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Mode-Coupling Characteristics in Multimode Fibers Excited by Ultra-Short Optical

Pulses
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The fundamental mode in multimode (MM) fibers can be launched by reducing mode-coupling
and suppressing modal speckle. The presence of speckle due to modal interference between many
modes can be eliminated by use of optical sources with short temporal coherence. In this paper,
the mode-coupling coefficients and launching efficiencies into step-index and graded-index MM
fibers as well as erbium-doped fibers (EDF) are determined experimentally from diffraction
half-angles of output emitted from these MM fibers. The mode-coupling and single-mode (SM)
excitation are also demonstrated using a Ti:Sapphire laser with ultrashort pulse. Then, M *-values
that are typically used to characterize the quality of near-diffraction-limited optical beams are
defined in output of MM fibers and followed by experiment. We confirmed that at wavelength of
790 nm the SM output (M?<1.2) is maintained in a sample of EDF up to 3.5 cm, whereas slightly
degraded spatial-mode quality, M*<2.0 is maintained in a longer distance of 15 cm for the same
sample.

Key words: ultra-short optical pulse, multimode optical fiber, mode-coupling, single-mode excita-
tion, M?*-value
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Table 1 Specifics and parameters of graded-index (GI) and step-index (SI) MM fibers and erbium-doped multimode fiber
(EDF). VAD: Vapour-phase axial deposition, OVD: Outside vapour deposition, MCVD: Modified chemical vapour deposition.
Fiber sample No. 1 No. 2 No. 3 No. 4 No. 5
Refractive index Gl GI GI SI (EDF)
Core diameter (xm) 50 62.5 62.5 50 18.4
Cladding diameter (xm) 125 125 125 125 125
Numerical aperture: NA 0.212 0.3 0.3 0.134 0.069
Manufacturing process VAD OVD MCVD VAD —
Fiber length (m) 1.8 1.5 1.0 2.0 1.5
Diffraction half-angles 4, (rad) 0.159 0.220 0.178 0.118 0.048
/ } H ; -1
Modeﬁcﬁouplmg coefficient D (m™") 355102 Q15100 79% 10 17%10-2 0.31 X 10-3
[A =790 nm]
. . o
Launching efficiency # (%) 0.24 0.0084 0.13 0.46 20.4
[A =790 nm]
M?-value [A =800 nm, z=1.5m] 39.4 115 113 20.3 5.73
Multimode Fiber (MMF) 2
Beam Splitter @ f J !
Ar' Laser Ferosecon sample No.1
S 20% 6] = dy=0.151 (mm)
' ons_ £ © =0.264 (rad)
Lens Tn/
Femtosecond f=30mm =
Autocorrelator _5 1
Optical _/_52
Spectrum Knife-Edge | —
Analyzer [} =
Power Meter g
Fig. 1 Optical setup for measuring M?-value in MM fibers. @
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Propagation axis (mm)

Fig. 2 Focused beam radius of sample No. 1 as a function
of propagation axis.
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Fig. 3 Focused beam radius of sample No. 4 as a function
of propagation axis.
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Fig. 4 Optical setup for measuring mode-coupling and
launching efficiency in MM fibers.
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Fig.5 Optical spectra of ultra-short pulse from a Ti:
Sapphire laser (solid line) and those after it was propagat-
ed in MM fiber only (dashed line) and the MM fiber
followed by the SM fiber of sample No.1 (chain line).
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Fig. 6 Optical spectra of ultra-short pulse from a Ti:
Sapphire laser (solid line) and those after it was propagat-

ed in MM fiber only (dashed line) and the MM fiber
followed by the SM fiber of sample No. 5 (chain line).
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Fig. 7 Measurement and theoretical curves of M*-Values
in sample No. 1 (chain line), sample No. 4 (dashed line)
and sample No.5 (solid line) MM fibers as a function of
fiber length.
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