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Growth in Bandwidth DemandGrowth in Bandwidth Demand
42% annual growth

Bandwidth Supplied to a house
100042% annual growth 

rate in bandwidth

es
 a

nd
 O

FS

10

100

b/
s)

FTTH solutions only

Cu speed limit

Largest Bandwidth 

users: ch
no

lo
gy

 fu
tu

re

0.1

1

at
a 

R
at

e 
(M

b

ProjectedData

users:

• Video on demand S
ou

rc
e:

 T
ec

0.001

0.01D
a

Analog
Digital• HDTV

• Internet video

0.0001
1980 1990 2000 2010 2020

Year

Digital

Text Pictures Video



FTTx Examplesp
HFC – Hybrid Fiber COAX

SM Fiber

HFC Node

RG6
COAX

SM Fiber 

up to 2000 
subscribersHead End

00 2 KM500m - 2 KM5 to 80 KM

5 – 10 Mb/s typical downstream,  upstream 0.1 to 1 Mb/ today

Higher bandwidths possible with fewer subscribers



FTTx Examples
FTTN - Fiber to the node

Switch Node

12 - 24 fibers

Switch Node

up to 600 subscribers

Twisted Pair

1.5 KM
5 to 100 KM

Twisted Pair 

Potential 24 MbpsPotential 24 Mbps



FTTx Examples
FTTC – Fiber to the Curb

Switch Node
ONTCentral Office OLT

12 - 24 fibers
up to 12 
b ib

ONTCentral Office OLT

12 24 fibers subscribers
Twisted Pair 

5 to 100 KM
150m

5 to 100 KM

Potential 100 Mbps



FTTx Examples
FTTH – Fiber to the Home

Ethernet Switched Optical Network (ESON)t e et S tc ed Opt ca et o ( SO )

Ethernet ONT

1 - 10 SM fibers 

Ethernet 
Switch(s)

200 - 1000 

1 or 2 SM or 
2 MM fibers to 

each home 

subscribers
300 m to 2 

KM

OLT

5 – 40 KM

Current 10-100 Mb/s per subscriber
Potential 10 Gb/s per subscriberPotential 10 Gb/s per subscriber



FTTx Examplesp
FTTH – Fiber to the Home

Passive optical network (PON)Passive optical network (PON)

t 32Splitter(s)
ONT

1 or 2 SM fibers

up to 32  
subscribers

p ( )
up to 1:32

1 or 2 SM fibers
OLT
(in CO)

1 or 2 fibers

Typical distance range
5 to 20 km

Typical distance range

Current 20 – 1000 Mb/s 

Potential 10 Gb/s per subscriber



What is being deployedWhat is being deployed
Network Type and
Supported Application

Standard(s) Video Wavelength(s)
on each fiber

FTTH – PON ITU-T G.983 (BPON) 1490 nm downstream and 
1310 nm upstreamITU-T G.984 (GPON)

IEEE 802.3ah (GE-PON)
1000BASE-PX

FTTH – Active Ethernet 
FTTC – Feeder to Curb
FTTN F d t N d

IEEE 802.3 Ethernet 
100BASE-BX

1550 nm downstream and 
1310 nm upstream

FTTN  - Feeder to Node
Enterprise 

IEEE 802.3 Ethernet 
1000BASE-BX

1490 nm downstream and 
1310 nm upstream

FTTH PON or HFC 
Broadcast RF Video

SCTE and ITU 1550 – 1560 nm
Broadcast RF Video
10GEPON and 
10GPON

IEEE 802.3 study group
ITU Study Group

TBD – likely to include 
wavelengths > 1490 nm.

DWDM PON Future standards and/or 1480 – 1625 nmDWDM PON Future standards and/or 
multiple PONs on single 
ODN

1480 – 1625 nm
CWDM PON 1260 – 1625 nm



Value of Full Spectrum fiberValue of Full Spectrum fiber
wavelength (nm)E

0 9

O LCS
Conventional 

Standard Single mode (d
B

/k
m

)

0.6

0.9 SM Fiber
G.652 A,B

LWP fiber

Standard Single-mode 
with one  20 mm 

diameter loop

Lo
ss

0.3
Zero Water Peak Fiber 

12 0 1290 1310 1330 13 0 13 0 1390 1410 1430 14 0 14 0 1490 1 10 1 30 1 0 1 0 1 90 1610

O1  O2  O3  O4  O5  E1  E2  E3  E4  E5  S1  S2  S3  C1  C2  L1  L2  L3

1270 1290 1310 1330 1350 1370 1390 1410 1430 1450 1470 1490 1510 1530 1550 1570 1590 1610

Future UseUpstream Downstream Digital UseFuture Use 



Macrobend Simplifiedp

When does a fiber screamWhen does a fiber scream 
“I don’t like what you are doing!”

C ti lConventional
Singlemode fiber

Bending Optimized 
Singlemode fiber

Small
radius
Small
radius Small

radius
Small
radius

Service 
Disrupted Service 

Maintained



Macrobend Simplified
Minimum designed bend

Conventional Singlemode fiber
• 15 mm radius

G.657 A Singlemode Fiber
• 10 mm radius

G.657 B Singlemode Fiber
• 7.5 mm radius

Non-standard Singlemode fiber
• 5 mm radius5 mm radius



What is in the standards
• ITU G.657 standard describes fibers with 

improved macrobend performance Theimproved macrobend performance.  The 
standard describes two classes of fibers

– Class A- Fully compliant with G.652.D with improved 
bending performance. The minimum designed bend 
radius is 10 mmradius is 10 mm.

– Class B- Fiber designs for niche indoor wiring g g
projects with very low macro bend loss not required 
to be compliant with G.652 standard. The minimum 
designed bend radius is 7 5 mmdesigned bend radius is 7.5 mm.



Macro-bend Performance TableMacro bend Performance Table
ITU Std Bend Radius 

(mm)
# of 

Turns
Wave-
length

ITU Std
(dB)( ) g (dB)
Max.

10 1 1550 nm
1625 nm

0.75
1 5

G . 6 5 7 A
1625 nm 1.5

15 10 1550 nm
1625 nm

0.25
1.0

7 5 1 1550 nm 0 5

G 657 B

7.5 1 1550 nm
1625 nm

0.5
1.0

10 1 1550 nm
1625

0.1
0 2G.657 B 1625 nm 0.2

15 10 1550 nm
1625 nm

0.03
0.1



What is being specified/testedWhat is being specified/tested

5 ti l bl5 mm optical cable

5 mm radius mandrel

7.5 mm macrobend in optical fiber



Why do you need G 657 Class A fiber?Why do you need G.657 Class A fiber?
In OSP connectivity reality rarely meets theory

Theory Reality



Why do you need G.657 Class A or B fiberWhy do you need G.657 Class A or B fiber 
compliant with the installed base?

Theory Reality

Fiber Distribution Cabinet Patching for PON or Point to Point System



Why do you need G.657 Class A or B fiber 
compliant with the installed base for connectivity?compliant with the installed base for connectivity?

16mm Min Radius:16mm Min. Radius:

G.652.D Bare Fiber

10 Mi R di10mm Min. Radius:

G.657.A Bare Fiber
Smaller Splitter Cabinet:p

144f in 20” x 18 ½” x 10”

Smaller apparatus is enabled by using bend improved pp y g p
singlemode fibers to reduce the size of splitters and 
connectivity



Why is G.657 class B fiber required for 
i b ildi li ti ?in building applications?



When G.657 Class B performance is 
not enough …



Singlemode fiber designs withSinglemode fiber designs with 
improved bend performance

P t t dP t t d T h A i t dT h A i t d R d V idR d V idMatched Protected 
Core Fiber
Protected 
Core Fiber

Trench Assisted  
Fiber

Trench Assisted  
Fiber

Random Void 
Fiber

Random Void 
Fiber

Hole Assisted 
Fiber

Hole Assisted 
Fiber

Matched
Clad Fiber



Fusion Splice Compatibility tableFusion Splice Compatibility table

Clad/Core aligned Matched Protected Trench Hole Random g
splice equipment Clad core fiber assisted 

fiber
assisted 

Fiber
Void fiber

Matched Clad YES/YES YES/YES YES/NO NO/NO YES/NO

Protected core YES/YES YES/YES YES/NO NO/NO ?

YES indicates fiber splices with standard recipe and proceduresYES indicates fiber splices with standard recipe and procedures            
NO indicates special splice recipes and/or procedures may be required



Next Generation Singlemode Fiber:
Targeted at MDU FTTH

Current state of the art for minimum 
designed bend radius:

•ITU G 657A (10 mm)ITU G.657A  (10 mm)
•ITU G.657B  (7.5 mm)

However … 
significant improvements in bend 
performance are needed for MDUperformance are needed for MDU 
FTTH Overbuilds & In-Home Wiring

•MDU applications (5 mm)



Stapling Optical Cables
Staples produce variable forces and bends in 
the optical fibers after stapling. Optical cables 
used in this environment must protect the 
optical fiber from these forces 

X-Ray image



X-ray of optical cable in bendX-ray of optical cable in bend



Why does bending a fiber impactWhy does bending a fiber impact 
mechanical performance?

Surface in tensionStress on surface of bent fiber

200
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si)

Surface in compression
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Reliability in sharp bends
single ¼ turn calculation

Cable bend 
radius

Pull force 
(pounds force)

Fiber strain 
kpsi

20 year failure 
probabilityradius (pounds force) kpsi probability

5 mm 0 ~100 < 1 ppm

5 mm 4 ~300 > 50%
Cable stapled

Maximum 
stress at 

4 lbs pulling force
Prior to stapling

Cable stapled

corner

Cable stapled

Tension in fibers 
impacts reliability!

Cable is 4.7 mm diameter and limits fiber 
bend diameter

impacts reliability!



Meeting the Bending ChallengesMeeting the Bending Challenges
30 mm

•Long Haul Minimum design

•Outside plant

Long Haul
•MetroFull

Minimum design 
radius

•Central office

Outside plant
•connectivity

5 mm

G.652D

G.657A

•MDU drop cables
In home cabling

•Connectivity

C tibilit ith

5 mm

G.657A&B
•In home cablingCompatibility with 

conventional 
singlemode fiber

Non standard

Partialsinglemode fiber



SummarySummary
• There are a lot of applications for optical fibers 

with improved bend performancewith improved bend performance

B di ti f ti l fib h ld• Bending properties for optical fibers should 
match the application requirements

• Bend-optimized optical fibers have improved 
b d f b t h i lmacrobend performance but mechanical 

characteristics of glass have not changed
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