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G652A (ITU G652D (ITU Good fibre | Fibre in field
recommandation) | recommandation) | laboratory
PMD(in ps /v km ) 0.5 0.2 0.04 0.08
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Call J gl alac Y1 Jshall ) il (Say Apalacl) PMD als dag Ui e 13)

Bit rate per channel | SDH SONET Equivalent timeslot | PMD delay limit | PMD coefficient with 400 km
55 Mb/s — OC-1 193 ns 2 ns <100 ps/vkm

155 Mb/s STM-1 0OC-3 6.43 ns 640 ps <32 ps/vkm

622 Mb/s STM-4 0OC-12 |1.61ns 160 ps <8 ps/vkm

1.2 Gb/s —_— OC-24 | 803 ps 80 ps <4 ps/km

2.5 Gb/s STM-16 | OC-48 | 401 ps 40 ps <2 ps/vkm
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( Stream Lined Fiber ) : bl <ad Jidl B

non-zero ) goaall #) el cidall o calll g4 9 G . 655 il muial o
33Ul sie 4ps/(nm.Km) s al sl cidall Julas 5 (- dispersion shift fiber
. 1550nm

P il (g ead s aladil LC

( Dispersion Compensation Fiber ) DCF il yay g2l ol alasinl Jia
iad s sall Sl Cifll oLl ooy b (S0 Cili 90 pala g e ] g

3 g3 4lad (55805 G652 2l ae pasiaall Cldll ey gat caall 5l il Jalas
il muay G652 Jsh omd Jss DCF Jsb s Ldie 5 -90ps/(nm.Km)

laill Sy 5 0.5dB/Km 2535 DCF J Ml dgag a9 AlSA 2 g0 (S) Lo gans
[ YY]EDFA Sapladivly lle

:1 ;] . } .~.~:~..S\ C;}L,.'AW &\‘B_ﬁ
cli 5 DCM e ) gluall (ailii DCM  aseal 5 goieal il gl o

.[ YY ]OSNR ) g deddtuall ) pSal) allad
PREGAON W Al @3%@1&3}\ Glia gra (atbiad i alldll J glasd)

Typical Insertion Loss in
DCM Specification DGD Value of the DCM
the DCM Design
DCM(S)-for G.652 <2.3 <0.3
DCM(T)-for G.652 <2.8 <0.3
DCM(A)-for G.652 <3.1 <0.4
DCM(B)-for G.652 <4.5 <0.5
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DCM(C)-for G.652 <58 <0.6
DCM(D)-for G.652 <71 <0.7
DCM(E)-for G.652 <8.2 <0.8
DCM(F)-for G.652 <9 <0.8
SS-DCM(3)-G.652 <2 <0.3
SS-DCM(2)-G.652 <2 <0.3
SS-DCM(1)-G.652 <2 <0.3

G.652 ol Ciill (ym g2a pailiad 1 €Y Jgaal)

Typical Insertion Loss

DCM Specification DGD Value of the DCM
in the DCM Design
SS-DCM(20)-C-G.653 | <5 <0.5
SS-DCM(15)-C-G.653 | <4.1 <0.2
SS-DCM(10)-C-G.653 | <3 <0.15
SS-DCM(5)-C-G.653 | <1.9 <0.1
SS-DCM(3)-C-G.653 | <1.5 <0.1
SS-DCM(2)-C-G.653 | <1.2 <0.1
SS-DCM(1)-C-G.653 | <1 <0.1

G.653 —all Cilill (ym gra ailiad 1 0T Jgaal)

DCM Specification

Typical Insertion Loss
in the DCM Design

DGD Value of the DCM

DCM(A)-for
TWRS

G.655

<1.9

<0.27

48




Typical Insertion Loss

DCM Specification DGD Value of the DCM
in the DCM Design

DCM(B)-for G.655

<2.4 <0.32
TWRS
DCM(C)-for G.655

<2.9 <0.35
TWRS
DCM(D)-for (G.655

<3.4 <0.39
TWRS
DCM(E)-for G.655

<3.8 <0.43
TWRS
DCM(F)-for G.655

<43 <0.46
TWRS

TWRS el cilall (ya g2a ailiad 1 6.3 Jsaall

Typical Insertion Loss | DGD Value of the
DCM Specification
in the DCM Design DCM
DCM(A)-for G.655 Leaf <3.7 <0.4
DCM(B)-for G.655 Leaf <4.5 <0.5
DCM(C)-for G.655 Leaf <d.5 <0.7
DCM(D)-for G.655 Leaf <6.3 <0.8
DCM(E)-for G.655 Leaf <7.6 <0.9
DCM(F)-for G.655 Leaf <8.2 <0.9

LEAF —all Cilill (yim g2 ailad 1 7.3 Jsaall
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typical 30 km

| DR = A | B
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O adll Cil€ 5 EXFO FTB 5500 (wbie idaul gy PMD o (uld & 8
40Gbit/s Jw,Y dwdlia je Aad Jully 5 8ps e S & 5 (3.8-16.6)ps
I o ool Calaine (b G Ul JRA)

Scenario 1: replacement of the whole cable
typical 30 km

/:; typicel 2 km //

Scenario 2: replacement of particular cable pieces

typical 30 km

typical 2 km //

Cayiad oy 5 Calll ahie JalS o 40S0 aied (dd ¢ PMD  casad JY1 jlall
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Comparison of costs B Scenario 1

3 T 0 Scenario 2, replacement of

1 cable piece per section

25 T 0 Scenaric 2, replacement of

—_ 2_.#' 2 cable pieces per secion
:"i P @ Scenario 2. replacement of
:1'5- 3 cable pieces per section)
5 1-!’ B Scenario 2, replacement of
051 4 cable pieces per section

'ﬂ' B Scenarnio 2, replacement of

5 cable pieces per secton

number of sections
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aa g el Calll S e JSV Al @l [TU-T  Aeliie Ciliaal 5o Juadll 138 8 i
5 G653 Il il g haill aay gl Gl AS 5 G652 (bl Laall
S EXFO FTP-5500 Jlea aladiuls 4uld 33 a) 5 PMD Ubd iy oo danats

14285 5 PMD (b il (ya pein

D gl Calll QIS o) Y Luldll [TU-T dabsio Cilial ga =20

[YA] : G.652 (onilill Jaaill a5 Call sl 5o =120

Call Al 5 Lpuaighl Calll cliial se [TU-T  (salladl LAY aladl Cauay
Jazy ) Sy 0l L 1310nm (o sl Jshall 2ie (5 jia il @llay 531 5 G.652

.1550nm (=l Jshll 2ic

G.652 <l (pe Lalail sae il g (it AN J glaall

Fibre attributes

Attribute Detail Value
Mode field diameter Wavelength 1310 nm
Range of nominal values 8.6-9.5 ym
Tolerance 0.6 um
Cladding diameter Nominal 125.0 pm
Tolerance +1 um
Core concentricity error Maximum 0.6 pm
Cladding noncircularity Maximum 1.0%
Cable cut-off wavelength Maximum 1260 nm
Macrobend loss Radius 30 mm
Number of turns 100
Maximum at 1550 nm 0.1dB
Proof stress Minimum 0.69 GPa
Chromatic dispersion coefficient Xomin 1300 nm
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AOmax

1324 nm

Somax

0.092 ps/nm? x km

Cable attributes

Attribute Detail Value
Attenuation coefficient Maximum at 1310 nm 0.5 dB/km
Maximum at 1550 nm 0.4 dB/km
PMD coefficient M 20 cables
Q 0.01%
Maximum PMDq 0.5 psiWkm
G.652.A <l Clialse: V.0 Jsaall
.STM-16 ) deay Jls)) o il 138 ey
Fibre attributes
Attribute Detail Value
Mode field diameter Wavelength 1310 nm
Range of nominal values 8.6-9.5 um
Tolerance 0.6 um
Cladding diameter Nominal 125.0 um
Tolerance +1 pm
Core concentricity error Maximum 0.6 pm
Cladding noncircularity Maximum 1.0%
Cable cut-off wavelength Maximum 1260 nm
Macrobend loss Radius 30 mm
Number of turns 100
Maximum at 1625 nm 0.1 Db
Proof stress Minimum 0.69 GPa
Chromatic dispersion coefficient Aomin 1300 nm
Aomax 1324 nm
Somax 0.092 ps/nm? x km

Cable attributes

Attribute Detail Value
Attenuation coefficient Maximum at 1310 nm 0.4 dB/km
Maximum at 1550 nm 0.35 dB/km
Maximum at 1625 nm 0.4 dB/km
PMD coefficient M 20 cables
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Q 0.01%
Maximum PMDq 0.20 ps/ Vkm

.STM 64 ) deas e f Jlu ) Jaxe il 138 acy

Fibre attributes

Attribute Detail Value
Mode field diameter Wavelength 1310 nm
Range of nominal values 8.6-9.5 um
Tolerance 0.6 pm
Cladding diameter Nominal 125.0 pm
Tolerance +1 um
Core concentricity error Maximum 0.6 pm
Cladding noncircularity Maximum 1.0%
Cable cut-off wavelength Maximum 1260 nm
Macrobend loss Radius 30 mm
Number of turns 100
Maximum at 1625 nm 0.1dB
Proof stress Minimum 0.69 GPa
Chromatic dispersion coefficient Aomin 1300 nm
Aomax 1324 nm
Somax 0.092 ps/nm? x km

Cable attributes

Attribute Detail Value

Attenuation coefficient Maximum from 1310 nm to | 0.4 dB/km

1625 nm

Maximum at 1383 nm £3 nm 0.4 dB/km

Maximum at 1550 nm 0.3 dB/km
PMD coefficient M 20 cables

Q 0.01%

Maximum PMDq 0.20 ps/ Vkm

G.652.C «alll Cliial g Yo Jsnl

Jaddl 8 s sall Jshall pnsil) 4880) an G.652.A —llalic G.652.C <l ¢
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Fibre attributes

Attribute Detail Value
Mode field diameter Wavelength 1310 nm
Range of nominal values 8.6-9.5 um
Tolerance 10.6 pm
Cladding diameter Nominal 125.0 pm
Tolerance +1 um
Core concentricity error Maximum 0.6 pm
Cladding noncircularity Maximum 1.0%
Cable cut-off wavelength Maximum 1260 nm
Macrobend loss Radius 30 mm
Number of turns 100
Maximum at 1625 nm 0.1dB
Proof stress Minimum 0.69 GPa
Chromatic dispersion coefficient AOmin 1300 nm
Aomax 1324 nm
Somax 0.092 ps/nm? x km

Cable attributes

Attribute Detail Value

Attenuation coefficient Maximum from 1310 nm to | 0.4 dB/km

1625 nm

Maximum at 1383 nm £3 nm 0.4 dB/km

Maximum at 1550 nm 0.3 dB/km
PMD coefficient M 20 cables

Q 0.01%

Maximum PMDq 0.20 ps/ Vkm

G.652.D «all Claalge:  £0 sl

Jaall & 2 sl Jshalls au il 4084} ae G.652.B —all 4ilis G.652.D —dll ¢
. 1360nm - 1530nm
£ G.652 <l dlia gl sl sl 5 aaladl) s G JUI Jsaall

Attenuation coefficient Wavelength region Typical link value

1260 nm-1360 nm 0.5 dB/km

1530 nm-1565 nm 0.275 dB/km
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1565 nm-1625 nm

0.35 dB/km

Chromatic dispersion
coefficient

D1550

17 ps/nm x km

S1550

0.056 ps/nm?2x km

G.652 —addlagl 5ol cidall 5 sl ad ;0 0 Jgaall

L G652 il Alia gl Uiy el G ad cp A Jgaall

Maximum PMDQ Link length Implied fibre Channel bit rates
[psiVKm ] [km] induced
maximum DGD
[ps]
No specification Up to 2.5 Ghit/s

0.5 400 25.0 10 Ghit/s

40 19.0 10 Ghit/s

2 7.5 40 Ghit/s

0.20 3000 19.0 10 Ghit/s

80 7.0 40 Gbit/s

0.10 >4000 12.0 10 Ghit/s

400 5.0 40 Ghit/s

G.652 —ad dlia gl Sladiny) Lol Call a8 1 T 0 Jgaall
[YV] : G.653 ) el cindall 4 Jaaill o g caldll Glaal oo -Y-Y-0

die (g ke il dllay A Calll 134 Cliial ga [TU-T  alladl YLaiY) slad) Cauay
GSadll e 5 1310nm o> el Johall vie Jamy o (8 5 1550nm s sall Jsha
A yall A sl JIsh¥) e Jil 2xe 5] CWDM Wl (S5 Lenie Caalll 138 aladiil

. 1460nm - 1625nm Jadl & G Ll )
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© G.653 @l (e (phad clical g GG Y gaall

Fibre attributes

Attribute Detail Value
Mode field diameter Wavelength 1550 nm
Range of nominal values 7.8—-8.5 um
Tolerance 0.8 um
Cladding diameter Nominal 125.0 pm
Tolerance +1 um
Core concentricity error Maximum 0.8 pm
Cladding non-circularity Maximum 2.0%
Cable cut-off wavelength Maximum 1270 nm
Macrobend loss Radius 30 mm
Number of turns 100
Maximum at 1550 nm 0.5dB
Proof stress Minimum 0.69 GPa
Chromatic dispersion coefficient }Lmin 1525 nm
Mnax 1575 nm
Diax 3.5 ps/(nm x km)
Aomin 1500 nm
Aomax 1600 nm
Somax 0.085 ps/(nm? x km)
Uncabled fibre PMD coefficient | Maximum

Cable attributes

Attribute Detail Value
Attenuation coefficient Maximum at 1550 nm 0.35 dB/km
PMD coefficient M 20 cables
Q 0.01%
Maximum PMDq 0.5 pshWkm
G.653.A <l Claal g V.o Jsall
Fibre attributes
Attribute Detail Value
Mode field diameter Wavelength 1550 nm
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Range of nominal values 7.8—8.5um
Tolerance +0.6 pm
Cladding diameter Nominal 125 pm
Tolerance +1 um
Core concentricity error Maximum 0.6 pm
Cladding non-circularity Maximum 1.0%
Cable cut-off wavelength Maximum 1270 nm
Macrobend loss Radius 30 mm
Number of turns 100
Maximum at 1550 nm 0.1dB
Proof stress Minimum 0.69 GPa

Chromatic dispersion coefficient

(ps/nm x km)

Dynin (V): 1460-1525 nm

0.085%(A — 1525) — 35

Dy (): 1525-1625 nm

3.5/75%(\ — 1600)

Dinax (A): 1460-1575 nm

3.5/75%(\ — 1600)

Dinax (4): 1575-1625 nm

0.085*(\ — 1575) + 3.5

Uncabled fibre PMD coefficient

Maximum

Cable attributes

Attribute Detail Value
Attenuation coefficient Maximum at 1550 nm 0.35 dB/km
PMD coefficient M 20 cables
Q 0.01%
Maximum PMDq 0.20 psiVkm

G.653.B —alll claalsa: Ao Jsaall

. CWDM 438 ac 2 4384} ae (1 G,653.A —all 4lis G.653.B il )
: G.653 cad il sl cniill g sl ol oy SN Jsaal)

Attribute Detail Value
Attenuation coefficient Wavelength Typical link value
1550 nm 0.275 dB/km
1625 nm TBD
Chromatic dispersion parameters Aotyp 1550 nm
Sotyp 0.07 ps/(nm? x km )

G.653 il aloa sl ol il ;) i) ad ;4.0 Jyaal

77



L G.653 il dlia gl Uiy el G b Cp A Jgaal)

Maximum PMDQ Link length Implied fibre Channel bit rates
(ps/Vkm) (km) induced
maximum
DGD (ps)
No specification Up to 2.5 Ghit/s

0.5 400 25.0 10 Gbit/s

40 19.0 10 Gbit/s

2 7.5 40 Gbit/s

0.20 3000 19.0 10 Gbit/s

80 7.0 40 Ghit/s

0.10 > 4000 12.0 10 Gbit/s

400 5.0 40 Ghit/s

G.653 el dia gl hainy) aall coll a8 o Y 0 Jsaall
© PMD Lo il Y -0

JMEA : Jones Matrix Eigen analysis — )
o s o gsiad U Bias Gl Rkl o3 ada
JMEA 4&,k (). (Principal state of polarization) PSP, DGD , PMD
JIshYl (e Ao gane Algi 5 JluY) Gl vie Cadall Qa1 Jsall aadl Jaxs
Jones 48s0ad i DGD , PSP wlus 54a g0 J g JS die Galall o o8 4 gl

Jones

: Inter Ferometric Method — ¥
o2 | lhiin¥) CVla 43S Jd da gl JI kY 48N DGD b sie 8 PMD )
Oe T (i S8 s se (Jsh Jla )b a 58 duday e da o (P sian addl A3y k)
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g ) el 11 G (s 55 Ot Jome Y1 8 RN (o 6 2L

A0 phe ALUaSly 5 lguany (1

: Fixed Analyzer <&l Jlaall — ¥
Jsb iy AUEY) a8 Jaee (b oy S Do sl I shal) ey Lyl g jna
.DGD 48 20 Sy UL 5 4 5al)

LA i gl A e

s Jlasl) eda DAY o)) cadl Ay pae Ll sam Aalle Cladaie sae Cudld

M) s FA SJMEA Gob ogn e @il a5 Sn #20%  5110% O
Ot G (e dilide g1 Y DGD J A <l 5 INT 5 FA  On o

Gl

Distance INT FA | Difference

New Fiber | 100 Km 0.77 ps 0.85 ps 10%

Fiber > 2000| 69 Km 0.282 ps 0.282 ps 1%

Fiber > 2000| 89 Km 0.519 ps 0.479 ps 8%

Old Fiber <| 16Km 7.2 ps 6.16 ps 16%
1993

Old Fiber <| 32Km 8.37 ps 7 ps 16%
1993
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Prefix Time (HH-MM-55)

|—H

File - 2002-12-10-10-25-14.pmdB

e

Date (Y YV -MM-DD) Result file
extension
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Direction Distance PMD PMD Coefficient
From TO (Km) (ps) (ps /km~1/2)
B A 113 3.679 0.346

3.405 0.320

C A 133 1.847 0.160
1.952 0.185

C B 77 2.052 0.234
2.232 0.225

A D 1 0.081 0.081
0.118 0.118

D E 46 0.521 0.077
0.542 0.079

E F 207 13.3 0.924
13.5 0.938

F G 165 1.383 0.108
1.485 0.116

G H 84 2.98 0.325
6.432 0.702

H A 91 3.959 0.415
2.183 0.249

G M 142 6.266 0.526
7.352 0.617

M L 54 2.766 0.376
3.875 0.527

L K 161 11.719 0.923
11.719 0.923

K J 82 2.617 0.289
7.026 0.776

J 102 5.681 0.562
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4.193 0.415
I G 100 5.471 0.547
7.469 0.747
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1N 40Gb/s ! 10Gb/s alaaiul (e JEEY) (Say ¥ AS0EN 038 (8 Cll) udi 3 g 50
Vo QAL Al a8 5 oSl La sl Calll e 30l e dead) ) 6 salll
12100 GHz daiy &l gl (G dlald diluay 5 C-band Glad (e deaally &l 538

= 3N A sl J) slaY)

Channel |Chl |Ch2 |Ch3 |Ch4 |Ch5 |[Ch6 |Ch20 |Ch22 |Ch32 |Ch40
[THZ]

Value [192.1|192.2|192.3|192.4|192.5/192.6|194.0|194.2|195.2 |196.0
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B EQY C).u.\]\
WDM Wavelength Division Multiplexing
CWDM Coarse Wavelength Division Multiplexing
DWDM Dense Wavelength Division Multiplexing
RZ Return to Zero
NRZ Non Return to Zero
ADM Add Drop Multiplexer
OADM Optical Add Drop Multiplexer
De-MUX De-Multiplexer
MUX Multiplexer
BER Bit Error Rate
SMF Single Mode Fibers
MMF Multi Mode Fibers
EDFA Erbium — Doped Fiber Amplifier
EOM Electro Optical Modulater
EAM Electrical Absorption Modulater
ASE Amplified Spontaneous Emission Noise
CD Chromatic Dispersion
PMD Polarization Mode Despersion
SRS SRS Stimulated Raman Scattering
SBS Stimulated Brillouin Scattering
XPM Cross Phase Modulation
SPM Self Phase Modulation
FWM Four Wave Mixing
DGD Diferential Group Delay
DCF Dispersion Compensation Fiber
DCM Dispersion Compensation Module
JMEA Jones Matrix Eigen analysis
INT Inter Ferometric Method
FA Fixed Analyzer
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