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<» Draka Agenda

e Introduction Bend -Insensitive Fibres (BIF)
 BI-SM Fiber implementations
- Solid -glass Trench -Assisted Fibers ( STAF)
- STAF7.5 /| STAF5 (min. spec. bend radius 7.5/5 mm)
e Splicing (STAF7.5 / STAF5)
e Standardization G.657
e STAF7.5 best G657 optimization

e (Conclusions
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Bends in cable networks

Advantage of bend-insensitive fibre

More forgiving fibre:
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BIF lowers CAPEX & OPEX cost
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<> Draka History solid -glass Bl -SMF

Draka'’s history in bend -insensitive SMF:

2002 - Introduced Step-Index G.652, MAC selected SMF
2004 - Initiated start new ITU -T Rec. ( 2006: G.657)

2006 - Introduced first Solid -glass Trench -Assisted
G.657.B Fiber, fully compliant to G.652.D and min.
specified bend radius of 7.5mm (STAF-7.5)

BendBright -XS

2008 - Introduced first Solid -glass Trench -Assisted
G.657.B Fiber, fully compliant to G.652.D and min.
specified bend radius of 5mm (STAF-5)

BendBright -Elite

2009 - Initiated revision compromise to G.657
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<> Draka G.657 Implementations

Different G.657 fibre implementations can be
recognized in the market:

_ _ _ STAF RVAF RAF
 Ring-assisted design

(RAF)
e Random -Voids -assisted
design (RVAF)

o SOIld _glaSS Trench _ASSISted . ﬁst;rtldard step-index core guides
deS|gn (STAF) O Modified inner cladding confines light at bends
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<> Draka STAF Principle

2006: STAF7.5:
- Step-Index profile assisted by a trench to confine
light to the core
- Developed for full G.652.D compliance
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> Draka STAF7.5 BI-SMF performance

Duplex cable, 90°bend

G.652.0 5.5dB

” STAF7E | 2 turns on a pencil

Straight fiber as reference
10,00000 -

dB/turn
1,00000 -

0,10000 -

0,01000 -

G.652.0 11dB

0,00100 -

.
3

-
1
-
-
-
-

-

0,00010 -
\

Fiber Optic Mete;

0,00001

0 5 10 15 20 25 30 /
— bend radius (mm) STAF7.5 0.2dB




Micro-bend added losses  (dB/km)

STAF7.5 BI-SMF performance
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STAF7.5 also strongly

reduces microbending ,

offering low loss

(long distance) cables |,

e.g. £0.19 dB/km
@1550nm

Extremely robust fiber
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STAFS BI-SMF

2008: New STAFS5 developed for beyond G.657.B (R=5mm)
(still full G.652.D)

R=5mm £0.1 dB/turn realized w. +40% trench volume
(“Ultra” Bend Insensitive Fiber Performance)
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Reproducibility Bend -Loss

STAF show very good bend loss

homogeneity over length + bend angle @

*Based on D. Bookbinder et al., “Microstructured optical fiber and its
manufacturing method”, Application WO 2007/055881, May 2007

Modeled + measured in R=2.5mm
random length/angle kink testing
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STAF BI-SMF splicing

STAF-7.5 splicing to itself and to regular G.652 on most
common splicing machines (~300 splices):
— Fitel S177A, Sumitomo S -39, Fujikura FSM 30S & 50S, Ericsson RSU  -12

e Ave. loss 0.03dB to itself; 0.04dB to regular G.652

35

STAF7.5 to G.652 (Ave. 0.04dB)
30
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e Connector polishing & mechanical splicing:
no change compared to regular (solid -glass) G.652



STAF BI-SMF splicing
« STAF-5 splicing to STAF7.5, G.652 and to itself
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Fiber Type Ave. Splice Loss
STAF5to STAF7.5 0.032 dB
STAF5 to G.652D 0.047 dB
STAF5 to STAF5 0.034 dB
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ITU-T SG15 standardization: G.657

TRACK RECORD

Nov. 2004 first proposal in ITU-T SG15
contribution D010, Draka

Dec. 2006: G.657 version #1 developed
First editor: Piet Matthijsse, Draka
G.657.A “fully compliant with the G.652
single mode fibres and can also be used
in other parts of the network.”
G.657.B “not necessarily compliant with
G.652 but is capable of low values of
macrobending losses at very low bend

-

radii and is pre-dominantly intended for
in-building use.”

Draka Communications

Mar. 2008: start of the revision process
Oct. 2009: new version #2 consented
Structure (A & B) identical, 2 sub-
categories each to offer possibilities for
improved bending
Final approval (AAP) granted Nov. 16t
End 2009: publication of version#2
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ITU-T SG15 G.657 (12/2006)

G.657A G.657B Carefully
: Longer
. . chosen
Attributes distances of Short distances t t f
Access In-Building structure o
A and B
MFD 1310 nm .
Nominal range 8.6 -9.5 um 6.3"- 9.5 um Categorles
Tolerance + 0.4 pm + 0.4 pm
Uncabled fiber
macr_obendlnq loss 15 10 15 10 75 Table of
Radius (mm) 10 1 10 1 1 _
I'\\'A‘;r)?baetrlogstgrr?ﬁ] . 025 | 075 | 003 | 01 | 05 main
Max. at 1625 nm (dB) 1.0 1.5 01 | 02 | 1.0 Attributes
Main transmission fr_om
attributes (PMD / As per G.652D TBD version #1
Chrom. Dispersion) (12/2006)

*) 6.3 um : Japan small MFD fiber
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ITU-T SG15 G.657 (11/2009)
Changes re. 12/2006 - 1/3

G.657 (2006)

Sketch of
Access cabling Building cabling Struptuﬁl
G.652.D compliant Not G.652.D compliant version
All bands 1260-1625nm 1310/ 1550 / 1625nm (12/2006)
Access end-to-end Restricted distances

A B
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ITU-T SG15 G.657 (11/2009)
Changes re. 12/2006 - 2/3

G.657 (2009)

Access cabling Building cabling structure

G.652.D compliant Not G.652.D compliant Version #2
All bands 1260-1625nm 1310/ 1550 / 1625nm (11/2009)

Access end-to-end Restricted distances

Sketch of

Maintained
same
structure
A&B

No
confusion !

s® Py 3
S e es®

~a® _a®

.
.
.
st

Rmin =10mm

and added
two sub-

Support of compact cables categories
in overcrowded ducts In each
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ITU-T SG15 G.657 (11/2009)

Changes re. 12/2006 - 3/3

A & B structure
maintained

attributes (PMD /
Chrom. Dispersion)

Attributes G.657AX G.657By
MFD 1310 nm
Nominal range 8.6 - 9.5 um 6.3-9.5pum
Tolerance +0.4 ym + 0.4 um
Main transmission
As per G.652D TBD

Attributes

Uncabled fibre macrobending
loss

(Notes 1, 2)

Radius (mm)
Number of turns
Max. at 1550 nm (dB)
Max. at 1625 nm (dB)

Draka Communications

Attributes G.657.A1 G.657.A2
Uncabled fibre macrobending
loss
(Notes 1, 2) 15 10 15 10 75
Radius (mm)
Number of turns 10 1 10 1 1
Max. at 1550 nm (dB) 01'205 01'755 00'013 8'; (1)'(5)
Max. at 1625 nm (dB) ' ' ' '

Detailed bending specs
of subcategories
(11/2009)
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ITU-T SG15 G.657 (11/2009)
Changes re. 12/2006 - 2/3

G.657 (2009) cketch of
Access cabling Building cabling Stru.CtuLSZ
G.652.D compliant Not G.652.D compliant version
All bands 1260-1625nm 1310/ 1550 / 1625nm (11/2009)
Access end-to-end Restricted distances
Legacy G.652.D STAF7.5
STAF7.5 STAF5 (2% PS)

Draka has fiber types in all G.657 sub-categories
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STAF7.5: Best optimized G.657

STAF7.5 fibers (G657.A2 & .B2) have shown best
optimization properties:

1. Excellent low bend loss in-building applications:
‘normal ' professional installations
(no flat stapling not allowed by G657)
Cabled fiber bend loss overruling fiber bend loss

Cable acts as bend limiter

2. Excellent bending resistance in (new) compact
cable designs for Access

STAF7.5 suits FTTH from PQOP into premises
(end-to-end)
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STAF7.5: Best optimized G.657
In-building 90 °cable bends

Robustness of MDU cable prevents tight fiber bend radii,
(under appropriate installation techniques)

Assuming 20
90°curves
— 4.8 mm cable per MDU the
average loss
Max 0.026 dB is 0.1 dB, well
Ave 0.005 dB below
— 3.0 mm cable proposed
Max 0.032 dB max. 0.25 dB
Ave 0.016 dB

Cabled fiber bend loss (dB) for 90°sharp bends in
4.8 mm and 3.0 mm indoor cable and STAF7.5 fibers
(G.657.A2 & .B2)
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(Correct) staple test indoor cable

STAF7.5: Best optimized G.657

In-building installation

(89 staples, 15 angles 909

inducing 0.05dB max @1550nm with STAF7.5 (G.657.A2 & B2)

ITG Fachtagung Koln / 16. Dec.2009
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STAF7.5: Best optimized G.657

Access Installation _ (compact cables)

Flextube designs already provide significant reduction in
size compared to standard loose tube ones

Loose Tube Flex Classic
'16% diameter
e.g. 720 fiber
dielectric cable
'30% cross-section
25mm 21mm

More aggressive designs yielding breakthrough size
reduction with STAF-7.5 unique bend loss attributes !

Optimizing compact cables for overcrowded ducts
(duct saving ) in large cities around the globe
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STAF7.5: Best optimized G.657

Access installation (compact cables)

Example of more efficient duct use by cable outer diam.
(OD) reduction (3 cables vs. 2)

inner duct
diameter

Needed: at least 7% smaller OD
@Ca"brated Realized: OD reduction 11% (720 fibers STAF7.5)

CABLE ATTRIBUTES FIBER TYPE

OD needed

Footprint
Increase only
29%

STAF7.5 offers 50% more capacity for ONLY 29% footprint (&fees) increase
STAF7.5 (G.657.A2) offers more than enough improvem  ent of robustness
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Conclusions

Solid-glass Trench-Assisted Fiber (STAF) designs:

- Excellent bend loss and splice loss performance
- All advantages of “normal” solid-glass fibers

STAF7.5 Is optimal choice for FTTH due to:
- Simple fiber design using mature manufacturing technology
- Full-compliance with G.657.A2 & .B2 as well as G.652.D

- Sufficient cable bend-loss for in-building cable and normal
Installation practices (more important than pure fiber bend loss)

- Proven field experience: ~1Mfkm deployed from 2006 in FTTH
access networks & MDU cabling, including stapling/bending

- Strong support towards compact Access cables



Thank you for your attention
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