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FTTH Fiber Plant Construction

IP Video == Data (Ethernet
Y e
i 1310nm
Data RS - ONT/RE w
OLT o >
Yoice "N 14390nm »
T R Video (IP Video=Ethernet)

1. Construction process:
A Bi-directional insertion loss testing, ORL testing
A OTDR measurements

2. Turn up process:
A Connectors inspection and cleaning
A Selective power meter at the ONT location

3. Troubleshooting process:
A Connectors inspection and cleaning

A Selective power meter

A
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OTDR fundamentals

How does it works?



How does it work ?

AThe OTDR injects a short pulse of light into one end of the fiber and
analyzes the backscatter and reflected signal coming back

AThe received signal is then plotted into a backscatter X/Y display in dB vs.
distance

AEvent analysis is then performed in order to populate the table of results.

OTDR Block Diagram Example of an OTDR trace
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Nb Evts : 4 ORL Liaison : 37.87 dB
Evt Distance m Affaib. dB Réflect. dB  Pente dB/km Trongon m Bilan dB
1 2.88 -46.67 2.88
2 470.66 0.689 -64.56 0.339 467.79 0.159
3 L 473.86 -53.62 3.20 0.161
4 ™.  2508.40 -45.71 0.213 2034.53 1.265
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Optical Time Domain Reflectometer

<1 minute —
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Fusion —
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Type of Fiber and Wavelengths

Single Mode (SM)

A 1310 & 1550nm are primary
wavelengths used in SM
OTDR measurements

A 1625nm is used in trouble-
1310 nm shooting when testing on
0.33 dB/km active networks is needed

Multimode (MM)

A 850 & 1300nm are dominant
wavelengths used in MM
transmission & testing
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Wavelengths

Why 2 or more wavelengths are recommended?
i For attenuation measurement at transmitted wavelengths
- For macrobendings detection

1310 nm

1550 nm is more sensible to splices and macrobendings. 1625nm is even more sensible!
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Dynamic Range & Injection Level

ADynamic Range determines the
observable length of the fiber & depends on
the OTDR design and settings

Alnjection level is the power level in
which the OTDR injects light into the fiber
under test

APoor launch conditions, resulting in low
injection levels, are the primary reason for
reductions in dynamic range, and therefore

accuracy of the measurements

AEffect of pulse width: the bigger the pulse,
the more backscatter we receive
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OTDR measurement through the splitter?

Type of splitter Typical Insertion Loss

4 dB
7dB
10 dB
14 dB
17 dB
20 dB
23 dB

v

¢

s

w ; no.

i ] g
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What does OTDR Measure ?

Distance

I The OTDR measurement |
The round trip time travel of each pulse sent
down the fiber is measured. Knowing the
speed of light in a vacuum and the index of

refraction of the fiber glass, distance can then
be calculated.

Fiber distance = Speed of light (vacuum) X time

2 X IOR
| | 1 I | |
0 500 1000 1500 2000 2500 m
Link Orl: 30.11 dB
Event Distance m Loss dB Reflect. dB  Slope dB/km Length m T. Loss dB
1| 484.73 0.069 484.73 1.007
2 502.64 0.200 -66.12 17.91 1.074
: 508.39 -58.66 5.76 1.076
4 M. 2008.64 -27.95 0.231 1500.24 1.624
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What does OTDR Measure ?

AAttenuation (also called fiber loss)
Expressed in dB or dB/km, this represents the loss, or rate of
loss between two events along a fiber span

1310 nm
0.33 dB/km

12 © 2011 JDSU. All rights reserved. JDSU CONFIDENTIAL & PROPRIETARY INFORMATION



What does OTDR Measure ?

AEvent Loss
Difference in optical power level before and after an event,
expressed in dB

Fusion Splice or Connector or
Macrobend or Splitter Mechanical Splice
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What does OTDR Measure ?

AReflectance

Ratio of reflected power to incident power of an event, expressed as a
negative dB value

The higher the reflectance, the more light reflected back, the worse the
connection

A -50dB reflectance is better than -20dB value

Typical reflectance values

APolished Connector ~ -45dB
AUIltra-Polished Connector ~ -55dB
AAngled Polished Connector ~ -65dB
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What does OTDR Measure ?

AOptical Return Loss (ORL)

Measure of the amount of light that is reflected back from a feature:
forward power to the reflected power. The bigger the number in dBs
the less light is being reflected.

The OTDR is able to measure not only the total ORL of the link but
also section ORL

Attenuation (dB)

defined- section

ORLof the l

L

Distance (km)
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OTDR Events

How to interpret a trace



How to interpret OTDR Trace

OTDR Trace Analysis
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Front End Reflection

Connection between the OTDR and the
patchcord or launch cable

Located at the extreme left edge of the
trace

Reflectance:

Polished Connector ~ -45dB
Ultra-Polished Connector ~ -55dB
Angled Polished Connector up to ~-65dB

Insertion LOSS: Unable to measure
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Event Dead Zone

Event Dead Zone (EDZ) is the minimum distance where 2

consecutive unsaturated reflective events can be distinguished
Aln this case the two events are more closely spaced than the EDZ, and shown as one event

AEDZ can be reduced using shorter pulse widths

Connector Connector
Connector  Connector Pair Pair
Pair Pair

Second reflective event after the EDZ:
The OTDR is able to see the two events.

Two reflective events closer than the EDZ:
The OTDR is not able to separate the two

events.
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How to interpret results?

kA Fiber Trace © ACTERNA 1994-2004 - [¥lakno12orl presentation.sor]
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OTDR: EDZ/ADZ parameters i dead zones

Construction ﬁ\ 13:13 31/05/2011
. | Test
m‘i Acquisition ¥ 3“' ) Results Screen 7 y S0
Mode Construction | Alarms Active
Laser 1625 nm Section Attenuation Unit dB/km Factory
Defaults
Acquisition Manual Results On Trace All
Pulse 300ns(30m) | 3ns(.3m) 10ns(lm) | 30ns(3m) | _—
Range 20km||[100ns(10m)| 300ns(30m)| 1us(100m)
Resolution High Res. 64cm|| 3us(300m) | 10us(1km)§ 20us(2km)
Acq. Time 00:30 —
Short Acq. Without Short Acq
- EDZ cannot be shorter
yAh Measurements t\/f'

than pulse width itself ! ——
Detection »

Index Of Refraction

Scatter Coefficient

JLIL

Launch Cable

E@SM-OTDR “(Sg8)rs
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Attenuation Dead Zone

Attenuation Dead Zone (ADZ) is the minimum distance after a

reflective event that a non-reflective event can be measured (0.5dB)

A In this case the two events are more closely spaced than the ADZ, and shown as one event
AADZ can be reduced using shorter pulse widths

Connecter Splice

Connecter i -
Splice Pair

Connector to splice distance is shorter Connector to splice distance is more
than the ADZ: than the ADZ: _
The OTDR cannot see the splice. The OTDR displays the splice.

22 © 2011 JDSU. Al rights reserved. JDSU CONFIDENTIAL & PROPRIETARY INFORMATION \) jDSU



23

Connector y
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A connector mechanically mates
2 fibers together and creates a
reflective event

Reflectance:

APolished Connector ~ -45dB
AUltra-Polished Connector ~ -55dB
AAngled Polished Connector up to ~ -65dB

Insertion LosSsS: ~0.5dB

(loss of ~0.2dB w/ very good connector)
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Effects of High ORL Values

Increase in transmitter noise

I Reducing the OSNR in analog video transmission
I Increasing the BER in digital transmission systems
Increase in light source interference

I Changes central wavelength and output power
Higher incidence of transmitter damage

m . 18
N
. AN
IL =0..05dB IL =0..05dB
RL = 0.1 % = 40-45 dB RL = < 1ppm = >60 dB

SC/PC SC /APC

The angle reduces
the back-reflection
of the connection.
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How to interpret results?

G Fiber Trace
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How to interpret results?
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How to interpret results?
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How to interpret results?

k| Fiber, Trace
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A Fusion Splice thermally fuses two fibers
together using a splicing machine

Reflectance: None

Insertion Loss: <0.1dB

A Gfa I n B d splice gain that appears when
two fibers of different backscatter coefficients are
spliced together (the higher coefficient being

downstream)
Reflectance: None

Insertion LosSsS: Small gain
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Fusion Splices §

Direction A-B Direction B-A

Bi-directional Analysis
Due to fiber backscatter coefficient mismatches, a splice

can appear as a gain or as a loss depending on the test
direction.

Bi-directional analysis is used to minimize this possible
mismatch by measuring the splice loss in both directions
and averaging the result to obtain the true splice loss.

Splice loss

/
<

Splica gain
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Macrobend &
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A Macrobending results from physical
bending of the fiber.

ABending Losses are higher as
wavelength increases.

ATherefore to distinguish a bend from
a splice, two wavelengths are used
(typically 1310 & 1550nm)
Reflectance: None

Insertion Loss: Varies w/ degree
of bend & wavelength
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A Mechanical Splice mechanically aligns
two fibers together using a self-contained
assembly.

Reflectance: ~ -35dB

Insertion LOSS: ~0.5dB
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Fiber End or Break ﬂ

A Fiber End or Break occurs when the fiber
terminates.

The end reflection depends on the fiber end
cleavage and its environment.

Reflectance: PC open to air  ~-14dB
APC opentoair ~-35dB

Insertion Loss: High (generally)
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Ghosts *
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A Ghost is an unexpected event resulting from
a strong reflection cau:

When it appears it often occurs after the fiber
end.

It is always an exact duplicate distance from the
Incident reflection.

Reflectance: Lower than echo source

Insertion LosSS: None
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Pulse Widths
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Measurement Time

i i i i i
_a -44.39d8 S0 dBAdiv

2mn
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Longer measurement time means more averaging so random noise is filtered
and dynamic range is increased

Minimum measurement time recommended in manual mode: 30s!

© 2011 JDSU. Al rights reserved. JDSU CONFIDENTIAL & PROPRIETARY INFORMATION \) JDSU




OTDR: New icon for splitters

New icon for splitters in the table of results:

Construction MP1310_PON2x8x8 N\, Re 12%Qe 09:04 am 11/22/2014,

= Trace
1310nm 300ns 93 ™

" Event
_‘_‘_‘—L A: 4594.22m -24.622dB
§ " B:0.00m -:1.312115 A-B: 4594.22m 5.292dB/km 24 3 1 Od B &)
A

dE‘_: “Zoom
B ¢ shift

0

5 &
-10+ ¥ Cursor A
15+ [ Cursor B
.20+
25+ A=

30 4] r\( ;Eﬁ:
35
-In.n 0 10 15 20 25 30 35 20 a5 km ' Summary
Nb Evts: 4 Link Orl: 40.91 dB
Even Distance Km Loss dB Reflect. dB Section Att. dB  Section Km T. Loss dB Set
1/2] 0593 3156 0.232 0.593  0.232 Event
21 1.179 9.828 0.172 0.586 3.562
3L 2.646 9.587 0.507 1.466 13.898 '
4 . 4.594 -15.68 0.390 1.948 23.875 Advanced
l [~JsM-0TDR I 2]

Example with cascaded splitters: 1x2, 1x8 and 1x8 (128 customers)
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OTDR: New parameter i splitter dead zone

Construction Fiber031_550E N, pe S1% & 06:02 am 11/25/2010
— 1550nm 30ns 31 l D ;::::t
A: 2401.65m -13.327dB
B: 2387.85m -0.311dB  A-B: 13.80m 943.125dB/km 1 3 . 0 1 6 d B &)
. ! A #Zoom
2- B € Shift
B &
- P CursorA_
Z: ["Cursor B
.10- ' ﬁ
N | " Trace :
el 3 & Table
234 235 236 237 238 239 2.40 241 242 203 C Summary
Nb Evts: 4 Link Orl: 37.78 dB .
Event Distance Km Loss dB Reflect. dB Section Att. dB  Section Km T. Loss dB Set |
1 ™ML 2.037 -0.195 -59.80 0.409 2.037 0.409 Event
2 2.183 0.338 0.029 0.146 0.241
3 & 2.388 13.670 -712.31 0.054 0.205 0.635
4 ", 3.196 0.128 0.808 14.434 Advanced
l@ESM-oTDR ] ,-;1

1x16 (13,7 dB) splitter with 13.8 meters dead zone.
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Acquisition

Mode Constructin Alarm tiv

Laser 1625 nm Section Attenuation Unit dB/ki

Acquisition Manual Results On Trace

Pulse 300ns(30m) | 3ns(.3m) 10ns(lm) | 30ns(3m)

Range 20km||100ns(10m)| 300ns(30m)| 1us(100m)

Resolution High Res. 64cm|| 3us(300m) | 10us(1lkm) | 20us(2km)

Acq. Time 00:30

Short Acq. Without Short Acq

128 customers ~23dB 300ns Splitters 1:128; 1:2+1:64; 1:4+1:32; 1:8+1:16; ....

64 customers ~20dB 300ns Splitters 1:64; 1.2+1:32; 1:4+1:16; 1:8+1:8; ....
32 customers ~17dB 100ns Splitters 1:32; 1:2+1:16; 1:4+1:8; ....
16 customers ~14dB 100ns Splitters 1:16; 1:2+1:8; 1:4+1:4; ....

8 customers ~10dB 30ns Splitters 1:8; 1:2+1:4; ....

4 customers ~ 7dB 10ns Splitters 1:4; 1.2+1:2; ....
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FTTH troubleshooting process

Selective power meter measurements
OTDR measurements



How to perform OTDR measurement?

2) Through spliter(s) from CO side

1.2 1:32
IP Video == ‘D CO . C Pﬂata (Ethernety’
Y =
e at ]  1310nm Pats (R)
Data _|___ - ONT/RE

oLt - o B 4

Voice '-."— 1490nm | -
T R E Video (IP Video=Ethernet)

Up to 20 km

<
- Due to huge insertion loss of splitter or two cascaded splitters
measurement through splitters requires at minimum 35 dB (1:32 splitter) |
or 40 dB (1:128 splitter) dynamic range; higher costs for OTDR module
+ Access only at CO th
- Different OTDR traces which cannot be used as reference traces i
for troubleshooting purposes s sk
- Problematic detection of ends of each fiber leg behind the splitter
- Necessity to have each leg with different length (at minimum 35 m difference among each
other leg) and necessity of very short EDZ and ADZ
Connectorized splitters have higher insertion loss, dirt sensitive and are more expensive.
FTTH optimized OTDR measurements (length, events, insertion loss/km, insertion loss, ORL)
at 1310nm and 1550nm;1490 nm is not required.
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OTDR measurement through the splitter?

Type of splitter Typical Insertion Loss

4 dB
7dB
10 dB
14 dB
17 dB
20 dB
23 dB

v

¢

s

w ; no.

i ] g
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OTDR measurement through the splitter from OLT (CO).

A Fiber Cable © ACTERNA 1994-2004 - [REF1.TFW] &l x|

Mﬁile Display Markers Calculation  Options  Remoke  Window 7 == x|
B HE T RARAURRER W L T [ e el L T [[em] o E T

[l Fiber Cable @ ACTERNA 1994-2004 - [REFL.TFW]

o]
Bﬂ&\ﬁ@-@-ﬁ.@@-ﬂlﬁ"#lﬁ*—i\%w\l? P | H el == v = v
g

-8
-0

-10
[ 11
L
- -12 f

e ~._Possible event™

Er
Feady

OTDR Trace «

J Zoam

Example with splitter 1/8

' . . . . . J -
4| | 5l
B 6. [B-& - & [E E|[Corsors =
Ready MLIM I
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OTDR testing T Work in Progress:

Real OTDR trace with 32 legs !!!

[ Fiber Cable @© ACTERNA 1994-2004 - [PONCL.TFW] = |ﬁ' Iil
N File Display Markers Calculation Options Remote Window 7 - |ﬁl|1|

(B EHS T QaARQR A ERSA[0 ML LI D[ el D] e E x|

Legs cannot be identified !
Nl nvi s

UJI e0 zZonesE

2 13

1

...... [ | N I T LR .4 |
K| ] ]
[4:830635m 96098 [B:--- [B-A:--- At: A|[B [Cusars : B

Ready [ o [
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How to perform OTDR measurement?

3) Through spliter(s) from CP side

1:2 1:32
IF Video == ‘D CO . C Pﬂata (Ethernet
Y =

T 1310nm
Dsta ::: ! P T Pots (Rl)
s _ _ 149“”'” = < ' L>-
Voice Jpe :
ol S Video (IP Video=Ethernet)

Up to 20 km >

<

- Due to huge insertion loss of splitter or two cascaded splitters
measurement through splitters requires at minimum 35 dB (1:32 splitter)
or 40 dB (1:128 splitter) dynamic range; higher costs for OTDR module

+ Access only at CP
+ Easy detection of end of fiber behind the splitter

(only one end of fiber); necessity of very short EDZ and ADZ
+ Identical OTDR trace which can be used as reference trace for troubleshooting purposes

Connectorized splitters have higher insertion loss, dirt sensitive and are more expensive.
FTTH optimized OTDR measurements (length, events, insertion loss/km, insertion loss, ORL)
at 1310nm and 1550nm; 1490 nm is not required.
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OTDR measurement through the splitter from ONT (CP).

I saw E 27/03/2008
11:33
‘LU—L 1550nm 100ns 01 41 CC ::Eraci
* CEWEN
A:1893.81m-1.226dB B: 5990.23m -15.271dB
- A-B: 4296.62m 3.269dB/km 14045dB oS0
dB_ : A |
: B 97 oom
n - ;e #Shift

ECursor A
HCursor B

o Tracp,
#Table
#Summary

, Loom
: : Auto
' Set
‘ ' Event
MbEv 5.5 Link Orl; 31.27 dB 7

Event [ stance m Loss dB Feflect. dB  Slope dBfkm Length m T.LossdB B Advanced
BEH.27 11,688 0.158 140.50
l@E]SM—OT ; ®E4JOE0-OTDR | [B.]CD fL_JAP [(5eE)LTS L=

Out of service testing: use of standard OTDR
Launch fiber always highly recommended.
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FTTH Troubleshooting

1:2 1:32
IF Video = ‘[> CO C Pllata (Ethernet
Y =
Y 1310nm .
Data e - — @ e Y
oLT i =
Voice | e . ' Gt 4
s Video (IP Video=Ethernet)

Selective Powe

_ .. Selective Power Meter
e Meter MTS4057
MTS4057

- Check of cleanness of optical connectors (extremely important)
- Check of 1310 nm and 1490 nm signal level during troubleshooting

ne 2/%Wy 20:15 14/01/2010

w
Comment t
Pass
Zone A
Zone B i
Zone C
Save

Profile : SM, In-Service

cigh s CONNECTOR INSPECTION TIP PROBE MICROSCOPE

CLow mag.

| (@ JMicroscope I
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FTTH Troubleshooting

IP Video 1= D ' C Pllata (EthemT_L
Y e
i 1310nm g — | pidins
Dats TSR - z @- NIk il
oLt 35 ﬁ —

1430nm i ,

®
O
o
2

Jsulgs'_'_\ H

Voice (o —
R Video (IP Video=Ethernet)

Troubleshooting: OTDRMTS4000

I OTDR measurements at faulty ONT (length, events,) with
1625/1650 nm filtered (measurements during live traffic of

other customers)

|l ] I 6~>
1310 nm 1490 nm 1550 nm 1625/1650 nm
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FTTB Fiber Testing i OTDR at 1625nm not filtered

1:2
1P Video -~[> 14
s - e % E VDSL2
— == :
Voice T H 1430mm E_- ONU )@X@

Construction sm2JDSUtests003 \ 06:21 08/06/2011
- @ Trace
1625nm 10ns )JDSUtests 3 sm2 ,{ “ | CEvent

A:121.64m -0.768dB
B: 91.29mm-0.715dB A-B: 30.35m 1.746dB/km O ' 0 5 3 d B f

“Zoom

S _ Not filtered 1625nm does not

rarsora  @llOw properly measure during

veuser® jve traffic. 1490 nm creates
“—‘ - -
In ~wce — Noise due to the trace behind
< 3 . . . . -
..., ., cm=e thefirst splitter is not vissible
0 1 2 3 4 5 3 7 ] 9 Km Summary . . . .
(is within noise).
Event Distance Km  LossdB  Reflect. dB Slope dB/km SectionKm T loss dB Set
1N 0000 ~ 0595 ~-52.34 0.000  0.000 Event
2=k 0.006 0.000 -77.98 0.006
3. 0.143 -68.33 0.137 0.028
Advanced
(S JsM-0TDR s

»
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FTTB Fiber Testing T OTDR at 1625nm filtered

1:2
1P Video -~[> 1:4
L - = -_Eg E VDSL2
— == :
Voice T n 1430nm E_- ONU )C’CX@

Construction sm2JDSUtests004 A Y 06:12 08/06/2011

~, ' Trace
1625nm 100ns JDSUtests 4 sm2 x iy CEvent

E A: 121.64m -0.774dB

B: 8997.54m -10.718dB A-B: 8875.90m 1.120dB/km “r
8 'y “Zoom
51 : Z ‘  Shift
oom [ &  1625nm filtered OTDR
" o.og86m R— [" Cursor A .
R M-—gﬁm&% aong_|  Cursor B is necessary for
K Sdmn 7 a15kn = troubleshooti ng!
-20- H E] E " Trace
SR & Table
) 1 2 3 i 5 § 7  Summary
Nb Evts: 7 Link Orl: 40.42 dB
Event Distance Km  LossdB  Reflect. dB Slope dB/km SectonKm T.lossdB 2 Set
4 6.431 0.097 0.276 6.280 9.310 Event
5 ™ 7.419 0.301 0.184 0.989 9.589
6 & 8.998 3.484 0.226 1.578 | 10.233
A 9.017 -13.45 0.020 13717 — Advanced
f~)sM-oTDR P
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