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Study of Polymer Optical Waveguide Amplifier at 1.55 pm Wavelength
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Abstract Er-Yb co-doped polymer waveguide active material is prepared. The three B-diketonate complexes of
erbium and ytterbium [ Ery/, Yb,,, (HFA); (TPPO), ] is synthesized and doped in PMMA. At the 980 nm pumping light
excitation, the full width at half maximum of the complexes’ fluorescence in the 1535 nm is 80 nm. The absorption
and photoluminescence spectra of the active material are observed. Fundamental rate equations and power
propagation equations used to simulate the gain factors of the active material excited at pumping light wavelength 980
nm. The influence on the performance of Er-Yb co-doped polymer waveguide amplifier with Er’' concentration,
overlapping factor of the signal laser and pumping laser, and signal emission cross-sections is theoretically calculated.
The result of the calculations indicates that when the concentration of Er’™ is 0.3>X 10 c¢cm™® in the active material,
the calculated gain is 1.87 dB on a 2cm long waveguide.
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Fig. 1 Absorption spectrum of Er;,, Yb;; (HFA),
(TPPO),/PMMA thin film
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Fig. 4 SEM micrograph of embedded strip waveguide
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Table 1 Parameters of erbium-ytterbium co-doped

polymer waveguide amplifier for numerical simulation

Values
3X10% em™?
3X10% cm

Parameters

Er'" concentration 0.
Yb*" concentration (Er*T : Yb*t =1:1) 0.
Er’" absorption cross-section (980 pm) 2.54X10"" m’
6.
8.

m
Er*" absorption cross-section (1550 ym) 37X10 % m*
m

Er’" emission cross-section (1550 pm) 90X 107% m?*
Yb’" absorption cross-section (980 pm) 1.0X10* m’
Yb’" emission cross-section (980 pm)  1.0X107* m’
Er*" *1,,,, non-radiative lifetime 1 ns
Er*" 1,5/, emission lifetime 6 ms
Yb*"?F,,, emission lifetime 1 ms

Overlapping factor of the signal laser 0.95
Overlapping factor of the pump laser 0.95
Signal power (P,) 0.1 mW
Pump power (P,) 150 mW
Waveguide length 2 cm
Cross section of the active region 4 pmX5 pm

3.72X10 % m®/s
2.40X10"%# m®/s

Upconversion coefficient (C,,)

Cross-relaxation coeffecient (C.,)
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