
Physical layer IIII POF

Adifficulty of polymer optical
fibers (POF) is that they suffer
significantly from intermodal

dispersion. This means that if an opti-
cal pulse is launched into such a fiber,
the optical power in the pulse is distri-
buted over all (or most) of the modes
of the fiber. Each of the modes that
propagate in the POF travels at a slight-
ly different speed. As a consequence
of that, the modes in a given optical
pulse arrive at the fiber end at slightly
different times, thus causing the pulse
to spread out in time with additionally
increased rise and fall times as it tra-
vels along the fiber. This effect redu-
ces the data rate transmission capabili-
ties, i.e. decreases the transmission
bandwidth.

In consideration of the fact, that the
high frequency performance and con-
sequently the information-carrying ca-
pacity of the POF do not only depend
on its own parameters like numerical
aperture and its length, the outstanding
question is, which other operating and
environmental factors influence the
bandwidth value and how much. Addi-
tionally, from the perspective of the
system designer a certain value of the
bandwidth of a POF can only be ex-
ploited entirely if the underlying trans-
fer function is known.

The term bandwidth has a different
meaning depending on its application
in the optical or electrical
domain. The definition of
the optical bandwidth is
normally done in terms 
of the –3dB-frequency,
which is the modulation
frequency at which the op-
tical power has fallen to
one-half the value of the
zero frequency modulation
(dc-value). Thus, „–3 dB
optical“ means a 50 per-
cent optical power reduc-
tion. However, the electri-
cal bandwidth is related to
that frequency at which the

received electrical power has dropped
to one-half of its dc-value.

Under the assumption that the trans-
fer function has a definite characte-
ristic the relation of the electrical to
the optical bandwidth can be calcula-
ted. In case of a Gaussian shaped trans-
fer function the electrical bandwidth
B3dB ele is related to the optical band-
width B3dB opt by

(1)

A system’s temporal performance
is often specified by either pulse dura-
tion or rise time. Which one of these
parameters is appropriate depends on
the application.

Obviously, pulse width, rise time
and bandwidth are related quantities.
Mathematically, the step response of

a linear system can be obtained by in-
tegrating its impulse response. Sym-
metrical pulse responses without tails
or ringing can be approximated by a
Gaussian shape. As a consequence of
that, they can be regarded as the res-
ponse of a Gaussian low pass filter.
The step responses of Gaussian sys-
tems have a rise time t10–90 (10 – 
90 %) that is only ten percent longer
than the FWHM of pulse response
and the rise time t20–80 (20 – 80 %) is
approximately 71 percent of the
FWHM pulse response. For this case
additionally the relation to the electri-
cal bandwidth is

(2)

In the essence that means, that be-
sides clarifying the type of bandwidth

(optical or electrical) the
characteristic of the sys-
tem’s transfer function has
to be known in order to con-
vert the bandwidth value to
the suitable temporal para-
meter.

� Investigation 
of POF transfer 
characteristic

Frequency domain mea-
surements yield information
on amplitude-versus-fre-
quency response and pha-
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Dependencies of bandwidth of polymer 
optical fiber for MOST systems

This article shows that the bandwidth of a polymer optical 

fiber (POF) cannot be regarded as an autonomous parameter

to quantify its high frequency performance. Thus the ques-

tion will be answered, what are the additionally required 

details to be linked to a bandwidth value.

By Prof. Dr. Jürgen Krapp

Influence 
on the bandwidth

I Figure 1. Measured transfer function of Mitsubishi Rayon POF and its
Gaussian approximation.
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POF IIII Physical layer

se-versus-frequency response. These
data are usually more useful for sys-
tem designers than time domain pulse
measurements, especially if equaliza-
tion techniques have to be performed
on the detected signal at the receiver.
The baseband frequency response is
found from the ratio of the sine wave
at the output and the input of the fi-
ber.

There are three strong advantages
of the measurement technique in the
frequency domain:
� The fiber transfer function is found
directly and can be used to evaluate
the response to any arbitrary input sig-
nal by Fourier-transforming the data.
� Photodetector linearity over a wide
range is not required as in the time do-
main because of the small signal mo-
dulation about a constant average light
level.
� The output signal can be received
within an extreme narrow measure-
ment bandwidth that reduces the influ-
ence of receiver noise significantly
and makes the detection of little op-
tical powers possible, e.g. at the end of
long fibers.

For any linear system the transfer
function can be expressed by the cen-
tral moments Mm of its impulse re-
sponse as (3)

where A is area, tC is the central 
time, i.e. tC corresponds to the pulse
delay, σ2 = M2 is the variance of the
impulse response.

Figure 1 shows the measured trans-
fer function of „Mitsubishi Rayon Heat
Resistant“ POF of 8 m length using a
launch aperture of AN = 0.5. The fi-
gure reveals that the POFs transfer
function can be approximated at least
up to the bandwidth by a Gaussian
function. This is also valid for other
fiber lengths and other launch apertures.

For a Gaussian transfer function all
odd central moments (M3, M5, ... ) of
the Gaussian pulse response are zero
for symmetry reasons. The even cen-
tral moments of a Gaussian pulse are
given by

(4)

Thus, because of

(5)

etc., all terms in the exponent of 
Eq. (3) of third order and above are 
zero for a Gaussian transfer function.

Consequently, if we disregard fiber
attenuation (i.e. A = 1) and delay time
(i.e. tC = 0), a Gaussian transfer func-
tion given as

(6)

is a useful approximation for the 
polymer optical fibers transfer func-
tion. In Eq. (6) B–3dB is the electrical 
–3dB-bandwidth being used instead of
the rms-width σ of the impulse res-
ponse. B–3dB can either be determined
by measurement or approximated by
the relation Eq. (7) given in the next
chapter.

� Influence of fiber length
launch aperture

For a polymer optical fiber the dete-
rioration of bandwidth originates from
modal dispersion. Material dispersion
effects can be neglected. The analysis
shows, that the
bandwidth is not on-

ly a function of the
length of the fiber
but also depends on
the type of optical
source used. In real
systems bandwidth
will decrease less ra-
pidly after a certain
initial length becau-
se of mode coupling
and differential mo-
de loss. In the fiber
the coupling of ener-
gy from one mode to
another arises from
structural imperfec-
tions, fiber diameter
and refraction index
variations, and cab-
ling-induced micro-
bends.

The mode coupling has the tenden-
cy to average out the different propa-
gation delays associated with the mo-
des, and thus reducing intermodal dis-
persion. The result of this phenome-
non is that, after a certain coupling
length LC, the bandwidth will change
from L–1 dependence to L–0.5 depen-
dence. Because one dependency 
approaches the other with increasing
fiber length L very slowly the band-
width-length dependence can be 
regarded according to the empirical
relation

(7)

The parameter q indicates the a-
mount of mode mixing in the fiber and
ranges between q = 0,5 for maximum
mode mixing (if after the fiber coup-
ling length LC the dynamic mode equi-
librium is reached) and q = 1 in case
without mode mixing.

Figure 2 shows the measured band-
width versus fiber length for launch
apertures between 0.18 and 0.56. The
bandwidth-length dependency is ap-
proximated for each launch aperture by
a potential regression according to Eq.
(7). All regressions estimate the mea-
sured data within ±5 % accuracy. The
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I Figure 2. Bandwidth versus POF length, various launch apertures
(Mitsubishi Rayon).
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measurements reveal that the coupling
length LC also depends on the laun-
ching condition because the value of q
in the exponent increases for decrea-
sing launch aperture. The conclusion
is also that the majority of measure-
ments correspond to lengths less than
the coupling length of the fiber if q is
close to 1.

� Influence of temperature

All results of this chapter refer to „Mi-
tsubishi Rayon Heat Resistant“ POF.
Figure 3 illustrates the influence of
temperature on bandwidth for a launch
aperture of 0.56.

In the essence, heating this POF up
to 105 °C does not cause an important

limitation of trans-
mission bandwidth.
The effect of tempe-
rature increase to
105 °C is not signi-
ficant and cooling
the fiber to –40 °C
again even slight-
ly increases band-
width.

Figure 4 exposes
the temperature 
limit of 175 °C
beyond which the
signal transmission
will be interrupted.
Heating the fiber to
175 °C is accompa-
nied by an excess
loss of approximate-
ly 2,5 dB above the
normal fiber atten-
uation.

Figure 5 docu-
ments a temperature
test of a 15 m long
fiber heated up to
170 °C (red colored
bars) and consecu-
tively cooled down
again to 24 °C (blue
colored bars). The

heating of the fiber above 105 up to
170 °C results in a bandwidth aug-
mentation which remains irreversible
if the fiber is cooled down again to
room temperature. This goes along
with an excess loss of approximately
3.4 dB in addition to the normal fiber
attenuation. The fundamental charac-
teristic of the Gaussian shaped trans-
fer function usable for the approxima-
tion remains.

A Gaussian characteristic is an ea-
sy manageable approximation for the
POFs transfer function. For each fiber
length L its bandwidth can be determi-
ned by a potential function B0 × L–q

considering that its parameters B0 and
q depend on the launch aperture of the
light source. Regarding „Mitsubishi
Rayon Heat Resistant“ POF environ-
mental temperature within a range of 
–40 to 105 °C has only a minor effect
on transmission bandwidth. Beyond of
105 °C bandwidth increases irrever-
sibly but the excess loss also.

Thus for a given fiber length and
launch aperture, realistic analyses can
be performed in order to define the 
limits of performance of the system
more clearly.   sj
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I Figure 3. Bandwidth dependence on temperature (Mitsubishi Rayon POF).
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I Figure 4. Electrical bandwidth and excess loss versus temperature
(Mitsubishi Rayon POF: L = 15 m, launching AN = 0.50).
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I Figure 5. Irreversible change due to high temperature exposure;
bandwidth versus temperature (Mitsubishi Rayon POF: L = 15 m,
launch AN = 0.56).
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