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Opticnha vliakna

Kabli z optiénimi vlakni
Standardi

FTTH in PON tehnologije
Pretvorniki



opiicna vliakna



premer jedra
9 (8-10)
50 ali 62.5 mikronov,

4
Cladding:
125 pm

Coaling:
250 pm or
900 pm

125/250/700/900

v tesni ali ohlapni
zasciti

SMin MM



viakno kot valovod

| =




viakrea

steklo

1. SM9/125

2a. MM 50/125 OM4 (40GbE in 100GbE)
2b. MM 50/125 OMS3 (GbE in 10GbE)
2c. MM 50/125 OM2 (GbE)

3. MM 62.5/125 OM1

4. MM 62.5/125 (ze insStalirana vliakna)

steklo / plastika
5. HCS 200/230 OH1
plastika

6. POF 200/490 OP2 (120/490)
7. POF 975/1000 OP1



POr, FICS In PCF vlakna
POF (plastiéna vlakna) 975/1000 do 40m (0.25 dB.m)

HCS (Hard Clad Silica) ali Polymer Clad Fiber 200/230,
200MHz.km@850nm za industrijsko avtomatizacijo

PCF (Photonic Crystal Fibres) nova tehnologija,
2002/2003 (steklene cevke premera 0.05mm med
Izdelavo Se zmanjSajo za faktor 20)



PCF vlarKna
Photonic Crystal Fiber
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(premer zra€ne reze je nekaj mikrometrov)
Uporaba za spektroskopijo, metrologijo, biomedicino, telekomunikacije,
Industrijsko avtomatizacijo, raziskave, orozje, ..



viakrea

Prednosti
dolge prenosne poti, 100 in ve€ km brez ojacevalnikov, nizko
dusSenje, neobcutljivost na elektromagnetne motnje, velika
pasovna Sirina, teza, dimenzije, varnost, ..

Zgodovina

Leta 1950 iznajdba laserja in leta 1970 prva komercialna raba
optiénih viaken



- Zaznavanje laserskega
zarka

- Zaséita oéi, koze, ..
- Ugotavljanje komunikacije
brez prekinitve



viakno in kaoel

Loose tube, ohlapna zas¢€ita, 0.25 mm, varjenje, pig tail-li,
zunanji, zahtevna raba

Tight buffer, tesna zascita, 0.7 ali 0.9 mm, montaza
konektorjev, notranji, manj zahtevna raba

Notranji, notranji/zunanji, zunanji, zemeljski, zraéni,
nekovinski, kovinski, samonosni, ..



Opiicnl Kaoll

“Drop” FTTH kabel



Opiicnl Kaoll

SMAN kabli,
proizvajalec Silec Cable



PGW, ADSS, F












standardil - vlaxna
ITU-T standard
G.651 Multimode optical fibers
G.652 Single Mode Dispersion Un-shifted
G.653 Single Mode Dispersion Shifted
G.654 Single Mode Cut-off shifted
G.655 Single Mode Non-zero Dispersion Shifted
G.656 Single Mode Low Dispersion slope Non-zero Dispersion Shifted
G.657 Single Mode Bending Insensitive

Description IEC SMF Type ITU Spec TIA Spec
Standard Singlemode Fiber B1.1 G.652 OS1
Cutoff Shifted Fiber B1.2 G.654

Low Water Peak Fiber B1.3 G.652 OS2
Dispersion Shifted Fiber B2 G.653

Non-Zero Dispersion Shifted Fiber B4 G.655



OM4 1n O32

Cabled Maximum aftenuation Minimurm modal
optica fibre (dB/km) bandwidth MHz=km
Category 350 nm 1300 nm 850 nm
O 3.5 1,5 200
OM2 3.5 i oS00
OM3 3.5 i 2 000
Ol 3.5 i 4 700

Cablad optical fibre

Maximum attenustion

Category (dBfkm)
1 300 nm 1382 nm 1 550 nm
051 (EN) 1.0 1,0 1.0
051 (ISOVIEC) 1.0 - 1,0
052 04 0.4 0.4




OP1, OP2 (2007) in OH1

RN Singlemode
Wavelength | 50/125 or 62.5M125 | 50125 | Wavelength
{nm) OM1 | omM2 OM3 {nm) 081 082
850 3.5 1310 1,0 0.4
o (dBkm max) 1300 1,5 1383 0.4
1550 1,0 0.4
Modal bandwidth 850 200 500 1500
OFL (MHz.km min) 1300 500 500 500
Modal bandwidth 850 - - 2000
LL (MHz.km min) 1300 - - -
Propagation delay g5 5 1310 5 5
ins.m-! max) 1300 1550
A (nm max) 1260
Multimode
Wavelength | 9751000 | 200/490 | 200,230
{nm) OP1 op2 OH1
650 200 100
@ (dBkm™ max) 850 40 10|
1300 40
Modal bandwidth 650 10 50
OFL (MHz.km min) = L = |
1300 150
Propagation delay i
ins.m-1 max) il &
1300




OPLIin OP2 (20

|IEC 60793-2-40:20086 as amended 2009

10)

OF category Adal | Ada2 | Adb | Adc | A4d | Ade Adf Adg Adh
Care diameater {Cladding diameter - 25) 200 120 B2.5
{um) +10 +10 =10 +5
Cladding diameter 1000 1000 480 500 1000 750 450 490 245
{Lm) + 60 + 60 + 10 + 30 + 60 +45 + 10 +10 +h5
MA, 0.5 0.5 05 0.3 0.25 0.19
+0.15 +0.03 +0.15 + 0.05 +0.07 +0.015
Aftenuation (dB/100 m)
@ 650 nm - - | =10 | =10
@ 650 nm overfilled =40 <18 =40
(@ G50 nm equilibirium =30 =18 =30
@ 650 nm 0.3 NA - =18
@ B850 nm - <4 =33 =373
@ 1300 nm - =4 <3.3 =3.3
Bandwidth {MHz.100m)
@ 550 nm =10 - =800 | =800
@ 650 nm 0.3 NA - - |- - =100 | = 200
@ 850 nm . =1500 | =1880 1880
@ 1300 nm > =1500 | = 1880 = 1880
Generic cabling standards selection - ISO/IEC 24702 A1:2009) and EN 50173-3 A1 (expected in 2010).)
Cabled OF Category OP1 op2
Attenuation (dB/100 m)
@ 650 nm 18 =10
@ 5850 nm - =3.3
@ 1300 nm S <33
Bandwidth (MHz.100m)
@ 650 nm > 10 = 800
@ 850 nm 1880
@ 1300 nm 1880




standard] — kapel

(ZIPTT) TO SM 03 (m x n) I/l 0,38/3,5x0,25/19 CMAN/SMAN

TO
SM
03

m

n

I

Il
0,38
0,25
3,5
19

C (S)

opticni TK kabel

eno rodovno opticno vliakno

Ne armirani kabel s PE plas€¢em

Stevilo cevk v kablu

Stevilo optiCnih vlaken v posamezni cevki

drugo valovno podrocje (1300 nm)

tretje valovno podrocje (1550 nm)

slabljenje eno rodovnega vlakna pri 1330 nm (dB)
slabljenje eno rodovnega vlakna pri 1550 nm (dB)
kromatska disperzija pri 1300 nm (ps/nm km)
kromatska disperzija pri 1550 nm (ps/nm km)
opticna vlakna v cevkah (mehke cevke)

polnjeni kabel

kabel z aramidnimi vlakni

kabel brez kovinskih elementov.
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1T 2 3 4 3 §] 7 8 9 10
1./12. Basic type 5. Sheath
A Outdoor cable 2Y PE-sheath
AT  Outdoor cable, separable (L)2Y Laminated sheath
| Indoor cable (D)2Y PE-sheath with plastic barrier
L Universal cable for in-and outdoor  (ZN)2Y PE-sheath with

non metallic strength member
3. Fibers (LYZN)2Y Laminated sheath with
O multi fibre loose buffer, filled non metallic strength member
W Tight buffer tube (D)(ZN)2Y PE-sheath with plastic barrier
H Hollow, unfilled and non metallic strength member
W Hollow, filled B Armouring
B multi fibre loose buffer, unfilled BY Armouring with PV C-protection sheath
B2Y Armouring with PE- protection sheath

4. Additional assembly element
F Petrol jelly filling
Q Water blocking tape
5 Metallic element in the cable core



Awmmo™ =1

o2

2 3 4 5

Number of fibers

Fiber typ

VDE oznake

G [ 8 9 10

10. Attenuation coefficient in dB/km

11. Optical windows

Gradient fiber glass/glass A 650 nm
Single mode fiber glass/glass B 850 nm
Step-index fiber glass/glass F 1300 nm
Step-index fiber glass/plastic H 1550 nm

Diameter of core

Diameter of cladding

12. Bandwidth in MHz and dispersion in ps/nm/km



Telekommunicationcable a number of iubas
A Outdoor Cable b nwmber of fllbersitube

AT Breakoutcable \/D E O Z r] E!.}{: Fiber Typ

Core Typ E singlemode
V  sobd core G rultirmode
D loose tube with multible fibers
W looze tube with a sincle fiber

|
v 2Y

Al-D|ls @ZN)|| 2YaY b || E || 91125 | |aBb
AT | [ W Q |[BN)||(SR)2Y| |axb|| G || 50/125 | |aFb

o prp— 2YR2Y 62,5/125| (aHb

H=n

in the cable core |
(L)2Y
F petrol jelly
a swallabla materials

Stwongth Members Primer : A-DF(ZN)2Y 12x8E9/125

metal-free
(ZN]) aramide vams
{BH) glazz=roving=s

Fiber Typ
core'cladding diameter

Sheath
ay PE
v PE, ranforced attenuation (dB/km)

o o

¥4y PE/PA (rrstalfross roodaent band wicik (Mhzkm) = singlemode
protection) iPe/nm+km} = mulimodea

(SR)12Y corrugated steel taps/PE
imetallic redent protection)

AZY  stes] wire armouring

L2y APE composite layer sheath

va|uas at B50 mm
values at 1300 (1310} nm
valuas at 1550 nm

ITm




S0OJNIKl In Konexior|l za opil

Spojniki

ST-ST
ST/ST - ST/ST

SC-SC

SC/SC - SC/SC(duplex)
SC- ST

SC/SC - ST/ST

Konektor]

ST
SC, SCD (duplex)
FCPC, FCUPC, FCAPC

SFF

sre Vi

~

ci{rlel

P

ST

wos, SC, SCduplex




poliranje
ﬁ

Stopni¢éasto | Koniéno Ovalno
APC APC UPC, PC
FC SM Simplex Pigtail FC SM Adapter
Typical Insertion Loss 0.15 dB
Maximum Insertion Loss 0.2dB
Retum Loss {PC) =-45 db
Retum Loss (UPC) =-50 dB
Retum Loss (APC) =-60 dB




Srr (Srnall Form Fakior) Konexirojl

r
T - : LC
OptoJack ! &
VF-45
MT-RJ |




(SFF) KonexKior|l

MTP/MPO
MU E2000 4,8,12, 24, 72

LX5

ferule premera 1.25(SFF) ali 2.50mm
MTP (Mechanical Transfer Pull Off), MPO (Multi-fiber Push-On)



Barve uvodnice in onidja Kornexiorja

MM OM3

MM OM2

MM OM1

SM 0OS1/0S2

SM APC pod kotom polirana ferula

vodna
¢érna
bes
modra
zelena



(POF) Konexior|l

(FSMA kovinska ferula premera 3.20mm)



Delllnikl in spojxe



3plice or interconnect

T

Backbane cable

l | horzonta cable |
'

3plice or interconnect

Backhane cable

Horizomtal cable

Pull-through cable
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Centralized cross-connect ER
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Telecommunications
outleticonnectors

WA

Telecommunications
outleticonnectors

g
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Telecommunications
outleticonnectors

«
WA
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cinernei razdalje

vlakno pas. Sirina val.dolzina mrezni standard dolzina

(MHz/km)  (nm) (m)

62.5/125 200 850 10/100Base-FX 2000
62.5/125 200 850 1000Base-SX 275
62.5/125 500 1310 1000Base-LX 550
50/125 500 850 1000Base-SX 550
9/125 / 1310 1000Base-LX 2000
50/125 400 850 IEEE 802.3ae 65
62.5/125 160* 1310(WWDM) IEEE 802.3ae 300
9/125 / 1310(WWDM) IEEE 802.3ae 10000
9/125 / 1310 IEEE 802.3ae 10000
9/125 / 1550 IEEE 802.3ae 40000

* ze inStaliran kabel WWDN(Wide Wave Division Multiplexing)



10

GoE (IEEE 802.3a2) no MM viaknu

10GBASE-SR
vlakno MHz/km pri 850/1310nm | kategorija/tip | povezava naizvor dolzina
62.5/125 160/500 FDDI preko MC p. kabla 26
62.5/125 200/500 OM1 preko MC p. kabla 33
50/125 500/500 OM2 preko MC p. kabla 82
50/125 1500/500 OM3 neposredno 300
10GBASE-LRM
vlakno MHz/km pri 850/1310nm | kategorija/tip | povezava naizvor dolzina
62.5/125 160/500 FDDI preko MC p. kabla 220
62.5/125 200/500 OM1 preko MC p. kabla 220
50/125 500/500 OM2 preko MC p. kabla 220
50/125 400/400 Ala.l preko MC p. kabla 100
50/125 1500/500 OM3 neposredno 300




EEM(IEEE 802.3ah)

EFM po optiki (eno ali dve vlakni OS1), to¢ka to€ka (P2P) za
neposreden dostop

EFM po optiki (eno ali dve vlakni OS1), to¢ka ve€ to¢k (P2MP)
preko pasivne optiéne mreze (EPON za FTTXx)

EFM po bakru (EFMC), po veé€ih paricah (SHDSL)
EFM po bakru, po eni parici,

kot dolgi doseg za komercialno rabo (SHDSL) in
kot kratki doseg za domaco rabo (VDSL)



ITU-T G.984 GRPON - Gigapit PON

Je druga pomembna FTTH in PON tehnologija.

Podpira Ethernet, ATM in TDM (Time-division multiplexing) po
PON topologiji to€ka to€ka (P2P) ali po nacinu tocka ve€ tock
(P2MP).

Uporablja hitrost 1.25 Gigabitov na sekundo od uporabnika

(upstream) in 2.5 Gb/s proti uporabniku (downstream). Podpira
tudi VoIP servis.



EFM po optiki tocka - to€ka (100BASE- LX & 100BASE- BX)

EFM po optiki tocka - tocka (1000BASE- LX & 1000BASE- BX)



EFM po optiki tocka - ve€ tock (1000BASE- PX)

Pomen FTTH v EU, sofinanciranje
Sirokopasovnega dostopa (GOSO)




PON delilcl (spliter)i)

princip FBT (Fused Biconical Taper) delilca




PON delilci (spliterji)

princip PLC (Planar Lightwave Circuit) delilca



PON delilci (spliterji)

primer PLC delilca



1.5 um

| 85

Single G.652 fiber

H

%

1.3 pm Receiver

1T

LN

1.5 um Receiver

1.3 um Laser

1 vlakno (OS1), 2 vlakna (OM1, OM2, OM3, OS1)



100 Mbps 1000 Mbps
SMF SMF
Dual 100BASE -LX10 1000BASE -LX, 5 km
Fiber 10 km 1000BASE -LX10, 10 km, extended
temperature
Eingle 100BASE -BX10 -D, 10 km 1000BASE -10BX -D, 10 km

Fiber

100BASEBX10 -U, 10 km

1000BASE -BX-U, 10 km




Fiber P2P
1Gbps

Copper
Short or Long
Reach

10Mbps

Fiber P2P
1Gbps

Fiber P2P
100Mbps

Fiber PON
1Gbps

Copper

Short Reach _L
10Mbps



Passive Optical Network ,

© 2005 IPTV Infarmation

5 Provider's
% Central Office (CO)
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FTTC FTTN FTTP/FTTH

Fiber to the Curk Fiber to the Neighborhood Fiber to the PramisesHome

P ON



-1 T

FTTN Node, Neighborhood ali
Cabinet (FTTCab)

FTTC Curb ali Kerb (FTTK)
FTTB Building
FTTH Home ali Premises (FTTP)

FITZ Zone



1 TX

| Sofswitch

-
-

Optical Distribtion Network (ODN)

e Fiber Optical Cable
» ONT
t" I

Passne Oplical Spiitter

FTTH

FTTE

FTTC

{neighborhood
or FOI)

L ) FTTE: Fibar to the Business EXIGish: Fiber tothe Cabingt

FTTC: Fibar to tha Curks FTTH: Fibiar ke the Mo e
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BPON EPON GPON
Standard ITU-T 5983 |IEEEG03.2ah |ITU-TG.954
pasovna sirina sprejermn do  |obojestransko |sprejem do
622 Mb/s do 1.255hb/s 2.5Gh/s
oddaja 155 oddaja
Mby's 2.55h/s
sprejern & (o) 1430 0 1550 1550({1490 in 1550
oddaja & (nm) 1310 1310 1310
prenos ATM Ethernet ATM,
Ethernet, TDOM

BPON Broadband PON (v€asih APON ATM PON)
EPON ali GE-PON - Gigabit Ethernet PON (EFM)
GPON - Gigabit PON (ITU-T G.984)



opiicria zveza
aktivna oprema -
prikljuéni kabel

1
2
3 FO pretvornik

4  FO prikljuéni kabel
5

6

delilnik
InStalacijski kabel



Pretvornigl In vrnesnixi

Single Fiber, Dual Fiber, SM, MM, PoE, ..



oretvornixi

brez ali z upravljanjem
zunanje ali notranje napajanje, 12/24/48/110VDC, 230VAC, PoE, USB
10Base-T na 2/FL, 10/100/1000Base-TX na FX

MM - SM

SFP



POE pretvornixi
PoE* PD Powered Device, POE* PSE Power Sourcing Equipment

*(~25W)



1 Golinl vmesnikl

LC SFP

SCIBHDﬁ;:;;

=

LC BIDi
RJ45
GBIC



SFP+

XENPAK

10 Goltnl vrnesnikl
XFP

10GBASE-SR MM 300m
10GBASE-LR SM 10km
10GBASE-ER SM 40km

X2



40 1n 100 Golinl vresniki

QSFP (baker) 40G kabli

40/100G CFP, dvojna
Sirina Xenpak-a

CXP, povezave v Data Centrih



elameni

ROSA, Receiver Optical Sub-Assembly
TOSA, Transmitter Optical Sub-Assembly
BOSA, Bidi Optical Sub-Assembly



00 enem vlaxnu

1.5 um Laser i
Single G.652 fiber
) b ) ﬁlﬂ 3 pm Laser
- ] .

1T 1T

1.3 pm Receiver 1.5 um Receiver

SM uporablja 1310/1550nm

MM uporablja 850/1300nm,
“dichroic beam splitters”

In “wavelength-selective detectors”



1 SFP
8 FE POF (~50m)
2 GbE RJ45



serljsxl /[ industrijskl pretvornixl

RS232 na MM/SM
RS232/422/485 na MM/SM
IP zaScita, DIN letve, POF, PUR



video oretvorrixl

analogni ali digitalni
pretvorniki lahko analogni signal stisnejo in takega prenasajo po viaknu,

ali pa analogni signal spremenijo v digitalnega in ga neposredno
prenasajo



™

lefonskl preivornixl



nvala za pozornost

iInfo@ezz.si



