
© 2025 Nokia1

Nagysebességű 
interfészek és modulok 
LAN és WAN oldalon

Barta Péter

Nokia

2025. november 12.

Balatongyörök

HBONE WORKSHOP 2025



2 © 2025 Nokia

Interfészek

100G
4x 25G

100G SR4 
(100m)

100G CWDM4 100G LR4

1x 100G 100G DR1 100G FR1 100G LR1
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Fizikia jelátviteli módok
Modulációk, kódolások

NRZ
(amplitudó moduláció)

1x jelállapot = 1 bit

PAM4
(amplitudó moduláció)

1x jelállapot = 2 bit

Koherens
(fázis moduláció)

Modulációtól függően:

QPSK 1x jelállapot = 2 bit
QAM8 1x jelállapot = 3 bit
QAM16 1x jelállapot = 4 bit

  stb.

Jelállapot sebessége: Baud
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Lehetséges sebességek

Amplitudó moduláció: 50Gbaud

Fázis moduláció: 100GBaud+ (fejlett chip technológia, 7nm, 5nm, 3nm, …)

NRZ: 50GBaud = 50Gbit

PAM4: 50GBaud = 100Gbit

Koherens:

QPSK: 50GBaud = 100Gbit, 100GBaud = 200Gbit

QAM8: 50GBaud = 150Gbit, 100GBaud = 300Gbit

QAM16: 50GBaud = 200Gbit, 100GBaud = 400Gbit
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Hatótávolság

Két tényező:

• Vételi érzékenység

• Jel/Zaj viszony

Egyes modulációknál:

NRZ: vételi érzékenység

PAM4: vételi érzékenység

Koherens: J/Z, vételi érzékenyég



6 © 2025 Nokia

Forward Error Correction (FEC)
WAN megoldás LAN oldalon is

J/Z 

egyenértékű 

javulás (coding 

gain): 5…8 dB

(alkalmazott FEC 

típustól függően)

Egyre több állapotú moduláció egyre 
zavarérzékenyebb: hibajavítás (FEC) 
kell.
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Nagysebességű (főbb) modul típusok

3,5W      12W      20W             30W

 NRZ     NRZ/PAM4/DCO  PAM4/DCO        NRZ/PAM4/DCO    
4x 25G=100G  8x50G/4x100G=400G  8x100G=800G 
       DCO: 1x 400G    DCO: 1x 800G

CFP2
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100G interészek (teljesség igénye nélkül)

FEC: opcionális kis távolságoknál (LAN)

SR4 NRZ 4x 25G MPO 850nm 70/100m QSFP28 LAN

CWDM4 NRZ 4x 25G LC 1310nm 2km QSFP28 LAN

LR4 NRZ 4x 25G LC 1310nm 10km QSFP28 LAN

ER4 NRZ 4x 25G LC 1310nm 40km QSFP28 LAN/WAN

ZR4 NRZ 4x 25G LC 1550nm 80km QSFP28 LAN/WAN

DR1 PAM4 1x 100G LC 1310nm 500m QSFP28 LAN

FR1 PAM4 1x 100G LC 1310nm 2 km QSFP28 LAN

LR1 PAM4 1x 100G LC 1310nm 10 km QSFP28 LAN

ZR DCO 1x 100G LC 1550nm 80km/WDM QSFP28 WAN
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400G interészek (teljesség igénye nélkül)

FEC: mindig van

FR4 PAM4 4x 100G LC 1310nm 2 km QSFPDD LAN

LR4 PAM4 4x 100G LC 1310nm 10km QSFPDD LAN

ER8 PAM4 8x 50G LC 1310nm 40km QSFPDD LAN/WAN

ZR
DCO 
(QAM16)

1x 400G LC 1550nm 80km/WDM QSFPDD WAN

ZR+ DCO
1x 200-
400G

LC 1550nm 80km/WDM QSFPDD WAN

ZR+ 0dBm
DCO
(nagy 
adásszint)

1x 200-
400G

LC 1550nm 80km/WDM QSFPDD WAN
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Erősített 100G / 400G ZR (+)
WAN alkalmazás: sötétszál, DWDM

60 – 80km sötétszálon

Erősített:

100G ZR: ~300km
400G ZR: 120km
400G ZR+: 3 – 400km

ZR+: gyártóspecifikus FEC szabvány FEC mellett -> megnövelt hatótávolság
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Interfészek

100G
4x 25G

100G SR4 
(100m)

100G CWDM4 100G LR4

1x 100G 100G DR1 100G FR1 100G LR1



End slide
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Copyright and confidentiality

The contents of this document are proprietary 
and confidential property of Nokia. This document 
is provided subject to confidentiality obligations of 
the applicable agreement(s). 

This document is intended for use by Nokia’s 
customers and collaborators only for the purpose 
for which this document is submitted by Nokia. No 
part of this document may be reproduced or made 
available to the public or to any third party in any 
form or means without the prior written permission 
of Nokia. This document is to be used by properly 
trained professional personnel. Any use of the 
contents in this document is limited strictly to the 
use(s) specifically created in the applicable 
agreement(s) under which the document is 
submitted. The user of this document may 
voluntarily provide suggestions, comments or 
other feedback to Nokia in respect of the 
contents of this document ("Feedback"). 

Such Feedback may be used in Nokia products and 
related specifications or other documentation. 
Accordingly, if the user of this document gives 
Nokia Feedback on the contents of this document, 
Nokia may freely use, disclose, reproduce, license, 
distribute and otherwise commercialize the 
feedback in any Nokia product, technology, service, 
specification or other documentation. 

Nokia operates a policy of ongoing development. 
Nokia reserves the right to make changes and 
improvements to any of the products and/or 
services described in this document or withdraw 
this document at any time without prior notice. 

The contents of this document are provided 
"as is". Except as required by applicable law, no 
warranties of any kind, either express or implied, 
including, but not limited to, the implied warranties 
of merchantability and fitness for a particular 

purpose, are made in relation to the accuracy, 
reliability or contents of this document. NOKIA 
SHALL NOT BE RESPONSIBLE IN ANY EVENT FOR 
ERRORS IN THIS DOCUMENT or for any loss of data 
or income or any special, incidental, consequential, 
indirect or direct damages howsoever caused, that 
might arise from the use of this document or any 
contents of this document. 

This document and the product(s) it describes
are protected by copyright according to the
applicable laws. 

Nokia is a registered trademark of Nokia 
Corporation. Other product and company names 
mentioned herein may be trademarks or trade 
names of their respective owners.

Document ID 
(if applicable).
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