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Key Global Application Trends
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Key drivers
•FTTx is growing

•End users consume / valuing 
bandwidth

•Bandwidth needs are becoming 
symmetric

•This bandwidth demand will load 
the backbone

Where we are headed
•40 G systems are being 
designed and deployed

•New long haul build starting

•Small enclosures and drop 
cables being deployed
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Zero Water Peak

Provides key benefits

� Lowest loss across spectrum 

� Greater revenue opportunities through extended reach 

� Increased design flexibility

� Lower cost system through increased bandwidth

� Best in class reliability

� Pure synthetic glass and DLUX™ Coating

� Low and stable loss and PMD

� Best in class geometry

� Excellent splice performance
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ITU G.695 (CWDM 
interfaces) + 

revised G.694
ITU Approves 
G.652.C (LWP)

AllWave and the ZWP Timeline
Creating the market for low-loss fibre

AllWave Fibre
introduced

ITU 
G.652.D

ITU G.694
(CWDM grid)

Massive City 
Network 
Builds

AW 
Reduced 

Aging Loss

AW ZWP
Introduced

Improved 
Geometry 
and PMD

Investment 
in RICC 

Technology

Improved 
AW Cable 

Specs

Full Spectrum 
CWDM Alliance 
founded

1998 1999 2000 2001 2002 2003 2004 2005

2nd and 3rd

LWP fibres 
introduced 

Commercial 
16-Ch CWDM 

systems

Other LWP fibres 
introduced 

OFS continues its leadership role in the development and 
improvement in the Reduced Water Peak fibre market
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Reliability

Fiber transmission reliability (factors):
� Full Spectrum

– ZWP – No “Water Peak”
– Lower attenuation
– More useable wavelengths (DWDM, CWDM)

� Polarisation Mode Dispersion (PMD)
– Patented OFS process to control and reduce PMD
– PMD control critical for high speed networks 40G and 

beyond
� Fiber Geometry 

– Splice losses



� � � � � � � � � 	 
 � � � 
 � � � � � �� � 	 
 � � 
 � 
 � � � �

wavelength (nm)E

0

0.3

0.6

0.9

1.2

1300 1400 1500 1600

L
o

ss
 (

d
B

/k
m

)

O LCS

Conventional 
SM Fiber
G.652 A,B

AllWave ® Zero Water Peak fiber 
lowest loss

LWP fiber

AllWave ® ZWP Fiber 
G.652D Zero Water Peak fiber
More usable wavelengths and Lowest Loss Across the Spectrum

� Lower cost electronics and extended reach

� Greater revenues -- up to double the bandwidth of CSMF

Wavelength

AllWave Fiber  has 
lower loss 

throughout by 
removing the water 

peak defect and 
benchmark process 

control
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1383 nm  Loss Performance
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OFS AllWave 
ZWP Fiber

Competitive Industry

1383 nm loss limit

12% lower loss than other LWP brands

Industry Standard 
G.652.D 1383 nm 
loss limit

22% lower loss than G652D LWP Standard



� � � � � � � � � 	 
 � � � 
 � � � � � �� � 	 
 � � 
 � 
 � � � �

D2 Treated Fiber:
Negligible Hydrogen Aging Loss

• Permanent Low Loss for the Full Spectrum from 1260 to 1625 nm



� � � � � � � � � 	 
 � � � 
 � � � � � �� � 	 
 � � 
 � 
 � � � �

OFS leads the Industry in 
PMD control  

� System demands will continue to increase faster than we expect

� Most likely based on the undefined video services customers will be 
willing pay for on the “ fibered’ network as well as the “ wireless”
network

� PMD is a critical quality and reliability characteristic

� The network must support multiple electronic generations and the
“ known” bandwidth demands...we simply know it will exceed our 
expectations...

� All reputable fiber manufacturers advertise good PMD – OFS has 
documented production results in fiber and cable alike
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Dispersion Compensation

Un-repeated 
transmission distance (km)

Acceptable 
PMD 
in fiber 
(ps/ÖÖÖÖkm)

What limits are caused by PMD ?

ITU-T

G.652D

G.655

G.656

PMD=100/(GB/s*ÖL).  PMD of High Quality Dispersion Compensation 
modules included.  PMD from Optical amplifiers NOT included.
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Normalized PMD histogram for AllWave 
(most demanding LT cable design)
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Since 2002 OFS has 
improved fiber PMD 
performance each year
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PMD take home message

� 40 Gb/s networks are coming and the most 
knowledgeable providers are asking about ultra 
low PMD

� Ultra low PMD fiber and cable may be the best 
investment for bandwidth upgrades

� PMD control is a core competency of OFS 
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Zero Water Peak

Provides key benefits

� Lowest loss across spectrum 

� Greater revenue opportunities through extended reach 

� Increased design flexibility

� Lower cost system through increased bandwidth

� Best in class reliability

� Pure synthetic glass and DLUX™ Coating

� Low and stable loss and PMD

� Best in class geometry

� Excellent splice performance



When bend sensitivity matters specify

BECAUSE using Single-mode (SMF)  or LWP fiber is 
no longer enough…

AllWave FLEX Zero Water Peak fiber enables full 
spectrum performance

and much, much more…

TM
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Full Spectrum, Low Loss Optical Path
Maximum Flexibility for current and future applications
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ITU G.657 Standard

� ITU has developed the G.657 standard describing fibers with 

improved macrobend performance.  The standard describes two 
classes of fibers

� Class A- Fully compliant with G.652D with improved bending 
performance 

� Class B- Special fiber designs with very low macrobend loss, 
not required to be compliant with G.652 standard
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AllWave® FLEX ZWP Fiber 
Bend Optimized for CO and Bend Challenged OSP

� 10 mm min radius with 0.2 dB max loss per turn at 1550 nm (60% 
better than ITU G.657A, compliant to G.652D)

� Seamless Splicing to G.652D  

� Standard SMF equipment/ programs 

� Clad or core aligned

� 0.03 dB average loss

� Ultra High Mechanical Reliability

� 40 yr  < 1 ppm down to 7.5 mm radius

� Risky bends < 7.5 mm revealed by bending loss

� Valued in applications with zero margin for spontaneous fiber 
failures 

� ITU G.657A and G.652D Compliant
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Target Applications for 
AllWave FLEX ZWP

� Central Offices

� Reduced bend radius for cordage/jumpers
– Increased fiber packing density

– Insurance against bit errors in crowded COs

� Improved robustness in crowded shelves and ladder racks

� FTTx

� Reduced-size cabinets and fiber management systems
� Allowing small bends in constrained-space MDU applications

� Video delivery:  insurance against bit errors due to tight bends

and/or abusive installations
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OSP Micro-cables - 5 - 10% 
smaller than with 652D

Fiber Distribution Hubs

MDU Backbone 
& Terminals

AllWave® FLEX ZWP Fiber 
Bend Optimized for CO and Bend Challenged OSP

OSP Cables with many 
splices and bending

Central Office
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Best in class splice performance

� OFS fiber fabrication technology was optimized to produce 

excellent splice loss for both AllWave® and AllWave® FLEX fiber

� Our world class VAD preform process and draw process produce 

highly uniform fiber that has low core eccentricities and tight 
mode field diameter distributions.

� The result of this effort is low loss fusion splices for your network.

� Compatible with embedded base!



� � � � � � � � � 	 
 � � � 
 � � � � � �� � 	 
 � � 
 � 
 � � � �

Splice Study
average splice loss measured using 
bidirectional OTDR (dB)

•250 splices between each combination of fibers 
•1500 total splices in study
•Greatest splice loss measured was 0.15 dB

AllWave®

FLEX ZWP 
Fiber

AllWave®

ZWP Fiber

0.02

AllWave®

ZWP Fiber

0.02

0.03

AllWave®

FLEX ZWP 

Fiber

0.03

0.03

Competitive 

Singlemode 

Fiber C

0.04

Competitive 

Singlemode 

Fiber D
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Typical Macrobend loss per loop for
AllWave® FLEX ZWP Fiber at 1625 nm
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AllWave® FLEX fiber in tight bends

Failure probability 
greater than 1 ppm for 

40 year reliability

Recommended 
minimum diameter

1 dB of added attenuation at 1625 nm when reliability is at risk!!!

Safety 
zone
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Mechanical performance
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AllWave FLEX fiber

� Fully compliant with current international 
standards 

� Meets and exceeds - ITU G.652D
� Meets and exceeds  G.657 Class A 

� Optimized bend performance
� Excellent splice performance
� Reliable
� Backed with over 20 years of bend insensitive 
singlemode fiber expertise
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OFS Bend Optimized Offer

EZ-Bend™ Cables

AllWave® FLEX Zero Water     
Peak (ZWP) Fiber

MDU and In-Home Wiring 
Drop Applications

Bending Down to 5 mm 
Radius

Most Bend-Challenged 
Applications 

Bending of 10 – 20 mm 
Radius



� � � � � � � � � 	 
 � � � 
 � � � � � �� � 	 
 � � 
 � 
 � � � �

OFS Bend Optimized Offer
An Optimum Blend of Bending Performance, 
Mechanical Reliability, and Backward Compatibility

5 mm 
0.1 dB

10 mm
0.2 dB

Minimum Bend Radius and max loss 
(1550 nm 1 turn)

20 yr with a few ppm 
failure rate

40 yr with <=1 ppm
(effectively zero)

Acceptable Mechanical Reliability at rated 
minimum bend radius

Beyond G.657BG.652D, G.657AStandard (ITU-T)

Seamless to existing fiber, same standard equipment and 
processes as with standard G.652 fibers

up to 1000s

CO, Data Center, Cabinets, 
Premise backbone, MDU 

backbone/terminals bend 
challenged OSP cable, micro-
cable and drop applications

AllWave® FLEX ZWP Fiber
(Most applications)

Fusion Splicing to self & std G.652 fibers. 
Connector Mounting & Cleaning.

1 Subscribers per fiber

MDU and in residence 
drop cables, specialty 

video applications

Applications

EZ-Bend™ CablesOFS Bend Optimized Offer
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Yes

No

Yes

Application 

Need

MDU and In-Home Drop

Yes

Yes

No

AllWave®

FLEX Fiber

EZ-Bend ®

Cable

Application 

Need

NoYesRisky Bend Warning to 
Identify and local Low 
Bend Radius bends. 

Yes

No

Most Bend Challenged 

Applications

YesEasy Splicing to self and 
existing G.652 Fiber

Yes – inside 
proper cable

Sharp Bending Around 
Corners, Stapling, no 
external bend radius 
management

Application Needs 

and Bend Optimized 
Solutions

OFS Bend Optimized Offer
An Optimum Blend of Bending Performance, 
Mechanical Reliability, and Backward Compatibility
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EZ-Bend™ MDU/In Home               
Drop Cables 
New OFS Ultra Bend Insensitive Technology                      
Using Solid Glass Construction

Storage

JEG basement –functional 
indoor copper drop

Staples

� 5 mm min radius with 0.1 dB max loss per turn at 1550 nm  

� Seamless Splicing to G.652D  

� Standard SMF equipment/ programs 

� Clad or core aligned

� 0.05 to 0.15 dB average loss

� Low loss connector mounting, polishing and cleaning using 
existing standard process

� Mechanical Reliability for Single Subscriber drop application

� 1 failure per 5M drop cables (4.8 mm cable) per year under rigorous 
MDU simulation condition. 

� ITU G.652D compatible

� Proposal to standardize as G.657C 
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Routing to set-top boxes or ONTs

JEG basement

–

functional 
indoor copper drop

EZ-Bend™ MDU/In Home Drop Cables 
New OFS Ultra Bend Insensitive Technology                      Using 
Solid Glass Construction

Bends and Knots

Storage

Staples

Corners
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EZ-Bend™ 4.8 Cables 
Protect the Fiber
Can Be Stapled and Routed Around Sharp Corners

 

90-degree bend, stapled ¾” from corner:
5 lb tens ion, 5.5mm f iber  bend radius

Aggressive s tapl ing : 
19mm bend radius for fiber

(min imal bending)
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EZ-Bend ™ Technology 4.8 mm cable
50% better loss performance than required in the rigorous 
Verizon MDU Simulation Test (TPR 9424)

MDU Simulation Conditions including the sum of 10 ninety degree corners, two 10 mm 
diameter mandrel wraps, 30 staples, 1 ninety degree corner with 5 lbs tension, and 1 

ninety degree corner with 30 lbs tension
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EZ Bend™ Technology Cables
Rugged Protection Against the Bends

� 4.8mm

� Intended for aggressive routing around 

door frames, 2x4s, 90-degree corners

� 100 lb. tensile strength
� May be stapled

� Riser and plenum versions available

� 3.0mm

� Intended for installation in crown molding 

or other protected environments
� 70 lb. tensile strength

� Riser and plenum versions with standard 

SM fiber FOC tested and accepted

Aramid Yarn

Flame-Retardant 
Outer Jacket

900 mm 
Buffered Fiber

4.8mm Cordage

3.0mm Cordage
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* Core aligned splicing may be possible with custom splice program upgrade

Holes/Voids

Holes
Solid Construction Solid ConstructionSolid Construction

Bend Insensitive Fiber Comparison for 
MDU/IHW
EZ-Bend™ Cable Supports
Key Performance Needs

Trench AssistedNanostructured
EZ-Bend™
Technology

Bend-insensitive Fiber

Solid ConstructionHolesSolid constructionType of Construction

YesYesYesClad Aligned Fusion Splice with 
standard program

No*No*Most machines. 
Some may require simple 

update

Core Aligned Fusion Splice with 
standard SMF program

YesNo–special processYesConnector polishing and cleaning 
w/ standard process

YesNoYesUniform bend loss along length

NoYesYes0.1 dB max loss 5 mm radius single 
turn at 1550 nm
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EZ-Bend™ 4.8 mm Cable  
Reliable Under Tension & Stapling Around           
Tight Corners in MDU Applications

20 year m ec han ic al failu re p rob ab ility fo r  
4.7 m m  OFS op t ic al c ab le
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(1/4 turn) 
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1

0.1

PPM

New Reliability 
Model Developed 

by OFS

Predicted  Drop Cable Failure Rate:  1 per 5 million customers per year
(Assumes Verizon TPR-9424 MDU Simulation Conditions including the sum of 10 ninety degree corners, two 10 mm diameter 
mandrel wraps, 30 staples, 1 ninety degree corner with 5 lbs tension, and 1 ninety degree corner with 30 lbs tension)

4.8
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Reliability

Fiber mechanical reliability is a function of:
� Proof test level
� Inherent glass quality 

� Optical fiber packaging (The cable 
design)

� How the optical cable is deployed
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Figure 1. SEM of surface pits after brief
HF etch of fiber made with natural quartz

Figure 2. SEM of fiber surface after brief HF etch
made with ultra pure synthetic glass.

Inherent Glass Quality

May affect fiber break rates. 

Flaws or inclusions may degrade fiber strength

Alkaline impurities can affect hydrogen ageing.
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OFS EZ Bend ™ Technology Breakthrough
Optimized for IW  (MDU and Home)

Customer Value  and Enabling Technology

� up to $150 per unit passed labor savings, up to 5X higher deployment 

velocity through low skill, fast installation. 

� Faster, easier installation like copper service wire 

� No costly bend radius management or special pathways needed, stapling 

around sharp corners using copper service wire practices.

� Negligible bending loss – breakthrough performance for a solid G.652 

compatible fiber.

– 0.06 dB typical loss for 1 turn at 5 mm radius (1550 nm)

– up to 1000 times better than conventional SMF

� Technology developed by OFS Labs, originally for specialty application
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OFS Bend Optimized Solutions

MDU drop cables, in 
residence drop cables. 
Super bendable fast, and low 
skill, installation

Central office cross-connect, 
OC-48, 192 and 768 
systems, DWDM, High 
Power applications

Central Office cable, Splitter 
cabinets, Enterprise, Data 
Center,  MDU 
riser/backbone, Bend 
challenged OSP, OSP 
Micro-cables, OSP Drop

Applications

EZ-Bend™
Technology drop 
cables for MDU 
and in residence

Blue Tiger®

Jumpers

AllWave® FLEX 
connectorized 
cables, indoor 
cables, jumpers, 
Micro cables, 
OSP cables

Solution

0.1 dB 1550 nm
0.25 dB 1625 nm

0.5 dB 1550 nm
1.0 dB 1625 nm

up to
20 times better than std SMF
Double proof strength

G.657B
G.652D
compliant

0.1 dB 1550 nm
0.25 dB 1625 nm

up to
500 times better than std SMF

Much better 
than G657B, 
G652D 
compatible

0.2 dB  1550 nm   
0.5 dB  1625 nm

up to
10 times better than std SMF  

G.657A and  
G.652D 
Compliant

Bending 
Loss (one turn)

ITU-T 
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EZ Bend ™ Technology Fiber 
Splicing and Connector Compatible to itself 
and Standard, installed singemode fiber

    Average 
Standard 
Deviation 

EZ Bend – 
Version 2 0.04 dB 0.025 dB 

EZ Bend – 
AllWave (OFS 

G.652D) 
0.09 dB 0.02 dB 

 

Fusion Splicing  - Initial Data (FAI)

    Average Standard 
Deviation 

Insertion 
Loss 0.18 dB 0.10 dB 

Return Loss > 72 dB ---- 

 

Connection Loss – Initial Data (OFS)

EZ-Bend Fiber mated to AllWave Fiber

• Factory Mounted Connectors

• Standard preparation and polishing 
process

EZ-Bend

TechnologyEZ-bend to OFS Allwave Flex
(S 177)

Splice loss @ 1537nm = 0.06 dB
Splice loss @ 1307nm = 0.05dB
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Connectorization of EZ Bend ™ Technology 
Fiber

� EZ Bend can be terminated 
with standard connectors 
using standard procedures

� Results shown here are for 
306 terminations by OFS 
standard production 
techniques in Carrollton, 
Georgia plant

� Insertion loss > 0.40 dB 
would be rejected and 
reworked for production
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For Bulk Cable Packaging Only
Reelex®

� Installers familiar with   
packaging (Cat5 copper)

� 1500’ lengths standard

� Easily manageable with single 
technician

� Size:  12” x 13” x 9”

� Weight: 24 lbs


