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WDM technologie

« WDM -850/1300 nm, 1310/1550 nm
« WWDM pro MM vlakna, 4 kanaly a 25nm
— 1275, 1300, 1325, 1350 nm pro 10GBASE-LX4
« CWDM - pro SM viakna, az 18 kanalu a 20nm
« DWDM, desitky kanalu

Wavelength-division multiplexing
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WDM aktivni opticky cClen

* 1550 nm - downstream analog TV
1490 nm - downstream digital
1310 nm — upstream digital

TO-detector
1555 nm downstream analog
Y 1310 nm upstream digital
- \ :
TO-laser = | Fiber
i

TO-detector
X
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Technologie CWDM

Pouziti ,,levnych* pasivnich multiplexeri/demultiplexeru

Bézné aktivni prvky Ethernet a Fibre Channel s vyménnymi
optickymi moduly

CWDM optické moduly — transcievery GBIC/SFP

Vyhody
— Dostupna a levna technologie
— Snadné pouziti se stavajicimi prvky
— Snadné rozSifovani a zména konfigurace



CWDM technologie

* Definice vinovych délek ITU-T G.694.2 (13.6.2002)
» Definice parametri rozhrani ITU-T G.695 (02/2004)
« 18 kanali 1270 az 1610 nm, @ 20 nm
— Pro vlakno Low Water Peak podle G.652.C
— Pro standardni vlakno G.652 5 + 8 kanalu
* (1270 = 1350 nm) + (1470 — 1610 nm)
- Sitka kanalu 13 nm (+/- 6,5 nm)
— (podle doporuceni +/- 6 az 7 nm)
 Prenosova rychlost do 2,5 Gbit/s
- Standardni zdroje DFB, nechlazené, v budoucnu VCSEL
* Prizniva cena ve srovnani s DWDM
« Kombinace s DWDM
— 200 GHz (1,6 nm), 8 kanalu
— 100 GHz (0,8 nm), 16 kanalu
A
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CWDM technologie

Opticky utlum (dB/km)

K
1370;

4

E - pasmo

1360 - 1460 nm

\

: | Water peak

» 1410

S - pasmo
1460 - 1530 nm

1470 1490 1510 15

1200 1300

Aic

1400

Vinova délka (nm)

1500

Obr.1 CWDM Kanaly podle ITU -T G.694.2

1600



Omezeni optickych viaken

Linearni jevy
— Utlum, ztraty na spojich
— Disperze
» Chromaticka
» Polarizacni
Nelinearni jevy
— SPM - Self Phase Modulation (Kerr efect)
— XPM - Cross Phase Modulation
— FWM - Four Wave Mixing
— Brillouin scattering efect
— SRS - Stimulated Raman Scattering



Utlum standardniho a METRO vlakna
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Typy vaken — doporuceni ITU-T

RIC

G.652 — Standard Singlemode Optical Fiber (G.652.C — Low Water Peak)
G.653 — DSF Dispersion Shifted Fiber (nulova disperze pro 1550 nm)
G.654 — Cut-Off Shifted Optical Fiber
G.655 — NZDSF Non-Zero DSF (mala nenulova disperze pro 1550 nm)

— Disperze od 1 do 10 ps/nm*km v pasmu 1530 az 1565 nm

G.656 — NZDSF for Wideband Optical Transport
— ,vylepsena verze" G.655
— Novy typ vlakna pro pasmo S, C a L, pro DWDM a CWDM systémy
— Disperze od 2 do 14 ps/nm*km pro pasmo 1460 az 1625 nm
— Maximum PMD 0,20 ps/\km
— DalSich nejméné 40 kanalt DWDM v S pasmu



Chromaticka disperze

Chromatic Dispersion (CD)
Koeficient CD se udava v ps/(nm * km)

— O kolik pikosekund se rozSifi pfenaseny impuls po ubéhnuti
jednoho kilometru, kdyz zdroj ma spektralni Sirku jeden nm.

Chromaticka disperze zavisi na spektralni Sifce laserového zdroje

Standardni SM viakno G.652
— Koeficient CD <3 ps pro 1310 nm, < 18 ps pro 1550 nm

Gigabit Ethernet 1,25 GBd, NRZ kédovani = délka pulsu 800ps
= Maximalni disperze je 160 ps

STM-16 (2,5 Gbd), NRZ kédovani = délka pulsu 400ps

STM-64 (10 Gbd), NRZ kédovani = délka pulsu 100ps



Chromaticka disperze

« Maximalni hodnoty disperze podle ITU-T G.695

Wavelength Block [nm]

Dispersion coeficient

\ 4

[ps/(nm*km)] .
1291 — 1351 5,7
1311 - 1371 6,8 V
1391 — 1451 11,5 V
1531 - 1591 19,9 V
1471 - 1611 21,1 V
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Chromaticka disperze

« Chromaticka disperze musi byt mensi nez 20 % délky pulsu
- Max. délka = max. deformace pulsu / (CD vilakna * spektralni Sirka)

— Pro CWDM laser 1Gbit/s Spectral Width < 0.06 nm
« Gigabit Ethernet, max. delka = 160 / (20 * 0,06) = 133 km

— Pro DWDM laser 2,5Gbit/s Spectral Width < 0.015 m
« STM-16 2.5 Gbit/s, max. délka = 80/ (20 * 0,015) = 266 km

— Pro 10Gigabit Ethernet (10,3125 Gbd), puls 96 ps, SW < 0.01 nm
* 10Gigabit Ethernet, max. délka = 19,2 /(20 * 0,01) = 96 km
A
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CWDM - ITU-T G.695

 Doporuceni ITU-T G.695 (02/2004)

(Optical interfaces for coarse wavelength division
multiplexing applications)

 Doporucené parametry rozhrani CWDM — kompatibilita
— Aplikace, referencni body
— Vysilaci vykon, citlivost prijimace
— Pouzivané vinove délky
— Dosazitelné vzdalenosti
— Parametry optické trasy
— Mezni atlumy pro jednotlivé vinové délky a typy vliaken G.652
— Disperze pro jednotlivé vinove délky
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Rozdéleni spektra

Kanal Kéd kanalu vinova délka [nm] Spektrum SM viakna .
1 27 1270 -
2 29 1290 O — Original 1260 — 1360 nm
3 31 1310 Puvodni prenosové pasmo
4 33 1330 v oblasti 1310 nm
5 35 1350 .
6 37 1370 E — Extended 1360 — 1460 nm
7 39 1390 Nové pasmo, vyuzitelné pouze
8 41 1410 s novymi typy viaken typu ,,Low
9 43 1430 Water Peak” podle standardu
10 45 1450 ITU-T G.652.C .
11 47 1470 S—Short 1460 - 1530 nm
12 49 1490 Pasmo kratSich vinovych délek,

13 51 1510 které je vyuzivano pro nové typy

14 53 1530 prenost, zvlasté CWDM R
15 55 1550 C — Conventional 1530 — 1565 nm
16 57 1570 L — Long 1565 — 1625 nm g
17 59 1590 Pasmo dlouhych vinovych délek,

18 v 61 1610 4 Vyuzivano pro novejsi typy prenost



Nechlazeny DFB laser

 Teplotni drift cca 0,08 nm/1°C
* Pro teplotu +35 °C (rozsah 0 az 70 °C) je vinova délka filtru
posunuta o +1 nm

~. Filter
passhand

1,547 1,548 1049 1,550 1,651 1,662 1,563
Wavelength (nm)
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Konstrukce CWDM filtru

» Pouziti technologie tenkych filmu

 Mensi po€et vrstev nez pro DWDM, nizSi cena

« Slozenim jednotlivych filtri se docili pozadované konfigurace
* Multi/Demultiplexery, Add-Drop multiplexer

A, A2, A3, A4, AS, ...

Duwal fiber A1, A3, A4, A5, ....
kl oot GRIN lens HRIMN lens :
nput po 1 : ﬁ A55 purrij
frﬂeﬂamed ; j— ’ | S!ngle
A2
Thin-film filter

A
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Typické parametry CWDM

CWDM Multiplexer/Demultiplexer

— Central wavelength 1311 to 1611 nm
— Bandwidth ITU +/- 6,5 nm
— Insertion Loss (4 channel) <1,5dB

— Insertion Loss (8 channel) <25dB

— Insertion Loss (16 channel) <50dB

— Isolation adjacent channel > 30 dB

— Isolation non-adjacent channel > 40 dB

— Directivity > 50 dB

— Optical Return Loss >45 dB

— Polarization Dependent Loss <0,1dB

— Polarization Mode Dispersion PMD < 0.1 ps

— Maximum Optical Power 300 mW

— Operation Temperature Oto 70 °C



CWDM Multi/Demultiplexer

Rozsirujici port pro dalsi 4
vinové délky



Mereni charakteristiky 4ch M/D

Spektralni charakteristika
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Meéereni 4ch M/D — 1550 nm

wB] Spektralni charakteristika
. /f \\
-10 { \

-20 -

-25

/

'35 I I I I I I I 1
1530 1535 1540 1545 1550 1555 1560 1565 [nm]




Konfigurace CWDM site

A — dBm s, g, Aq, and Ay can be used for
__ 0dBm upstream channels in a bi-directional,
A 0 dBm single fiber network, or for additional
. downstream channel= in a uni-
" idBm directional two-fiber network.

rpr

Head-End — Switches, Routers & Servers

15k
G652
Fiber CWDM “OADM” Bus Network for
OC12, OC48, FICON & GbE Services
(5-Node / 60km end-end)
~10dBm “11dBm -17dBm 13dBm  -24dBm 25iBm  -31dBm _32dBm
0ADM il 0 ADM [ C DM 02D

2 Ch lﬂ Remot

AlNmne e“maoie

OADM ?\5 ?\'1 T 1*4 T ;\-5 Customer
-11dBm _13dBm _25dBm ~32dBm Nodes

FICON ocCi12 0C48 GhE



Zesileni jedné vinove deélky

Single Wavelength
3R Regenerator
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Opakovac v trase

* Pouziti media konvertoru jako opakovace (transpondéru)
* 2R regenerace (re-amplify, reshaping)

» Pouziti aktivniho prvku — prepinaée, s napojenim na mistni sit’
3R regenerace (re-amplify, reshaping, retiming)

Multi Wavelength
3E. Regenerator

RIC
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Zesilovac v trase

Polovodicovy opticky zesilova€ SOA (Semiconductor Optical Amplifier)
1R regenerace — pouhé zesileni (re-amplify)
2R regenerace — obnova hran pomoci nelinearniho filtru

—»> SOA
-17dBm  |13dBGan | _49Bm




CWDM transcievery

GBIC transciever SFP tranciever
(Giga-bit Interface Converter) (Small Formfactor Pluggable)
SC duplex LC duplex (eventuelné MT-RJ)

A



Parametry transcieveru CWDM

*  Provedeni SFP nebo GBIC

— Mean wavelength ITU +/- 7nm

— Data rate 1250 Mb/s (1062,5 Mb/s FC)
— Typical/min link budget (50km) 23,5/19dB

— Typical/min link budget (80km) 28 /24 dB

— Typical/min link budget (120km) 36/32dB

— Optical power typ/min (50km) -2,5/-5,0dB

— Optical power typ/min (80km) 2/0dB

— Optical power typ/min (120km) 2/0dB

— Receive power Low typ/min (50km) -26 / -24 dB (PIN)
— Receive power Low typ/min (80km) -26 / -24 dB (PIN)
— Receive power Low typ/min (120km) -34/-32 dB (APD)

— Spectral width (20 dB) <1nm
— Operation Temperature -5t0 70 °C

RIC



Dosazitelna vzdalenost CWDM

* Minimalni a maximalni utlum kabelu G.652 podle G.695
* Vykonny transciever Gigabit Ethernet / FC

— 36 dB typical
« Mux/Demux 4 A (3 dB), 8 A (5dB)

vinova délka 4 channel MUX/DEMUX 8 channel MUX/DEMUX
utlum trasy | délka trasy | utlum trasy délka trasy
[dB] [km] [dB] [km]
1470 nm 28,0 86-118 26,0 80-109
1490 nm 28,0 92 -122 26,0 86 -114
1510 nm 28,0 97 - 127 26,0 90-118
1530 nm 28,0 99 -130 26,0 92 -121
1550 nm 28,0 101 -133 26,0 94 -123
1570 nm 28,0 101 -135 26,0 94 -125
1590 nm 28,0 101 -135 26,0 94 -125
1610 nm 28,0 97 - 135 26,0 90-125

RIC




Kombinace CWDM a DWDM

« CDWM (Coarse WDM) - DWDM (Dense WDM)
— Less than 16 wavelengths per — From 32 to 80 wavelengths per
system system
» Slow traffic growth » High traffic growth
— Much lower cost — Higher cost
« Components are less « Components are more
stringent stringent because of high
— Simpler management wavelength capacity
— Smaller footprint — More complex management
— Shorter distance reach — Larger footprint
« Less than 120km — Longer distance reach
— Networks that would most * From 100km to 1000km
likely deploy CDWM — Networks that would most
« Enterprise, Access, likely deploy DWDM
Metropolitan * Metropolitan, Regional,
Long-haul

A



Kombinace CWDM + DWDM

DWDM/CWDM integration
1530 nm C-band 1565 nm
ITU G.694.2 1550-nm CWDM channel
(13-nm width/20-nm spacing)
25°C
1 r . =
ITU G.694.1 200-GHz A A
DWDM wavelength spacing
il
B s B il B il
Megative Manufacturing Positive
temperature spread temperature
variation distributed- variation
(-d.2nmmax) feedbacklaser (+4.2nm max)
wavelength

(+2.3 nm max)



Kombinace CWDM + DWDM

16 ch
DWDM
100G

16 ch
DWDM
100G
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Aktivni prvky CWDM




CWDM mux/demux 1

Aplikace CWDM

CWDM mux/demux 2

Switch 1
1510 nm [ —{ 1511
i—] 1531
= 11551 |,
L—1 1571
1550 nm ™
Switch2 |
1510 nm 2= —1 1511
TX i
1 —1 1531 | )
X —1 1551
L
1550 nm X 1571
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: Switch 3
1511 IX 1 1530 nm
RX
1531
G :
1551
1571 IX
RX 1570 nm
: Switch 4
1511 1X 1530 nm
1531 RX
) H
1551 >
1571 RX 1570 nm




Aplikace CWDM
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Zkusenosti

Rijen 2003 — zkusebni zafizeni - RLC

— Vybér komponentl, méfeni parametru, zatéZzové zkousky
Listopad 2003 — méfeni v laboratofi Ceského Telecomu

— Méfeni parametrd, charakteristik, zkouska na vlakné 126 km
Listopad 2003 - trasa Praha — Brno — pater CzechBone (4 A)

— Zkusebni provoz prosinec 2003, od 2004 v realném provozu
Unor 2004 — dvé trasy Praha pro CNB

— Multirate CWDM transceivery 100 Mbits — 2,5 Gbits (8 A)
Duben 2004 — zkouska na trase Praha — Tabor

— Zarizeni Lumentis, zkouSka provozu a méfeni chybovosti

— dve trasy 118 a 128 km

Priprava
— Rozsifeni CzechBone o dalSi trasu (8 A), Brno — Viden (4 A)
— Navrh trasy Praha (12 A)



Testovani RLC
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Mereni OSA

FTB-5240 - Optical Spectrum Analyzer - [1-2]
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Méreni v laboratoii CT
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Trasa Praha - Tabor
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Budoucnost CWDM

Aplikace v metropolitnich sitich
Technologie FTTx — FTTH
Technologie PON

Pouziti optickych Sirokopasmovych zesilovacl
VCSEL laserové diody
Rychlost 10Gbit/s
Obvody elektronické kompenzace disperze
— DSP procesor zpracovava signal z prijimace v realném Case
— Moznost prenosu 10GBASE-SR na 300 m po béznych MM
viaknech



