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Å20 years of communication industry experience

ÅSpecializing in passive connectivity products  for CWDM, 
DWMD, FTTx and HFC applications
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Today’s Speaker
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Agenda

1. Fiber Basics, Transmitters/Receivers, LASERs and LEDs

2. Transmission Characteristics

3. Optical Loss Budgets/Testing

4. PON Varieties

5. PON Architecture (OSP)

6. MDU Applications
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Agenda
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Section 1 - Fiber Optic Systems
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Fiber Optic Systems
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Fiber Optic Basics 

Why do we use it?
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Fiber Optic Basics
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Long Haul 
Telecom

HFC

Wind Farm/Power D.O.T. APPLICATIONS

FTTx

Cell Backhaul

APPLICIATIONS FOR FIBER OPTICS

D.O.T. 
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Applicationsfor Fiber Optics
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Recent Developments
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https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.microsoft.com%2Fen-us%2Fmicrosoft-teams%2Fdownload-app&psig=AOvVaw1IpeFP5JeAVB3D-LQO6RWG&ust=1616590205825000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCJCawvm5xu8CFQAAAAAdAAAAABAI
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How Fiber Works 
(Total Internal Reflection)
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HowFiber Works

//upload.wikimedia.org/wikipedia/commons/b/b0/Laser_in_fibre.jpg
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Fiber Optic Spectrum
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The Optical Spectrum 
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Attenuation Graph –By Wavelength
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Transceiver Types
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1310nm

TWO FIBER SFP

1310nm

1490nm

1310nm

Bidi (Bi-Directional) One 

Fiber SFP

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.cdw.com%2Fproduct%2Fproline-adtran-oc48-bidi-sfp-1310tx-1550rx%2F2858124&psig=AOvVaw1Qq3F_DFAQVsC-X7W2vP14&ust=1616591296054000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCKiW2IG-xu8CFQAAAAAdAAAAABAE
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Multimode Laser Optimized

Singlemode
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Types of Fiber –MM and SM
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Singlemode

ÅCore 8 – 10 micron

ÅCladding 125 micron
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The Structure of an Optical Fiber
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End Face Examples

Contaminated End Face Clean End Face
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End Face Examples

http://www.google.com/url?sa=i&rct=j&q=dirty+fiber+end+face+connector&source=images&cd=&cad=rja&docid=uIxablnzm9whzM&tbnid=PpIXabm-oNwxmM:&ved=0CAUQjRw&url=http://fibersolutionsblog.com/2012/03/21/itw-chemtronics-fiber-optic-combination-cleaning/&ei=0SZgUZOVI4f_qgHOmYHwBg&bvm=bv.44770516,d.aWM&psig=AFQjCNHpNVMrGkc5DJDObqylrGhksgud9w&ust=1365342278734129
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End Face Examples

Damaged End Face Intact End Face
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http://www.google.com/url?sa=i&rct=j&q=SCRATCHED+fiber+end+face+connector&source=images&cd=&cad=rja&docid=aVYl7bp5A_H0MM&tbnid=udCZqxw0OIkFxM:&ved=0CAUQjRw&url=http://www.sumix.com/products/probes/scopio-a.html&ei=TCdgUZWkOsKUqQH6kYGABQ&bvm=bv.44770516,d.aWM&psig=AFQjCNHToZ-SGkFJXL0reYr9fQ5tUlkLAg&ust=1365342402778051
http://www.google.com/url?sa=i&rct=j&q=dirty+fiber+end+face+connector&source=images&cd=&cad=rja&docid=uIxablnzm9whzM&tbnid=PpIXabm-oNwxmM:&ved=0CAUQjRw&url=http://fibersolutionsblog.com/2012/03/21/itw-chemtronics-fiber-optic-combination-cleaning/&ei=0SZgUZOVI4f_qgHOmYHwBg&bvm=bv.44770516,d.aWM&psig=AFQjCNHpNVMrGkc5DJDObqylrGhksgud9w&ust=1365342278734129
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Fiber Optic Color Code
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Fiber Optic Color Code
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Stranded Fiber Ribbon Fiber
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Stranded Fiber and Ribbon Fiber

http://www.google.com/url?sa=i&rct=j&q=loose+tube+fiber&source=images&cd=&cad=rja&docid=V8oBOyGNaBseZM&tbnid=GTaTlM1ALudoBM:&ved=0CAUQjRw&url=http://www.newtechindustries.com/products/TLC-Dry-Loose-Tube-62.5%7b47%7d125-MM-INFINICOR%C2%AE-300-Optical-Fiber-Plenum.html&ei=_4JgUZbJF4nr2QXO6YDoBg&bvm=bv.44770516,d.b2I&psig=AFQjCNEXLM5nyTUdw9npfYC89LHsFOtI6Q&ust=1365365876941828
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Characteristics

ÅAbsorption

ÅScattering

ÅMicro/Macro Bending
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FiberTransmission
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Absorption
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Absorption



NASDAQ:CLFD

Scattering

Light Scatter

Light Scatter

Light Scatter
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Scattering
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Micro Bends/Macro Bends

Macrobend

21

Micro Bends/Macro Bends
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Optical Link/Power

Budget
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Connector Loss Attenuation
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Connector Loss Attenuation
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Singlemode Fiber Connectors
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UPC VS APC CLOSE UP
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UPC vs. APC Close Up
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Connector Types (UPC and APC)
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Splice Loss Attenuation
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Splice Loss Attenuation
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Handling Fiber Scraps
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Fiber Cable Distance Attenuation
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Fiber Cable Distance Attenuation
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Splitter Loss
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Number of Connectors x Loss per Connector

+

Number of Splices x Loss per Splice

+

Length of Fiber  in Km x Loss per Km

+

Number of Optical Components x Loss per Component

+

Margin 

=

Total Loss
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Loss Budget Equation
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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 .2 dB
Length Loss 0.22dB/Km x 10Km  2.2 dB
Splitter Loss: 3.0dB x 2 16.8 dB
System Margin: 3dB 3 dB

Total Loss: 23.4 dB
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Real-World Example



NASDAQ:CLFD

33

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

ÅPON (Passive Optical Network)

ÅActive Ethernet

ÅWDM Networks
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What is a PON?

1490nm

1310nm
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ÅNo Actives in the field

ÅNo Network Powering or Batteries in OSP

ÅHigh Bandwidth

ÅLower Maintenance Costs
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Advantages of PON and RFoG
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OLT’s
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OLTs
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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. 
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PON Types

1550

1310 or 1610
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RFoG ONU
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Gigabit PON: Based 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 (EPON): Is 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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PON Types

1490nm

1310nm
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Outdoor ONT

Indoor ONTs
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Optical Network Terminal (ONT)
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Å Centralized split

Å Home run PON

Å Distributed split

Å Tapped architecture
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PON Splitting Architectures
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Centralized Field Split Diagram
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Splitter with 
Terminated SC/APC 
Input and Output
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FDH/PON Cabinet –288 Fiber Version
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“Home Run” PON Architecture
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Rack Mounted 
Splitter Module
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FTTH Home Run Frame
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Distributed Split Architecture
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Tapped Split
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Distributed Split

Ruggedized Splitter

Bare/Raw Splitter
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Å1:1 Fiber to 
Subscriber 
ratio

ÅExpensive

ÅScalable –
each sub has 
port on router 
in Head 
End/CO
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Active Ethernet FTTH
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OSP Terminals & Drops
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FDH –FEEDER/DISTRIBUTION DIAGRAM
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Typical Terminal Layout
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48

12 12 12 12
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Fiber Taps/Terminals
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Terminal Deployment Scenarios
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Pedestal Below GradeAerial 
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HFOC

Pushable Fiber and 

Microduct
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Drop Types



NASDAQ:CLFD

58

TAP Boxes
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MDU Projects
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ÅSingle Level Townhouse

ÅLow Rise - Garden Style

ÅMid Rise

ÅHigh Rise
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MDU Varieties
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Greenfield Brownfield

MDU Varieties
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Plug-and-Play or Splice?
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CIC (Cable 
In Conduit)

Fiber Only 
(No Duct)

Bulk Microduct with:
Å Bulk Fiber
Å 900um Pullable
Å Pushable Fiber

6

3

Fiber Placement Options
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Requires 
Fusion Splicing 6

4

Bulk Duct and Bulk Pushable Fiber
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Bulk Duct and Connectorized Assemblies

No Splicing –
Plug-and-Play

6

5
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No Splicing –
Plug-and-Play

CIC (Cable in Conduit)
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OSP/Plenum –UV Rated Cable 

Fiber Only 
(No Duct)
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Centralized Split

vs.

Distributed Split

Application-Driven Solutions
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8
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Advantages:

ÅMore flexible when providing different 
class of service and future proof

Å Easier to reduce split ratio

ÅUnder low take rates, installation cost 
is lower due to electronics

Disadvantages:

ÅHigher up-front cost for cable

ÅCostly repairs when pathway 

(distribution level)

ÅHigher total installation cost at high 

take rates

(1 to 1 Ratio)

Centralized Split Application
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Distributed Split Application

Advantages:

ÅLower cost material

ÅPathway cuts can be 
resolved faster because 
less fiber

Disadvantages:

ÅEngineering intensive

ÅOrphan assets (stranded 
assets)

ÅLong term ROI

ÅHarder to reduce your split 
ratios
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MDU Real World Projects

7

1
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Garden Style Duplexes
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Garden Style Duplexes –Application Photos
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Brownfield 8 Plex –Building Wrap
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Brownfield 8 Plex –Building Wrap



NASDAQ:CLFD

76

Single Level Town House Style
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Single Level Town House Style



NASDAQ:CLFD

78

Mid Rise Application –Distributed Split
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Mid Rise Application
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High Rise Application
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Tom Warren - CFHP, CFOT
ApplicationEngineering
twarren@SeeClearfield.com
763-232-0278 Mobile

Contact Information

Chuck Collins
Regional Sales Mgr. Upper Midwest 
ND/SD/MT/WY
ccollins@seeclearfield.com
218-341-3579 Mobile

mailto:twarren@SeeClearfield.com
mailto:ccollins@seeclearfield.com
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