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Temperature dependence of the mode dispersion is investigated for commercially available polymethyl
methacrylate (PMMA) based step-index polymer optical fibers. An analytical expression is proposed describing
the thermal variation of the fiber refractive index. This index decreases with increasing temperature as density of
the polymer material drops. The study covered the temperature range from −60 ◦C to 100 ◦C. Results show that
the modal dispersion decreases and the bandwidth increases with rising temperature.
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1. Introduction

Polymer optical fiber (POF) has attracted consider-
able attention particularly for sensing and short-distance
communication in local area networks. Compared to con-
ventional glass optical fibers, POF provides the advan-
tages of large core diameters, ductility, lightweight, and
ease of connection. The main types of POFs, their man-
ufacture, and possible present and expected future appli-
cations have been reported [1–3].

While much research has focused on the computational
simulation of POF performance [4–7], few publications
report on the influence of temperature on optical char-
acteristics of large-core step-index POF [8–10]. Chen
et al. [9]. investigated temperature effects on power at-
tenuation in deformed POFs. Measurement of thermal
variations of refractive index of polymethyl methacry-
late (PMMA), polystyrene, and poly (4-methyl-pentene)
have also been reported [10]. Little has been published
on mode dispersion and bandwidth in step-index POFs
under extreme temperature conditions.

This paper extends the work presented in [10] to ob-
tain an analytical function that describes the refractive
index variation with temperature for large-core PMMA
fibers. The modal dispersion and bandwidth are cal-
culated within a wide range of temperatures, varying
from −60 to +100 ◦C.

2. Theoretical approach

Transmission of information along optical fibers is nor-
mally achieved by sending out a sequence of light pulses.
However, as an individual pulse propagates, it spreads
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out due to dispersive fiber properties, which causes the
pulse to broaden or spread along the temporal axis.
Three dispersion types have been identified: modal dis-
persion (sometimes referred to as ray dispersion), ma-
terial dispersion, and waveguide dispersion. Fundamen-
tals about this topic, presented simply and illustrated by
numerous examples, can be found in paper by Snyder
and Love [11]. Because commercial POFs are step-index
fibers at present, modal dispersion dominates dispersion
in high bit-rate POF networks. The influence of the other
two dispersion types is negligible in comparison. In re-
gard to the polymer fibers dealt with in this paper only
mode dispersion plays a role so that we deal solely with
this effect.

Since the light paths within the fiber can have differ-
ent lengths, modes that have started simultaneously (as
part of one pulse) arrive at different times at the fiber’s
output, contributing thus to pulse broadening. Simulta-
neously launched modes will therefore reach the output
end over the time interval ∆τ :

∆τ =
n1L
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n2
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)
=

L
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where n1 and n2 (< n1) represent respectively the re-
fractive indices of core and cladding; c represents the
velocity of light in the free space and AN =

√
n2

1 − n2
2 is

numerical aperture; L is the fiber’s length. It is evident
from (1) that the greater the fiber length, the greater the
pulse spreading results. For a weakly guiding fiber when
n1
∼= n2, using ∆ = (n1 − n2)/n2, it is obtained

∆τ ∼= Ln1

c
∆ ∼= Ln1θz(max)

2c
, (2)

where θz(max) represents the complement of the critical
angle, defined by θz(max) = cos−1(n2/n1). Knowledge
of the mode dispersion alone is not sufficient for esti-
mating the actual information carrying capacity of the
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optical fibers. Bandwidth plays a part. The maximum
unrepeatred link length is imposed by fiber attenuation
and dispersion. A commonly used criterion for maximum
allowed pulse dispersion can be found in [12] in the fol-
lowing form:

∆τ ≤ TB/4, (3)
where TB is the bit duration. In terms of the bit rate B
(= 1/TB), Eq. (3) can be rewritten as

4∆τB ≤ 1. (4)
The consequence of this broadening is that the time gap
between the bits becomes smaller. Excessive spreading
causes the communication bits to “overflow” their in-
tended time slots and overlap with adjacent ones. The
receiver may then have difficulty discerning and inter-
preting adjacent bits, which increases the bit error rate.

The product of bandwidth and length characterizes the
transmission capacity of a fiber. For the Gaussian-shaped
pulses [2]:

B · L ≈ 0.44
∆τ

L, (5)

where L represents the fiber’s length. In POF systems,
the limiting factor is usually the bandwidth of the fiber
itself, which is created by modal dispersion. The follow-
ing general relationship can be used as a guide for digital
systems [2]:

maximum bit rate [Mbit/s] = 2 × bandwidth [MHz].

For a typical step-index POF, n1 = 1.492 and ∆ =
(n1 − n2)/n2 ≈ 0.06. Using Eq. (6), for L = 100 m,
a delay of ∆τ ' 30 ns is obtained. Thus, in accordance
with criteria (4), two pulses separated by 100 ns at the
input end may be resolvable at the end of a 100 m long
fiber but not at the end of twice as long fiber as the delay
would then be 60 ns.

3. Simulation results and discussion

In general, polymers are extremely sensitive to envi-
ronmental conditions such as temperature. Based on the
previously reported experimental results [10], we have
analyzed the refractive index variation with tempera-
ture for large-core PMMA POF. By a nonlinear least
square fit, the following function is proposed for the vari-
ation of the refractive index: n(T ) = n0 + aT + bT 2

where n0 = 1.49538. The coefficients a and b attest to
the near-linear nature of this dependence with temper-
ature. Their values of a = −0.000115( ◦C)−1 and b =
−5 × 10−7( ◦C)−2 have been obtained. Using this func-
tion, the refractive index calculated at 20 ◦C is 1.49287,
which is consistent with the usual values for the material
in question. Temperature dependence of refractive index
is shown in Fig. 1.

Figure 2 shows the modal dispersion of the PMMA
step-index POF as a function of both, fiber’s length
and temperature. The assumption was that the core
refractive index variation with temperature mostly con-
tributes to the temperature dependence of mode disper-
sion. The modal dispersion of PMMA increases linearly

Fig. 1. Thermal variation of refractive index of PMMA
based step-index POF.

Fig. 2. Mode dispersion versus length of fiber for four
different temperatures.

with length. The modal dispersion decreases as temper-
ature increases. It is obvious that the slope of the linear
functions, τ = τ(L) decreases as temperature increases.
Hence from (2), one can obtain the variation of pulse de-
lay with temperature

dτ

dT
=

L∆
c

dn1

dT
. (6)

We also calculated temperature dependence of band-

Fig. 3. Bandwidth of PMMA step-index POF versus
fiber length for four different temperatures.
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width for PMMA step-index POF. Figure 3 shows the
bandwidth for PMMA based POF as function of fiber
length and temperature, respectively. The calculated
bandwidth is strongly dependent on fiber length. Al-
though the bandwidth difference with temperature de-
creases with the increasing fiber length, it remains clearly
evident even after 50 m.

4. Conclusion

The influence of temperature on the refractive index
was studied for commercially available large-core PMMA
POFs. An analytical function of thermal variation of re-
fractive index with temperature has been proposed. Re-
fractive index decreases with increasing temperature be-
cause of the drop in the density of the polymer mate-
rial. The modal dispersion related to the refractive in-
dex of the fiber core was also calculated and presented.
As a summary of the results obtained, we found that the
modal dispersion decreases with temperature at constant
∆, and that the bandwidth increases slightly with the in-
crease of temperature.
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