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= Wavelength dependence of OM3/0M4 bandwidth
" |mpact of two wavelengths on MPN

= Dual wavelength channel reach and BER performance
= Conclusions
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Panduit’s Ti:Sapphire DMD System PANDUIT
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Differential Mode Delay (DMD) Measurement

DMD Test Bench - Tunable Titanium:Sapphire Laser

Modal Dispersion Measurement o
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Due to process variation, each fiber has a unique DMD

Two Examples of DMD

As Designed Fiber A Fiber B

-H direction
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i Effectively No Fiber has an “As Designed” DMD Profile
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Widespread Belief — Wavelength Dependence of EMB

EMB (MHz-km)
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@ Two fibers from same cable with the same EMB (similar DMD profile)
& L=548m
¢ Ti:Sapphire Laser - DMD

Radius offset, ym
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Blue Fiber
EMB = 4540 MHz-km
DMD;,,er = 0.12 ps/m
DMD,ier = 0.15 ps/m

DMDgjjging = 0.11 ps/m
DMD P-Shift = -0.098 ps/m
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Brown Fiber
EMB = 4540 MHz-km
DMD;,er = 0.12 ps/m

DMD,er = 0.13 ps/m
DMDyjging = 0.13 ps/m
DMD P-Shift = +0.096 ps/m
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Measured EMB Wavelength Dependence
Panduit’s DMD System Utilizes a Tunable Ti:Sa Laser
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Fiber A (Left-shifted) Wavelength Dependence [1] IPANDUIT
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Fiber B (Right-shifted) Wavelength Dependence [1]mlllllT
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Impact of DMD profile on channel performance [2,3]

Bandwidth and Noise dependence on DMD tilt

= For asimilar EMB measured at 850nm, L-MMFs provide higher bandwidth at longer
wavelengths than R-MMF.

= R-MMF produces higher levels of MPN due to longer separation of the modes in the
MME.

® Transceivers using equalization can partially compensate for channel bandwidth
limitations. However, equalizers increase noise.
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40GbE (2x20G) Bi-Directional, 2-1's
Measured Channel Performance
XCVR 1 XCVR 2
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BER at 904 nm, 40Gbps, 150m PANDUIT
L- vs. R-Shifted DMD, EMB = 4540 MHz-km [4]
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Calculated Channel Reach For 40G BiDi XCVR

Using Measured EMB Wavelength Dependence

150

—o— Fiber A
140 - —/— Fiber B

130 - - - --Maximum Reach

120 A

110 H L-shifted Fibers Required for Multiple Wavelengths

Reach (m)

=
oo O o
o o o
Q. N

=
/

D
o
I

}\‘1 }\‘2
50 _—|—“ T T I— T T T
820 830 840 850 860 870 880 890 900 910 920 930 940 950

Wavelength (nm)




PANDUIT

Conclusions

= Process variation in the fabrication of MMF refractive index profiles result in MMFs
with optimized bandwidth at different wavelengths.

=  Current OM3/0M4 standard test methods do not estimate EMB for wavelengths
longer than 850nm.

= OM3/0OM4 reaches for wavelength longer than 860 nm need to consider worst-case
standard compliant fiber.
* OM3/0OM4 fibers can be L-MMF or R-MMF which has significant impact on
performance. [4]
 R-MMF has reduced bandwidth and produce higher levels of noise in equalized
channels

= Channel Reach for a multi-wavelength PMD requires further study and must be based
on worst-case variation in refractive index profile.
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