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What is PON?

❑ PON = Passive Optical Network

❑ AON = Active Optical Network



Active Optical Network

Point to Point Network



Passive Optical Network

Point to Multi-Point Network



ABC of PON

OLT = Optical Line Terminal

SPL = Optical splitter

ONU = Optical network unit (IEEE term)

ONT = Optical network terminal (ITU-T Term)

CO = Central Office

ODN = Optical distribution network



Passive Optical Network

Central Office

ODN



Technology using in PON

❑ WDM = Wavelength Division Multiplexing

❑ TDM  = Time Division Multiplexing



WDM technique

1310nm

1310nm

TX RX

TXRX

SFP

1310nm

1550nm

BiDi SFP



TDM technique

USER A

USER B

USER C

USER D



PON

1490nm



PON

1310nm
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PON Standardization & Organization

❑ ITU-T : International Telecommunication Union

(Telecommunication Standardization)

❑ IEEE : Institute of Electrical and Electronic Engineers



PON Standards



Fiber Optic Network in EPON & GPON

1490nm

1550nm

1310nm



EPON & GPON Layer



EPON VS GPON

Item EPON GPON

Data Rate Downstream =1.244 Gbps

Upstream      = 1.244 Gbps

Downstream = 2.488 Gbps

Upstream       = 1.244 Gbps &

2.488 Gbps

Split ratio 1:32

1:64 with FEC

1:128

Encryption Downstream & Upstream Downstream only

QoS No Yes

Cost 1X 1.5X – 2X



GPON QoS





EPON VS GPON (QoS)



PON 

Component



OLT : Optical Line Terminal



GPON SFP



GPON SFP



ITU-T 

G.984.2



Link Budget



Splitter

ratio
1:N

1:2

1:4

1:8

1:16

1:32

1:64



Splitter Loss

Splitter Ratio Ideal Loss 

(dB)

Typical Loss 

(dB)

1:2 3 4

1:4 6 7

1:8 9 11

1:16 12 15

1:32 15 19

1:64 18 22

Loss 100%

- 0.1 dB 97%

- 0.2 dB 95%

- 0.5 dB 89%

- 1.0 dB 79%

- 2.0 dB 63%

- 3.0 dB 50%

- 6.0 dB 25%

- 9.0 dB 12.5%

-10.0 dB 10%

-20.0 dB 1%

-30.0 dB 0.1%



Centralized & Distributed Splitting



Splitter Type

Bare Fiber Optical Splitter

Blockless Fiber Splitter



Fiber Optic Enclosure



Splitter Type

ABS Splitter



Splitter Type

LGX Splitter



Splitter Type

Rack Mount Splitter



Fiber Connector

SC/UPC

SC/APC



Fiber Optic Cable ITU-T G.657



Fiber Optic Cable ITU-T G.657



ONU

Converter

ONU Stick

WiFi Router

TX : 1310nm

RX : 1490nm
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Advantage of PON

✓ Lower Budget

✓ Simplified Implement 

✓ Convenient Maintenance

✓ Easier for Upgrade



Example : AON, 1Gbps, 60 Users

3x 

CRS328-4C-20S-4S+RM

60x 

RB260GS

CCR2004-1G-12S+2XS



Example : PON, 1Gbps, 60 Users

60x ONU

OLT

1Gbps

1
: 

8
1
: 

8

1
: 

8

1Gbps

10Gbps

CCR2004



Lower Budget

Item Quantity

Router 1

Distribution Switch 3

Access Switch 60

BiDi SFP+ 10G 12

BiDi SFP 1G 120

Fiber Optic 66

Item Quantity

Router 1

OLT 1

ONU 60

GPON SFP 1

Splitter 1:8 9

Fiber Optic 69

PON AON



Limitations of PON

× Shared bandwidth

× More difficult to investigate problem

× Potential Breakdown Risk

× Distance Range 20km
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PON Testing and Maintenance

o Optical Power Measurement

o Optical Return Loss Measurement

o OTDR Measurement



Optical Power Measurement

Power

input

Power

output

Loss = 10 x log (P in / P out)



Absolute Optical Power (dBm)

OLT

dBm = dB milliwatt

dBm Milliwatts

0 1

+3 1.995

+6 3.981

+9 7.943

+10 10

+20 100

+30 1,000

dBm Milliwatts

0 1

-3 0.501

-6 0.251

-9 0.126

-10 0.1

-20 0.01

-30 0.001

Optical Power Meter

1490nm



Relative Optical Power (dB)

OLT

Wavelength 1490nm
1). OLT =   0 dBm
2). SPL = -10 dBm

Splitter Loss = 10 dB

Optical Power Meter

1
: 

8



Optical Power Meter

OPM

Wavelength : 850, 1300nm

1310, 1490, 1550nm

1625, 1650 nm



OPM measure only 1490nm DS

OLT

1
: 

8

1
: 

8

OLT
1st SPL
2nd SPL
ONU

1490nm



OPM measure only 1490nm DS



PON Power Meter

PON Power Meter

Wavelength : 1310, 1490, 1550nm



PON Power Meter measurement

OLT

1
: 

8

1
: 

8

ONU Service Activation



Connector Contamination



Connector Cleaning Tools



What is Optical Return Loss (ORL)?



What is Optical Return Loss (ORL)?



Why use APC connector in PON?



ORL Requirement in GPON



How to measure ORL?

OCWR (Optical continuous wave reflectometer)



Bidirectional Loss Testing

Center Office 
(OLT)

Splitter
Drop 

Terminal

ONT

ONT

ONT

ONT

Optical Loss/ORL TesterOptical Loss/ORL Tester



OTDR Measurement



OTDR Measurement

Center Office 
(OLT)

Splitter
Drop 

Terminal

ONT

ONT

ONT

ONT

FTTx OTDR

Center Office 
(OLT)

Splitter
Drop 

Terminal

ONT

ONT

ONT

ONT

FTTx OTDR



OTDR Selection for PON

Out-of-service test
Wavelength : 1310/1550nm
Dynamic Range ~ 22 dB

In-service test
Wavelength : 1625nm or 1650nm (recommend)
Dynamic Range ~ 40 dB



Out-of-Service test

OLT

1
: 

8

1
: 

8



Out-of-Service test

OLT

1
: 

8

1
: 

8

Fiber Break 
completely



Out-of-Service test

OLT

1
: 

8

1
: 

8

Fiber Break 
partially



Out-of-Service test

OLT

1
: 

8

1
: 

8



Out-of-Service test

OLT

1
: 

8

1
: 

8

Fiber Break 
partially



In-Service test

OLT

1
: 

8

1
: 

8



In-Service test

OLT

1
: 

8

1
: 

8



In-Service test

OLT

1
: 

8

1
: 

8
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Next Gen PON Standards

10G EPON (802.3av) : DS 10Gbps, US 2.5Gbps

XG-PON (G.987) : DS 10Gbps, US 2.5Gbps

XG(S)-PON (G.9807.1) : DS 10Gbps, US 10Gbps



Next Gen PON Wavelength



Next Gen PON Wavelength



XGPON Power Meter




