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Modulations

Behind optical transceivers

1. PAM2 / NRZ
2. PAM4
3. Coherent
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Modulation

PAM2 [ NRZ .
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2 levels of amplitude

1bit per pulse
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PAM2 [ NRZ

Distances

m Distance 80km

Distance 40km
m Distance 40km

Distance 200km

LIMITED
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PAM2 | NRZ [ 1000 point to point over fiber pair — 4x25G ]

Best Sellers

* QSFP28 CWDM4 — 2 km

* QSFP28 LR4 - 10 km
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* QSFP28 eLR4 - 20 km
* QSFP28 ER4 - 40km

* QSFP28 ZR4 - 80km
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PAM2 / NRZ

Key parameters
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100G point to point over fiber pair — 4x25G ]

CWDM wavelengths for CWDM4 and LAN-WDM all others
LR4, eLR4, ER4, ZR4 — interoperablity
ER4, ZR4 — minimum link length 20km (7dB attenuator)
Possible options for LR4, ER4, ZR4:

e Single Rate — support only Ethernet

* Dual Rate — support Ethernet + OTN
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Modulation

001001101110

PAM4 Cr e 1 :

=
5 :
(@) H H
® i | -
= In g
- | 0 | 10 0
= ! !
= 110 | ,
> a0 i ol
300 i 00 —
4—— Word1 >e Word2 ——»
4 levels of amplitude
2 bit per pulse

2x higher throughput than NRZ
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PAM4 [ 1000 point to point over fiber pair — 1x100G ]

Best Sellers

* QSFP28 FR1 —2 km

* QSFP28 LR1 - 10 km
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* QSFP28 ER1 —40km

All transceivers use 1310 nm
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PAM4

Key Parameters
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1000 point to point over fiber pair — 1x100G ]

All transceivers use 1310 nm
Not compatible with 4x25G, for example LR4 and LR1
Compatible with 400G with 4 lasers — to connect up to 4x 100G

transceivers to single 400G transceiver
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PAM4 J [ 1000 point to point over single fiber — 1x100G ]

El
Best Seller —
est Seflers Es + QSFP28 BiDi 20 km
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* QSFP28 BiDi 40 km
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20km use 1270 & 1310
40km use 1290 & 1310
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PAM4 [ 1000 point to point over WDM — 1x100G ]

Best Sellers

e QSFP28 O-BAND 25km

* QSFP28 DWDM 80km
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Fixed wavelength
Wideband receivers
Suitable for both single fiber and dual fiber WDM systems
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PAM4 [ QSFP28 ' DWDM Single Lambda J

Application

QSFP28 DWDM PAMA4 QSFP28 DWDM PAMA4
100G

100G

Passive Mux/DeMux Passive Mux/DeMux e
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PAM4 [ QSFP28 ' (/" O-Band Single Lambda J

Application
8/16x100G 8/16x100G
QSFP28 0-WDM QSFP28 0-WDM
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& Passive 8/16-channels Passive 8-16-channels i
. Mux/DeMux Mux/DeMux ¥ Router/
st N ) Switch
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PAM4 [ QSFP28 ' - DWDM Single Lambda ]

Application

QSFP DWDM no.01 m
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PAM4 ) [ 2000 point to point over fiber pair ]

' N
400G Best Sellers: M ‘  QSFP-DD FR4/LR4 — 2km / 10 km LC connector

- 4x100G CWDM4
(1270, 1290, 1310, 1330nm)

* QSFP-DD LR8/ER8 — 10 km / 40 km LC connector

8x50G LAN-WDM
(1273.5,1277.9, 1282.3, 1286.7, 1295.6, 1300.1, 1304.6, 1309.1nm)
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Interoperability between FR4 & LR4
Interoperability between LR8 & ER8
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PAM4 [ 2000 to 4x 000G point to multipoint ]

400G Best Sellers
QSFP-DD 4xFR1/4xLR1 — 2km/10 km

MPO12 connector to easy breakout

All use 1310nm

100G
1x1310mm
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100G
1x1310mm

100G
1x1310mm

100G
~ 1x1310mm
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PAM4 [ 2000 over single fiber ]

400G applications

—>
QSFp_DD up to 20km QSFP-DD

LR4 LR4&
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PAM4 [ 2000 to 8x 0 point to multipoint ]

800G Best Seller
QSFP-DD800 XDR8/PLRS8 - 2km/10 km

MPO16 connector to easy breakout
All use 1310nm

01

100G
- 1x1310mm
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800G

8 x 1310mm
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PAM4 [ 2006 to 2x/ 00 point to multipoint ]

800G Best Sellers
QSFP-DD800 2xFR4/2xLR4 - 2km/10 km

Dual CS connector to easy breakout
All use 1270/1290/1310/1330 nm
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Modulation -~
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2 bits per symbol 3 bits per symbol 4 bits per symbol

Transmit bit rate = [symbol rate] x [bits per symbol] x [polarization (x2)]
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Coherent
transceiver
QSFP-DD
400 ZR+
OdBm.

salumanus.com

Low power consumption

Perfect for IPoDWDM H

Modes 400G, 300G, 200G, 100G

C-Band tunable

\—l Easy instala
SRD

Best TX on the market
(InP) “
-
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OpenZR+ IF

MULTI-SOURCE AGREEMENT - “400=R




Less than 5.5W (DSP 2W)
Access and Aggregation H
Coherent network -
transceiver

QSFP28 C-Band tunable

100G ZR. I Ll E
asy to 1'41»
DWDM Autonegotiation
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8x100ZR

8x100ZR
QSFP28

QSFP28

8-ch Mux/DeMux 8-ch Mux/DeMux %S
POLS POLS =
o, Router/
b Switch

Splitter - 800Gbps, extra 12dB Loss
Range:

- 80km with -8dBm

- 120km with 0dBm
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Coherent transceiver application

100G ZR

Optical Line System Access Networks

Regional/Long- Metro
Haul Network Network
Optical
Transport Nodes

400G ZR+ 400G ZR/ZR+ 400G ZR

Compatibility list:

1.

Gl g Gl Y

salumanus.com

Nokia (7750 SR, OS 22.10.R5, 23.3.R2)
Juniper (PTX 10008, OS 23.1R1.8)

Cisco (8201, 0S 7.9.1)

UfiSpace (IP Infusion 6.4.2, DriveNets 18.0.0)
Edgecore (IP Infusion 6.4.2, DriveNets 18.0.0)
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Thank you
for your attention.

Marcin Bala Andrzej Wojnar
CEO Solutions Architect
Salumanus Salumanus
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Application
SUPER Channel "

800G OpenZR+
Muxponder

Router/
Switch

400G/800G
OpenZR+ \
QSFP-DD DCO N

s
8 0 dBm
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> 100G QSFP28 —
jf) LR4/CWDM4/DCO

QSFP-DD 400G OpenZR+
400Gbps, 16QAM, O-FEC — OSNR 23dB, range up to 600km — throughput 800Gbps
300Gbps, 8QAM, O-FEC — OSNR 20dB, range up to 1000km — throughput 600Gbps
200Gbps, QPSK, O-FEC — OSNR 15dB, range up to 2000km - throughput 400Gbps
100Gbps, QPSK, O-FEC — OSNR 12dB, range up to 4000km — throughput 200Gbps
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Project co-financed by EU funds

The research work was carried out as part of the project RPMP.01.02.01-12-0614/18 pn. ,Opracowanie
modutdow optycznych o wysokiej przepustowosci (100Gbps - 400Gbps) wraz z programatorem, przeznaczonych
dla operatoréw telekomunikacyjnych i data center oraz w celu rozwoju wtasnych produktéw i rozwigzan”, co-
financed by the European Union under the Regional Operational Fund of the Matopolska Voivodeship for 2014-

2020.

Unia Europejska

o sz N\ MALOPOLSKA =tz [l
Program Regionalny - oiska ‘ Rozwoju Regionalnego
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Dziekuje za uwage

Andrzej Wojnar
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Business advantages

Optic Cost (CAPEX) Power
per 400GE port

Transponder@800G
Transponder@600G
Transponder@400G
OpenZR+@400G
OpenZR+@300G
400ZR DCI 120/80

salumanus.com
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Usage scenarios - coherent QSFP28 100G

P-T-P dark fiber

« 80 kmor120 km range (-8dBm or OdBm)
« Wavelenghth selected by SRD or the host
* Optional enhanced mode 300 km (0.2-0.3 W higher power consumption)

salumanus.com
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Usage scenarios - coherent QSFP28 100G

P-T-P wavelengths

Wavelengths

AN

4x100G QPSK

« Tunable selective receiver

« No mux/demux needed

salumanus.com
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Usage scenarios - coherent QSFP28 100G

IP-over-DWDM

Router / Switch Router / Switch
Optical Line System

« CMIS or SFF-8636 versions
e Tuned from host or SRD

« Inamplified links the range limited only with ONSR (min 16.5 dB)
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Challenges
Distance Automation
1000km and Across IP and
longer links Opical Layers
Management
Cross domain
management

salumanus.com



