@mech.upatras.gr
URL: http://comp03.aml.gr

11–15 May
SAMPE 2003: Society for the Advancement of Material and Process
Engineering
Long Beach, CA, USA
Research, development, applications, and engineering in areas as diverse
as electronic materials and resin technology will be covered.
Contact: Doris Weaver
Tel: +1 626 331 0616
Fax: +1 6263328929
E-mail: dweaveribo@cs.com
URL: www.sampe.org

11–18 May
WCPEC3: 3

rd

World Conference on Photovoltaic (PV) Energy Conversion
Osaka, Japan
This event incorporates the 13

th

International PV Science & Engineering
Conference, the 30

th

IEEE PV Specialists Conference, and the 18
th

Euro-
pean PV Solar Energy Conference. Subjects to be covered include new
materials and devices, thin-film cells and technologies. Discussions will
also span national programs, policies, and economics.
Contact: T. Sameshima
Tel/Fax: +81 42 388 7109
E-mail: wcpec3@cc.tuat.ac.jp
URL: www.wcpec3.org

18–23 May
Organic Thin Films
Il Ciocco, Italy
Topics for discussion will include characterization and modeling of or-
ganic thin films, as well as their application in materials science and
biomaterials.
Contact: Gordon Research Conferences
Tel: +1 401 7834011
Fax: +1 401 783 7644
E-mail: arc@grc.org
URL: www.grc.org

18–23 May
IPMM’03: 4

th

International Conference on Intelligent Processing and
Manufacturing of Materials
Sendai, Japan
Sessions will focus on various aspects of nanotechnology, as well as mod-
eling and advances in processing and manufacturing.
Contact: Junko Isoda
Tel: +1 604822 3984
Fax: +1 604822 5599
E-mail: ipmm@imr.edu
URL: www-lab.imr.tohoku.ac.jp/~ipmm/

19–21 May
Microtechnologies for the New Millennium 2003
Gran Canaria, Spain
Four conferences on Smart Sensors, Actuators, and MEMS; VLSI Circuits
and Systems; Nanotechnology; and Bioengineered and Bioinspired Sys-
tems will run in parallel.
Contact: SPIE
Tel: +1 360 676 3290
Fax: +1 360647 1445
E-mail: spie@spie.org
URL: www.spie.org

23–26 May
Oxford 2003: Scanning Probe Microscopy, Sensors,
and Nanostructures
Oxford, UK
An international meeting focusing on applications and developments in
scanning probe microscopy, sensors based on cantilever technology, and
structures at the microscopic scale.
Contact: Maureen Pendrey
Tel: +44(0)1179288712
Fax: +44(0)117925 5624
E-mail: m.j.pendrey@bristol.ac.uk
URL: http://spm.phy.bris.ac.uk/Oxford2003/welcome.htm

26–28 May
NAMIX: Nano-Micro-lnterface: Conference from Basic
Sciences to Commercial Applications in Nano- and Microtechnology
Berlin, Germany
The first international conference to bridge the gap between micro- and
nanotechnology will focus on the impact on new products and processing
in a range of industrial environments.
Contact: Mrs Kamrad
Fax: +49 (0)731 503 1049
E-mail: info@namix-conference.de
URL: www.namix-conference.de

30 Opto-Electron. Rev., 11, no. 1, 2002 © 2003 COSiW SEP, Warsaw


