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ZNRFER RERE N, SERRTXLELER-,
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BT ARTS

3.2 400GE/200GE/50GERR A
IEEE802.32LUKMEARIINERS, EMET
OSINESEREANE—EZWIER)NE _EEFIEE
BRI AIE .
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PCS(Physical Coding Sub-layer) FERAEIHE
SR/ . /X AlignmentiEAN/ZEF&. HF

»

FOIBREGIZE, PCSIRE—IMEEINEERT

FEC(Forward Error Correction),

2%26.5625GbpsiE[(50GAUI-2)1
HR(BRINQSFP28%T4E)
TIRFFADEERR, N2 LaneidE# A1 Lane,
B HIIS B AL AL O PAMS

=ZF50GEY s
ZIIPMAFE#H

BEZ$26.5625G3K

PMA(Physical Medium Attachment Sub-layer)
FEAREHRPCSHIPMDTE, 2itinst. S/
BER. HMkEZFIhee, ANERERE . Wi
patternZEiEENZITINEE .

PMD(Physical Medium Dependent Sub-layer)
FERBRMPIBEBENIZEO . — PLAKRIER
R, FEZIAREOPMDTFE, H3liEEcAR

YIEEC], PCAREIEmIER . RRIE N CEEE)
%, PMDFERARMNEEEEESIRNINEE.

MDI(Medium Dependent Interface) B4R
, ANHEF. BEE,
éﬁﬂ%ééﬂweE MAC. PCS. PMAfS, &Y

»

»

»

TR T

%—.—o
2 PMASERE IR R FN D BL 2 48 APMD%
)—:'zo PMDFEHITEXF B, 93H
Transmitterﬁiﬁﬂﬂ]Recewer};ﬂ&mr—cﬁk
KRiEFM, S0GERBE—MEE, X Transmitter
RIEN T, U_TEJIDZF, BIMPMD
ZIAMDIE, #PIBIEN 73%*%7‘5@
B AE, cAEEIEESEEIReceiver B
BT IR, SEREIXGPMAFRE,

TES B ARIENFZEBA LR THERIRERI X 52

Bz,

Signaling rate (range)

Modulation format

Wavelengths (range)

Side-mode suppression ratio (SMSR), (min)

Average launch power (max)

Average launch power (min)

Outer Optical Modulation Amplitude (OMA ;) (max)
Outer Optical Modulation Amplitude (OMA ) (Min)
Launch power in OMA ., minus TDECQ (min)
Transmitter and dispersion eye closure for PAM4 (TDECQ) (max)
Average launch power of OFF transmitter (max)
Extinction ratio (min)

RIN17.10MA (max)

26.5625 £ 100 ppm

PAM4 =

1304.5t01317.5 nm

30 dB
3 4.2 dBm
=41 4.5 dBm
2.8 4 dBm
2.5 -1.5 dBm
-3.9 2.9 dBm

3.2 3.4 dB
-16 dBm

3.5 dB
—132 = dB/Hz

Figure 3-2 50GBASE-LR Transmitter KIXHIEFR
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Transmitter RIXHL X EIETRARIZAN T :
» Signaling Rate: 26.5625GBd, BIiE4= » Launch power in OMA minus TDECQ: it

26.5625G., 50GBASE-LRRHASRMEE, XA OMAMAEHHETDECQEMR/IME . 1ZI8IRAS
HIKP4 FECHRAB/ERYIREE, REF400GBASE- FASEITEINRME.,
LR8/200GBASE-LR4—%{, »  Transmitter and dispersion eye closure for PAM4

»  Average launch power: EMENTransmitter (TDECQ): B1@EAEN. BESEPAMAR
RENRAISRNFININE, ZiErTERT EA&REN .. misinETE2RREE XV
2%, FMHITIEMETE. g2, =ameERPAMMSSHEERER,

»  Outer Optical Modulation Amplitude: EEME  »  Extinction ratio: JHYLBREZE&KIXNEIE
MNransmitter RIEAIRAFIR/NOMASEINE tx. NRZESHIBEYEHLE X AES1HES0RIF
|[EEEXSOMA(RDYSIEHINRE) S INRENEE, WHINELE, PAMAUESUEN HESISES
NEFEESTERBBYHLEE, TLIERISE ORI FIISEINERLL(E

SRFNBENNERERHEREER.

Signaling rate (range) 26.5625 £ 100 ppm

Modulation format PAM4 =
Wavelengths (range) 1304.5t01317.5 nm
Damage threshold 5.2 5.2 dBm
Average receive power (max) 3 4.2 dBm
Average receive power (min) -8.1 -10.8 dBm
Receive power (OMA _ ...) (max) 2.8 4 dBm
Receiver reflectance (max) -26 dB
Receiver sensitivity (OMA ) (Max) Equation (139-1) Equation (139-2) dBm
Stressed receiver sensitivity (OMA , ..) (max) =81 -6.4 dBm

Conditions of stressed receiver sensitivity test:

Stressed eye closure for PAM4 (SECQ) 3.2 3.4 dB

Figure 3-3 50GBASE-LR receiveriZIiligtx
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0
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-2
—~ -3
&
o -4
E’, -5 —
3 6 /
% 50GBASE-FR T _—
-7
8 —]
-9 50GBASE-LR Meets equation constraints-
0 | |
0 0.5 1 1.5 2 2.5 3 3.5
SECQ (dB)
Figure 3-4 50GBASE-LR SECQiMt&REE
ReceiverfE I K EIEIRERIZIN T :
» Signaling Rate: 26.5625GBd, BDiR4F= BH, BRiEEs%E LEERESSE TERNR
26.5625G, BARIEXIREFME . ., SECQ ( Stressed eye closure for PAM4 ) {8
»  Average launch power: TENXEReceiveriZli TE, WRRIOMARBESRAIMIE BT AHEE .

MW R AN FIIKRINER  1ZIERTFER
F5%&, FHITHEMSEITE,
»  Receive power OMA: ENX B ReceiveriZIHl

RS = max(-6.9, SECQ-8.3) (dB)
RS = max(-8.4, SECQ-9.8) (dB)

EWRSEATRE/NOMANINER, »  Stressed receiver sensitivity OMA: Stressed
»  Receiver sensitivity OMA: EME MReceiver REEANS, BIINEDHREBUENE

BRI ZEWRHNOMARE . AMruERES ET

Power budget (for maximum TDECQ)

Operating distance 2 10 km
Channelinsertion loss 4 6.3 dB
Maximum discrete reflectance See 139.10.2.2 See 139.10.2.2 dB
Allocation for penaltiesc (for maximum TDECQ) 3.6 4 dB
Additional insertion loss allowed 0 0 dB

Figure 3-5 50GBASE-LRINZRFREE
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»

Power budget (for maximum TDECQ): 16 A9
IRNE, BNEERER+TDECQU N R AE+TRER
R, 1ZIERNRICEIE, H T EE—TRE-
Channel insertion loss: BiEiER, BIFCALIN
e ERE RS S I NRIRIRZ A . IEEEERIEN50G
LRIAS, RIRERT=21304.5nm, 1#£0.43dB/
kmit&, B00.43dB/km*10km=4.3dB, i£H6.3-
4.3=2dBRERHENTIERE. LIRBASHAE
iR, 1BEL100GE, XEBDRER2dB, RE—H,
Receive power OMA: TEM B ReceiveriZiiH
BRAFER/ANOMAFEINE,

Allocation for penalties (for maximum TDECQ):

EMERATDECQEMTRINM . (FASE, LR

\\ \ \

»

»

AEENHLITE.

Additional insertion loss allowed: ZYtSREN
¥, 50GE/200GE/400GEISSBEERIIMRE

NRMEITEIRE: S0GENRME+EGH
B2, R{EERIOuter Optical Modulation
AmplitudefR/ME-OMAR B E> = BIEHIR,

BP-1.5dBm- (-8.4dBm)=6.9dBm>6.3dBm, *
ZREAZ, SECQELZ/FATDECQHIER, i
KR BUERISARIL, BIZKTRBENEE
FEEASECQEMTRIMM, RIS TSECQ
ift, BERTFEESTTDECARA, FRUREERE
RIEHBEETDECQEN .

\\
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50GE 40kmINZRFRE TN N TR o

Power Budget e E, HAEELNES.

Operating distance 10 40 km

T A 100GE 40km#ltg, 0.4dB/km,

Insertion loss 6.3 18 dB s
FRER2dBEAATIERERS . RFEHRIR

Outer Optical Modulation

. N S ok
Amplitude (OMAouter)min) 15 45 dBm EFHpnlSRFmEMLEED
Receiver sensitivity (OMAouter) -8.4 ) w1 -
) SRR 135 dBm EF SR E7w25G APDEES
Allo<?ation for penalties (for 4 4 4B £ AOKMSEEML, IR OkrmiliS
maximum TDECQ)
Additional insertion loss allowed 0 0 dB TCRY MEHRTNER
50GE 40kmiRENISZIN, BIfESIELPAMATEHIREDEL, RE2E XS KBISRET , LA E40kmEia

IEEEK, ﬁfrlEEEz,uﬂ%woerajrtMB€118dB$aE%m, EﬁOMAHi/J\%IJJZ?—*'—ﬁthMﬁﬁOMAxEﬁZEB’ﬂ%@, Jiz
ZAFETF18dB,

MNEBBI R ERS =S E D, REMFIZWIHTETMELL 1 OkmEPRERIERFA, FutREMAIOMA
HINEF/IMESRFE+4.5dBm, FWIROMARBETNITTE-13.5dBm, XIFAJEE18dBEIREKR (AR
I[EEEZEEEEHEN =85k, FERIERAFERSEELE)

3.2.2 400GE/200GER A

400GE/200GERARIELZEM EFNS0GEIEE L, AEIFMRAE, (NXIEZMHIT17BE .

400GE i&iR
16+26.5625Gbps 8%26.5625GBaud y 51 OPtical MUX
<>
SS x8 >
<>
- > >
’
——FF
e C M M M Single-Mode D
MAC s|A A 1:8 Optical DEMUX Fiber
>  — D 50G PAM4 Receiver \\ |
S <
> >
50G PAM4 Receiver |/

Figure 3-6 400GBASE-LR8 PMDZ23[E|
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200GE J¢t&EtR
8*26.5625Gbps 4:1 Optical MUX
NRZ 4%26.5625GBaud
PAM4
< .
- SS X D =
el ==
200G€ | PP ol —— y singe ode 17
MAC «— > 1:4 Optical DEMUX Fiber
S |A -— A R 506 PAMA Receiver !
T
D
50G PAM4 Receiver
Figure 3-7 200GBASE-LR8 PMDZEHE]
400GEZRMIIAAYNT - 200GETEZEH EFN400GEE AR, {N2EE

»

HIERII400GE MAC. PCS. PMAJE, &@iY
16*26.5625GbpsiE (400GAUIT6 ) XF
4OOGE7H;19& HEINCFPE), BAZEIIPMA
FREIHITREMAGEEE, 16 Lanettity
8 Lane, AR BL LA RL I PAM 4, ERER
26.5625Gi4FR,
ZPPMATERIRFEFIDE L, HAPMDF
E. PMDFEHITEIEHMEBIEEE, 55H
Transmitter &ZENF1ReceiverfZIH TR -
KIEFE, B8 Transmitter#H TR IR,
MransmitterfN—NMEER (SFFEIE)
TransmitterZ [FHEEHI TSN BEAIEMUX, &
RE—IRYEEF, BINPMDEAMDIFE, g
N RBREHLT .

BWSE, HAERRIIDEMUX, IBXT LG
AU MR IREI8 N ReceiverBE WML L, #H1T5E
FEEER, TREIXLAPMATE,

HERXH.

3.3 2F50G PAMaYeiE RS R

HF50G PAMAFEHUEFIPAMARIBIR,
FKEBABNEREEERAT—E, ME—X1256K5
FOHZ B SCIIS0GIE RS, P& 7 HERAIRAS

50G PAM4TIBEZMMNAmS, KRT7TRBEN
50GE PAMASKIEIR, BB 4BIERI200GEFAERFIS
BIEAI400GESAELR .

(S2

3.3.1 &R INEEfEIA

TELABEIEIES0G PAMARISOGESSEH A, 1
éD*E-UQIjJHbo
50GE PAMA4EIRAIRIBUN N E PN o

2x25Gb 25Gbaud
Host NRZI
ASIC
(with DSP
FEC) —
2x25Gb
NRZ ZSG

PAM4

--m~@~
PAM4 25Gbaud

ROSA
baud PAM4

Figure 3-8 50G PAMA4TE IR [EIEIEE]
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JRIBULRBENT

»  RETAME, PAMARREE R 2*25G NRZIESHR1*25GBaud PAMAES . BFEERIKEE A PAMA(S
SHK, Kah26GH e BRES K ANRIKEIK25GBaud (50Gbps ) HES.

»  EHSE, RUEERIKEEK25GBaudESHEIRANBES, BEMARREEEPAMARES K
PAMARRRSIS A R (5 S46192*25G NRZES .

EBI50GE PAMAEIRAIETEEFZ L AQSFP28, SEORBUNLC, [FRBENELT, EmiEE910km/40km,
BRI KINFES4.5W,

3.3.2 JEIRRAI AR IS FR

50G PAMAREERSE A& S AN Im M BE B fEIEEE 802.3bsFIEEE 802.3cdimiEE,

BIREBIZEOAN*25G, LASOGEIEIR A, MIZEEEEREISFF-8436_MSAFREFRENXAITX1/RX1,
TX2/RX2{55 . BOMAI4EERFSCEI-28G-VSR LAUI-283E

HF PR KS0GERRRAERBFIE=MEN, 50GE/200GE/400GEFR AL =N NER.

Bandwidth Electrical I/0 Optical I/0 Technology

50GBASE-LR/ER 2*25G NRZ 1*50G PAM4 1*50G 1310nm PAM4, TA
200GBASE-LR4 200G 8*25G NRZ 4*50G PAM4 4*50G PAM4 Lan-WDM, 4A
400GBASE-LR8 400G 16*25G NRZ 8*50G PAM4 8*50G PAM4 Lan-WDM, 8\

3.3.3 PAMAEIRIT AR 5 22

| Ye23 4 R IR
50G PAMAEIRF A 7 N A WA 25G Y6 s DMLE MM Es IR N2 O A el B A AIPAM 4
SCHURRLANRIRRR T ZE BEBRES, B A EEKHERENBERE

SIF50GBASE-LR (10km)AZ =, &5EfD =, s, BIERKBRA, R X TIEREKRX
FEATOFEIEHS DMLY EETH M (TOSA), ZBFE  28Gbaud. W IHFERTOIIREROSA, 84 RERER
BEREANE, JEA, K. ZTE7IMTS. T 25G PINFIZ BRI AR F o

LinearDML 25G unCooled C@
Driver DML TOSA 10km SME

Figure 3-9 50GBASE-LRM AN EHHE
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SFFH0GBASE-ER (40kmNFBIAE, &KEIEPD KABOXEZE25G EML TOSA, R{AMERER T IMEEH
DFBE RS, BRee, WNTRE, ABEIE, EMLEEXREREESK, B&MEHENNE, BNESS
B . SEYINE (KTDECQRIF =,

EMLE MR ESIRENES O A AP ABIPAMAE SR, MEAERIOEMLEY R, RhS AR, B
/N, WEIEEAE, RAT/EERERAA28Gbaud . ZHWIHFEATOFEEAIAPD ROSA, 284MAERERL T 256
APDFNL BRI ARS S, ZESHEESRBENES, B E40kmKIEB &R,

LinearEML 25G Cooled C@ |

Driver EML TOSA 40km SMF

Figure 3-10 50GBASE-ERRI %2814 /5 52

Il. PAM4RS B

PAMASRERTID S BF =il B I ZRBINRZIEEFPAMAE 24, ER S 5, A EBEREEHI2*25G
NRZESEFMAGEHEIEN1*256GBaud PAMAES . fEEW ST, PAMAT HIBITADCFIDSPIIAN, A%
1*25GBaud (2O 2* 256 NRZZS,

IIl. NRZFIPAM4IEIR H=ES
PAMAKRERIE SRR AR A EAINRZIEIRBIFZANE), LI50G QSFP28 LRF125G SFP28 LRAAI, X3!
AN

Hode Type 185 “--

25G SFP28 LR(NRZ) Uncooled DMLTOSA Limiting DML Driver 25G PIN Limiting TIA 25G CDR

50G QSFP28 LR(PAM4)  Uncooled DMLTOSA Linear DML Driver 25G PIN Linear TIA PAM4 DSP

FEESTHEEDriveri A . TIAG FFIEIRLL IR

FE:

»  HTFPAMAIRIBELFEBIFIZEIE, FTLURRAEEY
DriverfITIAG H &S E BRI HINEE, MNRZE
(s PR B H AV 5 2280 0] .

»  PAM4IEHREE[FHADSPRTA50G PAMAT]
2*25G NRZ{ESHI4HE, MNRZIERRFEE(ER
EZRICOR: BN A SEREIR I -
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3.4 PAM4BXE 48

PAMAIELLIERAINRZIES , M2 4B, IREINEIRTAIIR . ARG EmRAR 7 11E,
BHSIANTXIRE. AUEEHENIR, TEAESNBAYEENSSEmRAR.

Retimer Retimer
function function
(part of (part of
PMA) \ / PMA)
Optical Optlcal
transmitter m {1 ._>
PMD : |

‘ Patch Optlcal ‘ '
/I\ cord fiber cable /I\ E SIGNAL_DETECT
PMD :
MDI MDI :
PMD service PMD service
interface interface
PMD: IS_UNITDATA_O.request PMD: IS_UNITDATA_O.indication

For clarity, only one direction of transmission is shown

Figure 3-11 50GBASE-LRIiH S~ EE

IEEEFH BN EZ NS H T TEN . MIEBEEMAEEEER (TP1/TP4) 3¢ (TP2/TP3) Ehol
it ERTEKFP, Tek. KeysightlBEZiFPAMAIIEENINEE

3.4.1 IREN

IEEEXE X PAM4SEAR EIN 2 F FAPRBS 1300945
B, FENSIER2RSMREES

HIPAM4KIES, IEEEENEHRIESE
70mV, miRiREE30mV, TiRiEEe=0.265Ul, 1T
ImAREER2Ul, FTBTimimis, TisEEZR2E TN
FeESEE G, REITKS (WRTP2) , misll2
BRI TRAS (ELLRED1OkmIEEF, STRITP3 )
R . ERIKAE, ERNEHEIHERRITES
151, IREETRYBFETRE.

Figure 3-12 PAM4YEEREL 451
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