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Abstract. The length-dependent tuning of the fluorescence spectra of a 
dye doped polymer fiber is reported. The liber is pumped sideways and 
the fluorescence is measured from one of the ends. The excitation of a 
finite length of dye doped fiber is done by a diode pumped solid state 
laser at a wavelength 01 532 nm. The fluorescence emission is mea· 
sured at various positions of the fiber starting from a position closer to 
the pumping region and then progressing toward the other end of the 
fiber. We observe that the optical loss coefficients for shorter and longer 
distances of propagation through the dye doped fiber are different. A1 
longer distances of propagation, a decrease in optical loss coefficient is 
observed. The fluorescence peaks exhibit a redshift 0112 nm from 589 
to 610 nm as the point of illumination progresses toward the detector 
end. This is attributed to the self-absorption and re-emission of the laser 
dye in the fiber. C 2006 Society of Photo-Optical Insltumenlalion engin69fS. 
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1 Introduction 

With the advent of low loss polymers in photonics, glass
based optical devices and fibers have been replaced by 
polymers for short-haul systems. The advantages of using 
polymeric materials in the fabrication of waveguides and 
other devices are that they are easier to fabricate, cost less, 
are lightweight, and enable us to carry out a variety of 
optical functions by incorporating organic dyes to the poly
mer system.1 These advantages make them suitable for lo
cal area networks, data links, and multimode bus networks 
and as passive devices such as optical switches, lasers, am
plifiers, and gratings. Polymer optical fibers are found to be 
more sensitive to temperature, strain, and pressure than 
silica fibers and hence are suitable for sensor applications. 

Polymer libers doped with organic dyes have proved to 
be potential candidates for use in fiber lasers and amplifiers 
in the visible region.2

-
s Dye doped fiber lasers arc used 

extensively in a variety of fields depending on their emis
sion wavelength in the visible spectrum. By choosing ap
propriate dyes, we can obtain laser emission from doped 
polymer fibers in the entire visible region. 

The optical attenuation in polymer optical fibcrs (POF) 
is an important parameter of interest. There arc different 
techniques for measuring the propagation losses in fiber 
structures. Usually the propagation loss in fibers and planar 
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fiber structures is measured by the cutback technique,6,1 
which consists of comparing the transmittance of sevel3l 
fibers with different lengths at a specific wavelength or ex
trapolating the loss from a bulk measurement. The disad
vantage of the cutback technique is that it is a destructive 
method. Bulk measurements involve a broadband light 
source incident on a fixed length of material and a spec· 
trometer to read the transmitted intensity. As an alternative 
to the above-mentioned techniques, a nondestructive side 
illumination fluorescence technique for measuring the opti
cal attenuation in dye doped fibers has been developed by 
Kruhlak et a1.8•

9 Geetha et al. have carried out similar stud
ies in planar waveguides. 1o In this paper, we describe the 
use of this technique to characterize the loss mechanisms in 
dye doped polymer optical fibers. This measurement tech· 
nique requires a pump source to illuminate the fiber from 
the side. The fluorescence collected from one end of the 
fiber is used to characterize the attenuation mechanisms in 
the fiber. 

2 Experimental Procedure 
The dye doped polymer fibers used for the studies are based 
on polymethylmethacrylate (PMMA). Because PMMA h3!i 
good optical quality and is compatible with most of the 
organic dyes used as dopanls, it is chosen as an ideal can· 
didate. The dye used as the dopant is rhodamine 6G, which 
has a reasonably good photostability. Rhodamine 6G has an 
absorption at 532 nm and a fluorescence emission in the 
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\ Ab$OrpIion spectl\.lm 01 rhodamine 6G doped PMMA b!.tI 

Ih range of 58.0 to 610 nm. The core diameter of 
hi' used is 200 p.m. The refrtIClive index of methyl

laic is about IA I. When polymerized, the index of 
r will increases up 10 1.48 10 1.49 due 10 lhe 

~uction dtJring liquid-to-solid phase transition. 
II"Cforrn for fiber fabrication' is made by polymer

!lie monomcr methylmethacrylale (MMA). The 
is mixed with benzoyl peroxide (0.01 mol 1- ') as 
ri -butyl mercaptan (0.03 mol 1-') as the chain 

I&CfIt, and rhodamine 6G (0.001 mol 1- ') in sealed 
lksc tubes arc then plotecd in a constanllemperature 

'-" three days al a temperature of sooe until it hard* bter they arc kept in a furnace at loooe for 24 h. 
~ preform is now ready for drawing the fiber in 

mlldc fiber drawing tower. By using a preform 
IIIc: preform is lowered into a furnace that is main

at a stable temperature of ISOoC, and fiber is drawn 
Itmperature. The fiber diameter is tixed at 200 p.m 

. g the feed rate of the prefonn and draw rate of 
. Using a diffraction technique, the homogeneity in 

of the tiber is tested. Variation in diameter is 
10 be less than I % so that the effect of inhomogenc
!be loss mechanism can be neglected. 
lOtal length of the fiber used for the loss measure

is 8 cm with iLS ends CUI and polished by conven
IIICInS. To select the pump beam for exciting the dye 
6ber, we recorded the absorption spectrum (Fig. I) 
bulk sample using a spectropho(ometer (JASCO UVI 

V-570). Based on the absorpcion spectrum, radia
, . S)2 nm (beam spot size U mm) from a dioclc 

F
id stale (DPSS) laser neodymium doped yttrium 
e or (Nd : YVO.) is used as the pump source. A 

· diagram of the cx.perimental setup is shown in 
1 
~ filler is mounted normally on a translation stage 
IMpCCt to the incident radiation. The side illumination 
k dye doped fiber generates fluorescence emission. 
_emission from onc end of the fiber is collocted by an 
QI tiber that is coupled to a monochromator~ 
"'tipti.:r tube assembly eoupled with a lock-in am-

plifier (Stanford Research Systems SR830) for s igna) 
analysis. To measure the transmined fluorescence a.~ a func
tion of propagation distance through the tiber, the illumina
tion point on the fiber is varied by translating the fiber 
horizontally across the laser soun:c . The direction of trans
lation is indicated by the arrow mark in Fig. I . At etICh 
point of illumination, the fluorescence spa;trum is re
C<"lrded. The experiment is repeated for three different pump 
powers. It is ensured thllt the sa.mple is not bleached even at 
the highest pump power. 

3 Results and Discussion 
The side illumination fluorescence spectrum is recorded for 
various propagation distances of the dye doped tiber. Figure 
3 shows the spectra o f transmitted fluorescence light mea
sured as a function of the propagation disWlCe through the 
tiber. As the propagation distance increases. the magnitude 
of the OUtput intensity decreases due to loss mechanisms 
such as absorption and scattering of f1uocescence emission. 
In addition. there is a rcdshirl for the peal:. fluorescence 
emission as the illumination dislallCe from onc edge of the 
fibel is increased. A similar redshift in the fluorescence 
emission from a side illuminated dye doped fibel has also 
been observed by other workeB.1.9 The redshift of the fluo
rescence signal is produced by the self-absorption of the 
dye rhodamine 6G caused by the overlap of the absorption 
spectra with the fluorescence spectra over a ccnain wave-

.. '" 
~ .... , 
l 0.01' 

D.010 .... -
Ag. 3 Transmirted ftuoresatnce spectra measured as a Iunction 01 
!he propagation distaflol (Au _ arbitrary units). 
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Fig. 4 The variation of the fluorescence peak with propagation 
distance. 

length region. II As the fluorescence light is guided through 
the dye doped fiber, the effective path length is increased 
resulting in self-absorption and re-emission, causing a red
shift in the observed spectrum. The farther the point of 
illumination is from the observation end, the larger is the 
effective path length. This results in increased interaction 
between the dye molecules and beam propagating through 
the fiber causing enhanced fluorescence emission in com
parison to that expected from Beer-Lambert's law. This 
results in an increased self-absorption of the fluorescence 
and thereby shifting the emitted fluorescence peak toward 
the longer wavelength region. Figure 4 shows the variation 
of the fluorescence peak wavelength as a function of propa
gation distance through the fiber. For shorter propagation 
distances in the tiber, the redshift shows a linear behavior, 
whereas at longer distances, the shift tends to exhibit satu
ration behavior. This mechanism is similar to the 
concentration-dependent redshift that is observed in dye 
solution.12 

The fluorescence collected from the dye doped fiber has 
a spectral width of about 40 nm. The transmitted fluores
cence is measured as a function of the propagation distance 
so as to characterize the attenuation in the fiber. From 
Beer-Lambert's law for linear optical attenuation in a me
dium, I(X, z)=/o(X) exp(-a(X)z), where I(X, .. ) and 10(X) 
represent the intensity of the transmitted light at wave
length >. at propagation distances z and .. =0 (incident in
tensity), respectively, and a(X) is the linear attenuation c0-

efficient. 
Figure 5 shows plots of the natural logarithm of the 

lransmitted fluorescence intensity versus the propagation 
distance corresponding to various emission wavelengths. 
An interesting observation is the nonlinear behavior of 
these plots, which suggests that the loss coefficient is not a 
constant for the total length of propagation through the fi
ber. The nonlinear plot of In I versus z can be fitted to a 
minimum number of straight lines (the method is known as 
peeling the curve), which will provide the corresponding 
loss coefficients. Figure 6 shows the application of this 
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Fig. 5 Plot oIln(/) versus z (z is the propagation distance through 
the 'iber in cenlimeters). 

method to the scmilogarithmic plot for a given wavelength 
(X=61O nm). For the lowest pump power, the plot can be 
fitted to a single straight line [Fig. 6(a)), whereas for higher 
powers it has to be fitted to two straight lines [Figs. 6(b) 
and 6(c)]. These results clearly suggest that as light propa
gates through the fiber, there arise some mechanisms that 
tend to alter the optical attenuation inside the fiber espe
cially for larger propagation distances. It is observed that 
the spatial dependence of attenuation decreases for longer 
distances of propagation. 

One of the possible mechanisms for this behavior is re
absorption of fluorescent light on the shorter wavelength 
side of the absorption speclrUm and subsequent emission in 
the longer wavelength region. This re-emission in the 
longer wavelength side generates increased emission in the 
longer wavelength region resulting in enhanced intensity. 
The increase in the path length also causes different attenu
ation rates for various emission inteosities. This explains 
the observation of difference in attenuation values with re· 
spect to distance for a given power. This also supports the 
observation that z-dependent attenuation effect is more 
prominent in the longer wavelength region of the fluores
cence speclrUm. As the pump power is increased, the inten· 
sity of the fluorescence emission is also enhanced, which in 
turn causes increased probability of the reabsorption· 
emission process. This is exhibited as two linear paris in 
the In I-'l. plots corresponding to higher pump powers. 

4 Conclusion 
Using a side illumination technique, position-dependenl 
tuning of fluorescence light emitted from a rhodamine 6G 
doped polymer optical fiber is observed. The data from the 
fluorescence collected from the fiber are llSed to character· 
ize the loss mechanisms of the fiber. It has been observed 
that at longer wavelengths, there is a lowering of attenua· 
tion toward larger distances of propagation in Ihe fibers. 
This type of position-dependent loss coefficient in !he dye 
doped fiber suggests the possibility of gain at the longer 
wavelength side of fluorescence emission. The mechanism 
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for such a position-<iependent loss parameter is attributed to 
the reabsorption and re-emission processes taking place 
along the length of the fiber. This suggests that appropriate 
design of the fiber will lead to a gain on the longer wave
length side. 

Acknowledgments 

The authors acknowledge the financial support from 
NUFFIC, Netherlands under the MHO assistance to Inter
national School of Photonics. The first author is grateful to 
the University Grants Commission, New Delhi for his 
project feIlowship, and V.P.N. acknowledges University 
Grants Commission, New Delhi for financial assistance 
through a research award project. K.G. and M.S. acknowl
edge Council for Scientific and Industrial Research, New 
Delhi and University Grants Commission, New Delhi, re
spectively, for their research fellowships. 

References 

I. A. Costela, F. F1orido, I. G. Moreno, R. Duchowi~l, F. A. Guerri, J. 
M. Figucra, and R. Saslre, "Solid-stale dye laser based on copolymers 
of 2·hydroxyethyl methacrylate and methyl methacrylate doped with 
rhodamine 00," Appl. Phys. B 60,383-389 (1995). 

2. G. D. Peng, P. L. Chu. Z. Xiong. T. W. Wbitbread. and R. P. Olaplin. 
"Dye-doped step index polymer optical fiber for broadband optical 
amplification," 1. UghlwQvt! Technol. 14.2215-2223 (1996). 

3. K. Kurki. T. Kobayashi, N. lmai. T. Tamura. S. Nishihara. Y. Nish
izawa. A. Tagaya, and Y. Koike. "HiglHfficiency organic dye-doped 
polymer. optical fiber ~r.;," Appi; Phys. Lm. 77. ~31-333 (2000). 

4. K. Kurki. T. Kobayashi, N. Imm, T. Tamura. Y. KOIke. and Y. Oka
molO. "Organic dye-doped polymer optical fiber lasers, ~ Polym. Adv. 
Tt!chnol. 11, 612-616 (2000). 

5. H. Liang, Z. Zengchang. L. J. Xu. B. Cben. H. Zhao. Q. Zhang. and 
H. Ming. "Fabrication and amplification of rhodamine B-doped step
index polymer optical Iiber," 1. AppL PoIym. Sci. 93, 681-685 
(2004). 

6. D. W. Garvey. K. Zimmennan, P. Young. J. Tostenrude, J. S. 
Townsend. Z. Zbou, M. Lobel. M. Dayton, R. WiUOrf. and M. G. 
Kuzyk, "Single-mode nonJinear optical polymer fibers." 1. Opt. Soc. 
Am. B 13. 2017-2023 (\996). 

7 _ T. Kaino, "Waveguide fabrication using organic oonlinear optical ma
terials," J. Opt. A, Pun Appl. Opt. 2, RI-7 (2000). 

8. R. J. KnJhJak and M. G. Kuzyk, ''Side-iUumination ftuorescence 
spectroscopy I-principles," 1. Opt. Soc. Am. B 16, 1749-\155 
(1999). 

9. R. J. KnJhJak and M. G. Kuzyk, "Side-illumination fluorescence 
speclroscopy lI-applications to squaraine dye-doped polymer opti
cal liber," J. Opt. Soc. Am. B 16. 1756-1767 (1999). 

10. K. Gcetha, M. Rajesh. V. P. N. Nampoori, C. P. G. ValIabhan, and P. 
Radhakrishnan, "Loss characterization in rhodamine 00 doped poly
mer film waveguide by side illumination fluorescence," 1. Opt. A, 
Pure Appl. Opt. 6, 379-383 (2004). 

11. K. H. Drexhage. "Structure and properties of laser dyes," Chapter 5 
in Dye Lasas, Springer Topics in Applied Pbysics, Vo!. I, F. P. 
Shiifer. Ed., p. 155. Springer. Berlin (1990). 

12. F. P. Shiifcr (Ed.). "Principles of dye laser operation," Chapter I in 
Dye Lasers. Springer Topics in Applied Pbysics. Vo!. I. p. I, 
Springer, Berlin (1990). 

Biographies and photographs of authors not ava~able. 

~ Engineering 

823 

075003-4 July 2006Nol. 45(7) 




