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Jakou rychlost budu potrebovat ?

e Globalni IP traffic vzrostl od roku 2016 (93 ExaB/meés) do roku 2021 3x (271 ExaB/meés)
e ve SpiCkach narostl dokonce 5x

e roste naroCnost jednotlivych aplikaci

o (U)H D Stream|ng Figure 13.  Significant demand for bandwidth and video in the connected home of the future
o (u)HD VoD (10+ Mbps)
e objevuji se nové
o cloud gaming (30+ Mbps)
o Immersive VR (350 Mbps) 500 :
e CoVID :

o zmeéna chovani
o virtualni office

Source: Cisco Annual Internet Report, 2018-2023



Technologicky vyvoj
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INQMX
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Klicové parametry optickych viaken

Sitka pasma [MHz . km];

numericka apertura;

disperze;

utlum [dB];

ztraty na makroskopickych neregularitach;
minimalni polomér ohybu;

obsah OH;

MDF
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Klicové parametry optickych viaken - disperze

e vidova disperze vstuni nejvyssi nejnizsi  vystupni
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Klicové parametry optickych viaken - disperze

polarizacni vidova disperze PMD

A

N\
A\

L

AN

Idealni
vlakno

Realné
vlakno

TTTTTTTTTTTTTTTTTTTTTTTT



Klicové parametry optickych viaken - utlum
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Klicové parametry optickych viaken - utlum
Optické vlakno — mérny ttlum
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Klicové parametry optickych viaken - utlum
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Dalsi parametry ODN

e reflektance, odrazivost Flat Polish
e ORL - utlum odraz 'ﬁ_’

High reflection

PC Polish
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Low reflection

APC Polish (Angled)

s w—

Very low reflection




Koexistence xPON
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Upstream: 1290 ~ 1330 nm

Upstream: 1260 ~ 1280 nm

TYP GPON XGPON XGSPON
ITU G.984 ITU G.987 ITU G.9807
Freq Downstream: 1480 ~ 1500 nm Downstream: 1575 ~ 1580 nm Downstream: 1575 ~ 1580 nm

Upstream: 1260 ~ 1280 nm

. . 1:64 . .
Split ratio (1:128) 1:256 1:256
g : 13:;2 j: 14 - 29 dB 14 - 29 dB
Classes C : 15-30 dB L0l Lo e Gl
B+: 13-28 dB 18 - 33 dB 18 - 33 dB
e b 20 - 35 dB 20 - 35 dB
Max. distance 60km 100km 100km

Mod. speed

Downstream: 2.488 Gbit/s
Upstream: 1.244 Gbit/s

Downstream: 9.953 Gbit/s
Upstream: 2.488 Gbit/s

Downstream: 9.953 Gbit/s
Upstream: 9.953 Gbit/s
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Koexistence xPON

XGS-PON & GPON Transceiver Information

Type Class C+

Operating Wavelength GPON Channel:
Tx1490nm
Rx1310nm

XGS-PON Channel:

Tx1577nm
Rx1270nm

Encapsulation Type SFP+

Port Rate GPON Channel

Tx: 2.4886bit/s
Rx: 1.244Gbit/s

XGS-PON Channel:
Tx: 9.953Gbit/s
Rx: 9.953/2.488Gbit/s

Minimum Output Optical Power GPON Channel: 3dBm

XGS-PON Channel: 5dBm

Maximum Output Optical Power GPON Channel: 7dBm

XGS-PON Channel: 8dBm

Maximum Receiver Sensitivity GPON Channel:-32dBm
XG-PON Channel: -30.5dBm
XGS-PON Channel:-29dBm

Optical Connector Type sc
Optical Fiber Type single-mode
Overload Optical Power GPON Channel:-12dBm

XG-PON Channel: -10dBm

XGS-PON Channel: -8dBm

Extinction Ratio 8.2d8
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Koexistence xPON

GPON

1G-EPON1 XG-PON1

XG-PON1 10G/1G-EPON XGS-PON
XGS-PON RFoG GPON RF (CATV) 10G/1G-EPON RFoG
10G/10G-EPON (1310) 1G-EPON1 NG-PON2 DOCSIS 10G/10G-EPON NG-PON2 (1610)
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Zdroj: AKADEMIE VLAKNOVE OPTIKY A OPTICKYCH KOMUNIKACE ® www.profiber.eu



S1ETALPACS

Koexistence xPON

NG-PON2 OLT Wavelength
Multiplexer
(passive)

ONU

4x10/10 G

GPON OLT

10/10 G

XGS-PON OLT Splitter

Co-Existence
Element (passive)
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Koexistence xPON
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Super PON
AWG Splitter - A router

Ampilitude Response
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Example Cyclic
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AL: Waveguide path length difference
m: Diffraction order
FSR: Free Spectral Range
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Super PON

OLT | 10G-EPON A2

OLT |10G-EPON Am

Pt2Pt | 10G A1 |

MUX/Amplifier
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A: up to 40 Km

A+ B<50Km
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Super PON

e \Vyznamneé meéné CO
e lepsi utilizace backbone viaken
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Ethernet - svet chaosu

Normy - IEEE, proprietal
Rychlost

o 1G, 106G, 25G

o 40G, 50G

o 100G

o 200G, 400G, 800G
Tranciever:

o GbIC, mGbIC, SFP, SFP+

o CXP, CFP2, CFP4

o QSFP+, QSFP28

o CFP8, QSFP56, QSFP-DD
Médium
Vzdalenosti - KR, SR, LR, ER, FR, ...
dalSi parametry - BiDi, WDM, ...
kompaktibilita HW, interoperabilita
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NRZ and PAM4 Encoding

Ethernet - svet chaosu

- Word 1 >
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Ethernet - svet chaosu

[ [ # # #
Name standard Status Media Connector | Transceiver | Reach |y . || ambdas | Lanes Notes
Module i Media | Lambdas | Lanes |
| | | | ) ) | &)
100 Gigabit Ethernet (100 GbE) (1st Generation: 10GbE-based) - (Data rate: 100 Gbit's - Line code: 64b/66b x NRZ - Line rate: 10x 10,3125 GBd = 103.125 GBd - Full-Duplex) [1011[102][103]
[ cxp | " ' ‘
(SFF-8642) CXB)
100GBASE-CR10 802.3ba-2010 hasesout twinaxial CFP2 CFP2 7 20 N/A 10| Data centres (inter-rack);
Direct Attach (CL85) Phase;O balanced CFP4 CFP4 CXP connector uses center 10 out of 12 channels.
QSFP+ QSEP3.
cxp |
802.3ba-2010 Fib weomrp | CFP  OM3100
.3ba-; ibre | [
100GBASE-SR10 (CL82186) phase-out 850 nm (MPO-24) gi;’i 20 1 10
CPAK
Fibre [
proprietary . OSx: | wom
10106 (Ms, Jan 2010) | Phase-out e CFP | 2k / 10k 40k 2 101 10/ yii-vendor standargtod




Ethernet - svet chaosu

100 Gigabit Ethernet (100 GbE) (2nd Generation: 25GbE-based) - (Data rate: 100 Gbit's - Line code: 256b/257b x RS-FEC(528,514) x NRZ - Line rate: 4x 25.78125 GBd = 103.125 GBd - Full-Duplex) [10HI[102J1103][105]

(OCP MSA, Mar 2014)

y 802.3bj-2014 ; PCBs;
100GBASE-KR4 (cLe3) current Cu-Backplane N/A N/A 1 8 N/A 4| i b asrion S of Up1035 dB at 129 GHz
pCBs;
802.3bj-2014 Line code: RS-FEC(544,514) x PAM4
100GBASE-KP4 (CL§4) d current Cu-Backplane N/A N/A 1 8 N/A 4 | x 92190 framing and 31320/31280 lane identification
Line rate: 4x 13.59375 GBd = 54.375 GBd
total insertion loss of up to 33 dB at 7 GHz
QSFP28
100GBASE-CR4 802.3bj-2010 twinaxial (SFF-8665)
i @ current bebed S NA 5| 8 N/A| 4| Datacentres nter-rack)
CFPa
QSFP28 | ov3: 70
802.3bm-2015 Fibre MPOIMTP | CFP2 g
100GBASE-SR4 t%9) current - wpo12) i 8 1| 4
CPAK
= wbMm
- ; OM3: 70
100GBASE-SR2-BiDi proprietary e ;ﬂ"’“ - SEes o 5| | Line rate: 2x (2x 265625 GB with PAMA)
(BiDirectional) (non IEEE) s duplex fiber with both being used to transmit and receive;
‘The major selling point of this variant is its ability to run over existing 25G multi-mode fiber (i.e. allowing easy migration from 256 to 100G).
Fibre
e 844 - 858 nm i
100GBASE-SWDMA | current 874888 nm Lc 2 4 4| swom
J 904-918 nm
934 - 948 nm
802.3ba-2010 Fibre ) woM
100GBASE-LR4 ©iom) current e g:i osx: 10k 2 I oo DR
1300.05 nm Lc CPAK
SFP28
802.3ba-2010 Q ) womM
100GBASE-ER4 L) current cc:; OSx: 40k 2 28 (R e O
& > Data centres;
100GBASE-PSM4 popaetaly current Fixe MBOIMIES| QsFPzs  i9e5deo0 8 1| 4| Line code: 64b/66b x NRZ or 256bI257b x RS-FEC(528,514) x NRZ
(MSA, Jan 2014) 1310 nm (MPO-12) CFP4
Multi-vendor standard 171
100GBASE-CWDM4 propriciaty Ee ez | osxak 2 o alwon
4 (MSA, Mar 2014) current 1264.5 - 1277.5 nm X
1284.5 - 1297.5 nm CFP4 Mutti-vendor standard!*°l20%1
. ) proprietary 13045 - 1317.5 nm 5 WOM
100GBASE-AWDM-10|  icsocr 2018) current 13245 - 1337.5 nm OSx: 10k Mult-vendor standard**°!
" . proprietary Fibre SFP28. ol
100GBASE-AWDM-20 | 64, 31 2017) G 120453 - 129650 nm Qch Gl Gl 2 4| 4 Mulivendor standardi®t!
proprietary 299.02 - 1301.09 nm Lc e
 ASE-4) M-4( IEEE) 3.54 - 1305.6! o
100GBASE-4WDM-40 (M(;'AMJMI = : current s ueam Osx: 40k Mult-vendor standarg®:J
Fibre Data centres;
) 12645 - 12775 nm WM
100GBASE-CLR4 M”S’:"p/:'e";g g current 12845 - 12075 nm QsFP28 | OSx: 2k 2 4| 4 Line code: 64bi66b x NRZ or 256b/257b x RS-FEC(528,514) x NRZ
(M54 Ape 20ty 13045 - 1317.5 nm Interoperable with 100GBASE-CWDM4 when using RS-FEC;
1324.5 - 1337.5 nm Mutti-vendor standard!*°li2:21
Data centres;
- ~ wbm
100GBASE-CWDM4 DIopUEtary, current Efbre Lc QSFP28 | OSx: 2k 2 4 4| Line code: 64bl66b x NRZ or 256b/257b x RS-FEC(528,514) x NRZ

Derived from 100GBASE-CWDM4 to allow cheaper
Mult-vendor standard*'3!
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Ethernet - svet chaosu

100GBASE-KR2

100GBASE-CR2

100GBASE-SR2

802.3cd-2018
(CL137)

802.3cd-2018
(CL136)

802.3cd-2018
(CL138)

current Cu-Backplane N/A N/A q 4 N/A
QSFP28,
o microQSFP,
current g;:g?cﬂgi QSFP-DD, N/A 3 a4 N/A
OSFP
(SFF-8665)
Fibre MPO

Sinen 850 nm 4fibres QSER28

100 Gigabit Ethernet (100 GhE) (3rd Generation: 50GbE-based) - (Data rate: 100 Gbit's - Line code: 256b/257h x RS-FEC(544,514) x PAM4 - Line rate: 2x 26,5625 GBd x2 = 106.25 GBd - Full-Duplex) 102111031

2 | PCBs

2 | Data centres (in-rack)

.'l
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Ethernet - svet chaosu

100 Gigabit Ethernet (100 GbE) (4th Generation: 100GbE-based) - (Data rate: 100 Gbit's - Line code: 256/257b x RS-FEC(544,514) x PAMA - Line rate: 1x 53.1250 GBd x2 = 106.25 GBd - Full-Duplex)
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|
100GBASE-KR1 ?gl_zu?;k development | Cu-Backplane N/A N/A 2 N/A 1 | total insertion loss < 28 dB at 26.56 GHz.
SFP112,
SFP-DD112,
802.3ck twinaxial DSFP,
100GBASE-CR1 (CL162) development helancad QSFPIL2, N/A 2 N/A 1
QSFP-DD80D,
OSFP
i OM3: 30
100GBASE-VR1 ?cofl'ggb development wf‘gﬁ - LC QSFP28 2 1 1
i OM3: 60
100GBASE-SR1 ?gﬁ;d)b development 844 flgg o LC QSFP28 i 2 1 1
100GBASE-DR (8&21.3(;:;1-2018 current . ll_tlj[:n LC QSFP28 | OSx: 500 2 1|
100GBASE-FR1 ?gfl'fg)”'zon current 15;?',ﬁ” Lc QsFP28 | OSx: 2k 2 1 1 | Multi-vendor standargt14!
100GBASE-LR1 ?gﬁf(;u-zozl current e Lc QsFP28 | OSx: 10k 2 1l 2l ikeEder et
Siteaal proprietary Fibre ; ) 115]
100GBASE-LR1-20 (MSA Nov 2020) current e l'e QSFP28 | OSx: 20k 2 1 1 | Multi-vendor standard!*!%!
ropriet: Fibre 3
100GBASE-ERL-30 | (UEEY | curent S Lc QsFP28 | OSx: 30k 2 1| 1| mulivendor standaral™*®!
proprietary Fibre s 1151
100GBASE-ER1-40 (MSA. Nov 2020) current At LC QSFP28 | OSx: 40k 2 1 1 | Multi-vendor standard!!1%]
- Line code: DP-DQPSK x SC-FEC
100GBASE-ZR ?C"Lzl‘g;‘l;‘;ﬂ current B Lc cFe | OS2: 80k+ 2 1| 1| Line rate: 27.9525 GBd
Reduced bandwidth and line rate for ultra long distances 16!
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Native: 0.07% 6tod/Teredo: 0.12% Total 1Pv6: 0.19% | Dec 9, 2008

2010

2020
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IPv6

Per-Country IPv6 adoption




