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Today’' s Speaker

Tom Warren

Sales Engineering
Clearfield®

A20 years of communication industry experience

ASpecializing in passive connectivity products for CWDM,
DWMD, FTTx and HFC applications
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Agenda

Fiber Basics, Transmitters/Receivers, LASERs and LEDs
Transmission Characteristics

Optical Loss Budgets/Testing

PON Varieties

PON Architecture (OSP)
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MDU Applications
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Fiber Optic Systems

‘ = RECEIVER

USER
INPUTS
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USER
OUTPUTS

ELECTRICALTO OPTICAL TO ELECTRICAL
OPTICAL CONVERSION CONVERSION
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Fiber Optic Basics

Why do we use it?
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Applicationdor Fiber Optics

.=
Long Haul HFC ’
Telecom

\.\

Cell Backhaul

Wind Farm/Power
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Recent Developments
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HowFiber Works
(Total Internal Reflection)

NORMAL

LOWER INDEX OF REFRACTION
(CLADDING)

HIGHER INDEX OF
REFRACTION

(CORE)
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The Optical Spectrum
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Attenuation Graph- By Wavelength
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Transceiver Types

Bidi (Bi-Directional) One
Fiber SFP

TWO FIBER SFP
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Types of Fiber MM and SM

Multimode

Singlemode
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The Structure of an Optical Fiber

Singlemode
ACore 8 — 10 micron
ACladding 125 micron

cladding

Single Mode Fiber /
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End Face Examples

Contaminated End Face Clean End Face
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End Face Examples

Damaged End Face Intact End Face
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Fiber Optic Color Code

Number Color
Blue
Orange
Green
Brown
Slate
White
Red
Black
Yellow
Violet
11 Rose
12 Aqua

O 00 N O O A W N -
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Stranded Fiber and Ribbon Fiber

Stranded Fiber Ribbon Eiber
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FiberTransmission

Characteristics
Adbsorption
ﬁScattering
AMlicro/Macro Bending




Absorption




Scattering

Light Scatter
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Micro Bends/Macro Bends

External Force

—— CLADDING ¢
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Optical Link/Power
Budget

CONNECTORS

TRANSMITTER

SPLICE

FIBER OPTIC CABLE

-

RECEIVER
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Connector Loss Attenuation
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Singlemode Fiber Connectors

FC UPC FC APC

SINGLEMODE FIBER
e CONNECTORS




UPC vs. APC Close Up
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Connector Types (UPC and APC)

N\

ANGLE POLISH (APC) ANGLE POLISH (APC) ULTRA POLISH (UPC) ULTRA POLISH (UPC)

\
\

ANGLE POLISH (APC) ULTRA POLISH (UPC)
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Splice Loss Attenuation
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Handling Fiber Scraps

FS2008 Fiber-Safe (T ) 7 4

FlberScraps Trash ¢ 3 /
46157 : 2 —~ 18
*»cm, [T :f . -

mm e
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Fiber Cable Distance Attenuation

Maximum Attenuation

Wavelength (nm) Maximum Value (dB/km)
1310 0.33-0.35
1383 0.31-0.35
1550 0.19-0.20
1625 0.20-0.23




Splitter Loss

Dual Window - Wavelength Flattened (Terminated Specifications)

1x2 1x4 1x8 1x16 1x32
Max. Insertion | 45 3.6 7.2 10.7 14.0 176
Loss
Max. Uniformity | dB 0.8 1.0 1.3 1.6 1.9
Max. PDL dB 0.2 0.3 04 0.5 0.6

Center Wavelengths nm

1310 and 1550
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Loss Budget Equation

Number of Connectors x Loss per Connector

n

Number of Splices x Loss per Splice

n

Length of Fiber in Km x Loss per Km

n

Number of Optical Components x Loss per Component
n

Margin

Total Loss

i
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RealWorld Example

GPON 1x32 with four SCAPC mated pairs, four splices and 10Km distance:

Connector Loss : 0.3dB x 4 1.2 dB
Splice Loss: .05 x 4 .2dB
Length Loss 0.22dB/Km x 10Km 2.2dB
Splitter Loss: 3.0dB x 2 16.8 dB
System Margin: 3dB 3dB

Total Loss: 23.4dB

32
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Light Source/Meter
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Optical Time Domain Reflectometer (OTDR)

i i 2 4 5 i L
;_ OTDR Events{g Measure Trace Info.

ey E: . SRR

Type | Mumber | Loc. | loss | Refl | Aft | Cumul. g

= A

[ — (1.2441 mi) 0,385 0192 0.385 j A »f
=N - 12441 0209 -55.9 0.594

4 (3.9820 mi) 1.218 0190  1.812 =

71 7 N 5.2261 -55.2 1812
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FTTX

APON (Passive Optical Network)
AActive Ethernet
AWDM Networks




What is a PON?

ONT/ONU

TX AND RX ON
SINGLE FEEDER

A

OPTICAL

TERMINAL

SN
pu—

ONT/ONU

%)
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Advantages of PON and RFoG

ANo Actives in the field

ANo Network Powering or Batteries in OSP
AHigh Bandwidth

Alower Maintenance Costs




OLTs

&y

CLEARFIELD




PON Types
RFoG

Allows service providers to continue to leverage traditional HFC
equipment and back-office applications with the new FTTP
deployments. Cable operators can continue to rely on the existing
provisioning and billing systems, cable modem termination system
(CMTS) platforms, headend equipment, set-top boxes, conditional
access technology and cable modems while gaining benefits inherent
with RFoG and FTTx.

< |




RFoG ONU
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PON Types

GPON

Gigabit PONBased on the previous PON types, GPON supports higher data rates
and increased security, and has been deployed around the world by major telecom
operators.

EPON

Ethernet PON (EPOM)part of IEEE standard Ethernet for 1/1 Gbit/s, 10/1 Gbit/s,
and 10/10 Gbit/s. With over 40 million installed EPON ports, it is the most widely
deployed PON technology worldwide. Cable operators are utilizing EPON for
business services as part of the DOCSIS initiative.

\
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Optical Network Terminal (ONT)

OUtdOOr ONT
Indoor ONTs
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PON Splitting Architectures

A Centralized split

A Home run PON

A Distributed split

A Tapped architecture




Centralized Field Split Diagram

100% POWER

~3% POWER
ON EACH
FIBER

B I I I I I I IIIIE

L T I TITITI I B

D 20 KM >
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FDH/PON Cabinet288 Fiber Version

Splitter with
Terminated SC/APC
Input and Output
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Home RunN” PON Architectur e

A A A

LARGE FIBER COUNT

1 FIBER FROM HEAD

END ALL THE WAY TO T__
CUSTOMER PREM

20 KM

~3% POWER
ON EACH FIBER

100% POWER

q . i N |
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FTTH Home Run Frame

Rack Mounted
Splitter Module

i

47 CLEARFIELD



Distributed Split Architecture
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Tapped Split

100%
POWER

100%

grE NG POWER

.. :1 . > [ >z %

s s AAAN
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@= =1

P
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Distributed Split

Ruggedized Splitter

Bare/Raw Splitter




Active Ethernet FTTH

1:1 Fiber to
Subscriber
ratio

Expensive

Scalable —
each sub has
port on router
" Hend
End/CO
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OSP Terminals & Drops




FDH- FEEDER/DISTRIBUTION DIAGRAM

288 FIBER
DISTRIBUTION
HUB (FDH)

144 NORTH
DISTRIBUTION

A

loenm

i
o

144 EAST
®  DISTRIBUTION

FEEDER
FIBERS




Typical Terminal Layout

A A AA A AA A AR A A

N/ N/ N/ N |/




Fiber Taps/Terminals




Terminal Deployment Scenarios

Pedestal Aerial Below Grade
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Drop Types

HFOC

Pushable Fiber and
Microduct
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TAP Boxes
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MDU Projects




MDU Varieties

ASingle Level Townhouse
AlLow Rise - Garden Style
AMid Rise
AHigh Rise
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MDU Varieties

Greenfield Brownfield

7
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Plugand-Play or Splice?
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Fiber Placement Options

\A"\
Bulk Microduct with: , "4 Fiber Only
A Bulk Fiber h sl (No Duct)
A 900um Pullable
A Pushable Fiber CIC (Cable

In Conduit)

0
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Bulk Duct and Bulk Pushable Fiber

Requires
Fusion Splicing
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Bulk Duct and Connectorized Assemblies

No Splicing —
Plug-and-Play
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CIC (Cable in Conduit)

No Splicing — = o

Plug-and-Play




OSP/Plenum- UV Rated Cable

Fiber Only
(No Duct)




ApplicationDriven Solutions

Centralized Split
VS.
Distributed Split




Centralized Split Application

MDU - CENTRALIZED SPLIT (1to0 1 Ratio)

v ‘ =Skl Advantages:
W0 Casserte || @ =l A A More flexible when providing different
s ﬂ ! P class of service and future proof
| | . N
L 1B | A Easier to reduce split ratio
e S . = ‘ ?,, rongFiber . .
T I m™ et lH N e Deploy Reel A Under low take rates, installation cost
s r Plenum rate d ( Inside Unit . .
P — .-..2. ] rodse T a2 is lower due to electronics
I" “‘l o [
- Disadvantages:
YOURx — 3 2
Aex Box w/ J . Strengfiber pul | 150"1‘ Ro ™ .
Drop Wheels =] Y| % A Higher upfront cost for cable
_--l‘i | 1 (( [ ‘ é‘ﬂ = [
Pre-conn ectorized Ilg | Electrical g > .
gy | == ‘ l A Costly repairs when pathway
et | e (distribution level)
Cassettes |
\——»@ . . . .
osegotie || BASEMENT A Higher total installation cost at high

take rates
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Distributed Split Application

MDU - DISTRIBUTED SPLIT Advant
- vantages:
- T\ 200fr N aﬁ H
m=y - = 2oy A Lower cost material
BNE A Pathway cuts can be
11 ° resolved faster because
— less fiber
IR
| ‘P -

:::I?:es:len::ll; - —’® - Dlsadvantages:
Betweeq Roor: T 11 ° A Engineering intensive

oo — A Orphan assets (stranded

sp StrongFiber
sy N e e assets)
and Splitter [ \ 4 (dis::‘:tleseup 'ro“;lm)
— " ok A Long term ROI
L) A Harder to reduce your split

S | % ratios

Cassette |

Ny | (] | BASEMENT
osp‘c-cga!e: J/]
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MDU Real World Projects
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Garden Style DuplexesApplication Photos
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Brownfield 8 Plex Building Wrap

- PUSHABLE SCAPC CONNECTOR
PUSHED THROUGH HOLE IN SIDING

AND INSTALLED INTO WALL PLATE
e =D [HIED

e n




Brownfield 8 Plex Building Wrap

M
iF

r

SR - '
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Single Level Town House Style
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Single Level Town House Style
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Mid Rise Application Distributed Split

MOCSPLI‘I‘I’ER J F
—] DEPLOY

]: mgl F ; REELS

MOC SPLITTER 4

i) I
- 1’32
MoC SPLITTER y

10mm RISER MICRODUCT

2 ‘[l: | ls“
\ )x ! »
— TR h —

MOC SPLITTER ]

PUSHABLE 1 FIBER

\

JUMPERSTO FEED
SPLITTERS ON EACH
FLOOR
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Mid Rise Application
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High Rise Application

.

SCAPC TO PUSHABLE SCAPC

JUMPER CABLE TO EACH UNIT

N 1017

o

2 X 12 FIBER MPO TO MPO
PUSHABLE CABLES TO EACH

FLOOR

12 FIBER MPO TO SC BREAKOUT
CASSETTES

(2 PER FLOOR)

FLEX BOX WITH SPLITTER FOR
CUSTOMERS ON 1°" FLOOR

288 WALL MOUNT CABINET
LOADED WITH CLEARVIEW
BLACK MPO CASSETTES
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Contact Information

Chuck Collins

Regional Sales Mgr. Upper Midwest
ND/SD/MT/WY
ccollins@seeclearfield.com
218341-3579 Mobile

Tom Warren CFHP, CFOT
ApplicationEngineering
twarren@SeeClearfield.com

763-232-0278 Mobile
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\\\\V//ﬂ Enabling the Lifestyle that
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