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Abstract: We investigate the wavelength and length deperadefiche pump absorption along
cladding-pumped single as well as coupled multim@ilers showing strong deparures from
Beer's law.
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1. Introduction

Power scaling in high power fiber lasers has beetusively based on a number of different cladddgnping
schemes. In addition, high brightness pumps (amdppcombining arrangements) and high dopant coreténs
are required in order to reduce fibre lengths aimdmise the deleterious impact of background lossesnonlinear
effects. Among the most commonly used cladding{puinmschemes are direct end-pumping (either freeesjl]
or through pump combiners [2]) and coupled multimfibers (GTWave) [3].

It is known that pump absorption in cladding-pumjasiers and amplifiers departs considerably froen th
expected pure exponential decay (Beer’s law) dueefficient pump mixing [4]-[5]. Such pump powabsorption
results in non-optimum inversion and can potentiaffect severely the performance of the fiberlaso far, the
wavelength dependence of these effects alonglihe lEngth has been largely ignored.

2. Absorption Wavelength and Length Dependence

In this talk we investigate experimentally and ttetically the wavelength dependence of the pumprgltisn along
Yb**-doped fibers, for cladding-pumped single as weltaupled multimode (GTWave) fibers [6]. We shdwatt
significant spectral absorption distortions ocdang the length with the 976nm absorption peakciéfe the most.
We developed a novel theoretical approach, basepled mode theory, to explain the observed eff@aisteduce
the number of pump modes (typically 2LGand make the problem tractable, we have used nfaahdies
characterised by the compound mode number (n+2nmthe®iLP,, pump modes to approximate their mutual
coupling coefficients and overlap with the absogboore. The evanescent coupling between the lasstesles of
the pump fiber and the corresponding attenuatedesofithe signal fiber is taken into account aredtttal power
loss has been calculated for different launchingdat@ns.

30 T T T T T T T 0

pump to pump

(a) purnp to signal (b)
signal to signal |4 -10-
signal to pump

20F

P

xt  signal-to-signal

-to-pump
30 ]

signal
40

Mormalized transritted power (dB)
@
Relative Power #1 & #2 (in dB)

ump-to-pump ~ . signal-to-signal
ar 50F s g 4
0 . . L 60 . . . . . . . . .
600 850 900 9E0 1000 1050 1100 &0 1200 900 910 920 930 940 950 960 970 980 990 1000
Wavelength (nm) Wawelength (nm)

Figurel: (a) Experimental and (b) theoretical s-s, s-p,&p-p (s: signal; p: pump) absorption for typiGI'Wave fiber (the insets in (b) show
cross-sectional and longitudinal GTWave details).

Figure 1 shows that the pump absorption in GTW#we$ is highly dependent on the injection and ci&ie ports.
It is shown that as a result of the multimode cmgplprocess the pump-to-pump (p-p) absorption spectis
substantially reduced and distorted, with the 97@dnsorption peak suppressed. The s-p and p-spdlmsospectra
are almost identical, as expected from reciprocifhe s-s absorption spectrum is the strongesteasd distorted.
These effects are very accurately reproduced byptbposed theory. These differential loss effaces minimised
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by proper mode mixing and/or reduction of the dagamcentration. More details will be given at ttenference
presentation.

Figure 2(a) shows the variations of the pump-topuabsorption spectrum as the GTWave length is

progressively cut-back. Figure 2(b) plots the terdependence of the absorption at different purapelengths. It

is shown that the 976nm peak absorption wavelesgibws the largest departure from Beer's law. Lower

absorption wavelengths show progressively smalkgpadures, with the wavelengths at the absorptiamgsv
restoring the Beer-law dependence. Figure 3 gdléscorresponding modelling results, showing a vgogpd
agreement with experiment.
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Figure2: (a) Experimental pump-to pump absorption spectsrfunction of GTWave length, (b) p-p absorptisradunction of length for
different pump wavelengths.
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Figure3: (a) Theoretical pump-to pump absorption specsrfunction of GTWave length, (b) p-p absorptiomdsnction of length for
different levels of effective pump loss.

We have also investigated the mode mixing requirgsnan order to improve the absorption spectrafrithigtion
along the length and the increase the overall ahisor efficiency. Similar effects and dependendiese been

observed in cladding-pumped single Yb-doped fibreBetailed results will be presented at the comfese
presentation.
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