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Attractions of Plastic Optical Fibers (POF)

Ease of Installation

* NoO expensive termination tooling required

« Simple end preparation (5-10 second dry polish)

Razor blade cut

e Smaller installed bend radius allowed than silica fiber (non-brittle) ~ 3second dry polish

o Large core diameters are NOT important for POF in Gb/s applications

Performance

» High bandwidth over broad wavelength range (lower material dispersion than silica)
» Simple methods for increasing BW using restricted launch (10 Gb/s x 100m)
* Lower modal noise than multimode silica fibers

» Radiation hardness better than silica multimode fiber



Perfluorinated GI-POF: The Great L eap Forward
Perfluorinated polymers greatly reduce attenuation, increase wavelength choice
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10-fold lower attenuation than PMM A -based POF
IR transparency as well as visible transparency

Perfluorinated GI-POF has much higher usable bandwidth than any other POF

Aask fest

Overfilled BW typically > 300-400 MHz-km
Up to 1 GHz-km with underfilled launch
Uses inexpensive existing high speed lasers

| mmediately compatible with gigabit detectors

By contrast, 500 mnm PMMA GI-POF needs _
significant development of both sources 300 m x 1.25 Gb/swith TXR
and detector coupling technologies Intended for multimode silica



Preform Production of PMMA GI-POF

-For PMMA graded-index preforms, interfacial ~ PMMA 09 phase

. } . tube ,
gel processisvery desirable. (Y. Koike, 1 \

monomer

-Start with uniform mixture of MM A monomer

dopant
and dopant molecules

-Index profileformed by preferential exclusion
of dopant moleculesfrom gel phase as gelation
front propagatesinward

1.515
-Profile controlled by adjusting polymerization 1sto]
rate, temperature, etc.
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-Approximate power -law profileswith g = 2-5 Lsoo}
-Demonstrated near-intrinsic attenuation, 500 |
Mhz-km bandwidth at 650 nm 1.4*;{::

0 0.5

Interfacial gel wasfirst effective graded-index POF technology
Recently commer cialized by Fuji Film

Process has not been demonstrated with perfluorinated materials



Production of Perfluorinated Gl-POF Preforms

-Pioneered by Asahi GlassCoin late 1990's

-CYTOP polymer, small-molecule dopant
-L owest-attenuation process for making POF (15 dB/km)

-300 M Hz-km bandwidth specification

-Commercial production volumes (megameter gyr)
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Drawing of Polymer Preforms

Silica preform processes are scalable to large volumes

e Draw temperature ~2000° C

e Fast, uniform radiative heating

* Negligible material absorption a furnace wavelengths /
draw furnace

» Tens of meters/second line speeds

Polyvmer preform processesare NOT scalable
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1 2mm trom surface P

Draw temperature ~200° C wl \

—— Centre of preform

Mixture of convective, radiative heating, low heat flux

Significant material absor ption a furnace wavelengths

Structured preform
= = Simulated

Heat transfer and thermal uniformity set limits W —— Meswes

Tene [mim]

Tenths of meter s/second line speeds
5cm PMMA Preform

To achieve true mass production of POF, this problem must be avoided




Graded-index POF Extrusion
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Technical Challenges of Extruding GI-POF

Core

Structural Complexity (Perfluorinated optical polymer + dopand)
N

Perfluorinated POF needs

500 - $120um
3 or more layers comp_osed (outer jiam;’;; —— '}:{'_"‘){_""ﬁ)]{cm diameter)
of very different materials. -
Core and cladding layers -- perfluorinated Cladding

Reinforcement (overcladding) layer -- non-fluorinated

Multilayer , heter ogeneous fibers are simplein principle, but difficult in practice

» Compatible processing temperatures

» Good interfacial adhesion

» Comparable thermal expansion for low microbending loss

* Control of diameter and other geometric propertiesfor all layers

» Tight tolerances for gigabit applications (e.g. +/-5nmm OD variation )

Ultrahigh Purity

In afiber with 100 nm core diameter, a5 nmm particle will scatter ~0.25 % of incident optical power
For attenuation within 10 dB/km of intrinsic, there must be less than 1 such particle per meter
This corresponds to about 8 parts per billion by volume (lessfor smaller particles)

So, the material must be dried from solution, transferred into the extruder, and processed without
adding more than afew ppb of contaminants. Since in-situ polymerization is not feasible, al of this
must be done after polymerization.

Surprisingly, thisis both possible and manufacturable

(Perfluorinated optical polymer )



Properties of Extruded Perfluorinated GI-POF
Geometry Attenuation
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Typical bandwidth > 400 MHz-km



Extrusion of Ultrahigh Bandwidth GI-POF

Under someoggnditions, overfilled bandwidths as high as4 GHz-km can be attained
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Standardsfor Perfluorinated Gl-POF

Currently, | EC 60793-2-40 defines 4 families of step-index POF (Ada, Adb, A4c, Add)

*All PMM A-based, with 400 dB/km attenuation specification at 650 nm
e Bandwidth specificationsrange from 1-10 MHz-km

*No specsfor bend loss, environmental performance or chromatic dispersion

Dr aft standard introduced as modification of | EC 60793-2-40

* Proposal co-developed and co-sponsored by Nexans, Asahi Glassand OFS

* Recognize possibility of multiple wavelengthsin transmission requirements
I ntroduce 4 GI-POF families. 1 PMMA based, and 3 perfluorinated families
 Perfluorinated GI-POF familiesinclude specs for bend loss, chromatic

dispersion and environmental performance



Proposed new A4 fiber families

Multiple families of graded-index POF proposed to cover diverse applications

PMMA Perfluorinated
) A A
Ade Adf Adg A4dh
Principal applications ;Ogg?ﬁrcs mglélsltgal SOHO LAN mgnl sg%e/;l
Outer diameter (mm) 750 + 45 490 + 10 490 + 10 2505
Core diameter (nm) 500 + 30 200+ 10 120+ 10 625+5
Attenuation at 650 nm (dB/km) <180dB/km | <100dB/km | <100dB/km n/a
Attenuation at 850/1300 nm (dB/km) n/a <40 dB/km <33 dB/km <33 dB/km
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Conclusions
Three commercial Graded-Index POF processes now in existence
The extrusion process greatly reduces the cost of GI-POF manufacture, and can
routinely produce fiber with attenuation < 25 dB/km, and bandwidth > 400 M Hz-km.

Thisdevelopment finally opensthe door to lar ge-scale application of GI-POF.

For thefirst time, POF demonstrated with bandwidth comparable to best multimode

silica products

Standardsfor perfluorinated GI-POF are moving ahead rapidly



