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Luminescence Study of Polymer Optical Fibers
Doped With Conjugated Polymers
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Jone M. Ugartemendia, and Jose-Ramon Sarasua

Abstract—The characterization of the spectral emission and of
the photostability of polymer optical fibers (POFs) doped with con-
jugated polymers has been carried out taking into account the dis-
tribution of the dopant in the fiber core. Four different conjugated
polymers embedded in the matrix of the typical POFmaterial have
been analyzed. Measurements include, among others, evolutions of
the emission with excitation wavelength and time, spectral changes
for different excitation irradiances, and the influence of the prop-
agation distance along the fiber.

Index Terms—Amplifiers, conjugated polymers, fluorescence,
lasers, organic materials, polymer optical fibers.

I. INTRODUCTION

I N the last few years, poly(methyl methacrylate) (PMMA)
polymer optical fibers (POFs) have raised a great interest in

applications such as short-haul communications links, sensing
applications and, by using active dopants, also in the field of
fiber lasers and amplifiers in the visible region [1]–[5]. POFs
have the advantages of being robust, of having large core di-
ameters and high numerical apertures, and of presenting lower
manufacturing temperatures as compared to glass fibers. At such
temperatures, the core of POFs can be manufactured embedding
a wide variety of active materials.
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Organic dyes and conjugated polymers can be easily em-
bedded in the core of POFs to obtain high gains in particularly
short fiber lengths, due to their large absorption and emission
cross sections (10 000 times larger than those of Er in glass)
[6]. Moreover, the conjugated polymers are good candidates for
optical switching, due to their fast electronic transitions [5], [7].
Besides, one of the advantages of using conjugated polymers
embedded in the solid POF core is the higher photostability that
can be obtained as compared to using these dopants embedded
in solutions [8]. This is because dopants embedded in solid ma-
trices are partially isolated from impurities that can take part in
destructive photochemical reactions [9], and also because the
POF cladding improves their photostability, due to the fact that
the cladding prevents the reaction of the dopant with oxygen
[10]. Besides, the excitation intensity needed to achieve stimu-
lated emissions in optical amplifiers and lasers based on doped
fibers is lower than in bulk material, due to the effective confine-
ment and long interaction length available in the fibers. This fact
is advantageous because the photostability and the lifetime of
the gain medium decrease for higher excitation intensities. On
the other hand, note that the photostability in the visible region is
reduced if high-energy photons are used (close to the ultraviolet
region) to excite dopant molecules [11]. Therefore, efforts are
being made to produce new conjugated polymers and oligomers
with working wavelength ranges located at longer wavelengths,
i.e., in the green-to-red region [12].
Taking into account the aforementioned applications of

doped POFs, a thorough characterization of their optical fea-
tures and of the influence of the host matrix is very useful to
improve their performance. Although there are many publi-
cations related to the spectroscopic properties of conjugated
polymers in many different matrices [5], [13]–[15], little work
has been done in POFs. In this paper, we study the optical
properties of various conjugated polymers embedded in POFs
under side excitation [16], [17] with femtosecond-width laser
pulses. On the one hand, excitation with ultrashort pulses
allows better understanding of the behavior of doped POFs
to develop fast optical devices based on POF technology. On
the other hand, side excitation is usually employed for sensing
and for light amplification in POFs [18], [19]. Specifically,
the emitted spectra as a function of the dopant, the excitation
wavelength, and the light propagation distance through the
fiber are studied. We also analyze the evolution of the emitted
fluorescence characteristics when doped POFs are exposed to
laser excitation, in order to gain insight into their photostability
properties. Atomic force microscopy (AFM) phase images and
transmission electron microscopy (TEM) images have been
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taken to analyze the dopant distribution in the matrix. We
show that the dopant distribution plays an important role in
the optical characteristics of active POFs. The AFM technique
is extremely useful for the characterization of heterogeneous
materials, such as our doped POFs, which are made of PMMA
doped with conjugated polymers. It provides nanometer-scale
information about the existence of individual components laid
on the surface structure, which enables the detection of some
physical properties, as could be viscoelasticity or adhesion.
Therefore, these images would be helpful to discern the dopants
from the PMMA matrix. Since AFM is only a surface char-
acterization technique, a complementary technique, namely
TEM, is also employed. In a TEM microscope, a beam of
electrons is transmitted through an ultrathin sample, interacting
with the material as it passes through it. Image contrast is
produced by the electron scattering of the different components
located along the entire thickness. Therefore, TEM allows the
identification of the distribution of dopants along a PMMA
matrix not only on the surface but also in the entire sample.
This paper is organized as follows. The experimental tech-

niques are described in Section II. In Section III, the spectro-
scopic properties of the doped POFs are analyzed and discussed.
The conclusions are summarized in Section IV.

II. EXPERIMENT

Measurements have been carried out using PMMA
step-index POFs doped with four different conjugated poly-
mers, namely, poly(9, 9-dioctylfuorene) (PFO), poly(9,
9 dioctylfluorene)-alt-benzothiadiazole (F8BT), poly(9,
9-dioctylfluorene-alt-bithiophene) (F8T2), and poly[2, 7-(9,
9-bis(2’-ethylhexyl)fluorene)-alt-2, 5-terthiophene] (PF3T). In
all cases, the dopant concentration in the fiber core is 0.003
wt% and the cladding material is not doped. The fiber diameter
is 1 mm, the core diameter being 980 m, and the cladding
thickness being 10 m. These doped fibers were produced by
the POF manufacturer Luceat S.p.A (Italy) using an adapted
preform-drawing technique, and their manufacture details are
described in [20]. The fiber samples were 30–40 cm long and
the fiber ends were carefully polished by hand using polishing
papers.
The setup employed to measure the optical spectra can be

seen in Fig. 1, in which we can see that the side-illumination
technique has been used [16], [17]. The light source used to ex-
cite the active fibers was the Mai Tai HP laser system ( fs
width laser pulses with peak powers of 300 kW, average power
of 2.5 W, repetition rate of 80 MHz) with a frequency doubling
unit (Inspire Blue) to be able to excite in the range from 345 to
520 nm. By adjusting manually the variable attenuator placed
after the laser output, the impinging irradiance could be con-
trolled.
The measured doped fiber was held between two micropo-

sitioners standing on a linear stage. These were used to maintain
the working area of the fiber totally horizontal and to focus the
incident laser beam just on the center of the fiber side. It was not
necessary to use a microscope objective in the setup because the
laser signal provided by the system was sufficiently collimated
to generate a high fluorescence in the doped fiber. In most of

Fig. 1. Experimental setup employed to measure the emission spectra ob-
tained from doped POFs. Legend: ATT: variable Attenuator; SHG: Inspire
Blue Second Harmonic Generator; BS: Beam Splitter; PD: Photodetector;
MM: Multimeter; LS: Linear Stage; POS: micropositioner; OS: Optical
Spectrometer.

the measurements, the distance from the incidence beam to the
output end of the fiber was constant (16 cm). The emission spec-
trum was also measured as a function of the propagation dis-
tance through the doped fiber, by changing the position of the
launching point of the light. An ILS250CC linear stage driven
by an ESP300 motion controller was used for this purpose. All
the emission spectra obtained from the fiber end were measured
by a USB4000 fiber-optic spectrometer with an optical resolu-
tion of 1.5 nm of full-width at half-maximum (FWHM), and the
data obtained were corrected for the response of the detection
system. Besides, a reference signal was obtained using a beam
splitter to cancel the irradiance fluctuations of the laser. Our own
LabVIEW program was built to automate both the motion con-
troller and the spectrometer, and also to achieve a good syn-
chronization during the measurements. The absorption spectra
of the doped fibers were obtained from a Cary 50 UV-Vis spec-
trophotometer equipped with a fiber-optic coupler accessory. In
these measurements, the fiber length was short enough (1 cm)
to detect the absorption bands of the dyes embedded in the fiber
cores.
AFM measurements were carried out with a scanning probe

microscope (Nanoscope III Multimode Bruker) equipped with
a scanner of maximum range of 100 m in the plane and
of 10 m in the -direction. Image acquisition was carried out
by scanning in tapping mode using a standard silicon cantilever
(RTESP Bruker) with a resonance frequency of about 254–321
kHz and a spring constant of about 20–80 Nm . Height and
phase images were collected simultaneously at a scan rate of
0.5 Hz under ambient conditions. Surfaces of each sample were
prepared by microtome sectioning (LEICA EM UC6) and they
were cleaned with ethanol prior to measurements. A high-res-
olution TEM microscope (TECNAI G2 20 TWIN) equipped
with a LaB6 filament was used to obtain the images of the four
doped fibers. The samples were prepared using the ultramicro-
tome LEICA EM UC6.
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Fig. 2. Absorption (solid lines) and emission (dashed lines) spectra of PFO-,
F8BT-, F8T2-, and PF3T-doped POFs. The emission spectra were obtained ex-
citing each sample at its maximum-absorption wavelength with a light propa-
gation distance of 16 cm.

III. RESULTS AND DISCUSSION

A. Spectroscopic Analysis

The absorption spectra of the doped fibers in the near-ultravi-
olet and visible regions are shown in Fig. 2. The maximum-ab-
sorption wavelengths obtained are listed in Table I. As can be
seen, the fibers doped with F8T2 and PF3T have their maximum

TABLE I
ABSORPTION AND EMISSION CHARACTERISTICS OF THE CONJUGATED

POLYMERS EMBEDDED IN POFS

absorption at a longer wavelength (440 nm in both cases) than
in the other two samples.
Fig. 2 also shows the emission spectra for each doped fiber

obtained by exciting at the maximum-absorption wavelengths,
and the corresponding maximum-emission wavelengths have
been added to Table I. It is noticeable that the fibers with PFO
and with PF3T present the lowest and the highest emission
wavelengths, respectively. The emissions from F8BT- and
F8T2-doped fibers are located in the green region of the spec-
trum, which is a low-attenuation window of PMMA. Table I
shows the FWHM of the emission spectra, the Stokes shifts
(separations between the maxima of the emission and absorp-
tion spectra), and the overlaps between the absorption-emission
spectra corresponding to all fibers. It can be noted that
PF3T-doped fibers present the highest Stokes shift with the
highest overlap. This behavior is explained in terms of a higher
vibrational interaction between the matrix and the electrons
of the dopant material in the single-configuration coordinate
model [21], [22]. As will be shown, the absorption-emission
overlap has a direct relationship with the variations of the
emission spectra as a function of the light propagation distance
along the fiber.
We have measured the emission spectra as a function of the

excitation wavelength, with a constant light propagation dis-
tance. Since the spectra obtained are not symmetrical, the de-
pendence of the spectral emission properties on the excitation
wavelength has been studied by using their first and second mo-
ments ( and ). The first moment, which represents the av-
erage emission wavelength, has been calculated from

(1)

The square root of the second moment, which is proportional
to the spectral width, is calculated using

(2)

Figs. 3 and 4 show, respectively, the evolution of and of
as the excitation wavelength changes, for all the doped

fibers analyzed in this paper. It can be seen that PFO- and
F8T2-doped fibers clearly yield the largest spectral changes
when the excitation wavelength varies. Note that abrupt changes
around the excitation wavelength of 400 nm are obtained in
and for the PFO sample. In the case of the F8T2-doped
fiber, the spectral changes are slightly smaller, and they are
nearly unnoticeable in the other two doped fibers. The spectral
changes observed in PFO- and F8T2-doped fibers suggest that
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Fig. 3. Evolution of as a function of the excitation wavelength from POFs
doped with PFO, F8BT, F8T2, and PF3T, and a light propagation distance of 16
cm. The excitation irradiance is 0.97 Wcm in all cases.

Fig. 4. Evolution of as a function of the excitation wavelength from
POFs doped with PFO (o), F8BT , F8T2 and PF3T , and a light
propagation distance of 16 cm. The excitation irradiance is 0.97 Wcm in all
cases.

these dopants are dissolved inhomogenously during the manu-
facturing of the fibers. This hypothesis will be corroborated by
AFM and TEM techniques in Section III-D.

B. Effect of the Propagation Distance on the Emission Spectra

The evolution of the emission spectra as a function of the light
propagation distance has been analyzed for all the doped fibers
when exciting at the absorption maximum (see Table I). Fig. 5
shows the emission spectra obtained when the PF3T-doped fiber
is excited at different launching points to vary the light propaga-
tion distance along the fiber.When the excitation point is moved
farther from the detector, the amount of measured emitted inten-
sity is reduced, and both the emission peak and the first moment
are shifted toward longer wavelengths. It is known that these
shifts are directly related to the overlap between the absorption
and emission spectra [23]. This can be explained because the
part of the emission situated in the emission-absorption overlap
region is reabsorbed, and, in consequence, such short wave-
lengths of the overlap are more attenuated. Therefore, doped
fibers with greater overlaps undergo higher red shifts in the first
moment of their emission spectra when the propagation distance
is increased. This fact is corroborated from our results plotted
in Fig. 6, which shows the evolution of the first moments of
the emission spectra as functions of the propagation distance.
As can be seen, in all cases, there is a nearly linear red shift of

Fig. 5. Emission spectra as a function of light propagation distance for the
PF3T-doped fiber exciting at 440 nm and with 0.97 Wcm of irradiance. The
point of the fiber closest to the detector has been normalized to zero.

Fig. 6. Evolution of the first moments of the emission spectra as a function of
the propagation distance exciting each fiber at the maximum-absorption wave-
length and with 0.97 Wcm of irradiance. The point of the fiber closest to the
detector has been normalized to zero. The linear fittings are shown dotted. PFO
(o); F8BT ; F8T2 ; PF3T .

the first moment, with different slopes depending on the dopant,
when the light propagation distance is increased.
Table II shows the values of the slopes and of the coefficients

of determination obtained from the linear fittings to each of the
experimental curves of Fig. 6, as well as the absorption-emis-
sion overlaps. According to these data, it can be seen that the
slope has a linear relationship with the overlap. The fact that
shifts are experimentally found to be greater for greater overlaps
corroborates the theoretical analysis shown in [23]. This is very
important in order to know the tunable range of wavelengths in
the design of POF lasers or amplifiers. Note, in Table II, that the
coefficients of determination of the linear fittings are lower for
the PFO- and F8T2-doped fibers, which could be related to the
more inhomogeneous distribution of the dopant in the PMMA
matrix.
Assuming that the illuminated fiber portion is a homogeneous

light source (plane-wave source) and exciting with low irradi-
ances, the output light measured at the fiber end at wavelength
after propagating a distance can be expressed by [16]

(3)

In (3), is the intensity spectrum at and is
the linear attenuation coefficient. This expression fits properly
for the range of wavelengths in the tail of the absorption spec-
trum of the dopant, i.e., close to or inside the overlap between
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TABLE II
VALUES OF THE SLOPE OF THE EVOLUTION OF THE FIRST MOMENT AS A
FUNCTION OF THE LIGHT PROPAGATION DISTANCE, OF THE COEFFICIENT
OF DETERMINATION OF THE LINEAR FITTING, AND OF THE OVERLAP
BETWEEN THE ABSORPTION AND THE EMISSION SPECTRA, FOR EACH DOPED

FIBER

the absorption and emission spectra. Out of this range, the ex-
pression does not fit properly due to reabsorption and reemission
effects [24]. In order to clarify this idea, in Fig. 7, we plot the
transmitted emission intensity as a function of the light propa-
gation distance through each doped fiber at two different wave-
lengths. In all cases, one of the wavelengths was located inside
the overlap region and the other one outside. At wavelengths lo-
cated in the overlap region, the transmitted intensity follows an
exponential behavior with a good fitting to (3), as can be seen in
the coefficients of determination obtained. This means that the
attenuation coefficients in that spectral range are constant along
the length of the fiber. Out of that range, the transmitted inten-
sity does not present the exponential behavior, because there is
a reemission of the light absorbed at shorter wavelengths. The
linear attenuation coefficients in the appropriate spectral ranges
have been obtained by fitting the decays in the transmitted in-
tensity with to (3). These coefficients are shown in Fig. 8 for
all the doped fibers analyzed.

C. Photostability

Let us now focus on the photostability of the doped fibers
when they are illuminated with femtosecond laser pulses. We
have observed that there was a clear reduction in the emission
intensity with time when the doped fibers were excited under the
conditions described in Section II. This reduction has been dif-
ferent for each doped fiber. Moreover, it has not been uniform
spectrally, since we have observed a shift with exposure time
in and in of the emission bands. In all of the mea-
surements shown in previous sections, this fact was taken into
account by recording each measurement after exposing the fiber
until stabilization was achieved in the emitted spectrum.
In order to characterize the photostability of each doped fiber,

first we have exposed the four doped fibers to the same exci-
tation conditions for 60 min, with an excitation located at the
wavelength of maximum absorption and with 0.97 Wcm of
irradiance. The results obtained for the photostability, for
and for of the emitted spectrum, are shown in Fig. 9(a), (c),
and (e). Fig. 9(b), (d), and (f) shows the evolution for 60 min
of the same magnitudes under the same conditions, but after a
rest interval in which the fibers were in darkness and at room
temperature for 24 h. In the first measurements, the four doped
fibers had never been exposed to laser light, so there was no
previous degradation that could affect the results. In the second
measurements, light was launched at exactly the same point of
the fiber. For the sake of comparison, we have normalized the

Fig. 7. Transmitted intensity as a function of at different emission wave-
lengths, exciting at the maximum-absorption wavelength with 0.97 Wcm of
irradiance. The dashed and dotted lines are fittings using (3), with
(at 407 nm) and (at 430 nm) for PFO, (at 495
nm) and (at 545 nm) for F8BT, (at 477 nm)
and (at 530 nm) for F8T2, and (at 530 nm) and

(at 605 nm) for PF3T-doped fibers.

fluorescence intensities to 100% at the start of the first measure-
ments.
As can be noted in Fig. 9(a), F8BT- and PF3T-doped fibers

are the most photostable ones. After 60 min of exposition at 80
MHz, which is equivalent to laser shots, the fluo-
rescence capacities of both fibers are reduced by 25% and by
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Fig. 8. Linear attenuation coefficients for all four doped fibers. The excitation
wavelength in each case has been chosen at the maximum-absorption wave-
length and with 0.97 Wcm of irradiance.

45%, respectively. According to the definition of lifetime given
in [25], which is the time elapsed before the fluorescence inten-
sity is reduced by half, these two fibers have not reached their
lifetime values yet. In the case of the other two doped fibers,
i.e., F8T2 and PFO, their fluorescence capacities are affected
much more, since they only maintain 9% of their initial inten-
sities after the same period of time. On the other hand, their
lifetimes are only of around 30 s ( pulses) and 200
s ( pulses), respectively. In the case of PFO-doped
fibers, part of this loss in the emission capacity can stem from
the ultraviolet excitation wavelength, because high-energy pho-
tons contribute to reduce the photostability. By analyzing the
decays of the emitted fluorescence shown in Fig. 9(a), we have
seen that these can be well fitted to the following expression:

(4)

in which , and are constants. This type of intensity
decay with two exponentials has also been reported in [26] and
[27]. The values of these constants, obtained from the fittings,
and the corresponding coefficients of determination are shown
in Table III. In (4), the first exponential indicates how abruptly
the emitted fluorescence decreases just at the beginning of the
excitation period, whereas the second one stands for the decay
in the long term. Therefore, larger values of suggest that the
slope with time in the relatively stable state is smaller, i.e., that
the photostability is better. The values of shown in Table III
for F8BT- and PF3T-doped fibers corroborate that these are
more stable samples than the other two ones in the long term.
Regarding the spectral changes with excitation time, Fig. 9(c)

and (e) shows that the most noticeable ones also correspond to
PFO- and F8T2-doped fibers. Specifically, there is a red shift
in the first moments of 4 nm in the first 400 s in both cases,
and there are spectral broadenings of 6 and 5 nm, respectively.
Above this excitation time, there are not significant spectral
changes. These spectral changes in the fluorescence with expo-
sure time were also observed in rhodamine- or pyrromethene-
doped POFs and related to the inhomogeneous distribution of
the dopant in the matrix [11]. In the case of F8BT- and PF3T-
doped fibers, we have not observed significant spectral changes
in the evolution of the emission-capacity loss.

After 24 h of rest in darkness, there is a partial recovery in the
fluorescence capacity only in the F8BT-doped fiber. Fig. 9(b)
shows that the emission is initially 7% higher than at the last
point of the first excitation period. This recovery could be due
to the mechanism known as photoblinking [11], [27]. In such a
process, the dopant molecules undergo transitions to a nonflu-
orescent or dark state, from which a few molecules are able to
return to the initial state and recover the fluorescence capacity.
In order to see if the recovery of the F8BT-doped fiber could be
improved by increasing the period of rest, the sample was kept
in darkness for another period of 42 h. Then, the sample was
exposed again and we could see a 6% of recovery exciting at
the same point of the fiber. This fact suggests that F8BT-doped
fibers recover in 24 h nearly as much as in any longer time. We
can also observe that the F8BT-doped fiber has not reached its
lifetime value even at the end of the second excitation period.
As for the spectral changes after 24 h of rest, it can be observed
that the values of and of the emitted band do not prac-
tically change with respect to those obtained at the end of the
first excitation period [see Fig. 9(d) and (f)].
Finally, we have analyzed spectroscopically the photo-

stability of the F8BT-doped fiber as a function of the laser
irradiance. The results obtained have been plotted in Fig. 10.
It can be seen that, when the irradiance is increased, there is a
slight displacement of the first moment towards longer wave-
lengths (red shift) and a small broadening of the spectral width.
This behavior in the spectral width means that the employed
irradiances are not high enough to obtain amplified sponta-
neous emission (ASE) [28], in which case a blue shift and a
narrowing are expected. We have made our own computational
simulations, similar to those reported in [29] and [30], in order
to estimate what excitation irradiance is necessary to obtain
ASE in F8BT-doped fibers under the same conditions (the same
cladded step-index fiber with the same fiber length and dopant
concentration). Our computational results have served us to
conclude that the threshold irradiance (i.e., the minimum irra-
diance to achieve ASE) would be 1.22 MWcm when using
our ultrashort pulses (0.12 mJ/pulse) for this doped fiber. This
theoretical threshold is of the same order as the experimental
thresholds found in the literature for similar doped POFs [18],
[31].

D. Dopant Distribution in PMMA POFs

In order to determine how the distribution of the dopant in
PMMA POFs influences their spectroscopic characteristics and
their photostability, we have obtained images of the four doped
fibers using TEM and AFM techniques. In Fig. 11, which shows
TEM images, the conjugated polymers appear as isolated black
aggregates dispersed inside the PMMA matrix colored in light
gray. As can be noted, PFO and F8T2 tend to link giving rise
to bigger groups of aggregates and less homogenous disper-
sion. In contrast, F8BT and PF3T molecules are surrounded
mainly by PMMA instead of being covered mainly by neigh-
boring dopant molecules. Fig. 12 shows the correspondingAFM
phase images for the same doped fibers. The differences in color
indicate the existence of two different components and thus,
clear phase separation. The bright areas correspond to each of
the dopants, whereas the brownish areas represent the matrix
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Fig. 9. Fluorescences, (a) and (b), first moments, (c) and (d), and square root of the second moments, (e) and (f), as functions of the excitation time. The excitation
wavelengths are at the absorption maxima, the excitation irradiance is 0.97 Wcm , and the light propagation distance is 16 cm. Fibers excited for up to 60 min
in (a), (c), and (e). Fibers reexcited for another 60 min after a rest in (b), (d), and (f). PFO (o); F8BT ; F8T2 ; PF3T .

TABLE III
VALUES OF THE FITTINGS TO THE EXPERIMENTAL CURVES OF FIG. 9(A)

WITH (4)

formed by PMMA. The images of Fig. 12 confirm that only the
molecules of PFO and of F8T2 form clear aggregations in the
studied PMMA fibers. Both figures show clearly the different
sizes of the aggregates, which reach even 1 m of diameter in
the case of the PFO-doped fiber. In the case of the F8T2-doped

fiber, the dopant groups are smaller, being up to 500 nm of diam-
eter. These images agree properly with the spectroscopic char-
acteristics shown in this study. The nonuniform distribution of
PFO and of F8T2 in the PMMA matrix can be related to their
prominent spectral variations of the emission band and to the
photostability characteristics already shown in this section.
The relationship between the photostability and the distribu-

tion of the dopant in the PMMA matrix can be explained from
the rigidity of the solid matrix and the strength of its interaction
with the molecules of dopant. Both properties reduce the prob-
ability of thermally excited reactions, which constitute the most
common source of degradation in dye-doped polymers [32].
Moreover, it is known that those dye molecules directly sur-
rounded by the PMMA matrix are partially isolated from reac-
tive impurities [8], [25]. In consequence, the molecules of F8BT
and PF3T surrounded by PMMA are partially protected from
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Fig. 10. Evolutions of the first moment (a) and of the square root of the second
moment (b) as functions of the excitation time for the F8BT-doped fiber excited
with four different irradiances at the maximum-absorption wavelength. Light
propagation distance: 16 cm. (c) Dependence of both moments on the excitation
irradiance at a fixed time of 500 s.

the degradation effects, so the fibers conserve their emission ca-
pacity for a longer time. In contrast, the PFO- and F8T2-doped
fibers, in which some of the molecules are not surrounded by
the PMMA matrix, present a lower photostability. On the other
hand, the fact that a more energetic excitation wavelength is
used to excite the PFO-doped fiber may also contribute to re-
duce the photostability.

IV. CONCLUSION

The optical properties of four luminescent conjugated poly-
mers embedded in POFs have been characterized by using a
femtosecond laser. We have proved that the distribution of the

Fig. 11. TEM images of the four doped fibers. Conjugated polymer: in black.
PMMA: in light gray.

Fig. 12. AFM phase images of the four doped fibers. The area of the images
is 1 m 1 m in all cases. Brownish areas: PMMA. Bright areas: conjugated
polymers.

dopant in the matrix has consequences both in the emission
spectral characteristics and in the photostability. Those dopants
prone to form aggregations in the fiber present greater varia-
tions in their emission spectral characteristics when the excita-
tion wavelength changes, and their capacity to emit fluorescence
intensity diminishes when they are excited with laser pulses for
a sufficiently long period. F8BT-doped fibers present the highest
photostability among the ones analyzed.We have also measured
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the variations of the emission spectra as a function of the light
propagation distance through the doped fibers. The longer the
propagation distance, the more red-shifted the emission spec-
trum. The slope of the red shift is linearly related to the overlap
between the absorption and the emission spectra. All these con-
clusions could also be true if different POF samples were taken
from different POF manufacturers. The results analyzed in this
paper are qualitatively valid if different PMMA POF samples
are used, because optical behavior is mainly affected by the
type of dopant, and only slightly by the surrounding medium.
Therefore, this study can be very helpful for the design of op-
tical lasers and amplifiers based on POF doped with conjugated
polymers.
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