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135.7 Protocol implementation conformance statement (PICS) proforma for
Clause 135, Phyatcai Medium Attachment {PMA) sublayer, type S50GBASE-R and
100GBASE-P?

138.7.1 Infreduction
The supplicr of & pretoscl. bapdementation that fs claimed &y confiem &y Clause 135, Physiead Modiam

Attectoent (PMAY sublayer, iype SOGBASE-E and 100GBASEF, shall complete she fullowing protocel
foplementation confonnance staipmant (PFICR ) proformy.

A detiled desoription of the syinbuls i:»:x{ i the PICS profemma, along witl fnstructivey for pompleting e
PECS proforma, can be found in Olse 31

135.7.2 idantification

128.7.2,1 Implementation identification
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135.7.3 Major capabilities/options
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136. Physical Medium Dependent {(PMD) sublayer and baseband medium,
type S0GBASE-CR, 100GBASE-CR2, and 200GBASE-CR4

136.1 Overview

This clause spocifios the SOGBASE-CR PMIY, the HOGBA! M HONASE-CRA PMD, and
the baschand medium. The specificattons for the fhree PMDs arg shmi iar mapt for the nuntber of lanes and
gesocinted paraostors ansd the MIH,

There are thres associated aonexes. Annex 136A provides Infonmation on pirdrctors with o polnts that
By not be teaisble I an implomiented aystotn Annex T36H specifies st Sxtures, Qnex 1360 desorthes
SOGHASE-CR, 100GRASE-URY, wigd 2DGBASE-CRY host and cable sxsembly fonm factarsy,

When fonming 3 complete Physical Layer, 3 PMTE chall e connectad as flesteated i Flguee 1361, to the
appropriste subluvers (e specified it Table 136-1, Table 136-2, and Table 136-3), to the medium Hrough
the appropriate MIE, and fo the menapement funcions that are optionally accessitle trough the
management fnrevfice defined v Classe 43, or equivedent

Table 136-1—Physical Layer clauses associated with the S0GBASE-CR PMD

Agsoviated clause SOBASE-CR

Koquized

Opticaal

AAAAAAAAAAAAAAAAAAAAAAAA ﬁﬁ;’;t;g;xtteéf

P 3--B8-FEC Hoguired
VZ w"*&IAfm sﬂ(;B%‘»L& S Ru,mz dm -

EREE-LAULE €282 Cptionak

JASD--SNGAU-Z QU Ogpbicad

PIER--SOOAL O2C Qqtiogat

TA-Auio-Negotiation - Boguired

T~Energy Bifivient Fthemat Optional

Fihe 3008 ; 2 it mui R —
iy inpdementation nust behave .tf}dmmﬁ‘e <t N!&h tm R‘z ol SOUMIE wer present.,
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Table 136-2—Physical Layer clauses associated with the 100GBASE-CR2 PMD

Sasecivied chuse IBPGBASE-CRY
RS Required
RO CLRAIF Ciptional
§2--PUS By 100GBASER Reguired
V-REFEC Regrived
S3-PMA for IOUGBASE-R Optiongd™
AL Opticaal
SOCAUREC2D i aptinad
JA5-PMA By I00GBASE-R Reguired
PR LOOGATA Q2 Optional
Siptinnat

:"4&, m’AtAiz-:\segAﬁiiaAi»iA;}tAi T | gm}“‘zs‘izm‘i‘
T8--Enetpy Fificient Fihornet Qptional

¥ e CGMI fsan aptional inferface. Howaver: i the COMIT s dot tmplomanted, s sonfooming
;rnpkmmmmm anet holwe finctionally 88 Songd the BX and COMIE wée prosait.
PPMA for TUGRASE-R is requived when cither CAUL 1 or CALE4 bs used.

Taide 136-3—Physical Layer clauses associated with the 200GBASE-CR4 PMD

Awcited s . 1 ANGBASE-CRY
PEE--RB Houped
L R 2000MET ki;si onal
IO-FCS R 00GBASER  Reguired
PR-TREA for TOBGHASE-R Reguired
i FOOGALILR 30 ! {ptingal
% S \"-‘"00{& L4 "& Optionat
TheBnetgy Fifictent Bttt Cptiond

}se ”’i‘{i{iM{t’ EEH ap;k ~3‘31 im’m e, P I ol ms;x{mnm:uj PRy S
ferming hoplameniation uret behave finctionally sy ﬁuu‘xgh e RY and 2000 E wisve pros
et

For the SOGBASEX-CR and 100GRASE-CR2 PHYS, n arder to xu;}ps)rt the requited franie loss rto {see
L4 of tess than 6.2 % 10T for 64-note fratmes with mintmum iterpacket gap, the PMD and tiic
cﬁi avent PMA are required v detect bits fromt & compliant mput sizeal 8t 3 BER lower than 2.4 % i

assuming srors are sueffivieitly uscomelaivd. This BER allocatinn cogbles o frame foss ratke kower than
1071 gfver provessing by the BS-FEC {Chuse 134 or Clanse 31Y and 3he PCS {(Clanse 133 or Clavse X3 3f
there are negligible srrors die to other sloctticsd interfhcns (SOGATn or TODGAUT -y 1T the PMD gad
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PMA- oot orvors that ars not sufficiently arconrslated, the BER &R roquired to be lowsy a8 appropriatie

ndmain g frime foss o lower than 10719,

For the I00GBASE-CRS BHY, v order to support the required frane loss tatio {see Yy of {oss than
6.2« 107 for fd-potet frarass with mindmue interpackst gap, the PME and the adiacent PMA ane required
to deteet bits from s compliant fnpad stznal » i a BER lower than 24 %147 ':mmmm exvors ars sufficiently

J, This BER allocation enables @ frame loss ratio Tower thap 9.2 % 1075 afier processing by the
Y if There ars wegligible errors dus to other slecricat Diterfaces CO0GATT). I the PWD
& create envors that are not sufficicatly anwncimd the BER. ix requised o e Towar s appeopelate
to maintain o frame lose ratio lower than 8.2 % 1074

A conplisnt nput signad IS a ransmitter outpt of 2 contpliant PHY. that Taws pussed throught 8 compliant
sable asserably.

SOOBASE-CR, WOGHBASE-CRZ, and 200GBASE-CRY PHYy with the optiony] Boery-Efficiont Btheniet
{EEE) fust weke capability may snier the Low Power Idie (LD mode to conserve energy during periods of
tow Hink atifization (ses Clanse 78). The deep slepp maode of EEE s niot supported.

Figore 1361 shows the relatiouship of the JGRASE-CR, HMGBASE-CRZ, and 2D0GBASE-LRY PMD
sublayers and MBis o the INOARC Qpen Syatom Interconnection (OS] referdnee model

136.2 Conventions

Clause 136 deseribes thrse PMDs, SUGBASE-CR, 1000BASE-CRZ, and 200GBASE-CRY PMD, which
fave o, twe, and four lane, respactively. For officlonr descripton, the poraieter n s wsed fo doseribe the
number of lanes o 3 speeific PMB. Accondingly, n= | for S0GBASE-CR, n=2 for 1UDGBASE-CR2, and
1 for JOGBASE-CRS,

The paraieter 15 vead as i index of £ suffix o ey 4 specitie Jang, and akes e valags Dton~ L

Within this olause, the tugualificd teryy "BMD™ refers woany of 3DGBASE-CR PMD, TODGRASE-CRE
BXMD o Z00GHRASE-CRA BMD.

136.3 PMD service interfaces

This subcliosy spenificy” the  sardices’ provided by the SOGRASECR T00GBASE-CRY and

200GBASELD R PMDs, The servies wterfces for these PMDs are desoribed i un abstract munngr snd do

not imply asy particalar implemeniation. The PMD service interface supports the exchangs of encailed data
between the FMA entity that resides just sbove the PMIY, and the PMD satity, The PMD nanslates the
sncoded data to aud fron sigraly suitable for the xpecified nediun

The SHCBASE-CR PMIY sorvine interfhve 4o an dostance of he infer-sablayer service interfiace defined-in
F313 with a single syoabol siream (n= 1.

The HMUGBASE-CR2 PMD service tnterface is an insiance of the ter-sublaver service interfice deftned in
i with the sxesptios that there e tve parallel synsbol sttoams (p= 23

¥

HIOGBASE-CRA PMET servicy inderfice is n fustanes of the fater-siblayer service intirfape-defiied i
. with four paraliel symbol slveams (v =4,
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REFERENGE
MODEL ETHERNET
LAYERS LAYERS
! HIGHER LAVERS ‘
B (10 DR OTHER MAC CLIENT
/ AT CONTROL (OPTIONAL)
) g MAT
APPLICATION £ ' RECONCILATION
eREeENTATION 11 ShGMil— GO~ OGN~
i . N
o L EOGBASER PCS | | 10UGBASER POS
SEGSION i, be = QBHGBASE-F FCS
Ly RS-FED RS-FEC

TRANSPORT | ¥

PMA

NETWORK 11/

DATALINK

FHYSICAL pD & WEn @
' ' i MEDRIM <5 : MEDIM <

MEDIUM ~
#

) Y . L
Y (4 ¥
SOGRABE-CR {R0GBASE-GRZ OCBASE-UH4
ZOOGMI = 200 Obfs MEDIA INDEPENDENT INTERFACE MAC = MEDHA ACCESS CONTRGL
SOGMH = 50 Gbls MEDIA INGEPENDENT INTERFACE PLE = PHYSICAL CODING SUBLAYER
AN = AUTO-NEGOTATION PHY = PHYSICAL LAYER DEVICE
COREE= 100 G MEDIA INDEPENDENT INTERFACE FRAA = PHYSICAL MEDIUM ATTACHMENT
LHLC = LOGICAL LINK CONTROU PAMD = PHYSICAL MEDIUM DEPENDENRT
MAC = MEDIA ACTESS CONTROL AS-FEC = REED-SOLOMON FORWARD ERROR
D! = MEDIUBTDEPENDENT INTERFACE CORBECTION

Figure 138-1—50GBASE-CR, 100GBASE-CR2, and ZGQGBAsﬁaRA relationshipio
the ISOAEC Open Systems interconnection (O81 referance model and the

The ssrvice inferface primitives are summatiesd ss follows:

PMEDIS UNITDATS, frequest
PMDIS UNITDAT,
PMDIS SIGNAL. indication

The SUGBASE-SR PMIY bus o single symbol siresn, honeg r =10,

The TOUGHASE-SRE PMD has two puraliel gymbol screams, hence 7= 810 1

The 200GBASE-SR4 PMD huss four paralle! synibad stgams, lenes 1= 010 3,

In the transinit divection, the PMA contivususly sm;i;t 1 slrepg of PAMY symbals to the PMD, one per

fave, bsing e PMDIS UNITDATA . Lreguost privaiaes, oty voming sighaling rate of 260535 6B, The
PMD converts these streqms of symbols inte spproprisie signals on the MDL
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B e reocive ditestion, the PMD contircusly sends & sttgms of BAMY symbols & the PMA,
congsponding 10 the  sipoals  recelved  fome the MDL ope per Jane,  wsing e
PMDIS UNKITDATA findicarion prinstive, at'a nominal signaling rate of 26,6525 GRA.

The SIGNAL OK prrmacter of the PMDIS SIGNAL indivation priative conospomsls. (0 the wariable
Global PMD ss‘e;wi damt a5 ﬂcﬁmy{ in '1%6 B 4 Whm Giﬂm’i P\/ﬂ}_‘_ fenal_detect is one, ‘QI'GVAL_GF:

stiall be a d 1o, SIGMAL_OK shall e assign
me vilue  FAIL \‘s h».,xz \i(x‘\iAL (}k is %*Mh ﬁii: P\&D i‘: L‘\H{M’iv\ “Lindication p,ir:ﬁmkr is
yndefined.

138.4 PCS requirements for Auto-Negotiation (AN} service interface

The PUSs assosiated with the SCCBASECR, 100GB
support the AN setvice fnterface primitive AN LINK indicatkbmn: dofived 7
1198

ABE-CRZ, and 200GBASE-CR4 PMIDIs are reguired to
So{8ex 1334, 826, and

SOGBASE-CR, HGGBASE-CR2, and 2D0GBASE-CR-4 PHYs may be extonded using ehip-to-chip $C2C)
SOGAUTMVLAURL, 1O0CALT-0A U, and 200GAL, respectively, a8 plovsical inslantiations of the
nter-aublayer sevvice  intevface  benwesn  devices. I such extension i used,  then e
AR LINMKJink starus)indication iy relaved from the devics with the PCS sublayer to the device with the
AN sublayer by nicans at the discretion of e inplovecnter. As exanples, S inplomenter may eoploy use
of pervasive management or shiploy a dedicated electrics! signal 1 relay the state of ok statos ss indicated
by the FCS sublayer aw atie device to the AN sublaver on the other device.

136.5 Delay constraints

The sy of the transwdl und the receive delays ot one eud of the ok conwibuied by he PMD and AN
inploding the medinm i one divection shall be no muore fian the maxinim delays listed in Table 1564 s
asmumed that the one-way delsy through the medbm is po move than 20 5.

Tabie 136-4-~Dalay constraints

HAG (;i‘;)::::?:; i a:iti:;::t:g; agk Mavimain {hs}
SEIBASE-UR 2048 3 496
IBOERASE-IRT 4096 8 3096
2DCBARECRS §192 e 40.96

“‘Oh hit tme 15 equad 1o 28 pe for SOGRASE-CR, 10 pe for TOOGBASE-CR2, sud 8 ps for ID0GBASE-CRY. (S
1 or the hﬁmtmﬁ of bt

‘“Un», RUSE qmmium is egual o 10,34 1 for SOGBASE-CR, 532t fv I00GEASECRY, and 256 m B

HIOE rl%A‘ R {83 for the definiion of paiss. gianta}

Descriptions of gverall sistoin delay ronstraints van be found & 1314 for J0GBASE-CE, in 884 for
SUOGBASE-CRY, shd {0 1164 for 2000GBASE-CRA.
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136.8 Skew constraints

The Skew (relative delay) botweon the PCS or FEC lanes must be kept within linits so that e information
o the POS or FEC lanes can be reassembled by the POS or FEC, The Skhow Vivlatton nst also be Hanied 1o
cnzure that a givens POS or FEC fane abwavs traveorses the same physical fang

136.8.1 Skew Constrainis for S0GBASE-CR

Skew and Skew Vardation are defined dn 1303 gied specified a1 the poings PO w 3P7 showa i Figwe 131
3

If the PMD service interface s physically stantiated so that the Skew at SP2 ¢ be measuved, thew the
Skow at SP2 4 Hosited 43w 2y dofioed by 133535 Singe the sigoal ot the PMD sorvice dngorface
represends & serial bit stream, there Is 1o Skow Varfation atthis point.

The Skew at SPA.(the transmitier MDD slwll by {ess fhan 54 us. Since the signal st e MDE represents o
seriab it strssm, there s oo Skow Variation al tis polyt.

The Skew at SP4 ¢therepeiver MDD shall be loss than 134 nx. Sivee the signat ot the MD] reprosents a serial
bit streamn, there is no Skew Variation atthis point.

T the PMD servite inferface s phystcally instantisted so that e Skew at 8P3 can be meusired, then the
Shiew at SBS shall be less e 145 we. Siten the sigrad at the PMD servise dnterfoce ropresertls 4 serial Bt
sireany, there s no Skaw Variution ai this point.

%

For vore - iformation on Skew and Skew Varlation, see 13130 The measwements of Skew and Skew
Yariation ave defingd fn 83,77

1386.5.2 Skew Constraints for 100GBASE-CR2 and 200GBASE-CR4

Skew ad Skew
Figore 86-8 gad §

intion yor defined in 803 and 3 anid specified at the points SP1 i SPE shown i

3

Hahe PMD service interface is physically instantisted g0 that fhe Skow at SP2 can be messured, then the
Shew at SP2 s Hinlied to 43 #is and the Skow Variation al' SPE is Himited fo 400 ps,

The Show gf SP3 (e trangoister MDY shall be loss than Mons and the Shew VariaBon 8t SP3 shall b lesy
thay 600 ps,

The Skew at $P4 (e receiver MDD shall be Tess than 13w and the Skew Viariation a1 SP4 shall bo fess
than 34 s,

I the PMD service fisterfoce 15 physivaile instntiated so-that the Skow af 8PS cann be masured; then the
Skew at SPS shall be less fan 145 ne and the Skew Variation a6 SP3 shall be lesy i 3.0 ns.

For mors informiation o Skeéw and Skew Viwlation sée 885 and 1188

138.7 PMD MDIO function mapping

The optional MIHO copability deseribed i lanse 45 defines soveral registors that provide comol and
status inforntation for and aboud the PMD. T MDIGHHs impleniented, i shall niap MDIQ conuel bits to FMD
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sarol varkables as showit i Table 1368, and MINO stats bz tn PMD status variables a5 showt i i
T(!b < 13()""6 3
3
_ 4
Table 136-5--MMOPMD control variable mapping 3
o ' Resister/bi 7
MDIO contrel variable PMATMD vegivter name | FORSRUDE PMD control variable i
e b
g
| Reset PMAEMD control | HEL 5 PMED yeset 1
Global PMU tomsinit m\abh. PMD vsnamil disable L50 &l :Nuﬂ I’\SD iransdl dmbh :“
- I ORI, . 12
P ransarit disable 3 EMD transmit disable Lo F’\ii.’v warsit ih\‘xﬁn‘ ? 13
PMD transodl disable 2 PMID oot shseble 2 4
FMD ramsriit divable 1P PME inuisnat disabhe S PMTY franst disable 1 i3
_ i ; 16
E PMEY reansanit disable PR tranuent disable 19 FMER ransnut. disable D 17
| Bestat ainimy HASE-B PMD vortred 11568 e restint tenaing 18
Tenuting cnabde BASE-R PMD control IRIER v ivaining cosblp 30
k Pobynomial identifier 3 FMD tratuing patfern e} LTSI | sdunfiffer 3 21
Kood 3% 53
Padyuoniat idewdifin ¥ PME tratmug paiieo ke 3 4
2%

Sead 28 PRLS tt:miuw mmmi a2

£3 B g
B B

Folypomistidentifior 1¥ | PMD teoining patter lane | identifies 1 <
Seed 1 EMD taiting patiern fane 1 | LISLIOR | seed 1 2
- Potencmial ddmifie @ PMD rong pattonn daes 3.1 LSRR | idkeaiiBer © 30
Seed O PMIY oy patten fane 3 L 3480000 | seed B ::i

| futtiad condition regaest 3¢ FME) trnining LE eontrod Jane 3 se_reg {lane 3 33
: (;(mii‘ﬁcizsm: sefect %f‘ 1 PMD §;§zin:i:3;§ LE control e 3 1] coef el flane 3} “ z';
Cheffiviond reguest B PMD traintug L oondred Taop 3 . coedreg (lane 3y "f‘
nitisd condition roguest 3° PME teatning LR sontrod bane 2 io o {lane ) ;;
Coofficiont sehgt 28 PMD freindng 1P control e 31 coet sel (lane 2) A
ii}tﬁhi»m rejue \i, 3 o “I’Mi) H»al nm..i P ».:nmml ..3 li E.T:Zh} AAAAAAA cm‘:f 1o i’iatm ;'.-‘." ‘ ji;
fntial sondition soquest ti’ P perdng P cooiol Bame _. P3RS L hﬂr* 3 43
Coctlivient seleat 1 PMD fradntng LP oovtrod lame § | coel sl glane 2; ﬁ
fmti tentrequest 10 - FMD b 1;:}#1?&@33%1 ian’ Vm&i m}d«me ‘;) - 4%
| ntind conditfon mequest © PHID fnsindng LR coniral lane £ PARRBIRAY | do yey Qane ) 4{;
Coedliciond select PMD trainey £F oontred Jeon © 1 £13204:2 woed sel Hane ) 4(‘!
mﬁ;uuzts queni 8 A P{\ID iu;mx‘ i%’ g{rﬁ}&l‘n fa “ﬂ,,:A E.A..{ iEtiH) . ”cx:?e;{;mg {};&7317(: {fi) 7 ) fg

¥ ’wm 2 only i mms AREC im i
b Available smhe i HRIGRARECR2 and 206GBASE-C 32
53

NG
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Table 136~8—NMDIO/PMD status variable mapping

MDIO status varisble PMAPMD register name R‘;ﬁ:;}fgﬁf“ PMIS statas variable
Faphi ENEACTNLY status 147 Py fanlt
Transnit faull PMIAPMD statue 2 &3 PR trananadl_fwull
Regerve fault PMATMD status 2 1810 FMID recorve fanlt
Global PMIY revelve sigrad detect | BMD receive signal detest Lieg Clobal PMD sipaal deteat
PMID receive sighnd dete ot Fa343 MDD ai‘ df_wct 3o
PMIY receive signaf detost 22 FMD s ‘
PRET roceivie st dewset 12 P Feceive Mghal detett 1103 PMD signal_detert 1
PMD receive signst detect © PR tooeive sipaal defect f3ikd

MY cignad dedeer

Ruum aiatie 3%

BAS

SR PRI ﬁt’a‘ms

oxfraied 3

E ¥ 1310 lm, h 3

| RASE-R FMD stotus

Incal frame ook 3

Startip profocol stas 3

BASER PMI sty

frateingg 3

Teadneg fulee 3

BASE-R PMD dalus

Baining Mudme 3

Recsivier stafuy 2

BASE-R FAMD status

vy tnined 3

Frame ok 2

BAREE PYI statas

Toved frune_ ek 2

'B

RPN \&im\

training, 2

BASE-R PRIy sixtus

feming him«te 3

B PMD status

TR _fraheed }

lmaw logk i

.,,{ JASE-R FMD stotis

S
i
e
Rl

-ma} T ook 1

Start-up profecel stams 19

BASER PRI statan

radming 1

Tendniag fitee 15

BABE-R PMD dalwy

iraingag. Budbwe ]

s status O

PASE-R FMI stytux

¥y trained O

Frare lock §

BASE-E PME status

T _fume gk 0

Staiteup protoeod stifay §

BASE-R MDD winn

frining {

Traindng b O

BASER PV siatux

tenning faihae §

Receiver weady 3

PYD traininp LP stk e 3

1133335

venot m eady fane 3)

adutation and procoding stafis 3

PMD vang LF stales lane 3

LIS FUER T S R L U

t_anods {line 33

3R

[\z’u. S tsamt‘ iusi»‘ 3

PN tramming 1P statps Icme 3

xrz;zsn(@se_}.ff ok (e 1y

DR

ismsd} Conditan of

M B i

sintag e ‘%

i stelane 3)

Coeiicient statuy

PNATS tovndng LF stadus Jape 3

coed wts Cane 3

Revebver moady 2

PMID training LD siatus Jane 2

vemote o ready (lane 2y

Modudation and prevoding sifue 2°

BN maining L sistes dane 2

i amide hae 3}

Remsver Same ook 28

PR tovioing LY sty e 2

pancie i ook (lane 33

Inftial condition statmy 24

PMD Braindns LE sstus a2

i sty {lane 2
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Table 136-6—MDIG/PMD status variable mapping {continued)}

Reginteribit

ADIO status varishle PMAPME regbter name PN statas variable
) nunher
Covilivient status P PMD hainiop LR sntes bane D | 1I2E2.2:0 cort 56y {ane )
Reneivercaady 17 PN wndnig Dl status dane 1) LIRRLAS vede o ready e 1)

Mudulation and precoding states 1 | PMD training LP status Jane 1| 12201000 | 3p mede (lame D)

Recefver framee dock i PMD vraintoy LR status bane 1] RI23LD repnte 3 dook dane 1)
brdtiad vonadition @atus 10 PRI tenong Ll st de 1] 12218 A e 1)
Coefficient staug 1Y PMD paiming LP st b 1] 1122020 oot sis (e 1)
Recaivizy ready PMD g LR sius dane 00 | LA220AS remote v rewdy (aie®y
Modulation and precoding statos 8 PA ¥ eaining TP Sats b ] FI220001:40 1 1p_mnde (e O3
Feceivsy fame fock § MDD iy LR sistes e 0 | L2309 remote 1 ook Jaae O
Braittad condition etatus € PN toptoing LP stabas daoe O | 113208 s (e 10
Copflicient satus @ PYilYirairdng LP sintos baae § ) 1L1220.2:0 woud sks {fane O
TAxaitable onby g1 2GRA 4.

bavitable ondy 1 HHGBA B2 and 2000 RASEACRY

136.8 PMD functional specifications
136.8.1 Link block diagram
Uwe divection of ¢ SHGBASE-CR, HOGBASE-CR2, or JR0UBASE-CRS Huk s shown it Pigre 1362,

Nate that the source hane (SL) sigouds SLeop and Shysn™ are the positive and negative sides. of the
transaitter’s differential sipnad paly oo lane ¢ and the destiation Tane €001 slgnale DL g and DL are

the poaitive and negative sides of fhe reoetver’s differentiad signdd patron lme &

For purposes of system conformance, the PMD sublayer s standardized wt the test points described v this
sabclausie:

The clestrival wanemit signal s defined ot TRZ. Unless specified othonwise, all inmsiaitier measnraments
and tosty defined v 136.9.3 are made ot TE2 wilfizing the tost Sxivre specilied n 136811,

The clectrical reeotve sighal is defined at TP, Unless specified otherwise, all reesiver mesmusments and
tests defined In 1369 4 wre porforimed 30 TP wtiliaing the fost fixtare specified e 13681 L

A tmted compscior pair bag beer inchided i both the toaosendter and tucelvar specifications defined in
13633 and 136840 The recommended maxinum nsertion loss from TP © TP2 or TPY 1o TP ncluding
the tost fixtare &6 povided in A& Annex 1364 provides information oo parimeinrs associntad with et
points THO dnd TPS that nuay nol be restable in an implomentsd systent,

The chanmel (see 13897 is defived between the tranamitter {TPy and recebver {TP5) blocks to include the
wryusinitter and receiver difforential cordrolied bnpadares printed clrerdt bourd Bigerion Tosy and the sable
aszembly inserion foss, sy Husteited dn Figwre 136<2, Al cable assembly messuroments are o be tade
botwesn TP aad TPY as Mosirated dn Flgure 1362, The cable assemnbdy st fixtwe of 136B.L L or g
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i ZORNGRASE-ORA: 4x »-—{m E{:—« ;
i Sigrialp> / PR PO |
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| BT - Signatens f & Q‘ff‘ﬁ? PO }

| transerit B R o

S B signalshieis [/ , L AN e
Turction & - o o e r?’“ Sty A o unction

E F; ’«“"‘%«-«5 ek §
f Links shishd KF ‘ V {
5 ' ' R ;
E‘ e |
¥ o i o ]
: Channed R " }
3 [ fatd
i i ! |
e i (Cableassanbly she PMD ol
e R otk 3 -
; } i

PRDNIS UMITRATA freguest

Figure 136-2-~SUGBASE-CR, 100GBASE-CR2 or 200GBASE-CR4 Hink
{one direction is ilustrated)

PMDAS UNITDATA_j indication

equivafont, s requined for measuting fhe ceble assombly speciBications i 1363¢ 3t TF1 shd TR, Two
mated connector paity atd the oable ussomably test fixture bave been incduded i the cable asssmbly

specifications defined fu 136,10, Transwitter and recelvier diffescntial controlied Impedanse printed ¢ireait

board insertion Jogses defined befween TPO snd the MDU and between the MUY and TPE, respectively, s

provided miormativeby i 136A 4,

Table 1367 describes the defined st points ilastraed dn Figure 136-2

Table 136-7-Test poinis

Tt poifity | Déscription

RO TIPS | Thechams) incladiog the tansamiter and secaiver dilis
shrndt boed irsertion b dnd the vable assembly

seattial pontrodied impedance pringed

Tog foss,

TP TR | Al cable sssembly midanuements ae diade between TH and TP ax ilhusteated in
Figtae 1362, The csbile sesenibly fost fucues of 136811 or its &
mepsiring e cuble sseemidy speaifications @ 13681 0at H’i and IR

sadont, w teguitad for

TPR e TR | Aomaied conmesior paiy bas beenxachadad i
TPIRIPS | in 13683
TPS twladiag e test Ruture i provided § 1.8

Tl B Dransnriites dead peosiver specifiations defoed
wd 13694 The recomnreinded oueiinnas insertion loss from TPO 0 TR or from T w0

TP Udoss spenified oiberwds
fhae tesg s 3 g)uzhui 3 1 »(zi)

wiiiizg the fest fikhure speeified fa 13081

TR Finless speeifiod othorwive, all recelver !‘ﬂf.«i’a&‘aﬂl@:liS st fosts defined i 13694 are inde st TP
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136.8.2 PMD transmit function

The PMIY oot fscton hias fee-pperating nades, DATA and TRAINING. The operating mode ik
controlied by the PMID control state diggram (Figare 136-7).

When operating in DATA wmode, the FMD fransmit Rmction shall convert flie symbol streamy veguested by
the PMEY servier interfdce message PMINIS_UNITERATA fregieqi(ix_svinbol) of sach fwe inle an
clectsical signal, and deliver fhe cleohionl signals fo e MDI sccording to the iransmit lediriend
specifivations ta 136.9.3. The highest differential puiput voltage (SL3e> minus 8L <y shall comrospond lo
& symbol = three and the lowest dilfevential output voliage shall covrespond o Ix_symbol =zeve;

Whew operating i TRAPNING nwode, fhe PMD tranamit function shad! convert e symbol strésm gevenited
by the PME control funetion of such lane inly anolectrioal sdpnal, and deliver the slegtvival sigaals fo e
MDD according 1o the tranamit electrical specificutions it 136,83, The highest difforential outpud volisge
{SL<p s BLw} shall corrgspond to the syorbel 3 and the Towest difforontial cordpar vadtage shall
gosrespond to the symbol 8,

[

136.8.3 PMD raceive function

The PMD receive function shall convent the electienl signal front each of the lancs on the MDY ints a
svitbel  steam  for o delivery W e PMED sorvice,  intorfee o using . e messapes
PMIRIS _IIMITDATA Jndicationir syvbol). The Highest diffovental  laput voltage (DL<p> wimw
DLy shall correspond to rx_svibol = threg and e lowest difforcntial input voltage shall canrespand to
¢ _symbol = yero.

136.8.4 PMD global signal detect function

For the SOGBASE-CR PMD, the variable Global, PMD signal defeat &8 set to PMD_signal detest D {see
136.8.5), For the ID0GBASE-CR2 aid 200GBASE-CRS PMBDy, the varighle Global PME gipol delect s

set fo the Jogiosl AND of the values of PMD signal detest 7 from cach of the BMD fanes.

136.8.5 PMD lane-by-lane signat detect function

The PMD fane-by-lane stgngd detect funciion is used by the PMD fo indicate the successihl completion of

the start-up protpcol by the PMI contral: fanction (zee 136,811, PMD signal detect_i shall be set fo wero
when signal detect on fane ¢ is sal fo fulse, and w0 one when signal_detect on lune {ds set o frue. The
signad_deteet vartabiss wre set independensly on cach Saue by the PME corirrad stare diagram (Figure 136-7)

If fraindng iy disabled by the pruagemeid variable nw grabsing oualde (see 1367, PMD _signal sdeleet §
shail be set fo ong for all {angs.

When the MDIU s implemented, this function mups the varisbles 1 registers and bik as defined in 1367,
136.8.8 PMD global transmit disabde function (opSonal)

The PMI global tansoait disable fwction is optional, When foplemeunted, {1 allows the ransodiiers on gl
fanes Gy be disabled with 3 sigle varialis.

When Global, PMED ganemit disable variable 3¢ sel ke ore, this Broction shall fuen off all the transamittors
such that cach franamitier drives s constint level (e, to munsittons) snd does nop excead the difisrential
prik-to-peak Dhfpul valiage fmax owith T dissbied br Table 136411,

H o PMD faudt €136.8.8) i detzcted, then the PMD sy sot Global PMD transanit_disable to o,
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136.8.7 PNID fane-by-lane transmit disable function

The PMD lane-by-lane tranxmit dsalde function allons the tanemitier i cach Jane to be selsclively
disabled.

When s PMD_iranemit dissble fvariuble ds setio one, this Hmction shadl tum off the vansmiiter inlane/ g0
that it drives o constant foveld (Lo no tapsitions and dose not exceed e differeatial posk-to-peak cutpat
volisge (o with Tx Qisubled s Tuble {36~11,

I P faale (136,883 s detected, then the PMED piay set each PMD wunsoddy disable {30 one, wmming off
the tesesmitior in cach kdne

I MO it timpletneated, an aligrastive method shall bo provided 10 gevess the PMD_tranensit. disable 4
vigrables it order to onable Independenty disubling esch tranemi( lane for teSiing praposes.

136.8.8 PMD fault function

B fuudt 55 the logical-OR of PMD receive faalt, PMD tnmsmit fault, and any other fplementstion
specific: faal, Hithe MDD interface is implomentod, then PMD. facll shall be mapped to the Hultbit ax
specified In 4521238,

136.8.9 PMD transimit fault funclion {optionat}

The PMD gunswmil faolt function s optiomal. The fulis detected by this fhaction are dmplementation
spepific, but Ui asserton of Glabal PMD - traneiiy slissble i¢ not sonsidered a transmit fanly,

TERMD tessanit. faultis setto ong; ton Glolal, PMD transiolt. disable shoold also by set o wae

H the MDIO mierface is tmplomented, then PMB traossnit_Taalt shall bomapped tortlie Trausmitfadt bitas
speciiied n48.2.1.74,

136.8.10 PMD recaive fault function (optional)

The BMD receive fault Bmction s optional. The fwlts detected by this fmetionare tmplomentation specific.
A Tall Is tndicaled by setfing the variable PMIX reccive faoltto one,

H the MO inger
specified ind8.2.1.7

‘\'
3.
136.8. 11 PMD control function

The PMD control hnction pedforms the PMD startaip protocel. This protocol facilitates thming recovery
and cqualtization while providing a meclanisin dwough which the reesiver can configuee the wansmitter W
optimize porfonnance. The protocol sapports these fanelions throngh the continuous exchange of fixed~
length waining fames.

The PMD shall implement ong fostance of the PMIDY control function desceribed in this subclawse for sach
fave. The EMD contrel fnctions operste Bidependently on seclt Tane,
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136.8.11.1 Training frame structure

The training fame is‘ a sequm:. (si PA\f-i symbols whose values comespond fo Use possible valugs of the
!‘iE}O} vihaes O, 1, 2, and 3 correspond to 1x_syvimbel ov vy awnbai
The stresdyee of a teadning frame is shows in Bigare |

16 Y'x followed by 16 iFs Frape marker (32183

Trapandssion ardar is ek
{hright thers lop-to-botionm \

Contral fiaid {1285 UY

Gall @

£ Bistus feld {128 0

g;
A

LY

<> Training putism angd zers
0 pad (18384 Wl

Pocod

} {10 i

Figure 136-3-~Training frame structure

138.8.1%.1.1 Frame marker

Tratiing frames are dolintted by & pucific sequence of FAMY symbols. The gaining frosme marker i e nm
of 16 consecutive V3 syrabols followed by o of 16 consecutive "0 symbols. This sequence is not found
m the coutrol fighd, statos Beld, or waining pattern and it aulquely identifion the boginning of & training
frame.

136.8.14.1.2 Controd and siatuy fields

The contzol field comprises 16 bits with the structire defined i 136.8.11.2. The strtus field conpriscs 16
bus with the streches defied s 1368113,

Each bif of the contret and statss felds 16 sent as » differeniial Manchesior sncoded vell where sach celt is
cialt wil intervals In dongth, The speciiic rales for tds anceding follise
a1 A wausition Soge @ to 3 or From 3 to §oncurs avihe st of the ool
By A transition from 910 3or e 3 i O &t the nuidpodnt of the oell, L., Tour galt intervals frow the
wansition ¢ the beghming of the cell, cormesponds to ¢ Joglol one.
¢i- The absores of # transition ot the midpoint of thesell corresponds to a logleal ses

The coutsd fiold iy tuasdtted boeedisely afior the Bame pswker where the firgd ool wrassmited
gorresponds to the bighest bRt indexin the field. The status fisld s transmitted homedistely after the conirel
fisld whese the St eell tmasimitied cormpsponds 1o the highest bit indexin e Gkl
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136.8.91.1.3 Training pattern

The waining paltern-4s the resolt of # tnining patiem genaaier fquivalent to-the struchwe shown da
Figwe 1364,

x3 —i OfF
T
A % pat}{e?
FRBS 3 Bray @ oiipul
gRreranr 12 B o ooder b
E i

Pafybornis! seletdion
identiier i
sged b

Precoder il 13

Balector T -
11 = PaNG with precoditg
10 = PAMNY )
G0 = PAMR

Figure 136~4—Training pattern ganerator

A sop of fow PRBS penerator polynombils are defined b minimize conrelated divrforsncy betwesen PMIDy,
or physicid taney withie 9 PMD, during the start-up prowenl, The PRBY genetator for dich lane shall
mplaraent each of four geusestor palynomials defined in Table 136-%. The polvoomial used incachlane {15
sufectable by adentifier 20 The defaalt identlier for sach e i ity lane number (e the defiadt vadas for
idendifier 0 15 0 which sclects polvamndal ®. & sample plemendation of the PRBES pencratw fv
identifier &= @ is showa bt Figire 1365,

) Feh) S
%} f‘# % 1“1 '\»‘1,\.

F Y

s-rov i | ‘;szisalsﬂss[s&[w]sa}s91818ﬁ8'11¢ﬁ~512%““}

PRES patterncatpul

Figure 136-5—Training pattern PRES generator {identifier f= 8}

At the start of the walmni patten, the stite of the PRBS geverator shall Bo set-to fhe valeg seed: £ The
defsalt value of seed . /shall be the value ghven in Table 136-8 e 2= A sced of gl zoros is noy vadid,
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The polynemisls for cach identifier value »and the dofhult speds, ay well as thedirst 13 synbolbs of the taln-

ing pattem for cach modulation wnd precoding made, psing the defiud seed, wre provided in Tuble 136-48,

Table 136-3-Training patterns

s ' s ST o Initia) culput,
# Polyanmial_n, GG ‘”‘“{3&5 ced . it?i!{?? o imt?igi?m* PaM4 with
o s R precoding

12 3

i} R R R CEUEERUTORE QEINIIOIINN0 HWIRR0TY | 13010030010

poiopet et s et | pornomenoet | 0IBEI0MENT | MBI | 3Imeiaen
21 pag et e D 0ooetteniod | oI03BeMe | RIRIseu 1IOPE0T A0

3ohteyeat eyt ee 0100010000010 | 3330300030330 | IEM2I0I21221 | 203010

AThe efimost bit o e sepuse caresponds o e mviBal valie of SO e the rightmost bit shvrespends they initial
vatue af

b I wpdvalind o e PRESIIO st peatern defined in 1

For g given configuration of the PRBS geoseator, thers ae throe possible teaining patterns. The cousiruction
of each trabing paticen beging by denultipleving the PRES generator oufpul indo pairs of by {A; By where
A corvesponds o the st 3vd, 3y, i, Bits ouiput by the PRBS penersior and B comvesponds 1o the 2ad, 4th;
6, eiv, bits output by the PRES senerator. Thore IS a now pair of bils each unit inereal which tmplies that
the PRBS genevator & reguired to gensrate bits gt byvise the signaling rate, Given these pides of bits, the theee
different iraining paticns corrvspond to Huve modulation snd precoding modes: PAM2, FAMY, PAMA with
precoding

When the modalaton aad pracoding mode i sot to PAME, the fraining pottarn s e sequence of 18 383
PANMM symbols dertved by mapplng only the & bifs sucl that hogloal @ is irgnsmitied a5 O and Jogical 1 i
wansmitted as 3.

When the modalation and precoding mode is sot 1o PAMA, the training pattemn is the segieues of 18 382
PANMY symbods detdved by Gray coding the {A, B palre gespecified in 13357 L

When the nodulation and precoding moede 18 sof © PAMY with mecoding, the Gaining paitem is the
sequence of 16 382 PAMA gyinbols derived by Gray coding the 4, BY padrs as spocifind i 138571 and
prevoding the resoll a3 speeified i 138,502, The precnder stiie iy instialized 10 0 a1 the begloning of sach

g patiern, so et P i Bguation (135D s set o €

The modalgtion and procoding trods fs 38 10 PAMT wpod antry o the INITIALIZE state of the PMD comtrad
state dingrany (see Figure 136-7),

NOTE--Hitiog TRAINING made roguires xdh shies o s PAMA modudntion, fhes the roguest sud the stans of the
wodsiation aud precading e Both pegpdred 1o feee walued otber S PAME {aithey "PAMA v “PARH with precod:
g}

136.8.11.1.4 Zero pad

Two W symbebs are wansoiited inediately aBer the trajuing pattors, This Zero pad ensurey e graiuing
frame is DO halanced and helps 1o delineats the stant of the frame marker for the naxt tratning Bame.
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136.8.11.2 Controf field structure

The stisctute of the control Feld chall be as shown in Table 13659

Table 136-8--Control fleld structure

Bia Name
BERE Rewerved. Transnnd 3y 6, hnove i sscaipt

3312 ] Initial conditien reguest

3o Poeset
§ = Individual cocliciont contd

IR Rooseveed Tronsnif as i, ygnore e ool
P Modulstion and precoding Qo ‘
i Tegust P01 = PAM wath precoding
0 =P
1 = Hesereed

4 0 =PAM2

Coudfisiond sele 4.3
i1
Pood
8 G
18
BR Coreffiolont seguest LR ()
3 )
b0 Clecremert

i1 = fncwnwnt
§ = Hald

136.8.11.2.1 initial condition request

The initial condition Tequest bis are wed o selent one of the duee pre-defined tansmitier equalizet
confipurations {proseist specified fo 13681134 When the Inithel condithen reguest by are 80, the
coefiicient seleet and coefficioit roquest bits e used 10 update te inesmitier sguatizer conBiguration

136.8.11.2.2 Modulation and precoding request

The moedulation and precoding vogest bifs wre used to request that the ek poriuey transmitter ot one
of the three trtindng paticen fornsss deflond dn 13681113

1368.8.11.2.3 Coeflicient select

The eocfficient selech bils are used o ddentify the cosfiiciont that & e rget of s couflicient roquest, The
vithig of the feld is the two's complement sucoding of the coefficiont ndex. For exsmple, binary value 111
comasponds o3 coellioion ndox of -1,
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136.8.11.2.4 Coefficient reguest
The coeffivtont request bis are used 1o changs the value of the contliciont specified by the coofliciont select
bus. A coeflicient by Be chasged by incrementing of decromenting 13 value or by selfing it e “No
eouatization”. The “No egualication” value 1s-1 for of@® and  for ¢f-23 o and 1)
136.8.11.3 Slatus field structure
The straptuee of the status Geid 3s shown in Table 361G
Table 136-10--Status field structurs
Bty Nisne Descripting
13 Rovelver fendy P Tratmag ty complete and the receieer Is ready fordats.
Q= Raguiest for frdintng o contmug
12| Heserwed Tramsoit as U, 19nee on meosipt
PEHE ] Madulation and precoding I
stitus b1 o= PAM with procialing
b0 o =PAMY
i eserved
G Ruweiver fame ook
U= Frawe bowndkaios not ideaiified
b Initial condition satus = {ipdnded
7 Parily
1 Hovarved
%3 Cosfiictant seleet whio 54
ol
1
48
g f
T Cosilivient salus 21
i1 il
i1 efffcient o Hont aad squaltzgtion Hndd
o0 served
i 88 Ietelivation el
L S ¢ setficiont nol mppxded
S R ¢ oefficiont of it
48 ipdatad
0 1 updatind

436.8,11.3.1 Receiver ready

The receiver ready it 15 used to sipnat the lozal yocelver st 1o the ak partecr, When s bR ix L
indieates that the local receiver has completed training and is prepared fo receive data. When fhis bitis O, 1t
indicates that the losal recetver Is nixbsting that training coatisie.
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136.8.11.3.2 Modulation and precoding status

The mududation and preesding statag bitg adknowleder the modidgtion and preesding raquest bity rescivesd
irom e ik partner. When s change inthe reccived modudation and precoding request bits sre detected, the
forsnat of the atning paitern is changed accordingly (sen 136.8.11.1.:3}, The modulstioirand: preonding
status bits ave then apdated to confitm that the change to the formsd of the aining patico was compleied.

436.8.11.3.3 Receiver frame Jock

When the recerver frame fock bit is set o 1, the recciver 48 indicating thit 8 Has identified training fame
sprker positices and 1 In a state whicre the responge timne requirements spocified i 136, 8,116 dre et

Recodver frante dock shall by get 4o 0 ypon entertay. TRAINING mode and’ shall vot be s to 1l
tocal o lock tatrue

13&8,1‘1 3.4 Initial condition siatus

The inftial condition status bit scknowledges the matial condition request bits roceived from. the link parter,
The gknowledgmnnt veflocts the vadue ofie_sts rosuliing frora the provedre described in 136.8,114.

136.8.11.3.5 Parity bit

The patty it is calaulated baged on the other bits dn the somrol ficld and tatus feld 1o créate svon parity for
these fields, Bven parify ensuves that the resulting patterncfs DU balanced. This Seld may be gnorsd on
feveiph

136.8.11.3.8 Coefficient select echo

The coeflicidns selent sche bits scknowledgs te cosficiont selent s received from the Hok parter. Whan
2 chamge to the cosfficieat select Bits Is detected, the coofficient select soho bits are updated to veprosent the
seivio-coetficient index. Thix sorvies as g confirmaaticn i the Hek partoor that sebsequsnt scefiviond sequests
will weron the reeted cocificient,

136.8.11.3.7 Coefficient status

The cocfBeion stais bits scknowledpe the coefficient request bit received from the Hak puriwer, The
acknowledes reflocts theovatue of voef sty resuliing from the procedure doseribed in 138R11.S

4136.8.11.4 Initial condition setting

When s-change to the initial conditivg reguest bits is didoctnd, e coeflivients @y configured hod munngy
consistent with the following algorithon,

rEsst. &

nis Lo Dresey 3
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The varizbles ic reg and fosts s defined i 136R1170 The tonemitler cqualizer coefficients
conssponding fo exch of the three presets shall be within the ranges specified in Table 13912,

The transmisttor cqualiver 15 set o preset T apon soiry o the INTTTALIZE state of the PMID control state dis-
A

136.8,11.8 Coefficient update

When a:change b the cooffiviont select ur coefficiont roquest bity iy detacind, the conesponding cpefficient
update s performed in a numner conaistent with the following slgotithn

ST T RANT T
CEPEIDIERT AT

e
923

CCCERPRISENT AT

WWETIE
LA LA

VAN EIE I
ERR R

The wrialdes coef_req; coef sts, and k sre-defined i 1368117 1 The hllowing additional varisbles and
functions wre used:

ok
Variable that containg the currentvalue of the coeffcient k),
i1 Copyright © 3017 IEEE. All rights reserver.
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ok ask i
Variable that contains the valoe of o) that would resull ot the requested update. 2

3

¢k ubin 4
Yarizble that containg the minimum suppmind valoe of k) <

ok ey &
Vardabhe et oostaing the s stpporid valoe of odd, 7

ck_sip :}
Vartable that containg the magnitode of the change i ofk) for ong afep up of ofie stop dowa 1w

from Hs carvent value,

1t
kst 12
The set of valid ransnitter egualicer copfficinng indiopg {2, -4 B, 45, 13
| CHECK_BO(ck_ask) L
Compares the fransmitter’s steade-state volage thatwould resalt from seting thasmit cqual- 3;
izativn.coefticiont okl value to ck_ask, while keeping all other coefficionts unchanged, sgainst .3’,;
the wonsnitier™s steadyatate m}iag. faee 13093020 and equadization capainiity. Retung 18
inxe if e vespliing combination of coefficients would excesd the msxinum sleady-shds volt- ©
ape orihe ‘ir;msmi.i.te,r s euadization capabifity. Otherwise returns false: 2&3

>

136.8.11.6 Handshake timing o
| | 3
Changes o the configumtion of the transmitter equaliver or the twnamitied training paliony may ooy af amy ;'4
potnt betwern the thme the request for e aew configaration. iz received and e thme that the equest 15 5&
ackuowledged: %
7
The tinte Bon the roceipt of i sow request o 1he thue fhat request b acknowiodged shall be less thatn 3 g ,‘\
when the receiver fraves Tock bit i the status feld of transmitied raining Fanes de sot o 1. & now roquest is ‘;9
defined 1o be a reonived trainibg e whose control feld differs from e cottred fmid of the preceding :('?
i»iv.d»mi}},,, frame, An ‘Lac_.&nma dedenient 18 dgm}cc}. as the first iransmitied iraindng fame thal contains o st “
feld encoding fhat 18 an appropriate response for the mauested action, For exainple, a change in te coelli- ,ﬂ
siend select bits i the control fiekd would be acknowiledped by a change in the confficiant select echo bl of %Z;
the statss ficld. Sttty & change i the modulation and precoding request bits fo the control fiald would 44
be acknowledged by u change in the modulation and precoding status bits t the status feld. Al timing mea- 3 5
surornents are veferred fo g cotmon relitrence polat within e waning fame o.g., the 3 10 B tnsitionin *z &
the fraining frams sarks, ;_
3%
The timing of tequests and asknowledgment is Hustisied in Flgurs 13626, 19
Link partner Reguest X Yo Reguest ¥ ;{;

RS <
: 43

erpagatssr ¢ Respotise
Lo Eme fme . 43
S > 34
) ex(‘kﬂ(i\’\’h'*dﬁm@m ‘{ ( Aumewt&ﬁgn gt 4‘;‘
Looul devics .o . Y R 46
Transtrdtier mrﬁg&r«‘-s}n ‘%( \f:\b ?x\ {XY e"\ Tsm&m‘ctees cenfiguration Y 47
48
46
it

Figure 136-6~~Transmitter update timing s
32
3
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136.8.11.7 Varigbles, functions, thners, counters, and state diagrams i
3
The PMD implomis one instance of sach of the PMD control state diagrams, and the sat of associated 3
varigblos, fanctions, counters and timer defined n.this subclasse, mdependently Tor cuch of the v physical 4
fanes, §
6
138.8.11.7.1 Varlables 7
conl reg 9
Faumented viriable derived froms the “cocificient request™ bits Trom the contrel ficld of the {6

reepived tratning franes (see 130K 1133 This varialde susy be one of e following values: 11
hold, decroment, increment, no squalixation, 12
gont sel ‘ ‘ ‘ ;;
Varlable derived from the “eoefficient seleet” bisy from the vontrol fielkd of the reccived 15
talning fraines (oo 13681120 I ¥ assigned 8 signed imteger wadue that b e twe's } ;;
comploment interpretation.of the bis, i”
coef sta 1%
Emunerated variable that may be assigned ong of the following valuex (abbroviations used by i
the state diugram are inchided In parenthesesy not updated (ot _tipd), updated, coefficiont st it

fonit, coefficient w0t supportad. © vahue 8 assigned e the TP Cn fanction and 2
encnded in the status feld of ransmitied raining frames via the ENCODE_STS {unction: 23

-
Enumerated. variable debved from the “initial condition roquest” Iits from the contrad feld of 55
the received training Fanes (see 13681125 This variable way be assigned one of e ?6
foltowdng vithies {abbweviations used by the sigte diapram are incladed o parenthesssy: ;‘?
ndividial comrol Gud: o), preset 1, proset 2, proset 3. :\
ic sts 29
Entunerated varfable that miay be assigned oue of the follotwing values (abbreviations uaed by 30

the state diagram are included i parentheses): nad apdated (rot_upd), vpdated R
k)
k r;:;
Vatiable that stores e wost recent vadue of costf gel. ’%4
keoad . ready B
Boolean varlable that s sot to tnue by e raining siute disgram when focd frained is ssserted Rid
and by setter fadse otheredse: This valae by cacoded as e “reesdver toasly™ bitin e stars feld 37
of wansnyiited Trabidng fames. 38
Iz
tocal ¥ loek 40
Boolean virlabie that is inre #ihe salue of raining is sree and taining fome mirker positions 41
have bean idemtified and s filse otherwisg, 4
taeal wained 43
Boolean variable that is sel o true when the local returver hias deterniined that the remete 44
st and looal recodve cqualizers have boen optimized and noemal daty tansenission oy 43
commence. B 18 set 1o false otherwise. The exact oritevias for setting s variable o une are 46
imprlomentation specific. 47
wmrker valid jg
Boolesn varkedde tiat B set o e whed e candidate frime marker riatches the frate warker o

patters defined dn 13681111 andd iy set i false wtherwise, ; ;
i restEn wuining 32
Bonlean variabds ased by systom nranagement to restart the start-up prtocel. Whna set 10 trag, 53
it forces the PMD condrol state diggram o the INITIALTZE sfute, 4

Copyright © 3017 IEEE. All rights reserver.
This i an unapproved IEEE Standards drafl, subjecd o shange.

304
Marvell Semiconductor, Inc. - Ex. 1002, Page 000263



Draft Amandmentic IBEE Sid 802320158 [EEE Draff PE0OZ SediDy 2
HEEE POIR.30d Tagk Forde Zrd Febyuary 37

oy {ratning enable
Roolean variuble used by systom manugement o enable or disuble the stwvi-up protoce!, When
setto lrne # onables the slarf-up protuced, and whet sef i false It disables the slart-ap protocst.

new  parker
Boglesn variable that §s sorio toe when o tow Candidate franve turker f gyailable for testing
wiid ds sot 1o filseowhen the TEST MARKER state is onivred: A now frane sarker is available
for testing whea the guiniig fame Tock pracesy has accamulated 32 consecutive synibols
starting at the candidate frame start position,

renoterx ready
Boolean variable derived from the Mrecaiverroady™ bit of the slatus field of roccived training

frames. I[fihe bitis 1, the vidue of romote ix_ready is tue, othierwise #is false.

wemote i ook
Boolean variable devived fromy the “recoiver Has lock” bt of the status ficld of recaived
tradning fromes, Ithe b i 1, the value of reamote #f Yook i tue, ofherwise ¥ i filse:

Boolean variable that reseis the PMD. I is true whenever 8 reset is necessaty inchuding whaest
reget is indtiated from the MDIQ, during power o, angd when the MDIO has pus the PME dnto
fow-power mode. 118 fulse otherwise,

sigial detent
Roolean wirlable dul fs set totnse when the inining process ds c;jmpiere and s set ko false
otherwise, The value of sigaal detect 1s used by the PMD se-by-lade sigual detect Taretion
(136,831,

sl done
Boolean vartable thatis sot o TRUE when tre BLIP renosind hy Ure Training fae hoek stade
dizgram (Figure 136-8) is comploied indicating that the next cndidate franie syac position

sanbe fested

i oliget
Boolean variable that 3s sof fo trae sdisdt receiving one fdl training frame {16 672 syinboly, seg
13681141 following the recont frame start position; such that a now frame marker 5
sxpevted, Qferwvine it 13 sot fo flse

ip_mode
Emmnerated varidble i comresponds fo the “modulition sad prscoding stabi™ bits in the
status feld o vepcived taining frames. B may be assigned one of the fullowing valdos: fam2,
paned, pamd with precoding,

raining

Boolean varigble that is sel o treg when the sisti~up profocal i5 in progress aod ds sel o falee
atherwiss,

watning {hitare
Boolean varfable that ¥s set fo tue when aining fitled o complete successfnlly within the
atictiod tioe Himit Otherwiss it fvset i ke

$36.8.11.7.2 Functions

ENCORE_RTR
i Encodes pm*imm of the stuhus Held of nswosmitied fmmmg franes. local o lock s map;:ed o
‘ the receiva {rame lock bi b is mapped w the zosth elect schee hits; coel sig Is mapped
to the cocfficient stutus bits, ¢ sis. 38 mapped to the Initid condition status bit, Tocsd rx veady
is napped tothe recelver ready bt and (p_vrode s mappad 10 modudation and preonding bits
i {see 13681133

i Copyright & 2017 [EBE. Al riphts reserved.
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SLip
Cansey the next candidate frame awwker position to be tesied. Repeated invocations of SLIF
cause all powsible positions to be evaluged. The precise method S determining the sext Can-
didate frame marker position s implemondation dependent and bevond the scope of this stan~
dard,

TRANSMITOX mods)
Coptrols the outpwt of the PMD transmit flriefion on the  curtent e, When
teomode = DATA, e PMD  tansmit  fonciion supwd ds  the parametsr of the
ERIDAS UNITDATA dvsquest privitive face 1363), When o mede = TEAINING, the
PMD transmit function oniput s the stroany of symbols gencrated by the PMD coundrol funes
Qon.

UPDATE Cn
Updates e valae of k) bused on the cdveent vahies oF the varfables & and coel fegq. The
resall of the update is stored in. the vaniable coef sts. This functon fmplements the algorithm
specified in 1308115

UPDATE IC
Ulpdates all wanson] equalizer cosfiicients based on ihe cwrrent sadue of tie widable ie req.
The veault is stored b Sre varsable i 18, This fonction implementy the adgorithiy specifind in
PA681134

138.8,11.7.3 Timears

holdofT_timer
This tmer is statted when the PMD corol sfate disgram ciars the TIMEOUT stae, The fors
miinal coust of holdofY timer is 80 ms £ 3%,

AR Wall timer
This thmer eots the Hdt for how Jong the PMIY start-bp protechl s sllowed 1o operate. It is
started upon entey to the NITIALIZE stute of the PMID control state dingran. If the ther
expires before the LINK. READY stats is reashod, Usere 3 Bailurs by toadre 35 indlicated. The tor-
mingl comntof max_wall timer s V.8 a5 2%,

walt_imer
This timer s stavted when the Ioeal receiver has completad tratning and detects thit the remuie
receiver is réady 1 yeceive data. The local tramsiter sends additionad training fratves vintdl the
o Lxpires to ensury that the link pavtnee corsetly dotests the loeal regsiver shile, The tenui-
wal ot of walt_thner is between. 2% gy and 125 gy, squivalent o approdmately 40 1o 200
raing fames,

136.8.11.7.4 Counters

bad_markers

Cout of the namber of copsetutive Fame marker mismatches.
good: markers

Count of the number of conseontiveg frmne munker mistches,

136.,8.11.7.5 State diagrams

The noistion used in e staie disgrams follows &g convendions of 215 Siate disgram fimers follow the
conventions wf 18232 The nutation -+ after @ comnter indicates that &ts value Is to be intromengd.

The PMD control stas dagram (Figere 136-7) defines thy opreation of the start-up protocol

Copyright © 3017 IEEE. All rights reserver.
This i an unapproved IEEE Standards drafl, subjecd o shange.
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If the LINK.READY state is entered while the modulnion and precading sintus bits indicats “PAME with
precoding”, then the PMD shall cause the ndjacen PMA to vansnl all subsequent data on the eoveespond-
ing lane with mreending (ses 13537 2 and 1205723

I the LINK_READY staie is cidornd while the modulation and preveding regusst blis s sst 10 "PAMY
with precoding”, then the PMD shall inforn ihe adjucent PMA thai all subsequenty received duts oo the
conesponding lane nchides prevading (pee 13857 2 and 1200373

The PMD conimd siate diagram s sapponted by 1he weaining frame ek and vosificizot update date
diagrans. The iraining frame lock state disgram (Figwe 136-3) defermines when the PMD control Simaetion
hay detvctnd faining frame boyardaries. The coefficTent updute stdte divgram {Figure 136-9Y defines she pro-
gess for updiating the focal transmitter equalizer coetBicients in response (o requests frony the link partner;

Copyright & 2017 [EBE. Al riphts reserved.
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o fraining enable ; m_training_anable

ragel o
l + v reaiart raining

BNITIALIZE

signal_datect o false
taining += false
fesining_fallure o= falge

woal I fosk Yremuts, B jock

Siooal framed
*{ip msde & pamd)

fmax walt: Himet_done
* remicis oo_ready

SENQ TF

tonal_o_resdy & false
rRinmg ¥ ue

i
TRANSMITITRAINING

¥

TRAIN_LOCAL

Start e wait timer

Yraax wait tney dore [

TEEE Draft PROZ 300312
Sed Fabrary 2047

ragy, wall_timer done

b 4

TRAN_REMOTE

inoal ry_ready & s

mar el tme dahe

¥

LINK_READY

¥ ¥

Slerwal ey

TIMEOUT

W

fisning & faise

siart holdoff fimer

¥

hoddolfimer_done

walt “Heoer: dops
v
SENLE DATA

signal detect 4w e
training 4= false
TRANSMITIDATA}

T TRAINING FARED

raining, fallure & bus

Figure 136~7—PMD conirol state diagram
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k4 ¥

BEQET - DHUNT

good markers & 0
bad, rarkers e

slip_dlone o falee

{ioT

EEE Dvaft PBOZ SediDY 2

UET {unconditional transition)

Zed February 37

v

GET_MEW. MARKER

i offset s fglge

¥

TEST MARKER

new_marker ¢ false

- new _marker

macksr vatid

imearked valid

b £

VALID_MARKER

goud faarkers++
bad. markars <= 8

1

Jood_merkeg < 2
“ i ofse

¥

N_FRAME

ooal 7 Jock e e

iﬁ_‘aﬁset ”

!

INVALIC MARKER

bad_ markess+
good markers s

bad imatkers = §
+ Hocgt i ek

pood _markerg = 2

Dd pearkers <8
Tlosal ¥ jock
* i nfeet

L

|| ovul W ok i faes

sie

Figure 136-8-—Training frame lock siate diagram
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i

lresat

OUT_OF_SYNG

R0 )
coef ais ¢ oot upd
e sts < ol upd

| ERCODE_8T%
local_ 8 _lock
®
¥ ¥ 4
NEW INDEX

e ooat sl i
el gleex ol
& _sts &= fot_Upd

IEEE Draft PEOZ2 308012
3 Fabriary 2017

¥

el tey = fold

WAIT

coel ste-d nel upd
ENCODE STS

raging ol
el sel e

o I reg s ind ol

jopeg =ind ol
“poef sel=§

* goef req « hold

Figure 136-8—Loeliciant update state diagram
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136.9 Electrical characteristics
136.9.1 AC-coupling

The MR (s 13012 i 2 low-swing AC-coupled differentinl hnorfase. AC-coupting within the phug
compectors, as defined in 136,14, allows for interopensbility between componsais openating Fom dilferent
supply vollages.

136.8.2 Signal paths

- Bach prheorresponds by s MIN T
and comprises two complomentary sigoads, which form a balanced differential pair,

For S0GBASE-CR, there is oue ditferemtial path in each divection for a total of two pairs, or fow
vonnsciions. For [O0GRAS - BeTe e two diffirontial paths o cach dircction for 4 total of fur pairs,
or 2ight connactions. For ZROGBASE-CRY, there wre four differential paths inscach divection for w wtaliof
cight pales, or sistoen Coniertions. '

136.8.3 Transmitter characteristics

The transmiiter o cach lane shudl meet e specifications given i Table 136-11-and detalied i the
reforenced sebelsuses. Unless specificd otherwise, af trmsmitter messuraments we made for sach lane
separately, ot TPZ, pitlicdug the oot fixtures spreificd tn OB uxing & fosd svstein witht & Rousth-ardey
Bessel-Thonson Tow-pass response with 33 Gy 3 3B bandwidifu

The transmiter characieristios st THO wre provided informatively tn 1364.2.

Table 136~ Hl-Summary of ransmitier specifications at TP

Paranteter 5;:;;:‘:::; Fahwie Einits
30 Wy
k DC eommon-mode voliags (max ¥ 1.9 ¥
AT vonumon-mode BB outpul voliage v,y s 30 WV
Paiferentint ph-ph voluge. vy (o P 200 my
Priffreatial owipa veinen loss (min} i
Cepnnen-mods o differeniiad mode output rotur Toss (nen} aB
Conmmoremeds to comon-mode ouipu eium loss (ndn} s
Pransmitier stepde-state volt e fin,) Y
Tranvmitter steady-siate voltage, vy fme)
Fafrnoge £ paskise preaek (i) Y
Lavelsepwalion sobsmgich sstio B e Gabes - PIEDRLZL L # b e
Copyright & 2017 [EBE. Al riphts reserved.
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Table 130«11—Summary of transmitter spacifications at TP2

Subclaune

Paraneter . ' Yilue Taits
riference
Trausmitter s waveetm . s
abs step size for o1, ), srd of 1y (i} B 008 -
Lo o 1) manag Qs .
{HH0%

[PPSR S

e e e et e
Tpk ¥ Lk ek ey el

, 3 o

vl af rainionu wet-andofyonaxy § ARR3IAS L 25 b e
valie at nuwinee slate for o2 foddn) —
Aoetse-and-ditortion ratie (ol B

il (inn ) an

Chrstpuat ity (a3

Feen-odd jitgen: phepk 61}
Ynnax Ui
B U

Signsling raie Woppa 14

Linit nterval nontnal 3764706 o
fessunement uses the wetfiod described in A2 X with the exoeption Hial the PRESIIQ s patfom s med.

136.2.3.1 Transmitter output waveform

The it finction inchided programmatde squadization fo comprasyie for the freguoney-dependent fosg
o the channed and Geilitate dats rectvery st the receiver. The fimctional modst for the tripsmit cqualizer on
sach fans s the four-tap tranvversal filer showast in Figare 13618,

-
nput {0} ’;,\-;? & Output
b 4 T
T s
deisy A3
P N
e
; ¥ 9
L 4
s gt}
deley
TN T
M@\M;:\’
3 F
1

Figure 136~10-—Transmit equalizer funcBonal modat
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The state of the transmit squatizer and henge the ransmitied mutput wavelforin nuy be nunipulated vig the
BMID control function defined fn 136810 ov via the munsgement interface. The ransmit fmction responds
ty g sob of commands isvead by the link panner’s seceive fonction: aud conveyed v 2 back-chanel
communications path This conmiand set inchdes fnstnictions 1 noreynent, decrement, hold, or set o zeroa
selectad coeffivient o), where b= -2 10 1, In addition, 41 inchudey conugands 1o set all sosffigionix i ong of
thaee initial conditisns.

T vesponse, the runsndd fusction relgys status information 1o the fnk patner™s recelve Tanction. The staiss
mossages ingdivats the selecind cocfficiont index & the diates of the cvefficion otk dupdatad; notapdated, or
at Hudt), and the states of the initisl conditton fupdated or not apdated).

136.,9.3.4.1 Linear fif to the measured wavelfonm

The ollowing procedure ta nsed to determine the Hovar 81 pulserespoise, Bnear it ctror, and nonmalized
transasitive coeflichn values,

St e transeditor poder test 1o Ganendis the PRBSI3Q test pattern (Jefbsed i 1% Foreach
confymmstion of the lransmit squslizer, Cuphure w feast one complete oyele of the tost patfern at TH2, a8
speeified e 8R4 The clock socovery unit 0BU}Y used i the mcasuromont hag 8 comner fregueney of
4 MHz and a2 slope of 20 dBidecade.

In the Rlowing calotlaions, &7 should he an indeger pot ess than 32, Inferpolation of ihe caplured
wavs e may beusod to achicvs s,

Com;mtc the linear I pulse response pikk =1 10 MxN,, from the capiured wavelonn, as spesified in
§ Y, vl N, = 208 and £, =3, where the sligned symbols $(#) sre assigned nomaiized amplitades
~}, ~ES, ES, and 1 o zem:sm( {hx PANEE svmbol vatues G 1, 25 and % mspxcﬁuh 8 s defined as
{m}g ¥ wheve 857 and FS52 are calenlated according to

Defive 1k to-be the Hnesr it pulse response whenirsnsmit equalizer cooflicients have hoow sél 1o the “prav
get 17 walues. The normalized cocfficients for any coufiguration of the transmit cqualizer are snpated
usmg the folfowing mathod,

For each value of ;1 i e range -2 © 3621 when 3¥s even and ~(A-112 to (3112 when s odd:

a Define an MaNbyd mmix e The cloments of R, ar¢ assigoed sabies por Bquaton (1361}
wherg F=-2 g0 1 and =1 t0. ii\~\¢

i

Poafmyei~Mws i i«r;aa“;wunmf\\,

R, (i3} = (136-1)

v vvviigrrii et

L athenwise

by The nonnalized coeiflcionts of the tansut squalizer ave computed using Bquation {1362},

C‘“{wz} -
' T
2 {1 e et o B
SN e TR VIRED (1362
- L0 _ |
e R>§\{ ) 1 p(:{! A ;\1\}
{\\u{i } ] =

o3 The linear 1 pulse response s reconsimcied. fom the matoix &, and 1he nonmalized coeflivients
usisy Eguation (136-3%

Copyright & 2017 [EBE. Al riphts reserved.
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i
N 5
£al) ;
e TR {136-3) ¥
Pl XN g
&
&) E-E{m) is compmisted nsing Bguation (1364} &
@
AN, {6
ey = 3 (kY- (R {1364} §
& :'.
3
The normalized mimsnilt equakizer cosllicients off} for & ghven liney fif pdse pUiy arg the valnes o (0 for the 4
vahue of o that nunimizes e50m). i35
I
136.9.3.1.2 Steady-siate voltage and linear fil pulse peak 17
i8
The steady-state eottare viis dofined torbe'tie sosnof the Rogar fit pdse pif divided by 8 (rofor 1o 88833 s
step 33 The steady-alnte voltage shall be greater than o egual 0 034 'V and Tess thart or equsd 0 0.0 Valler i
the travenas pquadizor indidal conditin has boon st 1o prosst | (0o equalization).
23
The peak value of pik) shall e groater dran W8 wvpafior the mansadl equaiizer nitlal condition has buen 3
set topreset 1o equalization), ' pd
25
Editer’s note” e baseling praposal s based on clause 82, wivich specilies the peak-fowvy ralio minimuin as 26
0.45. This specifivalion was chagged o 048 iv dause 110 dus o copsideration of fransition fime in et
802 .3by. The gditor congiders the falter value fo he muone adequale here, a8
136.9.3.1.3 Coelficisent inttialization Ay
3
When the Cocfficient upslate siate disgram. (Figiee 136-9) i i gither the OUT_OF_SYNC state or the 2
NEW I state, (he vosfficionss of the vt Sgualtite shidl be configuied fo valdes within the fagey 33
specified fn Bible 13612 (according to the valoe of the varisble i req). These reguivaients spply upan the 34
assertion of litial condition status of “Updated”. 335
37
Table 138-12—Cosfficient initial conditions 3%
I
Coeffivient apdate siate i yeq -2} -1} oflEy o) zﬁ
j $1
i QUT OF SYRC NeA (R R 020058 HES (At RIS A 3Rt 43
. ; - 43
[ eset § RIS HEERIRES 140483 Q005 43
{ NEW ¢ presel 3 | BE0MS 0 405 BISHODS | DI HBH3 48
i prosetd | 0a003% | -025200% | QUSH0H% L 02008 453
136.9.3. 1.4 Coefficient stap size 5t
When coef sel s -1, O, or 1, fhe chunge In the nommalized transmit cqualizer coeliictont olooe sel) Y
cotrespomnding fo 4 roguest 1o “inprement”™ shall fie boteceor 0005 and 8,65, soed the change . the sonoatized 53
34
i1 Cagpright © 3017 IBEE. Al rights reserverd
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ratsit equalizer creffisdont o(ovet sel} sorresponding fo a mquest to decremont” shiall be betwesn DS i
and ~0.005; 2
3
When coef sef {8 -2, e change i fhe normulived tansni equaliver cocflivient o6-2) corresponding 10 a 4
reguest o “increnteid” shall b Botween 0.00F and 0025 and the change I the nogealized: tassmit 3
equalizer coefficiont sfcoed soly corresponding 102 raquest o Vdecrement” shall be batween L0838 and ~ 6
(003, 7
The change in the sormalicod ansnll cguadiar porfficiont dsadefined & be ke difforonce. v the yalue @
measared prior 1o the assertion of the Vinorement™ or “decrement” request (Le., coef req is “Hold™ mmd the {4
valne ppan the gsserion of g codiBcient state of “vipduad™ i
12
436.2.3,.1.8 Coefficient range 13
4
What sofficient “inerernsnt™ or “decrerasnt” ravuests have hesn received for a given vosfficlent, the i3
coeflicient resches a fower or upper bouwd buased on the range of that coefficiont ¢v the combiwstion of if
soaffivients. i7
i8
With of -2 and o~ 1) both st 10 @oro and tatfee(Dy and o 1) having received sufficient "devosment™ roquests i3
so that they are at their respective minimunt values, o1 shall be Tess than or equad to ~0.25. i
23
Wikl of~2) snd o1} 56t 10 zero sod botl of-1) and 03 having received sufficient "decrement”™ requesis 5o 2%
Huat they are af thelr respociive mininram vatues, of 1y shiall be loss than or cqual o028 23
4

i

With {1} and ¢{1) set o zero, (8} having received sulficient “decrement” requests s that ity at is
ndnimam viloe, and o(=2) having received sofficient “incremant” requesis 8o that 3 88 at s i
vatue, of-3) shall be greater than ov oguad W .1,

£3 o b b
i

iy
Had

Tl coptficiont tay be set o et by ad st of e equalization” for that coefficion using 29
fhe ndred fanction specriied T I36R L or by inplatentalion spectfie nwans. 30
3

136.9.4 Receiver characteristics -
Recetver electrica] characteristios we specified at TP, The receiver shadl meet e return foss requinsments ’%4
specified i @ snd o additon, the reguiremonts i 136041, 136242, 1364843 15

136.9 4. 4 apply.
The recetvar specifications at TPS ave provided donmatively {n {3643

136.9.4.1 Recsiver input amplitude tolerance

Whetr ¢ PMD recedver I conhected w0 o compliant fransmitter whose prak~to-peak differentiad owpat 41
valtage (500 Table 136-11 fovinote @) measwred at the proset | cqualiesr seifing i5°1 300 mY, using 2 44
compliant cable aesembly with the minimum insertion foss specified i 136,112, the PMD receiver shall 44
ppatss at a BER beiter than 1077, 48
E{ﬁ&(& mx‘e f*@ ?sa mrmved a;-‘?er dfaft 1. 2* Tfm FESDONSE {o wmm&m ﬁ14§ Y, Eiff“&i‘ i}’"ﬁf{ 1.1 was o 47
replace the reference for peak-lo-peak differentiai ot voltage Fomy 92,831 te 138.8.3 Since 138 8.3 is 48
a-general fransmilier characleristics subolause, the sditar judged that the .spm,zﬁc referenr‘e fo Tahie 136~ i
1 fuotnote @ witdd be preferable in this case, anf herice the implemeatation differs From the resolved 44
cannnEst. &G
31

The recoiver s allowed 1o control the Wansmitier equalicer cosfficionts, wsing the PMD control Rmction 32
defiond iy I36R T ovan pquivadent provess, fo mrest thake regivemads, 2
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136.9.4.2 Receiver interference tolerance

Recetver interference wderance i mcasnred sconvding o the prosedure desotibad i 13624201 through
136.9.4. 1.3, Recedver inferference folorancs fost regquivements ave specified fu Table 13613

Two tests ars defined. Test 1 includes a low-oss channel. Teat 2 includes @ bigh-loss chantell The cable
assombly used i th chaoiel ¢ ' shall et the cable gssenbly Chanadd Operating Ma
{COMYas specified i 136017

Table 136~13—interference tolerance test parameters

| Teatl low loss) Test 2 fhigh Joss)
Parameber - - Linits
Adin Max | Mis Ma

“Tesy patien “Scranbled idle encoded by R&FELC
FEE wpnitnd srmor satio requina®® S U
Tost-chiinuel fuseetion doss 3t 1338 (Y D43 48 232 2333 dB
Cabke assonhly basertion loss @ 1328 GHe 8 ¢ FRRES R iy
COM 3 LR
B 1 ied B U calenlation 7

DERy vsed i1 COM fadondaiion 5 et

e 1309423 oy dofidBon of FREC symbol shroe xatio,
“hirseriion by hebseen the fwo g refordneds e §

136.9.4.2.1 Test setup

The tsrforence toleranes tost 3¢ porfortond with the sebsp similar to Yie one doseribed in T1HRY
test sehup includes yiise injection for adf Tanes of the pattern generaton,

136.9.4.2.2 Test channel

The fest channel 18 3he ste as the one defined fa 1 L exeept thad the cable sssentbly meats the
requirements of 136,11 and the cable assensbly ot fikture meety the requiroments of 136814

136.9.4,.2.3 Test channel calibration

The soattering paramcton of the tost channel ave mrasured 3l the est referances as itlustiated i
b using the cable assombly test Bxtures specified wm 136R.1LL

The insertion foss at 13,28 GHZ of the signal path berween the fest relerences in Py {3 is within the

Hiits inn Table 13613,

The COM is calcalated using the micthod aud parameters 0f 130.1 1.7 with the following considerations:
£ &

. } . N 5 . et TSPy O ey s Gy

@) The chamned signal path 18 SC :’!b},- cavs‘caasie(.\i“v’} 3 SUHON -}}! where cascade(y ds defined i

3 Qxf{ SEY

fs defined fn 136.11.7.1.1, and RAS B

445 the meastred channe] beswoen fhe test

.\

by m, CO\‘S pamnicters are se modified by Table 13613,
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¢ COM d¢ caleulnted vaing both Test ¥and Test 2 devics package madel transsission line kapths
Hsted f0 Table 136~15 on the recelver side. The value of C 0\1 is taken as the lowey of the two cab
satated values.

dy - The sugmented signal path i 23010 ds replaced by S, deteonined from Bqustion (136-7)
{uﬁwﬁwi» omiiting he  ansiaiiter devics package m&}dd S#h The Ghered wim 3 tmmim
fmction &9 ’gf} caleulnted in Eqmntm {(938-~39 uses the ey {7 defined by | :
where fis 2 and 7, i the 20%: to 80% transttion the at the T et nefirenge. T ds macasured n\mo
the mcdmé in N 3, with e exception that the observation filley bandw ;{hh 18 33 GHx mslead
of 13GHe 70 s incasied with the wansmt equalizer wmnd off (e, coclficients svt fo the preset |
wihaes, see 3893, 1.3)

¢ Beorodd e, M, and Jpge withont golse injoction (sen 130.9:4.2.4) we measared st (e Tx test
reference and comply with the specification it Table 138~41: In the ealoulntion of COM, dppand
@y are calidated - from the messured  valtes of (34 and Sy using Eguation (136-8) gnd
Equation {136-6), replacing the wdues in Table 136-15. Tt ds veconmmended 10 adjust the paticm
generstor Hter such fut 34 and Jy e are as cloge as practicat to thedr Horiny i Table 13011,

£ The SNEpyp value that wesalis i the required COM valus for the test ds caloubated. The injected naise
{see 136302 4) I8 set such that the SNDR msxtchss the caloudated SRy value, SNDR is measured
at the Tx tost reference using the procedie o . with the following sxouptions:

5y b : f I3
504 085 1) x T {\»-,3} |
Apy = {136-5)
JE
"':;‘ 7 x‘; DY
Gy T o RIS
¥ 04 t :
whury (4 =1 8306
NOTE-£4 16 an approninied solotfon of QI =3 x £0°F whers the O Rection fv defined Tn Vg
8, = cuscade(SUHS,, JYety {136-7)
where
caseade) s defioed By e3AL
SCHS, is definsd in iter a abwve
R is defined in

136.9.4.2.4 Pattern generator and noise injection

The patters gencrator ransmits a0 #ll bt of the device ander st At the start of fransetitter fndndag,
the pattern penersior output swiplitede oo all fancs shall be 800 mV posk-to-peak difforsntdal when
sheasired onan sllomting covo-thires pattorn. The cufpit amplitude, messured onan sliomaing cero-thive
patterm, is not perndtied to exceed 800 mV ;*sc*;k—mnm. ak: differentisd during transmiiter training. The ouiput
wivvelorm of the pattern guvevator shatl comply with 136:9.3,

Broadband npise is added to the signad before the TX oy reforencs, with sodse fevel set sccording to step £in
eiddsy;
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Thehroadinand noiss required for cach laneds calfbrated. The roles tuy b added cither to one late ot 3 tinge
or using mgdiiple noise sources to ol lanes at the sume time,

136.9.4.2.5 Test procedure

The patiern generator 15 first configired {o ranamit the aiving pattem defined in 13681 L Diuning this
initializgtion poriod, the device trder et (DUTY toofigires the padorn penerator trantinlt equs o' thi
goufiicient seftngs B would select using the protoce! described B 136,811 and the recefver is tuned using s
uptiaization method. The coefficient sotings may b conwmunicated via the darkap protosol ar by other
2ANS,

Adter the pattern generator equatizer has been configured and the recetver mned, the patiorn gensrator is set
o generate the lest pattern specified o Tatde 13613, Dhing the test, the tansmiiters 1o the devise dnder
test transmit the same patiern type specificd for fhe test, with equalization nrmed off (preset T eondition),

Syiibol ervor ranio i messured vsing the per-lane RS-FEC svnsbol arror counters (see 81,60t the adiscent
RS-FEC sublayer, or the perdane PCS symmbol ewror countors {age 11831} in the demgc,m BCS, as
approprisis.

The FEC svinbol ervdr ratiods defined as the suw of the syindol evor conrders on gl lanes divided by the
nuinber of syntbols transpned s all lanes, which may be oxtimatnd from e tost s,

A PHY shall mest she FEC synbol ervor-vatie roquivemont in all teats dafingd in Table 13613 with
broadband noise added to all lanes {see 13694243,

I notee is applied to cach of the o lanes one gt & fhme, rosuliz of he wneasurements sre seaned o visld the
.w\’(‘.\n crvey i, The vesudmmy need o be i_:i;nrﬁctcii.bmmi o the FEC symbol ervor vailo w9l T e podseadded on
uny lane.

136.8.4.3 Receiver jiter tolerance
136.9.4.3.1 Test setup

ditter teleranse v oasaed with # channel preoting e insertkn koss of Tost 2 o5 spraificd i Talle 13613
The patters generitor ncludes Stnusoidal jitler Wnjection.

136.9.4.3.2 Test procedure

The fitter tolerance {est 'nmccdmc 15 similar to that of 136942, with the exception that no noise 15 injected
{1, slep P 13624233 & not parformed) Tustead, Jiter with the specified fregueney and ansplitude s
ap;:iik.d o 1he patomn g emmmr sndd the jiter amphtude §y adsted o a}btmn zh peak-to-peak jBter specified
for thal Troguency 7 T atihe Ty tost snforsnce fson g

A PHY shall meet the FEC symbol ervor ratie regudrament do
frequency and peak-to-peak ampiifude valees Hsted n T
136.9.4.2.40

fined in Table 13613 for each pair of jitter

¥ wiith jitter added to ull kines {see

NOTEAT fitter 1 applied to cach of Hhe nlmes one b ¢ tine, resulis of the nomeasurements e 511}13:11&? tovield the
FRC symbel eoror mtio. The rosult may nesd 1o be correpied based ox the FEC synibol earor ratio with o fitter apphisd
Gy ane.

136.8.4.4 Signaling rate range

A PHY shatl comply with the weeetver reguirements of 136942 aod 136943 for auy signding rare in the
range 26,5625 GB4 £ 100 ppos The corrsxponding anit dntorval is approximately 37.64706 ps.
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136.10 Channel characteristics

The chunmnel is defined betweer TRU and TPS w include the ransimitier sl revciver differemiial controlind
impedance printed creult board and the cable assembly ss lustrated i Figore 136-2, The dhannel insertion
togs, retwmn loss, COM. and the transmitter and roceiver differential comtrolied impadance pringed clrcuit
bogrd paramciors sre provided informatively in 13641 tlwough 13644

Channed definitions apply $or links between two PHY s of the swine type, SUGBASE-CR, 1N0GRASE-CR2,
or 2DOGRARE-CR4

136.11 Cable assembly characteristics

{able wssomblics defined i s aubcladss contain Inntlated conductors terminated In g Cotinettor a1 cach
end G wse os Hok segiments bebween MDI. Cable asseniblisy ave prisoarily iménded ss point-to-poiit Haks
Betweon SOGRASE-CR, HONGBASE-CR2, or 200GBASEATRA PHYs using controlled impedance cables.

Three cable assembly types are spesifiedd
. SOGBASE-CR: Cable assombly that suppats single-hans Hnks hotween two SGGBASE-UR PHY3
with achievible cable lonpth of ab teust 3
By IGDGBASE-CRY: Cable assembly that suppots two-dane links between two 100GRASE-CR?
PHYs with achicvable cuble lengthof st losst 3w,
g1 200GBRASE-CR4: {able assembly that supports four-ane buks betvesn tvo 200GBASE-URS
PHYs with achisvable cuble loneth of at least 3 m.

W3t g b possible o sosane) comphiant cableassembdbies onger . pdivated. Longth of s cable sssemlidy
s nodopdy complianie 1 specilications.

Since SOGBASE-CR has pwo specificd MDD compecios, stogle-dane (SFRIK, speptfied In i ¥ angd
¥, fhare we three possible conbinations of e comectors at sach end,

watti-lane (QSEP2R, specifiod i $313y

The pussible S0GBARE-CR w tbic assembly tvpes are described in Amnex 130C. 100GBASE-CRY uses two
faties o the maltilane QSFPIR Gpocified i 9013) 200GBASEACRS wsey foar ey of the mali-hue
QSFP2R (specified i 925,101,

All cble sesombly mensurements sre o be made bedtween TP and TRA with cuble nssembly jest fixtures a5
specified - Awnex 13GB, These cable assembly spocifications and based upon  pwinaxdal cable
chavacteristios, but other cable types wre accoptible  the spocifications of this subcdaies wre et

Table 13614 provides & swnsoary of  the cable  assombly  charscieristies  for SOGRASE-CR,
FOOGBASE-CRY, and I00GBASE-CRS, and tefercuces w the subrlaises addressing sach paravieter,

The specifications for fhe three cable aasembly Hypes are identical except the numbsr of e
138,111 Characteristic impedance and relference npedance

The horninal differentat chargoteriatie iipedines of the table agsenbly 18 108 CL The ditferefitial referepce
fpedanice for cable assembly speciiications shall be 100 Q.

136.11.2 Cable assembly insertion loss

The measmwred in
wasembly fnserbon loss gives fniEy

sertion foss of @ calide assembly shall by groator tum or nquai e the priniman cxble
+ s {Hostnued By :

The measured msortion lnss ot 13,25 Gz of & cobde sasomibly shall be loss S or cgual 10 18.06 B
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Tabile 138~1d—Cable assembly characteristics summary

Dieseription Reference Vadtg ingt

Moo sertion fose ot 1338 GHz 13612 606 8
Misdinem fsertog Joss af P28 G 30413 & an

2]

P2

Relinnemn diTecontis] ot Joss ot 3328 (8 | 136013

Differcntial o conunui-mods refum loss PRI S0

P ferential o convponannde coxversion doss | 136313

Conyamenode By copmos-aode vt Joss PBa s
Misien: O 136117

136.44.3 Cable assambly differential return loss

The cable assembly differential roturn loss shall meet e roquiverdends of ¥

1386.11.4 Differential to common-muode return loss

The cable assembly differeaiial to commoen-mode retvrs loss shall meet the requirements of

136.41.5 Differential to common-muode conversion loss

The cable assembly differsarial fo common-mode comversion loss shall miest the requirements of ¢

136.11.8 Common-mode to cammon-muade retum loss

The cable assembly commonrmode to comamon-ode retun loss shall mest the requironents of #2
138.41.7 Cable assemidy Chanirel Operating Margin

The cible sesembly Chuasne! Uperating Mirgin (COM) for such lane dsderdved from tieasurements of the
by signgl, near-cud crosstalk and Hirond crosstalk paths, COM s conpited wsing e path
defined m 1361171 and the proceduredis 93481, where 7.8 8 paand Fie 3 for F45 s nsed

1. The specific paths used depend on cable assembly form faotor {aee Ay 136C), ag

COM privimeter vabues for the theee cable sssbmbly pvpes wre provided in Table 13613,

Test 1 oand Test T differ in the vafoe of the device packige model ransuassion fne bongth 2, COM for any
channel within ths eable assembly ¢hall be preater than or equal t0 3 dB for both Test 1 and Test 2.
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Table 136-15—-COM parameter values i
3
i Parsmeter Svmbal ¥alue Linits 4
Signating rate Ju I S Gid 3
. 6
Mk et Treguency Fain .03 Gt 5
Mastomun fegueney Mep® A G4 (9374 &
; g
Devdee package mndel {6
Sugle~endal device supicitanee £y B Vg . i
Trutandssion Hne fongtd, T T mia o
Froasoiens Hoe longth, Test 2 En e 12
Singhe-vnded package capucitanse at packege-to-howd interiine L nt 13
Packags msantssion M charadiaristic npedaoe o i) {2 14
Stople-cnded reforenne resisiance Ra 50 ) ii
Sngle-ended tenninetion revistnce Ry 35 2 17
A A g P - i PR~
Hecerver 3 ¢B bamdwidth i 7% Gz ‘%
. iy
Trwaitter eqnatizer, muinuineg oot coudTivedt o R 0
- : : o g 2
Trapamiiter squafizer, 1 pro-osor enefficiont -1y B i
Mindenin vadue ~25 22
Aot valug & 3
Rhep sy Q45 4
i Trarsyiiter syusdiver, 2% pro-cursor ceaffiniont o3 e j*‘
hdindmusn vahe i 26
Rl value i3] 27
Sap st Q43 R
Tranwrabiter squalizer; post-oscr cociiieient w1} » - “}
Binimon vahe )35 3
Aot value i kY
Rlep s Qs 33
o R o 3
Continuos fme ey, DO gain S
Mindmien vahe 30 i 34
i 4R 35
i a3 A6
Contimaons wme Blter, T g@in Sheid _ '3‘_:"
Mindnwny vadue f AB 38
Baxinonm value i ag 3
Hiep e B 440
Continueis tae sy, zove frequencies Gl i’ 2
£3 4
- v " e o . N - 42!
Tty e it pole Begueneies St & kv 44
Transpuifes dlferenial poak ndpid Yoltge 46
Victim Y 47
Far-cnd agpesanr ¥ 48
Neaeend aggressor Ao : v 46
Nopbsey of vignal Jovels £ E I 5
: : o i
Level sepaation misowteh satie HARYS e <
Transuuitier signaboaoise sl RICHEEN 48 53
NG
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Table 138~15~COM parameter values {continued)

Pavsmeter Svmbal ¥alue inits
Tamuber ol samples per anit intervdd M 32 T
Devinion fedback sguadizer (TEE) ien.gt‘h. Wy E -
Moomatized RN soeificiont mugniinds land B}

forn= 1
far e i Ny

Ranclosre fitien, RMS S U
i‘:uai@xm; mu;m}\ ,sim_; H
Oirgided noke speotsd densty oy fad

et detedtor e TG Ry et

o cable ongibs proater thand . o freguerey step (40 nio larger than § ME is reoomniended.

136.11.7.1 Chanrel signal and crosstalk path calculations

The chanuel paths between THY and TS used for calolation of the cable assembly COM consist of
measured cable asserabdy sonal and crosstalk puths, rejresardative pansmitier POB sigdal paths, aad
representative receiver FOB signad paths,

The tansuitter and recetver BOB signal paths are micui.m.d mmv fh mei}u}d dmm,d FURAAR < The
scattoring }:m\um:i‘,rs for 3 PUH are defiond by & 3 A1y, and ﬁig g.nmui.{.vs
values given in’ £ Tim PCR trace length presaieter 2, s different valug for cach speciile signud
path, @8 spesifisd Jand B3 T2

The channel path calenlations use the functdon casoadss)y defined o 838, LA

136.11.7.1.1 Channel signal path

The sexttoring pacymcters of the channe! signal path ooy TR 10 TPS wre w
The mmm;mr and recuwr PCH sigmal m?&m are hoth depoted as &9

o using Equation (136-83,
S and e calcutuied from

3 and § A using z, = {3 yonn in deogdy, ropresentig an inssrton fugs of
i, 47 4B ,1? 13,28 Gy on stich PCB.
L ; SHOEPY oo e ORI
SCHSE = castade(sascader §770 gIE0E  qinostly {136-8)
whers
SCHE™ is the chinnel sizoal path
FHEa i the host (ansnsitier or receiver) FOB signal path

i the cable gssombly signal path (TP 10 TR
k 1§ oual 1 2

136.41.7.1.2 Channel crosstalk paths

The MDE i3 the significan contributor o cronstalk andis fncluded i and charsclerized by de cable
sasembly crosstalk medsurements, Crosstalic chades » near-end path whers the ageressor & the PMD

Copyright © 3017 IEEE. All rights reserver.
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wansmitter; and for spectiic form fctors, nvar-ond and allen far-end senssialh patlis where the aggressers are
other FMEB trymstaitters that gre connecied 1o e s cuble ussembly.

For the chanuel crosstalk paths, the recelver PCB osodel v ss SYIOSEY g defined fn 136.) i
mxmmite: host PLB modei 13 dented as ST aad is calculed from

R 2 oyay i longth, seprescuting an inscrion loss of 3.1 .dB ap 1328 GHz. The
i ,n}iﬁﬁ h@at @CR H i islower than that used for e sigrl puth, o allow for o rivsonabls
worst-case crosstalk v the L O caloudation.

P

The scattering paveneters of the channel near-end crossiadk paths e caloudated nsing Bauation (136-01,
The scattering paramstors of the chane? alien far-ond erogsdialk paths we ealowdeted wsing Bquation {136~
10y,

Nt pirep bR Y FEGTRIFG  WOINTTR) HOST ’1 " +
SCHNXTE = cascade(vuaseadof ST IO, | (HOH 169y
wiigre:

SCHNXT, : is the pegr-ond crosstalk path

SHOSFY o ; gy b By

SH is the host receiver PUB signal path defined dn 130,110,110

15 the aggressor transmitey POB signal path

is the vable assembly negr-end crosstalk path £ (TP 0 TR
k is the index of the near-end crosstadk path

\\.i' CEFXTRG,

SO i&X:‘“ = cascade{cascads{ ¥ | HCIEY {13610

where
SLHA !H?) is the alion f-end crosstalk path
.;i}i{).&';"fs

AR
R

is the host reeeiyet PCB signdd path defined i 13011711

is the agpreisor wasadtior BCR sigoat pathi

SCRPTE
9 RS !
e

is fhe calde ansemibly favcnd crnssiath patl £ (TP 1o TR
k igthe indey of the alion fyr-ond crosstalk path

136.14.7.2 Signal and crosstalic paths used in calculation of COM
{Calsle axsenbling have severad fonm ficiers, ax described in Aonex 136C. The choeios of signal and crosstalk

paths for clenlation of COM fs specific to euch cable sssembly form Bictor, us speciffed fn 13611.7.2.1
foough 136, 11.7.2.4,

136.14.7.2.1 SFP28 to &FPIS

The SEP28 1o SFRES oluwingd stractars chudes the Signal path, ons ogar-cad coosstath patoand no alied fae-
end crosstalk, The sigral and near-end crosstalk pathe ave used in cadeadation of COM.

The sipnsd path s calonlated vsing Eguation (136-8)

The viear-end crossiall path is culonlared wsing Equation (1369,
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138.41.7.2.2 QBFP28 to BFR28

The QSFP2E 1o SFR2R channel stiwetare Inchdes the signal path, three allen farend and one near-omd
crosstatk path. These five paths are ssed in catoudation of COM. Crosstatk frony fransinitivrs on other SFP2R
sousiseions iy assunsed o b dnsignificant,

The signal pathois Caleniyted neing Equation (136-8),

The near-tnd crosstalk path is caloulatod wsiisg Equation (1369, with dequal o L

The thres ahien fa-end crosstalk paths are calvalated o Bonation (E36- 109, with & vabeey Tro e 3,

1368.114.7.2.3 SFP2B to QSFP28

The SERZE o QSFP28 chanrel stroctime inclodes the gignal path; three alivn favend aad: four aoar-ond
crosstalk pathis, These vight pathe sreused n cleutation of COM.

The ssgaaf path iy cadowdated ueing Boguation {13683,

The new-end crossialk paihis are calonlated ysing Baustion (136-9), with L valpes ffom Lo d

Thethree alien far-eud crossiall paths sve culculsied vsing Equation (136100, with A valugs from 1 o 3
136.11.7.2.4 QSFR28 to QSFR28

The QSFP2% to QSFF28 chansel structure inchedes (e seoie paths defined for the SFRIR o QSFPIR
channgl, snd COM s calpulated i the same way, a5 efiapd 0 136,11.7.2.3,

136.12 MO} specifications

This subckie  definey the S0GBASECCR, the IDOGBASE-CB2; and the 200GBASECRL  Medin
Diepradent Iierfyce (MDIs) The MDY couples the PMD (specified in 1368 swnd 136.9) 10 the cablc
asserably fypeciiied wm 136,115

For SOGBASE-CR, the mechamcal interfice betweant the PMD and the cable assombly may be either &
nrted pudr of comeciors meoting the sequmn‘sems of .
connestors mecting the reguirements « { {rlii-lane MDT). The plag commector ix-ased on 8 cabla
assembly and the receptagte is used o the PMIX Fov the roulti-laes MM, cuch of the paieed mansmit and
revedve fanes (L8, DLOY, (5L, DY (SLE, DL or (SL3, DLy may be vsad for the transet and ropeive
connections {SL and DL,

For 100GBASECR2 or 200GBASE-CR4, the wmechanical merfucs bepween the PMID and the cable
assenbly Ie » mated pale of Songectors taeeting the reguitamsnts of fradti-lane MDRL The plug
connector is vsed on the cable sssembly and the receptacle s nsed on the PMIY. For 100GBARE-CRY mulii-
favie MDY, the puaited wansndt and feceive lanes for one PHY shall be (5L, DLOY sud 4551, DL wodif s
second PHY uses e saye MDI connsctor it uses (312, DL2yand {(RL3, DL3).

For SOGBASE-CR, OUGBASE-CRZ. spd 2D0GBASE-CR4: plug covnectors, the recehve laves gre
ACoupled; the AC-coupling shall b within dhe plig connectors. Tt shiould be noted that there may be
vatious methods for -AC-coupling in actol inplomentations. The fow-fequency 348 cwieff of the
A~coupling shall be less than S0kHz B i secommended it e valus of the couphing capacitots be
100 pF. The capsciior Himbls the inmsh charge and busclive wander, '

Copyright © 3017 IEEE. All rights reserver.
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136.13 Environmental specifications

Al eoquipment subject to tis clause shisll confoem to the applicable requirsments of 147,

R R
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Lo s

¥

£3 13 0 %
FACAL N S

k3 Bp B Pk
e

o

Copyright & 2017 [EBE. Al riphts reserved.
This is an unspproved IEEE Sisndards deaft, subjedd fo sliange.

Marvell Semiconductor, Inc. - Ex. 1002, Page 000284

2

i



Oraft Amendment 1o IEEE Sig 802320145 IEEE Oraft PROZ.308i01.2
{EEE FROZ. 3cd Task Furge Brd Fabriary 2047

136.14 Protocol implementation conformance statement {PICS) proforma for
Clause 136, Physical Medium Dependent (PMD) subﬁayer and baseband medium,
type S50GBASE-CR, 100GBASE-CR2, and 200GBASE-CR4Y

368141 Intraduction

The supplicy of a protoscl Bapdementation. that Is claimed o confoem ty Clause 136, Physical Modiom
Dependost (PMDY suBlaver snd  baschand wediam, type SOGBASE-CR, JH0GBASE-CR2, and
JGBASE-CRY, shall complete the following prototind tmplomentation conforinance shatvment (PICS)
proform

A detatled description of the sy
BICS proformg, can bo fund in

ol wsed in the PICS proforms, slong with instnctions for conpleiing the

136.14.2 Identification

136,14, 2.1 implementation identification

Sopphet

Liontes poit S inquitios sheat the PICK!

Iniplomentadivg Name(e) sed Virstontayh

ty for Ha demification—o.g
maachioes andior opealing

NOHEE foer i'{wuiwd for all plomssntations.
NOTER \is’s he completed a3 appropriate inanesting the roguirencnls fhw he ideniiioating,

feres Name and Version shonld be inteqpreted appropristely o comespond with & supplie’s

icnnimzlag; 2., Type, Series, Maodel)

136.14.2.2 Protocol summary

&I‘ LBE \{d RO” kd ”M\ & Eatm im {’h\ssuﬂ \iuamm
S
—U'{m dnﬂ "QG{?{% AS L\‘%

{deatfication of poteeot glandard

Identifivation of amendoends and comigenda to this
S ] conploted as pact of this

seeption Mens e axpived? . Nojd Yes| }
;the answer Yes meany that the uplomentation does not conform o IEEE Sid 8a2.

-

AcdRtixg

Dhae of Awtement

e ~ BIOY pedermos: Users of s stindand wste Hooke veprondisss the PR ool tu this sibiclaise so g san
beused for ;i\ ded plargeoi and sy fatie poblish e compdesd PICS.

>apiright © 3017 ISEE. Al rights reserved:
This s an unapproved IREE Siandards draft, subject Yo change.

Marvell Semiconductor, Inc. - Ex. 1002, Page 000285

L

-~k

41

&

34
S



Draft Amandmentic IBEE Sid 802320158

JEEE PONR 30 Task Force

136.14.3 Major capabilities/options

IEEE Draft

P
&

PEOZ.3edi 2

sdiFigbruary 3037

o G287

\tn e mp i(xw of {’M k

phx sicadly mﬂ,\mu\ue«j

Tend® Fogtare Subclase Vg Comment Status Support
R SEGBASE-LR PAD 1361 Can aperate as 2 SDOBASE-CR | 131
PMD
FCE? . OB ASELORY PMD 1364 Clan opserate 35 3 3.3
_ ‘ _ 106G TR PMD
SORS AGRASE-CRAPMD | B3l o Can oparsdeasa o
ZOBGRASE-CRA PMIY
Paasn SOGBASE-R PaA 130 Device implomsnts Clawse 135 | CHM
PMA S SIGRASER
PRMATOG OOGRASE-P PMA 1361 Doviee inplemenia Clause 138 | CBZM
EMA for {ROGBASE
PREAKY ANOBARER PMA 1364 LR
Ai MDD 1361 o0 O3
cent t PMID is physieally
isdantigied
-3 Gy 3ed RS2

BSERC

TnGME SEEMIL OGMEB o 131 Intertace i inplemead or {2k
200GMH aad RS 1 fanchonsily equvalont
AN Anto-negatiation 1361 | Device impleraents Amerege- | M Yasli
Halion
SOGBASE-R RETEL 3l Iﬁ?e&-"ic imp@.exmmis Olawae 134 Yes{i

AL
M

1oAY

SHGHASE-R PUS

HEdiN S

Brevioe imploneats Olapse 133

IR*

i!}f}hﬁ\

~E* PC%

| PO sCMIEM
OGBARER RE-FEEC 136.1 Drevdve huplements Classe CHRY
RE-FEC with RE{844.814) LAUTPMD
M
PCSIO0 INOGHASE-R PUS 1361 Daviee aplements Clagse 82

Pevice miplonents L i‘msn } 9

200 HY \\I"»R POS

Capubility s supported

fjon chrgtraimis

POSAK POCS requirerments K 1369 POR supporis service interface
AN sepvice mieribes pmmm iy \.vh m(in daf

DEE Delay consieaingy HES i § 0 nﬂimmq o pOnStenas

S€ Shew and Bhew Ve 136.6 Conforms o consivabus
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fem* Feoature Bubclause YalueWoment Status Rn{xpssrt 5
D MEHC eapability 1367 D sviee Hoplemends Cluwe 93 Q ‘%w il 3
MDIO Nof | 4
I Onbily gssenbly 13041 fiene matked with £ Bi ae i3 Yesil 4
pable w Nefl -
these fomy zm:- he oaly oy
apphivable o oy segiblios &
sad are not apphivable o PHY'S. G
i EPS% BEP2% o SEPRS 8 K ROV ble assembdy foma factor is RGOS i'i
' | SFRIR o SFP2R 1}
i E 12
' ere 13
FFOS OSEFPIR w §xB8FP2E RGOS 14
i5
¥Ry CBIAOS 17
18
i
Ha S arsseding e SHeay adentifer ndicaes theve e othier BICS that depend ni whether o nos s oo is suppaeted. et

136.14.4 PICS proforma fables for Physical Medium Dependent {PMD} sublayer and base-
brand medium, type SO0GBASE-CR, 100GBASE-CR2, and 200GBASE-CR4

136.14.4.1 PMD functional specifications

Htem Feature Subchuse Value/Comment Status | Support
PP | Travemit function in DATA 13682 Converts sach svbol stream 3 Yosi
nsde Tron the PMID seovies inberface ¥
iy an elvcirical xwm} HHSPRL- 3
uv& md &; Vers 1R L!}c W}i ’%4
PE2 } AL hmmm i H\AI% FIGRT &uxww\ m.n BXER wtsi xim:m aen- { M Yes{} 15
ING ymode sudisd by the BMID sontrad fone- 6
Hon e an sleotrical signad ag %
specifiod, and delivers itio the 13,
RSt
AR
PR | Revstve faction CIR0R3 Converly sach slectnead sigawl M Vel d 40
: o this MDL e & manbal 4
strowmn 35 specified, yd delivery it pis
ot P service mtariice i
43
B¥S | Lane-by-lane signal datest 13085 Sl 1o naining s disabled, Rt Yot} 44
ntferwerse sef agoonhing Wesigned - 4%
dntect 4(
G
PES | Global PMD travsait disable 13686 Frowtion s implamented as speede | QO Yeuil 47
fiued Mo} 48
PE? Larie-by-dane PMD ransidt LILET If‘uw.:i}(m s pdomoentid asspedi- (M Yesil ”;j_}
disable fled 58
PER - 1 DM fanlt PlRe8y MM <3
: 53
4
i1 Cagpright © 3017 IBEE. Al rights reserverd
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oo §Bikiflﬁ’sk ¥ aimj(‘ ominent Status Spppart
‘r‘{‘) PV tansiait fhall 13680 it)};s!\muxtui PMD tranaodi - MO
: ms virisbie ma*)p (i Rs the
PEIO | PME receive Sall R MO
: JES
mm‘l bﬁ ¥ ypm.hw n
136.14.4.2 PMD control function
Hom Featare Subctaws ¥l Comment | Bintas | Suppuort
PO | BMIp control feretion. | 136841 | Gwpleented as specifivd, one fostanee for | M Yes f]
wach fne, opeostuny independantly
PO | Traduing palfem FE TR R i gonenston pobye | M Yes i}
e 368 |
PO | Fovining patien 13681113 of datihe st | M Yesil
PO Contenl Beld stoachine .n‘u shoswn tu Tabde 136-9 M Yo f
BCE | Recofver fame ook bt ] 13681133 | Initially sel to aeen, aot setto 4 until PN Yes |}
local ) fook & e
PCE | Inntist condivon setting | 1388.314 When requested, 308 according fo X Yes{}
seguaest, with values parable 136-12
BT Hindghabe Gning FRI N R When the transmitted ame ook Bitds 1L & Yes |}
soknowledge reguesty within Joss than
LS 1
POR | Fonsmit precoded date | 13683175 | PMTI couses adisvent PRA o use o got M Yes il
e preceding on ransontied dag ke
ing o modulstion and pracoding statas bit
PO | Becetve procodid data | 330 RILTE | BMD inthoms adiacent PMA stont presads | M Yesf
wig of received data sccording o modula-
| ot and precading regrest bit
136.14.4.3 Transmitter specifications
Triae Featuew Subelyuse Vabu/Commant | Statns | Suppors
TCE | OQutpat voltage specifications Per Fabie 13811 M Yinil
Phiferontin oatpaat retie Jogs Meots oytrtion conslraints | M Yea il
Conmonsnde o @ forntiag mods Misshy spstion constrsialy | M Yes{i
capirefem sy :
T4 | Comon-mads to Somuam-rnde ot Meets equation Sonsivainty | M Yeuil
ﬂns xm ‘{(m. i
TS \§ee.<§xm\tdt§ \()ﬁdﬂt‘ ¥ Per Table 13641 M S
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Trem: Fssdturc - Rubokaise ¥alueCommment | States | Support
Ym it pulxc, gul\nmm Py Table 136-11 M Yeat}
gEtes Lovel separation mismalch sadie Por Tahle 13611 M Yesi}
TCR Absolute covffidient step stz 38314 Per Table 13011 b Yen i
TG ] Cosfliciont raugs 1369305 Ty Table 136-11 iM Yee i}
TCH | Signalionoiss-and-distortion ratin Por Table 13611 M Yes {1
TCH | WNRy Per Table 13811 M Yo}
TUE2 | Chadpnt ey Per Table 13611 M Yas i}
TCH ] Transmdbion siposhog ot HSASOBdE W00 ppm | M Yes il
136.14.4.4 Receiver specifications
Sl Feature | Subiinuse Vabue Comment i Siatug Sappert
BCY | Tl fcmmiumm imx @ TPy squation constining i M Yesi i
RE2 i‘)siimxm zi o vonmiot-mods M Yesl }
retveen fossap T3 E
BCS - Toput anpiitnde tolenace M Yoy il
RO | fistecfononoe foleriaans 13eRAD PHY seete FE ( xxm‘b(t} cre st X s
m;mremmt Wl st delined i
Table 13613 with the specificd tost
seanp and provedare
RES | htior foleranes 330043 PIY gcets FEC symtaed enr ity 53 Yes{]
neperement with the speeifiod s
AER A mi proe uhm
RUG | Signating wk_ g 136944 P{ﬁ copaplies m:h TROSIVRY TOgRTe- M Yes |
aisits for sgaling syt of
2WB3635 058
& J00-pysn
136.14.4.5 Cable assambly specifications
Fiowm Featarse i ‘auhdmxw Vabue/ Conpent Siatay | Support
CAL | Inffcontinl rofirenes {138 00R OB
impedance
$2AT 1 St tugestion foss ERTN e Por ¥ OBRLM
CAZ v at 36312 W46 dB RN
CAd For BLM
Copyright © 3017 IEEE. All rights reserver.
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Fremy Festure Subolanse ¥lue/ Comenent Statux | Rupport
CAS | Difforentivd iocconbod-tande CRLM
vapd and ovdpud reto Josg
CAG | [iBerouinl teominonmode 4 31 N5
converao fosg
LAT | Commornods 1o comnon- CRUM
niele relam Joss
CAE | Llable atsembly Tl PI6ILT fyyeaiey harroregnat 10338 frboth - (- CBLM
perating Margin (COM) Tast 1 and Test Z, by all channels
within the calde assenably
CA% | AC-oouphng 136432 Within the plag connectnn, o the CBLAM | Yes{d
receiee fene, 3 A8 ool fequeney NATY
less than 50 ke
436.14.4.8 M connector specifications
Biem Feature Subelause Vidue/Comment Status | Suppert
MIMS | Single-lwe MIM connsater | 13612 Previne tses SFR28 receptacie ns MY | O Yesf ]
LG Mo
BMBIG | Quad-lane MIH commeeiee | 136002 Device waen QREPIS receptacke as R Yesi ]
MDY commsictor Nt}
136.14.4.7 Environmaentst specifications
frem Feature Subctwase Value/Comment Statux | Support
CCE | Epviponmerndal speeifications | 1363 Contorm o applicable meguivments of - | M Youi ]

Copyright © 2017 IEBE. All rights resemved.
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137. Physical Medium Dependent {(PMD) sublayer and baseband medium,
type S0GBASE-KR, 100GBASE-KR2, and 200GBASE-KR4

137.1 Overview

This clause specifics the SOGBASE-KE PMD, the IB0GBASE-KR2 PMIY, the JUBGHASEA (R4 PMD, and
the basehand medinm,. The specifications for the diree PMDs are stmiflar, except for the tunther of fanes and
associated paratnztors sod the ML

When forming g complete Physical Lages, @ PMU shall ke consected as ostrated in Fgure 1371, to the
appropriste sublavers (us specified i Table 1371, Tible 1372, and Table 137-3), to the wmedium Srough
the appropriste MOE asd fo thy mraazement fmcuons that are opticdly accessible through - the
managoment iuerfies defined n Clase 48, or equbarlent,

Table 137~1—Physical Layer clauses assoviated with the S0GBASE-KR PMD

Assoviated chanse SMGBASE-KR

Regmed
13-RE-FEC Roguired
35-PMA for SOGBASER CRegeied
{388 LAY C2U Coptiomd
PASD--SOGAUL Q24 Ophicnal
P3SF--SOGALEL 20 Qypstional
Fa—Auio-Negotiation Baguinad

—Erergy Bificiat Bihemet Opticaat

¥ SO0 tx an ppbon terface. Heweyen, (Fihe SBGMIL D nad taplencaied, & soufons-
g tmpdementation st behve Roetionathy ax though the RS and SOGMIT vem prosamt.

im thie SOGBASE-KR wrd 100GBASE-KR2 PHYY, e ovder 1o suppot-the required Trame logs ratio (e
i ¥ of foss than 6,2 % 107 for 6d-ociot Fames with vrinismun interpacket gap,. the PMIY and tm
et PMA ars required: W detact bits ot @ compliont dopat sienal ot g ELR tower thay 24 1Y
ssyurning errors we suffickady vncorrelated: This BER sllocution oimables # frame Tess ratio lower than
1071 after processing by the RE-FEC (Clauss 134 or Clause 91 and the PCS $Clavss 133 or Clavse 823 f
there are negligible ervors dug fo wilier elecirical intvrfices (RGAL -0 o J00GAL-a) I the PMIE and
PMA Create-crmods that fre ot sefficiontly nncorelated, (e BER fo-requinnd w be lower as appropriate 1o
mitain o fame lose ratio Rewer than 10738

For the Z00GBASE-KRA PHY in order-to support the roguired fame loss ratio (see i 23} of fess than
6.2 % 1 for 64-ootet frames with msininvam inter packet gap, Hie PMD and the sdjacens FMA e required
to detect bits from a compliant input signal of & BER lower than 34 % e “assurning srrovs ave sufficiently
mncorreltad. This BER allovation eoables a frame loss satio fower than 9.2 « 107 after processiag by the
Vi rhere e nogligible ervors due to ather elecirical interfirces (UOGAT Y. H the PMD

Copyright © 3017 IEEE. All rights reserver.
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Table 137-2-Physical Layer clauses associated with the 100GBASE-RR2Z PMD
Sasecivied chuse IGRASE-KR2
RS Required
SOOI Liptional
§2--PUS By 100GBASER Reguired
V-RS-FEQ Required
S3-PMA for IOUGBASE-R Optiongd™
~ SALRA G Opticaal
B ;Miﬁ% ngs A A *il?;;ti;}mﬁ

JA5-PMA S IOIGBASE-R

Reguired

P01 00CALA C2C Uptional
<optiond
Reguied
P8-Fnengy Efficient Bthornat Uptivnal

¥ e CGMI fsan aptional inferface. Howaver: i the COMIT s dot tmplomanted, s sonfooming

ypemerdation aet bolwte fnctionalle 3y fongh the BX and COME W prossnt.
PEALA for TOUGRASER i requived whenr vither CAUR 0 o QAT s used.
Table 137-3—Physical Layer clauses gssociated with the 200GBASE-KR4 PND
Asoctated cbse MOGEASEKRE

PEE--RB Honuped
LR 000MIT ystional

1OFCS for 20GBASE-R o  Reguired
PP o TORGBASE-R Reuired
i FOOGALILR 30 St
IRGI-2R00GALHA O30 Optiopad
T3Auto-Negotiation CReguied
ThoBnergy Bificiont Bfwret Coptinad

FThe INOGME B an optices] derfice. Howe

i e 206

feruwing hoplemeniation uxet behave finctionally sy foagh S RE and 3000 wire pres.

et

and PMA creste evrors Thas sre ot sulficiently uncomelated, the BER s requived to be loywer a8 spproprisie

1o maintain 8 Sane loss o lower thag .3 x 1075,

A covpliant inpud signd 16 o tunsmdftey outpit of & compliant PHY ot has passad throngh a compliang

shannel,

Copyright & 2017 [EBE. Al riphts reserved.
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SOGBASE-ER, 100GBASE-KRZ, and 200GRBASE-KRS PHY x with the optional Energy-Efficient Etherngt
{EERY fast wake capubility may enter the Low Power Ide (LPD mods o congerve susrgy during pevlods of
T Hnkowilieation (sse Clavss TR, The degp sleep mode of BEE s not suppotied:

Figure 1371 shows the relationship of the PMD and MEN 1o the ISOAEC Open Systam listeconnsction
(OS] reference el

oS
REFERENCE e
MODEL ETHERNEY
LAYERS LAYERS
! HIGHER LAYERS
; LLC CR OTHER MAC CUENT
. MAC CONTROL (QPTIONAL)
i MAC
AFPLICATION ol RECONGILIATION {
SRESENTATION | | ¢ DOCHMit—M DM~ ZOUGMIH—M
il - “
1 i SOGBASE-R POS | [100DBASER FCS
SESHION ;] JORCRASE.R PO
L RS-FEC RS.FEC HREBASE-R PLS
TRANSFORT |/, e Hl e : , -
N PMA PRIA PAA, S PHY
bdiiiciadh 74 LLEME e \
DETALINK. AN AN i AN }
PHYSICAL ‘ AAD} o -
MEDILM < | MEDIUM < MEDHIM <>
e R i
¥ - . ; A v &
SOGRASEKR TO0GRASE-KRZ PDIGBASE-KRE
2005HH =200 Gb/s MEDIA INDEPENDENT INTERFACE SAS = MEDIA ACCESS CONTROL
206N = 50 Ghis MELIA INDESPENGENT INTERFAGE PCS = PHYRICAL CODING SURLAYER
AN = AUTQ-NEROTATION FHY = PHYSICAL LAYER DEVICE
COMI = 300 Gbis METHA INDERENDENT INTERFACE PhA = PHYSICAL MEDILM ATTACHMENT
LLG = LOGICAL LINK CONTROL PMD = FHYSICAL MEDILM DEPENDENT
MAC = MEDIA ACCESS CONTROL RS-FEC = REED-SCLOMON FORWARD ERROR
W08 = MEDIUM DEPENDENT INTERFACE CORRECTION

Figure 137-1—S0GEBASEKR, 100GBASE-KR2, and 2006BASE-KRA relafionship to
the ISQAEC Open Sysiems Inferconnection {081 reference model and the
IEEE 802.3 Ethernet mode!

137.2 Convertticns

Clause 137 describes thres PMDg, SOGBASEKE, 100GBASE-RKR2, and 2P0GBASE-ER4, which have
one, two, and our knes, respectively. For efficient description, the paramster 118 used to deseribe the
nvber of langs in 2 specific PMD. Accordingly, n=1 fov SDGBASE-RR, 5= 2 for HINGRASEKRR, and
= for 2000BASE-KRA,

The parameter /15 nsed g8 an index or & sulfix o idawily a specitic o and dakes the valwea on - L

Within this clause, the anqualified term "PMDT rofers 1o suy of SOGBASE-KR PMD, 100GBASE-KR2
PMT, or 20GBASE-KR4 PMD.
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437.3 PMD service interfages

The service intrfaces of the SOGBASE-KR, 100GHASE-KR2, and 200GBASE-KRA PMDs are idomtical to
those of the SOGBASE-(R, I00GBASE-CRL, and 200UBASE-CRY FMDs, rospectiively {aee 13631

137.4 PCS requiraments for Auto-Negotiation (AN) service interface

The PO associaied with the
AN LINK udication defined di

MDD e required o osuppont the AN serviee  interfnce - primitive
. The requirerndands wre the same as those speaified in 1364,

137.8 Delay constraints
The st of the transmit and recetve deluvs atone end of'the link contributed by thie PMD and AN ncluding

the medizan i one dirsction shall bene mite than the maxinmm delays Hsted i Table 1374, {ts assamed
that the one-way delay through the medivm s no more than 20 ns.

Table 137-4-—Delay constrainis

P ;;}i;: i;:::?g* {pﬁ?ﬂj‘i;ﬁfgiﬁ} Muaxtoman {ns)
SEBASE-KE. 2098 3 496
JOOTASE-RRY 1006 8 4096
2MGRASEKRY s192 1 496

it Time By egual o 20 ps Tor \a(:ﬁ:\‘s}’&{{{ Hips for I00GBASE-KR2, and 3 ps for ZD0GRASE KR4, (See
for the dofinttion of hit time. )

syual o 1024 58 for SUGRASE- KR, S12ps for [OOGBASE-RRZ, and 256 for
e the defiaition of pase_ghses)

"On.. t

ﬂm DRSS yBamiung.
2OECBASE-KRY. (R 3

Desvriptisnsy of pwerall syvtom delay constraints oan be found v 1314 for SHGRASE-KR, in 804 for
LHOGGBASE-KR2, and in 1164 for J00GBASE-KRS,

437.8 Skew constrainis

The Skow (rolative delay) botwesn the PCS or FEC lanes must be kept within Himils so that the information

ot the BCS or FEC Langs can he redssetibled by the PUS or FEC, The Shew Vartaton st alse be Hindied to.

ensure that a wiven PCS or FEC fane abways taverses the same physical haae.

437.8.1 Skew Constraints for S0GBASE-KR

Skew and Skew Virlation are defined 3o 1313 and specified at the poings 8P o 8P7 shown in Figmee 131

3

I the PMD aptvice fnterface 5 phivsivally nstantiated so fhiat the Skow o 582 con b mvastred, thon e
Skew st BP2 iz Tmied to 43 55 s defined by 135535, Since the stgost at the PMD sarvice dnterface
reproscnts & sorigd bit streany, there i po Skew Variation at this paint,
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The Skew gt SPY {the transouittor MEHY shall be fosy than 3 ne. Sinos the signal &t the MDI repregents a
seriad bit siream, there {5 no Skew Viwladon at 185 point,

The Skew gt SP4 (e veceiver MDT shall b foss: tan 134 ns. Bince the signal at the MDI representts ¢ serfal
bt svonny, there v an Show Variation @ this point.

If the PMD gervioe interfes Iv physically indtantiared so that the Shew ol §P3 can be measiwed, then the
Skew st SPS shall be loss than 149 ns. Sincethe signal at the PMD service ntorface ropresemnis a serfal bit
streiny, there is no Skow Varlation at s peigl,

For more mforngtion on Skew and Skew Variation, see 1318 The meavwrommnts of Skow and Shew
Nariation ave debned in ST

137.6.2 Skew Constrrints for 100GRBASE-KR2 and 200GBASE-KR4

Skew and Skew Y and specificd at the polnts 8P fo $P6 shown in

ariation sre defined in 808 and 1
Figire B-8 and | R
€ the PME service toterface iy physically tnsiontiated sothat the Show at $P2 can be measured: then the
Skew at SP 18 Hnited o 43 88 snd the Skow Vanlation ot SP2 is limiicd w0 400 ps,

The Skew gt SP3 {the transodtter MDY shall be doss than 54 s und the Skew Varfation s SP3 shall be Tess
e 608 ps.

The Skow at BP4 (he reosiver MDD shall be loss than 134 us and the Skew Varigtion ot SP4 shali be less
o 3488,

i the PMID service interdsoe is physically insiantisied so that the Skew ot SP3 can be 'mcusired, then the
Skew gt BP3 shall be less than 193 o8 and the Skow Variation ag SPS shall be hoss tha 3.6 ns.

z

For mure infonmation on Skow amd Shew Variation soo 80,5 and 13

137.7 PMD MO function mapping

The PMDY MDIC Simclion sapping requirenssuis for the BMDs defined in this clanse are identival 1o these
of 1367

137.8 PMD functional specifications

137.8.1 Link block diagram

Oue direction of 8 SHGBASE-KR, IDGGBASE-KR2, or 20GBASE-KR4 Hnk s shown in Figure 1373,
137.8.2 PMD transmit function

The PMEr ransost furetlon speeification d¢ identioal 1o that of 136,82 witl the exception that clecivical sig-
naly are delivered o the MDY, atcording to the transmit dlectricdd speciiications b 13782,

137.8.3 PMD recelve function

The PMD irsnsmit fupction specification s dentival 10 that of 136.8.3,
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PRNS UNITRATR {reguest PMENIS_UNITRATA finsication
e fres)
\»Tz" SN
PrD b Channs! Lo PRMD %
e Lah y
z | i
e ot { AMD
st I ¥ ceive |
E functicn : ! fnvdion |
t { § i
i !
H {1 Device
} Mated { package
» SRS &C-oupiing
{
\ \
A - S e it
/ Sipr \ o
Packags-to » F i— il
boad-interiace

Figure 137-2—50GBASE-KR, 100GBASE-KR2 or 200GBASE-KR4 link
{one direction for one fane is Hlustrated)

137.8.4 PMD global signatl detect function

The BMD global signal fnction specification 1s identical fo g 2P 136,84,

137.8.5 PMD lane-by-lane signal detect function

The PMD linedve-dane sigual fonction specification is identical o {fat of 1R6R.E,

137.8.6 PMD global transmit disable function (opticnal)

The PMD global fransmit disithle fmction s pptional. Bis speatfication Iy identivalito that of 13688,
137.8.7 PMD lane-by<dane fransmil disable function

The PMD global tansait disabl fmction specification ¢ doatival fo dait of 13687
137.8.8 PMD fault function

The PMD fault Biction spesificadion §s identical fo that of 136,88

137.8.8 PMD transmit fault function {optional)

The PMD transna fadt fanction is optional, 18 specification i idemticid (o at of 13089
$37.8,16 PMD receive faull funclion {optional)

The PMD receive fauh funciion b8 optioval s speci feation i identicyd to that of 138810
137.8,11 PMD control function

The PMD control fouction specification 18 identical 1o fatof 136.8.31,
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137.9 Electrical characteristics
137.8.1 M

The MDI & the JHGRASE-KR, 100GBASE-RRY and 2DOGBASE-KR4 PHYR kv an inplomentrion-
dependent direct slectrica] conmection between the PMD and the mediyay, The MDE comprises 2 = n differ-
sutial pairs, one pair for the tisnxmil function and one palr for the receive function on cach lane, marked by

THO and TPS in Figue 1372

Tratsmitier snd receiver churscieristics we defined st TP dnd T8, which my conretied 1o the M

Y3

throtigh the test Btires desoribed o932 Ut ad

137.9.2 Transmitter characteristics

The traneadtior shiall meet the speciBications: given 1 4, with e following exceptions:

1y The'value of Hoesr fit pulse peak (o 15 0075 # v

2y The outpnt wavelbim Fre-vursor squatization and Postcursor egualivation paramstery are replaced
by the “Transnsitise output wavelorm” specifications swmmarized in Table 136-11 and detsiled in
136831

3 SRy Is computed with Ny setto 12and 23, setie 3.

4¥ The valos of S8z (ot} s 43 dB.

Editor's acte o be removed prior o peblivationt! The specified mivimaurnm SNDR i Anney 1308 i« 31 JB

is 825 9B, due o the more shallenging channe! objectives. iis posaible fthal the SNDR specifivation

wihich maiches the value of the COM paramaier SNy i that annex. 1o this dralt, SNR%M Yable 137-5 §

hecomes another exception fo the franstnitlar characferistics of Annax 1200,

137.8.3 Receiver characteristics

v elestrival chavacteristiss gre specified a1 TP The recptver shallmcet the specifications given in
DX with the following exceptions:

1y | The maxinsws RE-FEC Symbol error ratie valuey in Tib 3%
2y Tosertion dosy at 1328 GHz vatoes for Test 1are 14,9 Gniny snd 133 (o)

Recudy

3y Tosertiondoss & 13.28 GHz values for Tost 2 are 3.8 (ning snd 30,5 (o).
43 BSS DFE4 valve for Tost Lis 005

~

&1 Receiver jiiter teleranee {see 1 Y20} is tosted using e test channe! in oo 33,
T addition; S rotum Tosy specifications @ 13733, sppiy.
137.5.3.1 Receiver inpuf return loss

The differential return loss, i dB, of the receiver input shall meet Equation (3371 wheve /s the Seguency
i GH The reforenes impodanes for differcntial rotuntloss medsuremends ol be 108 &8

£ 3

REAN: BOS/56 L 4B RELR)S
GaSs Iy

The differential returs Joss Honlt §s lusirated by Flgwe 137-3,

The ditferential to conmoremode retun loss, in 4B, of the roveiver ingd shall meet Brpoation (1372},
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Baturn Jous {08}

Meats squation constrsints

15 3 H :
# & 1 1 20
Freguency {GHZ)
Figure 137-3-Receiver differontial return loss limit
RE,fy = B 184 D0S<r695 L
LIS S8 sty

| The difforontial to corpmnm-ronds relurn toss Hini de itustrated by Figure 137-4.

x
foe]

Reir loss (08
I i
pe) v

v
p2s

15
3

10
Froguenny {GH)

Figure 137-4--Receiver differential to conwnon-mode retuns foss Himit

137,10 Channel characteristics

{1370

The Channel Operating Margin (COM) §s computed using the procedure in 9340 with e vahwes i

Tahle 137-5, where 7, 15
that o egual to 3 48

Ppeand Fis 2 for L) asesed in

Chenvnels shalt fve ACcoupling as specified in
Chasmnels sre recosumended 16 meet G Insertion foss Hmds i 137103,
§ Chetnels shall yoeet the totum loss Hmits iy 137002

i Copyright & 2017 [EBE. Al riphts reserved.
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Table 137-8--L0OM parameter values i

3
......................... I o - —— 5

Parsmeoter Synrhwl Vadue Linits 3

Ripnaling rale I 65025 GBd 3
v . ' 6
Mixinunm sl feguency S 3,05 G -
A xaen fretueney st AF 4K LS AP &
g

; Lt}

i I

cn dine length min o

<o dine tengh, Tew 2 i 12

Stnple-onded package capacianes at package-to-bowrd dnturiiien ul’ 13
Pckage tmauision os citacenidic tapredance Q 14
Sinple-crdad rotirencs resistance £} ii
Single-ended tenninetion redsance 2 17
Heceivsr 3 dR bamdwidth A LAY Gie 1%
i9

Transiigter cqnalizer minkonn ouesy shelliviend i R 0
Tramenitior squalizer; 17 pre-ocsor cosfiiclont =13 v i
Mo wahxe SB35 e 22
Muaxhrum valus G o 23
D e L |

. " o wad o . 2%
Tranemitior sguatizer, 2% pro-cursor coctfciond o3 j‘“‘
Minsnum valne £ S 26
Maxivuas value LR — 27
Bhop sz R R

o ; ) . - 3
Teansmitior sgqualizer, pesi-cmvorcenilaent e A “}
Wintoum vidae SBES e 34
Madpang valus & s 31
Step sz 09y P a2
. . N ~ 33
Cuontinpons ime iy, DO gain S 33
i vidne ~20 B 34
Maxhmun value & 4 35
Bhap ste i di 0
Continpons hime flter, DO win 2 She 5_:"
S valne <6 a8 38
Makivuw valoe g an 3
Sisp H ai 440
Contisuons T (i zere oguenties it GHe #1
Fax Gt 42

Tt thae Biter, pole frequionicies o 44
Trangonissr Siferoisl peak ontpat voltage 46
Yot g A% 43
Farond agpressoy Az ¥ A%
Nearsiid S o < 48

, ,’,,ti‘gm,t;l, a"f"r%m“‘“,{ , ”:zim, B \7 49
Ngiidhdr of gl fovels & & ER S 5
: . o i

Levol soparstion susmsich ratic Brar s <2
Trenamitier Ngnal-lo-nois wdiv SNRpy dB 53
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Table 137-5—COM parameter values {coniinged)

Parsmeter Synrbal Vadue inits

Kumber of sumples por wnitintervad & a e
Blevisinn fecdbadk speabizor {DFEY fenpth Ny, U
Miovonalized DFE cocfliciont magninde hant Byt
R R
ge=dtaNye B R e
Randen jittor, RMS (Y 63
Puad-Dirag jitter, peak dem i
rpreniched morse specirad deasity Re e VI
frrget ditector e atid DERy - VY e
137.10.1 Channe! insertion loss
The maxintm reconmonded nserton loss of the chanoel i mivess by Egation {1373
ke L2539 e 10088 ; ~
sl ! Yuf+ 1005 L (aB (13733
R P e N

Editor's nofe {fo be removed affer draft 1.2); The respanss o conpnernt 877 against oraft 1.1 indluded g
madification of Equation {1373} with the second line being "12 5 - 3217 The sdior realized that o be con-
sistent with the first live and the previous squation, the espression should be vegated, and hencs the
implementation differs from fhe resofved commant.

wiierg
i iw the Frequency i GH2
Js is the signaling rate (265625} i GHz

N i dhe insertion loss 9t froguency £

v
¥
AL

The fscrtion foss Hingt fs ilasteatad by Figare 15
137.10.2 Channel retarn foss

The windmwn dfferential rofarn 1083 of the chaanelis given by Bguation {1374

Lz GOSSF3 0 o
' A an {1374}

P12 18log, (400 G 4sl

whete
i ix the Goguency in GHz
k) ix the signaling rate (205625 i GHg

RIGY 15 theretuen loss af Fegueney /)
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Jasertion bss (di3)

) % ) 12 3 20 3 28
Fraquency (GHz}

Figure 137-5—Channed insertion loss it

| Thedifforentad revun loss Buodt is iluswated by Pigwe 137-6.

Pt Joss (98]

Frsguancy {GHz}

Fimuge 137-6—Channe! differential retion foss fimit

13711 Environmental specifications

Al sgquiprast sulject o fhis clange sttt conform o e applicabls reguiremonty of §
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137.12 Protocol implementation conformance statement {PICS) proforma for
Clause 137, Physical Medium Dependent (PMD) subﬁayer and baseband medium,
type SOGBASE-KR, 100GBASE-KR2, and 200GBASE KR4W

137124 Intreduction

The supplicy of 4 protorel. Bapdementation. that is olaimed o confiouem fy Clause 137, Physical Modiom

Dependert (PMDy  sablaver snd baschand  medby,

SOGBASE-KR, HOGBAS

vpe KR, and

JEDGBASE-KR4, shall complete the fnllowing prodosal haplomentation confonaanice statament (PICS)

proform

A detatled description of the sy
BICS prosformy, can bo fund in

137.12.2 Identification

13712, 2.1 implementation identification

ol wsed in the PICS proforms, slong with instnctions for conpleiing the

Sopphiét

Liontes poit S inquitios sheat the PICK!

Iniplomentadivg Name(e) sed Virstontayh

achines andior opealing

vy for fall idenification—e.g.,

E{wuazui for <z§1 i zgﬁonmnatsans

fermtnoloay (e.g., Type. Seres, Moded).

\i(w b completed ws ypproprivie in meeting the requinem
The toros Name and Yersing should e fute erpreted gppepoately o corsespand wath s pphiers

s Tor the identification,

137.12.2.2 Protocol summary

Tdentifivation of protecd standand

TEEE s sz 3
Dependent {PMY
SOUGBASEKR, 1H00GBAS

R, Clape 137, Phesical Mediom
ayer-and b.z\dmmi toediiig, fype
WERE and 200GBASEKRS

ii'§ ntii‘imiﬁi(m. of amendments and comigends to this

g\rs}ibmm that have bom conploted as part of s

Heeew sy Excoption fonw heonrequived?  Nel| Yes i :
23 the ansseer Vg moans that e rﬁ_;)}ﬁrsmm‘ssi.igm does pud confonmn W0 IEEE Std 802 3cd 2010

Daws of Ristemon

137.42.3 Major capabilities/options

$g
8y g of ¢hi

b sed Tority

ded mlrp i e s et pblivh o songdeed §

arodingg the PICS proforias o this sube v se st it esn
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Bubclause

ValueComanent

Bupport

SOGBASEER FMD

Can opersde a5 a SUGBASEKR
FMD

o Yes| )
No{}

K2

FONGEASE-ER2 UM

Ui opleente 46 4

SERg

IDREHASEKRS BMD

PRAST

SRGBASE-R PMA

Previse sapbanents Clase 138
PRA fur SHGBASER.

KR:M

PaALDG

IOGHASE-FPMA

b tpleme
PAEA for 100GH

REIM

PMARGY

2MGRASER FMA

Device moplementy Claps 128
PMA for 200GB :

ER4:M

FAUIRMD

UG
AGAL

) 020

Service wierivce of PMA adje-
sent f PNMD Dy plivsocadly
stantiated

£33

AUHES

PAUER2 C2C
CAT R O20

Service interfioe of PMA
betwss POS and RE-FEC i
plegsiondly toslantisted

KRS

il

AL, CSIME or
M anl B8

Intertace & inplonnted of
fimciionalty equivalent

032

Add

Agio-negotiaig

Device tmphoments Aulo-negd-
fation

35

FECSE

SOGRASEH RSFRC

ER®
TAUTIPMD
RS

POSSG

HORASERPCR

Davies iraplementas Clagse 133
SO

KR
nCIMIEM

PR

MHOGBASER BSHEC

Pevioe anphomnts Canse 91
4

KR Yes|
TATHPMD | NfAT
M

PUSI00

HOGRASER POS

| Desice pleraesits Clawse 82
| HGGBASER PCS

K2
AGMVITM

POROH

WOGERASE-R POS

Deviee mplemenis Clause 119
FOBGERASER PCS

ER4®
nEMIER

Fast vaake sapahil

/Y

Capablily is supported

aOMILO

POBAN

PCB requirasnents for
AN ssvice Bitesfaon

1374

BCS supponty s
prignitive AP

Aee nterfacy
ME andicahing

UMM

no

Deluy consimvdnts

§ Lot e consirain

M
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Bubclause

i applicable o PHYs

channel specifications, sy
items e the oaly ones applicas
Bde iy chanwmeds snd are not

Hem* hamn £ ¥alueCominent Stagus Bupport
SC %‘\c\» amd %5». TR :tis:~ 1376 meinxmx 0 consivaints M Yeui}
ol vopkiaints
*¥AEs MDIO wapebility 13727 Revice implorments (laise 43 i3 Yes il
M Nufl
FCHNME bl 13740 frexn voarkad with CHNL are Q Yee {3

Nofi

A4 T greceding an “Hem” identifivrindivates there ave otfter FICS that depend on whether ot nut this Bom is shpported.

137.12.4 PICS proforma tables for Physical Maedium Dependent (PMD) substayer and base-
tand madium, type SOGBASE-KR, 100GBASE-KR2, and 200GBASE-KR4

137.424.1 Fanclional specifications

o Feature Sulwlanse Vidne'Comanont Seates. | Support
PR | st Rmofiondt DATA 13682 Couverts sadhesvibnl dream M Yewd d
sfacidis Sroen the PR semvte mi»n,sgc
inte an glectrival «mwl [ N
fed; and dolivess
st the slectrieal \p%mmzmw o
HREA
PE2 1 Traosmtl Gmotion e TRAIN- RIS Comverty each symbol steopm gen- § M Yosid
NG mode srated by the P\iﬁ contl hy
ton it an glect
speditied, and delive
ML, with the electrioal b;‘t\\h\,&
tiotw i 13793
PF4 | Boceive faction RITRN Converts sach clectsieal sigoal M Yes {1}
from the MDT intes symbaod
strewm as speeified, and defivers it
tor the PMID service fiorfies
PFS | Lane-by-lae sipgnal detect 136RE Bet to one #icaining is Jissbied, M Yerii
ofierwise set doonnding o sigaal -
detect
PES | Globel PV toansent disable 13686 Fumofon i implormented ay specke | O Yesi ]
fied Na i
PET | Laneebie-banes PR tomsauit 13687 Fusictinon i xoplemenied s specl- | M Yis i
disable Red
PER | BME fal 13688 PMIDY Tault variuble raapped o mf, MIEM ] Yes])
fadt bt 2 ‘,pewmi i 3 MAYE
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Ttem ¥ aimj(‘ oment Status . | Support
‘r‘{‘) PV tansiait fhall 13689 it)};s!\muxtui PMD tranaodi - MO | Yesi]
ms virishle ma*)p (i Rs ihe Nof
PEIO | PME receive Sall IR Y MO
R
mm‘l bﬁ ¥ ypm.hw n
137.12.4.2 PMD control function
Hom Feature Subelane Value/Commant Sistus | Suppuort
POL | FMI conized fametion | 136841 | Guoplenwenid as specified, ot instance for | M Yes {1
wach fne, opeostuny independantly
PO | Tradming paitem I681LLS | Bl whe | M Yes i}
rmdaly defived @y |
PO | Fovining patien PR3 ] Stalesetio the value ofwond datihe st | M Yes il
’ﬁv HERINg Pt 3
PO Contenl Beld stencdipe Ag shown o Talde 136-9 S Yesf
PCS | Recorver Tame Took bt ] 13683 Initially sed to s, fof set to 1 until M Yes i
focal 1 fock is e
PCE | Inntist condison setting | 1388.314 When requested, 308 according fo X s { ]
seguaest, with values parable 136-12
P Handshake timing FR BN R When the transmitted ame ook Bitds 1L & Yes |}
soknowledge reguesty within Joss than
LS 1
POR | Fonsmit precoded date | 13681175 | PMTI couses adisvent PRA o use o ot M Yes il
e preceding on ransontied dag ke
ing o modulstion and pracoding statas bit
PO | Becetve procodid data | I3GRILTE | BMD inthoms adiacent PMA stont presads | M Yesf
wig of received data sccording o modula-
it annd precading reguesd bit
1371243 Transmifter characteristics
Thian Featurw Subclsuse Vabu/Commant | Statns | Suppors
TCH IPHTRGA tost it Mewhs specification M Yeni]
T b Cradprd vollige speafications [ Yes{]
TCI | Differential ouipsl rolun: fosy Miats coustion consteyals | M Yesil
T4 1 Conumes-pode to connnurrade ol Muvts equation consiraints M Yes il
pm returndoss |
TOS \midv-wa:m ol age vy M Yes{
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Feature  Bubckese VilusUnmmeng &mtm Bupport
Lincar i pulse peak Hubn M Yes '}
TC7 Lovel separation mismalch mudie M Yes{ ]
TCR Absolute coffidient Sep stz 3e830 4 Per Table 13011 4 Yen {1
TG ] Cosfliciont raugs 1365315 Ty Table 13611 P M Yee i}
TCHG Signalio-noiss-and-distortion ratin M Yes 1
TCH | WNRyy 13793 Culoulaind g sp M Yes |
preater than specitiod A
H'Ul m
TCIR 7 Outyal jitter %’tr Lsh} H{) {1 M Yas il
TEIA ] Pomsmitter signading rate UAGIIGRA: 0 pw | M Yeui
137.12.4.4 Receiver characteristicy
ftem Feature Subvlanse ValueiCommeont | Status | Shpport
RUT | TRS-TPSw o fixone Metts specilicadions M Yeull
RE2 4 Toput differontial vetnen Joss 137830 1 Mooty uation constraing M il
HO3 1 Topat differentin] 0 common- | 137.9.3.1 Manis aquation gonsin MG : N Yes i}
mnode vetun foss
R | lnterforonce toloranos 13783 I’H‘ mx:t\ Hﬁ bobenrrmtiy M Yesfd
i dg de! ﬁ md ix:x
BOS | Ioter tolorancy 13793 M Yos |}
sevap and provedios, ami *hu BXCUpe
Hoas Hsted in 13703
137.12.4.8 Channel characteristics
Bem Feature Subclyuse Value/Commend Siddus ‘ Support
GO | Dilferentiab et loss 137482 Mooty epuation sonstaiity CHNLM | Yesl ]
NfAT Y
DC2 | Cublesssombly Cheaanel 13710 Chroater tha or egual to 3 di CHNLM
Operating Margin {TOM)
CO | AComghng | 9384 | Retween TP0and TPS. 3 B ol

insgueenty tosy than 50 Kz
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Tema Feature Hubolanse ¥riveCommont Status Supgmet
231 Fovironmends] spectfioations . 113010 Copform to spplicable A Yes |
reguirementy of #3490
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138. Physical Medium Dependent {PMD) sublayer and medium, type
SO0GBASE-SR, 100GBASE-SR2, 200GBASE-8R4

138.1 Overview

This clause specHfioy the SDGBASE-SE, HODGHRASE-SRY, and 200GBASE-SRY PMDs weather wille Uie
nisttiniode Hbher medivm,. The PMD sublvvers provide polit-to-point 30, 106, and 200 Gigsbir Ethemat
tinks over ooy o, of four pairs of preliintods Bber, with 4 reach of up ke at Teast 100 m.

When forming 3 soaviplete Physical Bayer, « PMD shall be counscted 1o the qpptopriate PMA, as shown i
Table 1381, Table 1383, or Table 138-3, 10 the medinm through the MDY and optionally with the man-
sgenend functions that may be ascessible through the mansgenent interface defined i Claose 45, or squivs
alent,

Table 138~1—Physical Layer clauses associated with the S0GBASE-SR PMD

Assecinted clause SHGBASESR

Regnared

Heguired

35-PMAfor SOGRASER  Regquired
3SR ALE2 030 Ciptionad
PRRC--LAURI O2M Optaonat
DT SOGATLS (20 Optiotal

FIRES0GALRZ O Optiond

1AR--ABGANRL QAT Optional
PASG--SDGATRL 23 Lot

Optionat

a conforming
Qnt.

tmplemeniation must bebave wcticosiby s though the RS snd SHGMIT wore pr
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Table 138-3~Physical Layer clauses associated with the 100GBASE-SR2 PMD

Assochuid clsuse

HGGBABSESRY

RS

Reguired

URRRER H S

Optional

S3-PUS B TOHGBASER

Rapeeirad

RL-REFEC Required
S3EMA for [QUGRASE-R Opiional
Optional

faptimed

Optionst

Reguired

HES@iN

pional

Opnionst

P HIGATIR-Z C2C

Oiptioal

1A5G—100GALER 02

Qptional

ReFineray Bifwciont Fihemet

Opionsl

1 i an opiong intecta
fations must hehave Bmctiona

anpleme

I

sented, 8 conformuay
beas though the RS and COME wers present.

Table 138-3~-Physical Layer clauses assotiated with the Z00GBASE-SR4 PMD

Assockated cliuse

2BOCBASE-SRY

Rewuived

Uipliovad

9PON for 200GRASE-R

Hoquized

R PM A for 200GRARER

Rupired

Ehe A TR O

Liptiorad

- ABHGALEE U8

Opticand

S 2OUGATTE 20 Optional
SOGAURSOIM aptaod
TE--Freopy Effctess Btherme Opfronad

Fhhe ZH0CMIE s optionad interfzes. However, 1
nnplemeriation et behave Fnctional]

¢ 2DOGMIL nobimplorented, a confonming
a5 though the BS and 208GME wers present.

Figare 1381 shows the rolationship of the PMDs and MUs (shown shadedy with ather sublaysmy to the
IBOARC Upeyr Systeny Buterconnection (OSD reference modsl, 30 Glgabit Eternet 15 inroduced in
Clagse 131 and the parpose of cach PHY cublaver ie sommuriead in 131 2, 100 {igabit Etharnet i intro-
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daced fn Clause 30 and the papose of eacl PHY robiayer s sonmurized in 80.2. 200 Gigahit Bthernst 8
miroduced i Clause 116 and the purpose of onch PRY sublaver s sunmarized in 1162,

SHGBASE-SR, 100GRASE-SRY, sad ZOOUGBASE-SBA PHYSs with the optionsl Bnergy Efficient Ethernet
(EEE) {ast wake capability may stz the Low Power Idle {LPD mxde 1o cotserve encrgy during perinds of
low link utilization {see Clauss 78). The degp sleep mode of EEE i not supporied.

Frrther relevant infornation muiy be found in Clagse 1 tlorndnelogy and conventions, reforences, definitions
ard abbreviaionsy and & A (biblisgraply, referenced as B IB2L o) The SDGBASE-SR.
TUOGBASE-SRY and 2000BASE-SR4 sublayers provide poini-to-point 34, 100, aad 200 Gigabll Ethemet
Hhg over ot b, o four, pitles of multhmnde fiker, wp o st Test 100 fu,

ETHERKET LAYERS
! !
08l HIGHER LAYERS
REFERBNCE 4 IO A
MOGEL / (L0 OR OTHER MAC CLIENT
LAYERS ; MAC CONTROL (OFTIONAL]
APPLICATICN K G MAG
CRESENTATION iy RECCNCILIATION
) £ PRI ¢ A CEMIE e GG
FESSION PR A . ,,,,,,Smw ,
: E SUGEASE-R POS 100GBASE-R PSS |
TRANSPORY | / s
- o RS-PEC ASFET
NETWORK L'/ A A
_Demia ) _ = L B} 2 _
<o D] i % o R Y
Lt T I
NEDIUM < [vepiow <
N i s o A AN " =g
SOGBASE-SR HODGEASE-SRS ZOOGRASE-SRY

OGN = 200 Gbs MEQIA INDEPENDENT INTERFACE  PHY = PHYSICAU LAYER DEVICE
SOGHMIb= 50-Glds MEDIA INDEPENDENT INTERFAGE PRI = SHYSICAL MEDIUM ATTACHMENT

CEMH = 100 Gly's MEDSA INDEPERDENT NTERFACE PMED = PHYSICAL MEDIUM DEPENDENT

LLC = LOGICAL LINK CONTROL REFELC = REED-SOLOMON FORWARE ERRDOR
AL = MEDIA ACCESES CONTROL CORRECTION

8DI = METHIM DEPENDENT INTERFACE

PO = PHYBICAL OMNG SUBLAYER &R = PME FOR MULTIMODE FIBER

Figure 138-1—80GBASE-SR, 100GBASE-SR2Z, 200GBASESR4 PMD relationship to the
ISOHEC Open Systems Interconnection {08 reference model and the IEEE 802.3
Ethernet model

438.1.1 Bit errov ratio

For the SOOBASE-SR snd ID0GBASE-SRZ PMDs, the bit crvor fatic {BER Y when processed by the PMA
{Chrose 1351 shall he fess thare 2.4 30 107 provided that She error shatistien ave safficiently randon due thix
results it 8 frome loss ratle (oo 1AEY) of Jess than 9.2 % 1071 for 64wctel frames with minitmuem
inferpacket gap when sdditionally processed by the FEC {Clanse 134 or Clause 91y and PCS {Clase 133 or
Clause 82 For a conyplete Phsionl Layer, the franwe tosy ritio may be degraded o 6.2 » 1 for 6d-octer
frames-with nimen dcrpacket gap due o additdonal crvors from the clecttiont Interfsces, I the ewor
siatistics wre not suificionty randony o el s requirement; the the BER shall be Jess than that required

o grvea Trame Joss ratio of foss e 12 X $°1 for 6d-octet frames with minimm inferpacket gap,
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For the 200GBASE-5R4 PMID, the bit ervor tatio (BER) when procossed by the PMA yshaltle
tess than 2.4 1T provided that am ervor statistics are sufficiently random that this :emﬂis it g frame loss
ratie {see LAY of toss than L7 x 107Y for 6d-octer frames with minimum mt:’:rpid\cf xap when
sdditionslly processed by the PCS ¢ VI, For o complete Bhysicat Layer, the framg loss ratio may b
degraded o 6.2 x 1M for fd-ocit frames with minimm interpachet gap due to additional ervors from tie
clecirieal inferfuces. I the coror statistics are siot suificiently random o miest this requirement; then the BER
shall be kess than that required 1o pive a frame loss ttio of tess than 17 % 107 for 6d-octet frames with
minian nerpacket gap.

138.2 Physical Medium Dependent (PMD) service interface

This subnlavse specifieg e sprvives provided by the SBGRASE-SR, 1D0GBASE-SRZ and 2ADGRASE-SR4
PMDs. The servics inlerfaces for thess PMDs are deseribed i an absiract msoner andd do not dmply any
particalar inplomieniastion, The PMIY service fterfice supports the exchange of encoded data betwesn the
PMA entity that vesides just shove the FMD, and the PMD emtite, The PMIDY trnclates the encoded dats to
and from signals suttalde for the speeified madbun.

The SCOBASESE PMD sepvice mterface- i an hnstange of the inter-nublgyer servics wierace defined in
P33, with a single symbol sisam (=13,

The HOOGBASE-SR2 PMIT service inierfice ds an nstance of the bvor-sublaver service inferfyce defined In
3 < with two paraticl symibol stroans (n =23

e IN0GBASE-SRE PMD service inferfice is an nstance of the nter-sublayer service interface defined n
L with four paraticd symbsel siroams {p =4y,

The servics rerface primitives e stoanarized as Gellows:
PMIDNIS UNITDATA frequest

PMDIIS UNITDATA indication
PMIIS SIGNAL indication

The SOGBASE-SE PMD has # single symbol stream, hencg i= ¢,
The IUOGBASE-3R2 PMD e twea paraliel symbol sieiiosg, Bence =0t 1.
The 2000BASE-SRY PMID has four paraliel symbol streams, hence i=8to

In the tcansmidt diroction, e PMA continnously sends # streams of PAMA sybols to the PMD; one poy
late, waing the PMDAS UNITOATA Jroguest primitive, a2 somual Signafing vk of 266523 GBd. The

PMD converts these siriims of syinbals o appropriate signals on the MDL

In the yeceive divection, the PMD coofinuously sends wosireams of PAMY symbols fo the PMA,
corresponding . W the  signadly regelved from e MDL O one per fane,  wsing o e
BMDIS LINITDATA, Vindication pripdtlve; & a nombn signaliog rate of 26,6523 GBA.

The SIGNAL OK parmaster of the FMDIS SIGNALindication prbmitive comesponds o the variable
SIGRAL. DETECT parswnvter as Jeftned i 138.5.4, The SKGNAL DETECT paraindor cair take on ongof
two vithues: DK on FATL. When SIGNAL_DETECT = FAIL, e ny syubol paraneters arg wndefined.

ROTE-SNMONAL_DETECT = 0K doss ol guarandee that the rx: b
possible for a puor qmm} Hnk to provide sdliciont fight for a 3K §
the BER definsd in 13811

sranieiors are kpows. o be g
b = O dndication and sl ol mest

Copyright © 3017 IEEE. All rights reserver.
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138.3 Delay and Skew
138.3.1 Delay constraints

Ar upper bownd 1o the delay twoagl the PMA and PME s reguired for predicmble operation of the MAL
Control PAUSE spetion,

The sumof the trausneit snd reccive delays st oneend of the ink contributed by the SOGBASE-SR PMD
inchuding 2o of fber in one divectivn shall b no more than T 624 bit times (2 pauss_ygoanta o 2048 ng).

The sum of the ransiait and roceive delays st one end of the Hok conribuied by the TDGBASE-SRY PMD

The sum of the fransmit snd teceive delays al one end of the tink comributed by the 200GBASE-SRA PME
neluding 2w of fiber v ane drsctiots shal! be no wore g 4 D96 f tines {8 panse quaity or 2048 1s).

Descriptions of wveratl sysicar delay congtraings and she definitions for bit Hues and pause_goanta, can be
found 1314 for SOGBASESE, m 804 v J0OGRASE-SRY, and in 118 gnd Bs velorences for
200GRASE-SRY,

138.3.2 Skew constraints

The Skew {rolative delayy botwent thie PUS or FEC Yudes must be kept witlin Himts so that e information
o the PUS or FEC lanes can be'veassambled by the PCS o FEC. The Skew Vartaifon must also by limited
oy onsurs that 8 given PCS or FEC lane shvays fravesses the sane plysical Tane,

138.3.2,1 Bkew Constraints for S0GBASE-SR

Skew and Skew Varlation are definad dn 1315 and specifed at the pointz 8P w 8PT shown in Figwee {31

1f the PMD service interfuce i physteally insiantiated so fhat the Skew at $P2 o be asasured, then he
Skose it BP2 i Hoted to 4% s oy defioed by 133508 Since the sigagl at the PMD service. miterface
represenis a serial bit streamy, there is no Skew Varfation st his point,

The Skew al SPA (the yomsmitter MDY shall be less thun 34 ns. Since the signal at the MDI represents s
serial bit stroan, there i ne Skow Variaton at this poind,

The Skew at 3P4 (the resciver MDY shall Lo dess than 159 ns, Sinee e signat at the MDI represents a3 serial
bit streany, thors 18 no Skew Vartstion at this point.

i the PMD service inferfaee s physically instantinied so'that the Skew ot SP3S can be msusured, then the
Shew at SPI shall be dess tdan 145 ne. Sipce the signal a1 the PMD service Interface refseesonts a serial bit
siresny, thete is no Skow Varkution st this point.

For more infornmiion on Skow and Skewe Vanlagon, see 1318, The measweienis - of. Skow and- Skew
Varlation are defined in 887

138.3.2.2 Skew Constraints for 100GBASE-SR2 and 200GBASE-SR4

ariathn are defined s 393 3 S and specifind at the polnts SPY o SP& ghivn i

e A
ALY,

Skew and Skew Vi

Vs §
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I the PMD service htsrface 15 physicaily instantisted so that the Skow af SP2 can boimeagtrsd, then the
Skew af SP2 is Himited 1043 s and e Skew Vardation at 8P is lmibied 10 400 pa:

The Skew av §FY Ghetrgnsmitier MDD shall be Tess than 54 us and the Skew Vardation at 5P shall he less
than &0 ps.

The Shew st SPA {ihe rocerver MDI) shall be legs than 134 ng and the Skew Variation at 8P4 shaill be less
than 3.4 a8,

I the PMD sorvice interfice da plvsically instantiated so fhat the Skew ab 8PS o beaneasured, then the
Skow st SBS shall be toss than 145 ng and the Skow Variztion 8t 3PS shall be doss than 2608

Formore information on Skew and Skew Vardation soo 883 and

138.4 PMD MDIO function mapping

The optivaat MDIO capabitity desoribod in Clavse 45 dofings severad varrables that wiay provide control and
status information for and about the PMD. I the MDIO byerfice 5 implomenisd, the mapping of MDIO
control viriables 6 BMD control variithies shall be as showaiin Tuble 1384, and femapping of MDIO sta-
s varighles 1o PMD stutng variables shall be as shown in Table 138-8.

Table 138-4~MDIOIPMD control variable mapping

MBI contenl varishle PMAPMD vegister namw Ri‘iiﬁ:j’ﬁ PR contral varialide
Reset PMAPMD contend 1 segier LQs FMID, resst
CGilobad PAMEY tomseait disabsbe | PMI traovend disadlde rogister | Y PR global transemt disable
PMES transimit disable 3 PMD fonmorait disable vegistee | 194 MDD fansiait disabde 3
PMEY fransnsd dsable 2 PMI inwwnni disable rogisier | 193 PMD fradiast disable 2
FR I ransmi disalde FAMD) trangmit disabde rogistar | PR3 PRI trangemit disablie Y
P ransvait disable § PN transveif:disable register | 194 PMD ansinit diable @

138.5 PMD functional specifications

The HHGBASE-SB4 PMIr parfems the Transiit and Recelvs fwictions, which convey date botween e
BMD service tnterfues and the MBL

138.5.1 PMD block diagransd

The PMD block diagran 18 shown in Figwe 138-2. 200GBASE-SR4 consists of four kues per divectioy,
LODGBASE-SRE consists of two lanes, and SOGBASE-3R consists of just ong lane per divection.

For purpases of system conformanes, the PMD sublayer & standardized at the potats described inthix sub-
chmse. The optical wansiit signsd {5 defined @t the ontput end of & multimods fiber patch eovd (TP2,
betwveen 2 myand 3 o in keagth, Unless specificd otherwise, sl taneniticr s omenis amd tesis defined
i 138 & are made at TP The opticsd receive signal 13 defined of tre outpad of the fiber optic vabling {TEY
at the M (see 1383, Unless sporifind othenwize, sl regciver misgsurcneits and tosts defined in 1388
are made at TPA,
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Figure 138-3Block diagram for Z200GBASE-8R4 transmilireceive paths
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Table 138-5--MDICHPMD status variable mapping

SO wintus variabie PAIA/PMD register name hﬁ‘f;::;;! PAD stndas variside
P PMAPMD statns | regisier L1700 | PMD fab

Trnnsoi Skt

PMAPMID sintus 2 wopister

t8.H

PMD tramsal Sl

Recorve fault

FMAPMD stabwy T rogastex

L1

FMD_receive Bt

itobal PMD receive signal detsct | PMIE recedve sigoad detent register ; 1103 PAMIY slobal signal detect:
PRAUD tepebve sigiad defeet 3 PMEY seceten sigonl dotect register A

MDD receive sigoatdetet 2 PV receive sigval defscbregistey L3

P veceive stgnad detest 1 PMD rovedve signal detet register L8 LU PR signal detect 1
MY vopcve sigual detet PMD recetve sipnal defect reghvies LA PMD wignad delect B

TR0 gud TRE3> are inlevigive soference polats that iy be wselid 10 implamentors for tosting
compancnis {(hess st pobus will po¥ typically be seccssible Inan inplomented svsiom).
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138.5.2 PNID trahsmit function

The PMIX Transmit fanction shiall convert the one, fwe, or four xgaal streams roguesind by the PMD senvice
ierfice fressages PMDIS UNITDATA Oscquest to PAMINIS INITDATA Arequsst into one, 8o, of
fowr sepaeats wptical sipnal steoams, Each optical sigiad steomm shall thien be defivered 1o the MBI whigh
contains ong, hwo, or four paraiie] Haht paths for inmsmit, according 1o the transmit optics! specifications in
this clagse. The higher optical powsr level it pach signal shall corresprad 10 B _sywbol = tres ind the fow-
gst shall um‘ahpmtd o svmbol = 2er0,

138.5.3 PMD receive function
The PMIT Recetve function shall convert the one, two, or four paralicl optical signal streanss recetved from

the MDT dvo separate symnbol streamms for deliv ery i the PMD senvics toferfios osing the messages
MO LINITDATA Odsdication o PMEIS UNITDATA Xindication, sl according th the receive opiis

cal specificarions in thix clause: The higher optical power eved i ouch sipnal hall comespond torx_syubal
= three and the lowest shall correspond 1o rx_symbel = xoro,

138.5.4 PMD global signal detect function

The PMD globdd sigral detect fmction simii repont the stale of SIGNAL DETECT via the PMD service
iperface.  The  SIGNAL DE I parsmigter - x signaled  continbously,  while  the
PMIXIS SIGNAL mdication messgge 18 generaied when w change in the value of SIGNAL _DETECT
ovcurs, The SIGNAL DETECT paranweter defied in mzs clange maps to the SKGMNAL. OK parmveter in the
inter-sublayer service interfuce privatives defined fn

STGNAL DETECT shadf be a global indioator of the presésics of optical sigoals onall fourlanes. The value
ofthe SIGKAL DETECT parameter shall be pencrated anconting te thy-conditivny delined tis Table 1386,
The PMD receiver s nol roquited to verify whether 2 complimt SUGBASESR, HDOGBSE-SRY, or
OGBASE-SRY sipnal is botng rocefved. This standurd imposes ae responss Hme reguive
cration of the SIGNAL _DETECT parsnigiern.

s ont the ga

Table 138-6--SIGNAL_DETECT value definition

Y TR SIGNAL BETECT
Receive conditions by
vahwe
For any line; Avorage opfical power 3t TP 230 diin Al
For all laoes; , B QK
frimptiont power ¢ TEY & avorage seveiss poesy, saoh lane fming 1w Teble 138-8)
ANE:
{eoraphiant SOGBASE-ER, IODGBASFE-SR, ¢ 200GHASE-S1S dendd gy
Al other conditions lnspeoified

Ay an imaveidable conseguense of the requirentonds for the sotting of the RIGNAL_DETECT parameivt,
fmploroentstions must provide adequate warghy batween: the wpat oplicd pmwr Ioved af ahich fhe
NEGNAL DETECT parameter is sot o OF, aod the inherent noiss lovel of the PMD including the effecis of
crosstatk, power supply neise, 810,

Varfous fraplomentigions of the Sigaad Detect function are parmiticd by this standard, incloding implemen-
fatons that generate thy RIGNAL_DETECT parsmetsr values in responss o the amphitude of ile nsoduly

copyright © 3017 IEEE. All rights reserved.
This s an unapproved IEEE Slandards draft, aubject o chenge.

Marvell Semiconductor, Inc. - Ex. 1002, Page 000315

L R S

~k

28

3t



Draft Amandmentic IBEE Sid 802320158 [EEE Draff PE0OZ SediDy 2
IEEE PAOZ.30d Tagk Forde Zrd Febyuary #3137

ot of the optical siznal and tnplentontations it respond to the average otical power of the madulaind

optical signal,
138.5.5 PMD fane-hydane signal detect funiction

Viwlous mplementations of the Signal Detect Rmciion we pormitted by this standand, When the MDIG iz
Hnplent t PME stonad derger 4 where f represents the Tané nmber b e range (0% shall bé con-
tinuousty set iy respouse 1o the: mugnitude of the optical sigodd on Hy desociued Tane, according to the
reguirenios of Table 1384,

138.5.6 PMD reset function

I mx M‘CHO frterfhod 15 Implotented, and if PMD sesed is avsseted, the PMD shall be resct a8 defined in

138.5.7 FMD global transmit disalde function (opBicnal)

The PME glohal trosoadt_disshle Saction iy oplional snd slfows all of the optical teansositiers to be
disabled.
ay  Whenthe PMD

tobal wansndy disgble variible 18 set to ove, this Buoction shall s off all of'the

aptical ftans mitters sp that cach transnitier mests the teguirements of the average lameh power of

the OFF mansmiiterin Tuble 138-K,

by e PMD fnshiis detocied; then the PMD vy set the PMD plobal trnsmit disable to one; funming
off the oplical tramsimiiier in cach lane.

138.5.8 PMD lane-by-lane transmit disable function {optional)

The PMD: tranenlt disable ¢ (where ¢ reprosents the lane nimnber B the tange 1:3) functiont i€ opticast and
altowg the optical mansimieer in each Taug o b selectively disabled
23 When 2 PMD irsasmit_disable 7 variable s set o one, this Tusction shell tirn off the optical trans-
mvitter assoviated with that vriable so that the fransmigter. pidets the wequiremsuis of the average
faunch power of the OFF transimitier it Table 133-8,

By e PMD fnltds detected, then the PMIY may sot cach PMD transmit disable 2o one, tuting off

thic optical sransmditer in each ke,

I the opticaal PMD . tansenit_disable i Rmction s ant injdementad i MDIQ, v slteriative method may
be provided to independently disable cath transnyit lane,

138.5.% PMD fault function {optional}

Hthe PMD has detected 2 local fwilt onarg of the transnd) or receive paths, the PMD shall st PMD _faudtio
OHg.

If the MDIO huterface iy iinpleniented, PMD_fault shall be nuappad to the foult Bitas specified In 432,123,
138,5.10 PMD transmit fault function {optional)
I the PMD has detected a focal faudt on any transiodl lang, thic PMD shall sei PMD wansmi_fault o ong,

£ the MEIO interface i implementad, PMD_fransenit_fasdt shall be mapped o the trnsanit Sielt bit ax spees
ifed n 432174
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138.8.11 PMLD receive fault function {optional}

Ef the PMVD has dotectod 8 lncal St on any receive Tane, the PMD shall sot the PMD_recelve fanit varialde
10 Qne.

Y the MDIO dmerface is implomenisd, PMD receive Gl slall be mupped to the recelye fault bit as spech
e in 452175

138.6 Lane assignments

There we no kne assignments fwithin a group of wavsnit o tocelve laseg) for IRDGBASE-SRY o
2UDGBASE-SR4A, While §t is expected that g PME will map clocivical Iane {10 optical lane #xnd viee versa,
theré is no seed o defiue the physical ordering of de ke, an the BSFEC sublayer 15 capable of recciving
the faney by any apangemend. The posttioning of fansmit and receive lines ar the MDI is specificd in
1381030,

138.7 PMD to MDI optical specifications for 50GBASE-SR, 100GBASE-SR2, and
200GBASE-SR4

The operating range for the SUGBASE-SR, 100GBASE-RRY, and 200GBASE-SRYS PMDs ig defined i
Table 1387, A conpliant PMD opertfes on 301258 jon pwltintode fibers, type Ala2 (OMI), type &Ja3
{OM4), or fiber compliant o TIA-4ZAAAE, accarding 1o U specifications defined in Table 13814, A
PMID that excecds the operating sange reguirenwnt while tuceting all other optical specificstions is consids

eredd compliant (e, 3 SOGBASE-SE PMD operating at 120 m maceis the operating range tequirement of

.5 mto HOG m)

Table 138-7—Operating range

PMB type Requived operating rangs’

{850 b T8 e for OM3

.5 0 100 nrior O8S

e PUS FREC correstion fipetion miwe nob B hypassed for gy dpeating ihdtaned.

138.7.1 Transmitter optical specifications

Each lane of 2 SOGBASESE, HINGBASESRY wid 200GRBASE-SRY transeitter shall msxt the gpecifics-
tions in Table 1384 per the defintifons in 1388,

138.7.2 Revaiver optical specifications

Each lang of & SOGBASE-RRE,
iy Table {389 por the ded

INGRASE-SRY and I00GBASE-SRY receiver shall tricet the specifications
initions i 3RE,

138.7.3 Hustrative link power budget

Aw Hlusteativs power budget and penalties for SOGBASE-SR, 100GBASE-SR2, and 200GBARE-SRY ol
el are shown iy Table F38-1.

Copyright © 3017 IEEE. All rights reserver.
This i an unapproved IEEE Standards drafl, subjecd o shange.

Marvell Semiconductor, Inc. - Ex. 1002, Page 000317

L

-~k



Draft Amandmentic IBEE Sid 802320158
IEEE POIR. 303 Task Farde

EEE Dvaft PBOZ SediDY 2

Table 138-8—Transmit characieristics

Zrd Febyuary #1317

Description

Vadue

init

Sigrubing rabe. cuch e (range) i ) ppe i
Modilation uwst Eadid

Center warelongih (range) S4d-io 860 ih
BMS spevtrel widih® {oxe) 4 1R
Averaes kireh poveer, sach s (o) 4 dHin
Averags faunch power, esch laoe (nn) 3 $Bay
Outer Optical Madulaton Amplitude fOMA), cach lane fmasy S e

Chatey Uptica! Modulstion. Amplitude OMA) oach ane (:z:nin)b

diin

QY {pain)

Launch poswarin Ol

B

Tranmmiter and divperdon eye closars (THRCO, vl Te fnay
it ) :

} .

V it

Averape fareh povwer of OFF tanandite, sach b (msxd

dHm

Extiriction ratic G 3 4B
Optival s Toss folorenee (mky 2 dH

Vasteched st

2 R6% at 19 um
S 3% 45 um

SEMS speotrel widfh s the stindurd devition of the ypeatoa.

Bpven ifthe TDEC < 1 d, the O

{anin) sl oxeesd this value,

I mesuesd into type Aled ar type Al 3, 50 pm Hber, dnrccordance with HC §3280-14, or fiber conplisnt o

Tabie 138-8--Raceive characteristics

Beseription

Value

Unit

- Signaling vate, osch b {ange}

2E5835 + M) pova

tkd

 Maddation B

PAMY

- Canter wavelenpth frange)

piitt]

| Dsmiage theeshold® guim

dBm

| Avemge receive painser, cach laos {mag}

#Bw

e roveiv poveer, siveh e G

RIS

| Revebve power, such lane {OMA e (g} 3 dBm
- Recabver reflectance () 32 it

| Stretind rocdiver seositivity A e ) Sack b Buai)

S

- Recaiver sonstivily {OM& e cech Tane® fmaxy

| Conditiony of strgssed rocgiver seputivity test™

| Streesnd e Sosuns (SRCOY, Taoe rder fost

OB par O ockt apseensny bated
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“The maerver *}RH b\ dhle fo tolote, withont damege, conlingous exposu inan optical wput signad haviog s
3 v does not have B opevae cormeiy st this inpal power.

SEts p.ms:&g gach hae (b s nformative m}d k ul the principal indicator of signed sirengih, A recedved

blew ti}is m’i*‘m Mm}{st be mm;mmn b above thids does nob enstive conphisase,

i see 138 A.?«). v the BER spoetlied fn 138011,

% B
+
'{.
b3
=
=
et
%
1
e
7
%
ol

L

brer sengiiivity. They are oot chireioristios of e recsiver.
Rd.

-~k

‘Usﬁs ap{shw 0 HHOGBAS! .‘-HR 2 *nd ‘iﬁ(ﬁfx\

Table 138-10--{lustrative Hok power budgat 1t

Wideband \ F

o i1
(FIA 4‘)"_ Unit {3

Parameter M3 _ OMid

olive wiodal baridvail a %50 nmd 2000 i 4700 Mz ki 15

Pasir bawdget (for mag THECH d) g

{5 o H Y] 18
— — 19
ERY dit :‘; {}

& 2
23

Additionsl osertion joss aliowed 3 3 a8 2y

Opsvading distanc

Chrwie] nsertive foe®

Alfocation e pepsdties® For pex TOECQS

’Pm IRC ST 34
*The channel in rtann iﬂ\\}\\ \is,ukm:d amnri}k‘ ma\tmum d!mm_L xp Ldm iib!‘c- {387 andd vebled optical fber 28
attenntion of : ETREI R N 26

“Link penaliies ae used for ok badpet calculations. They arg sarenks and 20 pot et to b tested. oy

28
29
3

o

A6

Lhr S LA L
Fon b B3 e L2
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138.8 Definition of optical parameters and measurement methods

All wangmittor optical neazurerneniy shali be nrade Wirough 'a short pakch cable; bepween 2 and S in
tength, andess otherwise specified,

138.8.1 Test patierns for optical paramaters

While compliance is to be achieved i nornwl operation, specific- fest patierns wre defingd for wossurement
cousisteney antd 1o enable muasurament of stivre Parametens. Table 13812 gives the test patiems 1o be used
in each msgsurement, unless otherwise specified, and also Dists referencss to the subelisas inowhich sach
paramster s defined. Any of the tost patterng given fora partictlar test in Table 13812 may be dsed to per-
form that test. The test putterns used i this cluuse are shown in Table 138-1 L

Table 138-11—Test patterns

Patiern Putiern deseription Defined in
3 PRESIIO
E PRBS 30
3 Serandhied idle
£ BEPRQ

Table 138~12—Test-patiern definitions and related subclauses

Paruntetis Pattern Reluted
subclase
Wavelength, speetralwidih &, 6; or valid SOGBASESR, 13882
‘00\;&»‘;\} -SRI, or JNGRARE-SRY s1gant
Average pptical power 3405 9 orvald SUGERASE-SR, 13883
TOHGHRARE-BRE, or IDOGRASH-SHE wogd
ey Optical Modalation Awplieds {UMA en Ford 138384
'}fmnsmiu:(;t and dispersion 2ye clasiee ~ghatemay & FREAN
(TONEY
Exiinetion rabic Jopf 138 R4
‘si im, REVE RSy N 3,5, or valld 3GB. . 13383
HINGBABERRT, or 200GRASE-SHA sipral
Stressed vy closans{BEC), calibration £ RN

138.8.1.1 Multi-lane testing considerations

Stressed receiver sensitivity s defined for cach laneat fhe BER speoificd fn 138,11, Measwements. with
Patters 3 (PRESA 10 allow lane-by-lane BER measuremonts. 10 stressed recelver seiailvity tHeasarnents,
unsirossed lancs paay be sroated by sefiing the powsr at the reogiver ander test well abowe His sensitivity
andfor not stressing those lases with IS anad jiter, or by other means. Bachrrocaive Tane fs slressed in tamn
while all sre wpensipd. Al aggressar hanes arg opersted as speeified. Where relevant, patielors are dafingd
with ali co-propagating and comter-props wating banes operationsd so g crosstalk effects are fncladed.

Copyright & 2017 [EBE. Al riphts reserved.
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Where not etherwise specified, the maxinnun amplitude (OMA or VMAj for a partoutar situation is wee
and for eonnter-propagating lanes, the mintmuom iransition. ine & weed. Altermative fest methods thad gener-
gt sguivalens resudis may b used. While the lanes in 2 particalar divection may shars a copwon clock, the
Tx and Bx directions are not synchironoas fo each other, W Pattern 3 35 used for fhe lanes not Grider test using
3 commen glock, thereds at beast 3 < delay betwesi the PRBSI G patters on one lane and any other
tane.

138.8.2 Centar wavelength and spectral width

The cenier wavelongth and RMS spectral width of cach optical Tane shall be within the range given in
Table 1388 i measired por TIAEIASSS-127-4 o [BC S1280-1-3. The lane-tinder testis moddated wsing
one of the test patierns specified in Table 138-12,

138.8.3 Average optical power

The sversge oplical power of eucl lone shall be within e lmits given in Table 1384 18 measured uaing the
methods given in TBC 61280-1-1, The average o ical power iy mcasured wsing one of the test patians
defined tn Table 138412, perthe seb up shown tn §Y G

138.8.4 Quter Optical Modulation Amplitude (OMA )

The OMA e, of cach lave shall be within the Dinits given in Teble 138-8 i mossured as defiped in 3
138.8.5 Transmitier and dispersion aye closure - guaternary {THECQ)

TRECY is.a mensure of cach optical tansuiitter’s vertiond eve closure gs meased throagh an optical fo

chectrical opnverier (GHEY with 2 bandwidtle oouitvadons to & condined relecace recciver and worst case opli-
el chanmel, and equalized with te reference cquativer speeified fn Table 138-9 specifies the tost
pattern o be 'vsed for meanwementof THECY.

TRECQ of cacle Jane shall be within the liolts ghesa i Table 138-8 1 measurest using the mothods spevt-
fled be 13V E N with the bllowing exesptions;
The polarization controtlor and test Bbear shown ind
— Thi optical chamel requirerents in 121852 do notapply
w The oomubingtion of e O/E and the osciltoscope used fo measwe the opticalwaveform hias 3 fousth-
sder Bessel-Thomson filier rosponse with 3 bandwidih of 12.6 GHz,
e The veferonce  eguativer 1o be ws ed for TDECQ for SOGBASE-SR, HOGBASESRE, aud
2D0GBASE-SRY {s specifiod in 13885,

-3 gre not used

138.8.5.1 TOECQ reference equalizer

The wicronee equalizer for SGGBASE-SR, 1DOGBASE-SR2, and Z00GBASE-SRI s a %ap, 142 spaved,
ived~-forward egualizer (FFE), where T s the syishol period.

138.8.6 Extinction ratio

The extinction mtlo of cach lane shall be within the fmits given i Table 138N i wicasired using he
wiethods spectfiod i 1188

138.8.7 Receiver sensitivity

Recohver seusitivity, which Ie defined fiw an ideal tnput signal; i informatier and sonpliance s nnt
required. 1 messured, the tost signal sbowdd hase negligible hupyirments such as intersvinhol interforence

copyright © 3017 IEEE. All rights reserved.
This s an unapproved IEEE Slandards draft, aubject o chenge.

g

Marvell Semiconductor, Inc. - Ex. 1002, Page 000321

L

o

o~k

P
N
RO O R 5

SRR I

i,

T e T Al o SIS ¥ S R VR ¥ )
pe IR ¥

2
o s o o]

A

0 R SR R O R R T R
N B g Tk e

o
e

3¢



Draft Amandmentic IBEE Sid 802320158 [EEE Draff PE0OZ SediDy 2
IEEE POIZ 304 Tagk Forde Zrd Febyuary #3137

(IS5, vise/fall times, jistor and RIN Instead the normative regudrement & recsdvers v strossed tocehag sen-
sy,

138.8.8 Stresset receiver sensifivity

Stressed rooefver sensiiivity am!i be within the Hinlts ghven in Table 138-9 i measured using the methodod
{ 33, with the comdormancs ol sigmd ot TRY as described s |

------ Thy test mttem\ u\ed for stessed receiver songitivity we spavifind fn Talde {38412

- The signaling i and the reguired stressed oyve closure (SECO) of the siressed receiver conformancy
test signal ¥ spenifind in Table 1389

. The apphied sivusoldal jitter iy specified in I HE

~ For IO0GBASESRY and 200GBARE-SRY, the UMA, o of the sgwressot lanes s speciiied in
Table 1389

e The SECG of the stressed receiver conformance test signal s measwred sccording o 13853, ¢ wem
thit the cmbination of the (VE and 1}; oscilloscops bay @ feuab-order BessehThanson {ilia
u.epmm witha bandwidih of SN -, angd the opticad splier and varfable reflector hh{)\‘eﬂ

s 13-4 are not ased,

. i
in f}ibk i% 1.2 § sent imm iiu.. uaﬂmmi au,..‘n(m of 11(, PI\TD umi(,! o3t §h m }}qm‘ tmnxxmitgd ia

asynchronons to the reeeived signal
138.8.8.1 Sinusoidal jitter for receiver conformancs test
The sinusoidal Hiter s nsed 1o test teopiver Hiter tolenmee. The sampiitude of the spplicd stnusoidal filler is

depencent s fivquency as spacified in Table 13813,

Table 138-13--Applied sinusoidal jitter

Freguency range Sinusoidal fitter peak-tepesk (KD

ot gpeaified

28 = fonp bandwidih; sprer fregueey boind Ry added stimmsoddal ey Should be af foast 10 tiemes the koup Teadwidth
of the wosiver being fested:

138.9 Safely, instaliation, snvironment, and labeling
438.9.1 General safely

Al equuipaiend subject to s clsese shll confornn o IBC 608301

Copyright & 2017 [EBE. Al riphts reserved.
This is an unspproved IEEE Sisndards deaft, subjedd fo sliange.

263

Marvell Semiconductor, Inc. - Ex. 1002, Page 000322

L o

-~k

T e

PR

29
3¢



Oraft Amendment 1o IEEE Sig 802320145 IEEE Draft PRUZ2 308012
{EEE FROZ. 3cd Task Furge Bt Fabiay 2047

138.8.2 Laser safety
SOUBASE-SR, 1000HASE-SR2 snid 200GBASE-SRA optival transcsivers shall conformy 1o Hazard Lovel
VR fuser requirennants as defined T IRC (08251 and IBC (08252, tnder sny condition of operation. THs
innlodes single fault conditions whether coupled fnto 2 fiber wr out of wn opercbore,

Crnformance o additional Jessr safety slandinds mgy be roquined for operation within specific geographic
IREIONS.

Laser salery standurds and regalations require that the manuficturey of & Tusey product provide information
sbayt the product’s Taser, saftty fsbures, hboling, vse, tdintonmnce, and servies, This docmotation
explicitly defines reguireniants and usage restrictions on the host systety noevessary to moeet these safely
sertifontinns 1

veetificativans,

938.9.3 Instalfation

R is recongnended thal proper igtaliation wractioss, as defied by applivable local cades and repulation, be
followed o overy stance m which such pructices are applicable.

138.9.4 Environunent

Nommative specificalions i this clanse shall be met by & sysiem bnfegraing a S0GBASE-SRE,
LHNGBASESEL, or 208GBASE-SRS PMD ever the life of the product while the product eparaies within
the manufbchwer’s vange of shvirormetid, power, sud other specifications.

Tt §s recommended tat puruihchrers mdicate, I the Betatute associated with the PHY, the operating suvi
ronental conditions lo Gacilitste selection, mnstallation, and mamiaane.

I 35 revonmaded tiat manifhichuers ndicats] in the Hlecire sssociated with the conponenté of te
optical fhik, the distance snd operaiing envirotmentd conditions over which the specilications of this cluuse
with be rank

138.8.5 Electromagnetic emission

A systera dntepeating 3 JGGRASE-SR, IC0GBASE-SBL, or 2DOGBASE-SR4 PMD shall ormmply wdth apphl-
cuble loval and natioral codes for the Tamitation of cleciromugnetic indsrivrencs

138.5.6 Temperature, humidity, and handling

The optical Bk is expected 10 operate vver & reasonable range of environniental conditions related 1o e
perature, hamidity, and physicad bandling (ugh a8 shack and sibratisnd. Specific requinnments and valies
for these parameters are considered o be beyond the scope o this standard.

138.9.7 PRMD labeling requirements

Ttis recommended that each PHY {and supporting documentisdion) be kubeled fn nmanver vistble to the user,
witle at feast the applicable safety wamings and the applicable port type desiguation {r.g., SOGBASE-SR,
HOGBABE-SKI, or 20GBASE-SR4),

Labeling requivements for Hazsed Level TR lasers wre given in the laser safery standards referenced in
138.9.2

Bt sysienn that il o et the oo requitessents sadior wmge restoioions way gl Taser radiaion 1 excdas of the
sufety ety o one oy s aafuty wandands. fywdeh 2 Cose, ok hoss a8 veguired to-obiain (% 0w faser sty centifioution.
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138.10 Fiber optic cabling model

The Hber optic-cabling (chanvely contatng 1, 2, of 4 opticad fibers for cach divection to suppont
SOGBASE-SR, TOOORASE-SR2, ar 20BGRASE-SRE, respecsively. The fiberoptic cabding interconnests
the franamitters af the MDI on one end of (he channel {o the receivers at the MDI on the sther end of the
channel. As defired 1138103, the optival ey appear in defined Tocations at the MD but the hocaticns
ave not gssigned speeific fioe numbers within this standaed because sy irssmiiter oe may be connected
£0 a0y receiver lane,

138.10.1 Fiber optic cabling model

The fibier apticcatibing maondel is shoeatin Figore 1383,

ke lisiey
¢ 3
I S Fiber apiic cabiig (shannel} e
Pateh 1 ik Fatch :
. oord L serd g
BMD [l Connection [ Wl Conmection [ pyn

Figure 138-3~Fiber optic cabling model

The charned toscetion loss is ghven in Tahle 138~14. A channel sy covtain sdditional connectors as ong as
the opticed charscteristics of the chastel Gsuch s atteruation, inodal dispersion, reflections and losses gfall
compectors and splices) mest the specifications. Tusertion loss measuremionts of installed fiber cables are
made i ascordance wille IO 612804412009, Ag QM4 and widchand MME (TIA492AAAE ) optical fibsy
uieet the requircments for OM3, g chaunel compliant o the “OM3™ colwmn sy use OM4 or widehand
MMF {TIA-92AAREY optical fiber, vr 3 combivauen of QMY OM4 and wideband MMF {TiA-
$2EAAAE). The fiber optic cabling modet {channel) defined here i the smme a5 a siiaplex fiber optic Hink
seghient. The terny chaimelis ased heve for consistency with geveric cablug standards.

Table 138-14—Fiber optic cabling {channel} characteristics

Description OM3 oMs | :‘,};‘f&"ﬁi‘;‘a‘:}; Unit
| Operating distanes {ma) T 1 bl
Cablig Khew (ma® 79 5
(«sbimg AS..i'cs:w metmn’h {BNKS '3.;4 7 'i‘«
 Channed fngestion foss® (uax) 1.3 i3 dB
Ol insertion loss (R 8 aR

*Only apphies e [OGGBASE-SRY and 200GRASE-SRA,

B A adiditionad 00 p of Skew Varlation could b caisad by wavelongih chages, shich sre atiribulable o e
B nod the cannel.

¥ heve chame] tnsertiun oss valnes inchude cable Toss pios 1.548 affosated for comention sand splive Toss, over
the wavelongh faoee $90 oo 860 .
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138.40.2 Characteristics of the fiber optic cabling {channel)

The fiber optic calling shall mest the specifications defined in Table 15814 The fiker optic cabling con-
staty of onie O more sections of fiber optic cable and any internediate connections required o conpect sagy
tions together,

138.10,2.1 Optical fiber cable
The filer contained within the fiber oplic cabling shall comply with the sposifications and pararasters of

Table 13818 A vavisty of multimode cabie LYpes sy satis these requirctents, provided the resalting
chsmel also meots the spectficatings of Table 138+

Table 138-15--Optical fiber and cable characteristics

oM ONgY Widehamd MMF® Linit
Nownioh core fizmetee s L
Nogmiral Gber spectfication wavekagth 54 i
Eifective modal bradwidd {nday 2800 $7 | Mizkm
Cablnd apiical Bber sttomuaiion {imax} 3 SRk
Lerd dispersivn wavelongh (Rg 1208 € g0 1340 207 SRR 1328 e
Chrogtio disgetsion stope (e (8g) {138 for p%;\ Aae 131D (2483001~ {hg a0y | peimelow

00T » (1590~ )
for I3 IS Ap S 1340

é & 13.2

"XX fen mm\urt\‘i seith fhe Javnch conditfons specitied o Table 1388

138.10,2.2 Optical fiber connaction

Agvoptical fber connection, a8 showin Figare 138<3, consiats of sonated parr of opticad convestons
138.10,2.2.1 Conneclion insertion loss

The moimby Hnk distange I8 based on an slfocation: of 1.8 4B waal connection aud splice lods, Forsxame
ple, this allovation supports three conntetions with an average insertion loss por connection of 1% 48, Con-
fscons with lower Toss charsctarstics may b used provided the requiraments of Table 13814 afe mat

However, the loss o= sfogle connedtion shall not exceed 075 4R,

438.10.2.2.2 Maximum discrete reflectance

The maxipnni disorete reflectance shall be fess than -
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138.40.3 Medium Dependent Interface (MDI)

The SHGBASE-SR, IDOGBASE-RR2 or 2OOGBASE-SR4 PMIY is coupled & the fiber optiv cabling ar the
MDY, The MDLis the dnterface between the PMDY sad the “fiber optic vabling™ (as shown in Figire 1383
Examples of an MU include the followiag:

gy PMD wdth a connectorized fiber plgtaill pligeed into an adipter;

by EMD receptacie

NOTE~Complinaes kesting I perfoomed ot TP2 and THS as deflmed in 13851, notat the MBL
138.10.3.1 Optical lane assignmants for 100CRBASE-SRZ and 200GBASE-SR4

The ten transndtl and 1o oo aptical tanes of 1ODGBASE-SR2 shall occopy the positions depleied fa
Figore 1384 when looking into the MIDN receptace with the conniecion kevway feature on top. The interfage
containg far sctive laoes within 12 forud positions, The cight cxater positong gne vrsed. The transemit opti-
¢t lanes ocoupy the lefimost two positions. The reesive optical lanes occupy the rightmost two posiions.

oI Ry Rx

QOO TQITOOU
i Figure 138-4-Optical fane assignments for 100GBASE.SR2

The four transodt and four receive opical lanes of 0GB ASESRS shall occupy the positions depioted bt
Figare 1383 whon loaking into-the MDI receptacie with the connector koyway featurs o fop. The dnterface
contains oight netbve lanes within 12 wotal positons. The four conter positions are unused. The iransmit opti-
sal fanes occopy e lefinest four positions, The recelve optical lanes occupy the nehtmpst four positivas,

=
g.

Ry Ry Ry Ry
000000

xOTR
o i

o

20

s
o

j Figurs 138-5-Cptical fane assignments for 200GBASE-SR4

138.10.3.2 MDI requirements for SOGBASE-SR

The MDD shidl optically mate with the compatible plug on the sptical fiber cubling, For SEGRARE-RR,
whern the MDY 5 g comector plug and receptacke coniection, it shall maet the nterface perfonnance specifi-

S

citiotis of TR GITART and TRC GITS3022-2 for performance grade BiniZim,

s
T
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13&10’.:3,3 MM requirements for 100GBASE-SR2 and 200GBASE.SR4

The MDY shall optically piate witly the compatible plug on the oplical fiber cabling. For T00GHASESR2

el MPO adupter inteiface « opposed kevivar configuration, or interfucy 7-110) MPQ qorive device
recdpin 34~7-1. The plog terotinating the opiical fber cabling shudl

meet the dinensiongl spepifications of biterface 7-1-3) MPO fomidde plug connedton &8 ierfade far 2ia {2
fibers, we defined in TEC 61734-7-1. Flgure 1384 shows an 3MPO fomale plog contector with flat interbace,

st an MDE The MDY conuestion slall meet the interface performance specifications of TEC 617531 a0d
TEC 61733:022-2 for perforawmes grade BovZm,

Heyway

’

Lo

RN
5
Aligrment hede Alignrant pin
MPQ famale pliag conrector it fat MDD a5 any active devics recepiacie
intsrface i with flat inferface

Figre 138-6-—NMPO female plug with flat interface and MDI active device
receptaclie with flat interface
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138.11 Protocol implementation conformance statement {PICS) proforma for
Clause 138, Physical Medium Dependent (PMD) subiayer and medium, fype
S0GBASE-SR, 100GBASE-SR2, 200GBASE-SRe M

138.11.1 Intreduction
The supplivy of & protoel Bapdementaticn. that I claimed to confoeny fe Clusse 138, Physical Modium

Diependent (PMD) sublayer and moditim, type SOGBASESK, 1U0GBASE-SR2, 200GBASE-SR4, shall
conplete the following pratosel fnplementation confrntanie statenterd {PUCS) proforta.

A detatled desoription of the synbols u‘\\d in:te PICS profora, along with instructions for comploting the
PICS proforma, can be found 1 ¢ 2

138.11.2 identification

438.14.2.1 hnplementation identification

Suppliert

Conitact point b inguitiss sboat the FICS?

Tphementation Nameds) and Version(s)l

il it ot g,
hiney sudior operating

Other idhrmation Bocessy
ssa;mv\q ami wrsimg\} i‘

i-Heguived for all boplomentainms,

My be completed ag d;\}’:rt\midm 1o mesfing the repudrements for the Wdentifiostion.

\OiL F—The ferms Nane and Version should be fnie crpreied appropriviely 1o eorvespond wity a supplises
rminnlony (.. Tape, Serdes, Model),

138.11,2.2 Protocol summary

fdendifioztion of profoce standaed |OERE S ‘ii}" 32018, Cloise AR, Pl
angd gnedinm, fype 3
WOGRASE-SR4

Sbdan Depen-
3 BURBASESR,
i*}i}h}é,’s.‘s.i.'.m\}.u 3

Tderaifiontinn of amendnsents sud coripends to s

ption ierms beeg regprired® Ko Yesf i
< anzwer Yo peans thal the tmplenwnistion does not conforna to IEEER $1d 80232615

o FICS profcms: of thin sandand way fealy repraduse the PIOS profonss o0 sebelaise so i it oan
ded pripei and ey Tt poblish e compdasd PICK

Boased forits
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138.11.3 Major capabilities/options i
3
3
ftem Feature Subuiause ValueTomument Siatus | Support :}
ER SIGBASE-SR FMD 187 - Devics suppotts squitements (6} Yt} 6
for SOGRASE-SR PRY Mot 7
SR I00GHASE-SE2 BMD V387 & i 0 Yesfd f
: for 100GASE SRS PUY Ne ] 1 4
. . . . i
| SH4 QUOGRASE-SRS PMD 1387 Dieviey supports segairements . | O Yeu| ] 11
for JNGBASE-3R4 PHY Mol 12
FINS | [ostedlation £ cable IR Heme marked with NS inchude | O Yes {1} 13
itadlation practees and cable Neatd {4
- speeilicationy pot applivable fo 15
& FHY manufhotuys 16
T8 Referance potnt TRL sxposed 13834 ' I:m ‘po.ini: may be made Q Yesi 17
siad wvatiable for testiog ilnablbe for vse by fapl Nef ] i8
3 i
L(’i)fﬂ! fREN "it.\" -'}(‘i
TR Reforence point TR exposad 13851 This potad m@\f bemade watk | Q Yeosfd 2
and svaddble for tostng i i Neet 22
om}\smﬁi 23
L(ia)fi\l (RIS ) 34
Hon Dielay constiatuls 13834 - Devive confogs to de ay M Yosif 28
! poviednainls 2
j . . 2T
SO Skew consivainie 3832 Provicesonfonns i Skawvad - | M Yol } o
i Shetw Vigtaion convirginis &8
: : 29
- YMID MDIO vapsidny 384 Pogistors aod intecfon & s 3
; - supported Nei ] 11
33
138.11.4 PICSE proforma tables for Physical Mediom Dependent (PMD) sublayer and 34
medium, type S0GRBASE-SR, 100GRBASE-SR2, 200GBASE-SR4 15
36
138.11.4.1 PMD functional specifications 37
3%
KA
| Fiews Fegtare Subelnuse Valaelonment Sistes | Suppat ‘@
i . 41
B3 {383 M FoYest) 43
43
,,,,,,,,,, e 34
¥2 jom with margemen 131 £ 435
fimatiotd A6
P3| Bitesor satio ETEH! M A
48
" e e — — UUUUUUUUUUUUUAN UUUUUUUUOTUS 4(’3
BE) Transmd Hncting f3R52 Ll bils fom i’\!}) service | M Yisi] 5
iferface fo MOt 51
¥4 Mapping betwasn optivel sigat | 13852 Higher ophiced powet s 8 ane M s 32
and logteal signal for transmntier . 53
NG
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Aatay

 Ttom Festurs ‘mbxlﬂme Valug/Conunent Sapport
Fe Ravelve fimuetion Comveyy wynbals frons um e 1M Yosf
PO servace interfiace
¥ esion of i opticsl signads {3RS3 For delivery i the PMDservies | M s iy
pafrical signads et
FR Mapping betwaen optics] signst | 1383 Higher ophcal power is a g M Yesi]
sl Bogloal signal for geceiver
F9 Ginbied Sinmed Daget Raiction 3854 Report tothe PV sondee der~ | ¥}
face the wessage PMIDNIS_SIG
2 n}dm&tu}m’ﬂ(w\,\{ gy
Ty
| F D Gilobret Siomed Dedet behavier 3854 M
S Lane-bry-lane Sigos] Detect i3R.53 MO
fancton 3
equiremonts of ab& is%mfz
Fiz PHIEY veiset functipn 13488 Renuty the B3I sublayer REIRIR
138.11.4.2 Management functions
Hiem Featare Subelause Vdue/Cominent Status Suppart
Al - Management repfer sef 1384 KD
M| Globud transmit disable I3R.57 Drisubloy ol of the optivd MING
L fanction Transmaitters with §
‘ glebal mansmii disable van-
able
M3 PN fane by lane trans- P3RRR Disubles the optical inagemitier | MIRG
it disalls fanetion ot he fane avsoeiated with the
j PME transmit, mxahk‘ i
vasiahle
M PR Jane-hy-Tew ransmit PIRAER {}i%ﬁﬂ»\ sach optival fransaii- T MO
- disabie ey ndependontly i M3 = Na
WS L PMD faalt Feastion 13858 Susts PMD Fatlt o cne o way MO
‘ focal fadt s detected
M LM transmit_fhalt fenclion 138518 Sets PMED transal faudi to MG
i aue i w Ioead fault &5 detecied
OfF any bran
M7 DA seceiwe: il fanction [38.5.18 Sets PMD receive faualttoone | MEED
1 i g dovad finltis dotecied on
Wy resRve haee
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Frem Featart Subuclawse Value/Comment Status | Suppart
§1 Trasssuiifor prepts specifics- 13T Per dutimtiong i ]38R - M Yasid
tons 1 Tuble 1388
TR Revelver meolt specifieations - | 13872 Pop dedindfion i 1388 B Yas i
i Table 138-9 :
138.11.4.4 Optical measurement methods
Hem Feature Subclanse Vahie/ Comment Statey | Sapport
Mesnwenent cable 2o F i Jongil M
Center wavelnigth and spectral M
swidth - -3 atider vondu-
Iated conditions
M3 Average opticad power 13883 Pey IRC 61280-1-1 | ™ Yol
Ohid OMA, oy CBRORCMICIS i M Yes {d
M3 Fransmitiey and dispersion ey Fach lane M Yesf
slosur - suateinuey Ty
ONit Extinction ratio ERER Por TG 812822 M Yes{
OM7 Biressed rocsiver sensitivity 13888 See IABRE M Yea i
138.11.4.5 Environmental specifications
Hem Featuri Babohiime Vilue namiond Stitis Sugpet
kSt Cieneral safily 13Red Confonma fo IEC £0980-1 M Yosi
ES2 Laser salety—IBC Heawd 138.9.2 Copforys o Hazavd Loved M Yesld
Faw i aser reipivernents

e in HEC §HIN28- 1 and

IR 6OR252

ps
Topd
w

8

ESs Elevromagnetic meiirence

Cryaplies with apphiceble local
and sahionnd codes Tor the
tixuitating D eleciromagnetic

woter o

M

Yesi i
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138.41.4.6 Characteristics of the fiber optic cabling and MDI
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ftem Festare Subelause Valw/Commaent Status | Sapport
O Filror optic cabling FERA Meals requommeits spéeifiad {y IS
Table 138~14
£302 Opticad fiberoharactoristios 138103 Per Table 138415 NS
QU3 Maxitmnn diverste vefles PRI ] Losythan 20 dB NS:M
tance
Q04 MDE layput for JOGRASE- 1323031 | Optical lune asqgnments per M
BRI Fipure 1384
UCS MU lavont Rr208GBARE | 138101 | Diptical lane asdgnsnonts poy M Yosii
8R4 Figons 1388
O MIM maing, SUGBARE PIRANATZ 1 MDD eptivally maies with plug o | M Yes i}
e eabiing, porformause goads
Hovm
LT MM reguirerenis Ry 13230332 NEM
OCy PIRHES L MY opteally mtes with plagen. | M Yeosid
the adhmg
O09 P3RANS3 | P iEC 6‘-*34 ? i wieries 7-1-1 1M Yea i}
UL H} ARA033 }’x.r !1C {n :§4~A - nncx‘ta:.c ~~¥ TOUVINSM | Vel
SIS AT
Ot MM require tmm iv: IR ] P BC OIS apd WO OITAY F INSM | Ve )
\ \s’{{ 23 porlormanes grade B ALY
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139. Physical Medium Dependent {PMD) sublayer and medium, type
S0GBASE-FR and 50GBASE-LR

139.1 Overview

Ty chusse specifics the SOORASE-FR and the S0GBARE-LE PMIx togethor with e singlosmode fibey
niadhunt, The optical signals ponerated by fiose two PMD typey are wmodulsted using a d-level pulse
amplitude rodulation (PAMS) forntas, When forming a complats Phveical Layer, 3 PMD sliall be connected
1o the appropriste PMA us shown fn Table 1391, to the medium through fhe MDD and optionally with the
managoment Boctions that may be acccksibde through the management fnterface defingd in Claage 45, or
eqguivaiont,

Table 138-1—Physical Layer clauses associated with the SO0GBASE-FR and S0GBASE-LR
PMDs

Associated clawse MMGBASE-ER,
T S MGBASE-LR
132—R8 g Requived
B3 -GAMIE Opticnsl

133208 for SGOBASER ' Heqgured
P RE-FEC for SOGBASER Hogqudved
1a% JA For SHGBASER Ruxpuetvedd
“ii.“%fﬁj{%;-«-.‘{,»ﬁ.i‘i}:i L‘E( N {aptionad
F38C—LAULE C3M Qpiicasd
P3SE-—30GAULR2 Q20 _ Cptional
PR SOGEAURD 02 Optfonat

] Opticosl

PASG-SOGAUT-L Q3N Eptingad
T8Energy Effictent Fthenet - Qptional

FERTLF IS
iy as thowgl

RGN
f}f 34 \:, & vondr 3
e RS aened SRR were: prasent,

an sqional Ty ‘e sppropeiate intenfi

- st hohave fimetion

ce, However,

oure 1391 shows the relationship of the PMD and MDI {(Nhown shadedy with other seblayens to thie
ISOAEC Qpen System hiterconpection (OSD  refovence model. 50 Gigabit Edernet 3 nvoduced it
Clause 131 and the purpose of each PHY sublayer s summarized in i39.2,

¥

SOGBARE-FR and SHOBASEALR PHY s with the optiond Eaergy Efficiont Ethorpot (BEE) st wake capy
bitity mugy onier the Low Power Idie (LPD nwode fo conserve eneryy during periods of low Hak ailieation
{see Clagse 78 The docp sheep nodo of EEE ix not suppotied.
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it ‘E LAYERS g
REFERENCE HIGHER LAYERS
RODEL j
LAYERS Pl WCOROTHERMACOUENT
AFEUICATION i MAC CONTROL {OPTIONAL)
PRESENTATION VNN B MAG
~ PR RECONGILIATION
SESSION P
- s £ SO
TRANSPORT | /. ~ : 3
St uahet i e BOGRASE-R POS | |
NETWORS | ¢ RErEn .
; 5 P > PRy
DATALINK | PhA i
SHYSIOAL 3
S0GBASE-FR
SOBBASELR
SOGMIE = 50 Givs MEDIA INDEPERDENT INTERFACE PHY = PHYSIDAL LAYER DEVIDE
RS-FEC = REED-SOLOMON FORWARD ERROR PRIA = BHYSICAL MEDIUM ATTACHMENT
CORRECTION PUID = PHYSICAL MEDILM DEPESDENT
LLEC = LOGIDAL LINK CONTROL
MAC = MEDIA ACCESS CONTROL FR= PMD FOR SINGLEMODE FIBER ~ 2 km
M = MEDIUM DEPERDENT INTERFAGE LR = PMD FOR SINGLE-MGDE PIBER — it km

PCS = PHYBICAL CORING SUBLAYER

Figure 138-1--80GBASE-FR and S0GBASE-LR PMDs relationship to the ISOHEC Open Sys-
tems Interconnection {08 reference model and IEEE 802.3 Ethernet model

139.1.1 Bi error ratio

The bit erros ratio (BER) when processed by the PMA (Clause 135} shall b Tess than 2.9 « 107 provided
that the-covor statistics are sufficiently random ftht fids sesulis 2 frame Joss satie (ses § 1y of ess than
92« 1Y for Gd-ontet frames with miniman interpacker gap when sdditionslly processed by fhie FEC
{Clanse 136 and PCS {(Clawe 13
6.2 % 1% for Gdeovter frames with mininwan interpacket gap duc to additional ervors from the elecirical
interfuces.

If the ervor statstics ae not sufficientdy nmdony 1o mest thia reguireman, then the BER shall be less than
) ' - o . iy = N i Y X U [ 4. “

that requared fo give & Tame Tossratio of kues than 3.2 = 107 for sd-ociat frasmey with wininamdnterpacket
Lap.

138.2 Physical Medium Dependent (PMD)} service interface

This subclause specifics the servioes provided by the SGBARE-FR and SDGBASE-LR PMDs. The service
Huerface for these PMDe is deseribed 0 an abstract moanner and doss nod bpdy any particular
inplementaton. The FMD sevvice interface supports the exchings of necoded daty batwesn the PMA autity
thiat rosides just dbove the PMD, and the PMD entlty. The PMD translates the encoded data'to and from
stoftals suttuble B the speeified tnedhnn.
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The SOGBASE-FR and SOGBASE-LR PMD sereice inteefuce 45 an fostance of the imtor-soblayer sarvice
iterface defined in 131.3, with o single swmbol stream (o= 1)

The serves nterface primifives are sunnnatized as follows!
PAIXIS UNITDATA fDaequest

PMIXIS UNITRATA Qindication
PMDIS SIGNAL.mdication

In the wansmd divection, the BMA continuousty seads one stream of PAME symbols to the BMD using the
PMDIS UINITDATA frcquest privedtive, st & nominal signading rate of 26.6325 GRA. The PMIY convirts
these strearns of synibals dnts approprisie signals on the MDL

In the receive direction, the PMD continpously scnids one siromne of PAMY svmbols to the PMA,
corresponeling to the sigaals recebved from the MY, using the PMUEIS INITDATA . indication primitive,
st g pomingl signaling e of 260323 GB4:

The SIGNAL_OK puraneler of the PMINIS SIGNAL indication: prinmitive convesponds o the variable
SIGNAL DETECT parametsr &5 dofiond in 1395 4, The SIGNAL _DETECT preaneter can teks od ane of
two valnes! OK or FAIL, When SIGNAL . DETECT = FAIL, the rx_svmbol parameiors e wndelined.

NOTE-NMOMNAL _DETECT = 0K doss nol guararive that
possible for  poor quality link fo provide sufficiont el o a B!
the BER defined in 13011

niciers ave known. i be poad. His
=K indication and sl nod meet

139.3 Delay and Skew
139.3.1 Delay constraints

Arupper bound o the delay through the PMA and PMD is requived for predictable operation of the MAQ
Control FALISE operation. The sum-of the soansmit and seceies delays at ong eitd of the Hik conitibuted by
the SOGBASE-FR snd SOGBASE-LR PMD2 including 2wy of fiber in one divection shall be no wore than

A3

definitions for bt tunes snd panse_gquantum cun be found dn 131 4 and iis veforences.
139.3.2 Skew consiraints

The Shew (relative delay) between the FEC Yanes must be kept within Bimits zo fia the information on the
fanes can be regssermbled by the FEC. The Shew Variation most also be Hmiied o comure that a given FEQ
tone always traverses the sams phvsicsd lane. Skewsnd Skew Viriation sre defined i 131,35 and spegified at
the potts 3P0 0 BPT ¢hown i Figure 13-

Skew gt SP2 is Thmited fo 43 88 gs defived by 135.5.3.8, Stnce the signal at the PMD sévvice interface
reprovats ¥ seriab bie strshng there i no Skaw Variatinn 4t this poiit,

I the PMD service taterface 15 physicsily nstantiaind so that the Skow at SP2 can b measorsd, then e

The Shiewe at SP3 (the transorttor M) shall be Tosy fhan 3 ne. Sinow the sigaal &l the MU represonts @
sevial Bit siream, tere is wo Skew Virdation at dds point,

The Skew at SP4 {the receiver MDY shall be less than 134 ps. Since the signal at the MDD reprosents s serid
it slvoans, there i n Shew Variagon at this point.

Copyright © 3017 IEEE. All rights reserver.
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I the PMD service baerface is physizaily instantiated so that the Skow af 385 can bomeasured, thon dee
Skew at SPY shall be Jess than 145 ps, Since the signal i the FMD servics interfice represents s serial bit
sircany, thers iy no Show Vaviation gt this point.

For more infornmtion on Skewy and Skew Vadation, seg 1313, The mioasurenients of Skew and Skew
Varfation are defived in #5)

139.4 PMD MDIO function mapping

The optional MDIO capability described in Clause 45 defines several varisbles that msy provids conirdl and
stais infornation for and shout the PMD, I fe MDIO interfics iv oplemented, s mappiig-of MBIQ
contral varigbles to PMD control varables shall be as shown. in Table 138-2 and the nupping of MBIO
stats variablos o BMD status variablos shall be as shown dn Table 13943

Table 139-2--MDIQIPMD control variable srapping

MDIO contral variable | PMABMD registor mame | e Ssterbit PMD contral variable
Rewet PMABMD conteel 1 register | MU PMIY reset
Ctobal PME ransmi disable | PMD transmit disable register R PAMD_global_trarsmiy diveble

Table 139-3-MDIQ/PMD status variabile mapping

MDIO status varisble PMAPME register inme bg‘;ﬁi “;g; PMD s@tud varkuble
Fault PMATMIY status Frogistey L7 PMD faalt
Travumi fagdt PRAAPMLD staton T rogister tE R MO mansmdt_Boade
Reciive faglt PRMAP MY stadns 2 register EOLRAR PRD oneve fanlt
Global PMI receive signal detect | PMD seceive sigos! detedt register IR PMD plobal sipual detent

138.5 PMD functional specifications

The SO0GBASE-FR and 30GBASE-LR PMDs parforsn the Transnut and Receive functions, which sonvey
data betweenthe BMD sorvice nterface mid the MDBL

139.5.1 PMD block diagram

The PMD block dingram 3% shown i Figure 1739432 Por purposes of syatem conforyance, the PMD soblayer
ts standurdized st the polits deseribed:in this subelanse. The optical transmit signal fs defined at the sugput
et of g single-tode Hibor patch cord (TP, between 2 m and Sm v length, Unless speetfied offinrwise, all
ossmiiter messaromenis and tosts defined In 139.7 are pade st TP The optical receive signal Is dofined st
the outpus of the fibey optic cabling {TPR ) af the MDY (see 139103 Unless specified stherwise, all vecelvey

-
i

nicaswramenty and tosts defined v 138.7 ave miade 88 TP

Copyright © 2017 IEBE. All rights resemved.
This is an unspproved IEEE Sisndards deaft, subjedd fo sliange.

27

o

Marvell Semiconductor, Inc. - Ex. 1002, Page 000336

L o

-~k

i

o0 B R R 5

G ek N



Oraft Amendment 1o IEEE Sig 802320145 IEEE Draft PRUZ2 308012

{EEE FR0Z.3cd Task Forge Bred Fabriary 2017
Rativer AT, T T T Hafimer
funetion { 3 { B F g\ ; 3 functio

ot { Py L S {OTRS £ OTPg unchion
{partaf N \M & (\ Vi N {panted
PRI} % “I* J Pia
-4 ¥ S W % “{
S v n v Ootear 4
i ] .i fansmitber E : R & Q EI recaiver [T -
¥ ¥ J H
Looemn _ : EEE SamE—————
| . Paich QOptieal : ;
§ ) P fiver cable T | SIGNAL DETECT
i PR N
! s W ¢
PMD service P service
fnterface intarface
PRI _URITDATA Grequest PMEEIS_UNITGATA Gindication

Far clarity, anly ong direction of transmission s shawn
Figure 138-2~Block diagram for S0GBASE-FR and 50GBABE-LR iransmitfreceive paths

139.5.2 PMD transmit function

The PMD Transmit fioction shadl corvert the syinbel steam regussted by the PMD service ingerfiucs
messages PMIXIS UNITDATA Gaoquest bnte an aptical signal stream. The oplical signal stromm shall then
be dalivered 1o the MDY, sccording o the frabsmit opticad speciications i Uis clanse. The highest optical
power level f the signal stream shall correspond o ix_syimbel = three and the fowest shall correspond {o
i svaabol = 2er6.

139.5.3 PMD receive function

The PMD recoive function shadl cottvert the optical signad streqn recéived from the MDY into 2 avitbol
strean for delivery to the PMD servics ibterface asing the pessage PMDIS_UNITDATA U.indication, all
according o the reca¥ye optical spestfications fn iy chase, The higher optical pawer Ieved fin ach sigaal
shigll eorrespond to 1x_symbol = three and the lowest shall comespond o rs_symbol = zera,

139.5.4 PMD global signat detect function

The PMD global sigaal detvet function shall report the state of SHENAL_DETECT vip the PMD sender
interface. - The  SIGNAL DETECT pasveter fv osipmaled  continepasly,  while  the
PMIXIS NGNAL indication message 15 gonorated when o changs i the value of SIGNAL DETECT
DECUES SIGMAL _DETECT paravnster dofiued i this clase mups o the SIGNAL OK parianeter in the
htpr-sublver sorvice buirface puimitives defined In 13130

RIGNAL _DETECT ¢hall e s globwl indicator of the presence of the optical signal. The value of the
53 )

PMD receiver i3 not required to verify whether a compliant SUGBASE-R signal 15 being received. This
standard Toposes oo aspoese Hme Yaquireneats on the pencrtion of e SIGNAL DETECT parametes.

As b unavoidable combquence of the sequivertents for the setting of the SIGNAL DETECT pirmmeter,
inplementations must provide ddeguate margin botween the input optical powesr lovel at which the
SIGNAL DETECT paratmetey i set 1o OK, aud the inorat solse lovel of the PMT¥including the affesss of
sroesialk, powsr supply boise, sio;
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Table 138-4--SIGNAL_DETECT value definition

Revebve vomditiong SiG ﬁifD‘ETECT
yaiba
Averageaptical pewer st TP -39 dn EATL
HOptical power 9t TP 2 averege receive power in, Table 139-7 QK
AND
{ronmpiant SOGRASE-K signal foput)]
AR otherconditions {inspecifiog

Varfous. ivplomentations of the Signdl Detect function e pormitted by iy standard, dnchuding
implementations that generate the SIGNAL_RETECY pimwacter valoss i rosponss 1o the anplitude of the
modulation of e optical signal dud Implementations: that respond w the average aptical pawsr of the
miadulated optical signal,

139.5.5 PMD reset funclion

I the MDMO beerface i implomented, and i PMD_reset is asseriesl, the PMD shall beresei as deflned in

£

At LANE SR
138.5.6 PMD global transmit disable function {optional)
The PMD: global_ suvsndt_disable lmcton ik optional and allows the optical transmitior (o be disablad,
@b When the FMD globad tranemit disable vanubls is set fo one, thisdhnciion shall tun off te opticad
fansmitier so Hhat it preets the reguiresnents of the average lumch power of the OFF iansmitier in
Table 1396,
by WaPMD fhultis deiected, then the PMD may sei the PMIX global transusif dissble o onie, tuning
off the optical transmitisr,
139.5.7 PMD fault function {optionsh)
Fche P has detectad a Tocal fandt on the transmit of seeeive patlss, the PMEY shall sef PMD Bultzé ong,
I the MDIC interface is inplementod, PMDfaalt shiall be mappad 1o the fandt hit as spacified in 3531 2.3,

439.5.8 PMD transmit fault function {optional)

Il PMD I dotested 3 Jocal fiadt on the trmsinittor, the PMD shall sot the PMD vassnt fadt variable
5y Hhig,

i the MDIO interface is taplomented, PMD_ransmit, felt shall be wapped 16 the transudy fndl bit as
speciffed In48.2. 174,

139.5.% PMIX receive faull function {optional)

¥ the PMED has deipcted o foced fudt on e recoiver, the PMITS shall sot the BMB regeive fatdt yariable fo
ofe,

i e MDY hntodface s inplemended, PMD receive tagdt shall b mapped o the recgive fault bit as
speorifed 482175
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139.5 PMD to MD! optical specifications for 50GBASE-FR and 50GBASE-LR

The operating rangsy for the SOGBASE-FR and S0OHASE-LR PMDs we defined in Tabde 1385 A
SOGBASE-FR or SOOBASECLE conplisnt PMD operates on type BLYL BL3 or Bé u single-mede fibary
according 1o the specificationy dofined in Toble 139-13 & PMD that axoceds the speraiing mnge
regquirement while wieeting all other opticad specifications s considerad comphiant {e.g., a S0GBASE-FR
PMD operating at 2.5 ko ments the aparating range reguirement of 2w & 2 k). The S0GBASE-LR PMD
teroperaiey with the SOOBASE-ER PMD provided that the chansel soquivesents for SBGRASE-FR wre
et

Table 130-5--50GRASE-FR and S0GBASE-LR cperating ranges

PMITF tvpe Reguived operating range
I SOGTHASEPR 2wio 2 km
} SIGRASEAER T dn I km

139.6.1 SOCBASE-FR and S0GBASE-LLR transmitter optical specifications
The SOEBASE-FR tansositter shadl vent e specilications defined in Table 1390 par the definifions in

3T The SOGBASE-LR nmswmitier shall meest the specifications definod o Talle 13%-6 por the
definitions in 1397,

Table 138-6--S0GBASE-FR and SO0GBASE-LR ransmit characteristics

Description SOGBASE-FR | SOGBASELR | Unkt

Signaling rate Gange) N 100 ppen L
! gzi:x&(éiaﬁm.gg‘g{f;mg oSS SSAAASSAS A SSSSSSSSAAA Ao s SSS S p,eg@g;i s i
Wavelenatha fomge) FRIL SRR Y ) 3.
Side-mode supprovsion ratio (SMSEY, Godny 30 S oam
Todal aversge kel power {max) 3 4 42 A
Avenge nuwh power fuly -3 : ~: dBm
Quter Optival Modnlation Amphitade (OM& g0 {oag 38 » 4 dBm

Oty Optics! Modulation Aroplinds (OMA e {min)® -2 4 dBm

Lannch powsy s OMA o v TOECG ( neind -3 i =2 i

Transpnitter aod dispersion aye closure fir FAMA 23 23 RiN

CIRECOT O} v

Averges lmmch power of UFF transmitier {max} ~30 gt}

Extinction matio {min) 45 B

¢ «}%0 _ i e

RN CIMA fe) LT A Ay

Qpitead reher, lons toloranes {mex) 163 | 183 4B

Transndtier seffoctance’ tuaw) B fii 18
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139.5.2 BOGBASE-FR and S00BARE-LR receive optical specifications

The SDGBASE-FR recaiver shall meet the specificaticns defined b Table 139-7 per the definjtions In 1397,
The SAGRASE-LE recetver shall meet the specifications defined in Tfabic 139-7 per the definitions in 1397,

Table 139-7—50GBASE-FR and S0GBASE-LR recaive characteristics

Bescri‘piﬁm SIGBASE-FR SHGBASELR Einit
| Signding vuic (range) 2656355 108 ppan Gid
Mindalation fonyas Padid
Wavehogrhs fuoge) P I3 i)
Daxniape theashold” 82 e B
Averge eceive power {max) 3 42 dBm
f Averge receive gz:)we«:b {nxn} =8 ~HY3 dBm
| Roseugs power {OMA .0 (uax) 1% % N
| Receiver relldcinnce {nax) 26 48
| Recoivir sensiiv ity (M Aol 1885} <23 -84 Wi
Stressed rpesiver sensitivity {1 ’;.,imm}“ {maxy =X &3 Biking
Cenditzons o sivessed reeeiver ssosiivity tost™

Sivessed eye closure i FAME(SECQ) § T3 | 2E 4R

* i }3‘ m:m-u shall be whiv o tolorate, without danwge, continuons exposure to an optical fuput sigual having this s

X Loy fs dornutive and notthe pemcipal indicator of Ygnal trenpih. & reverved powsy bialow
b canmat be soraphiant; hwever, 8 valae above this does not onsire wmp}mnu.
"ix\ax eiver sensttivity (OMA ! i} s iifonuative,
dhfesstred with conformaice fost signal at TPF (see 138.7.9) for the BER specsiied bn 130 11
FPhese test sonditions are for messuring dressed recvtver sx\mw They wee not characierisiios of the wmosiver
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139.6.3 S0GBASBE-FR and S0GBASE-LR Mustrative link power budgets

Hlystrative power budgets and pensltiey: for SOGBASE-FR and SSOBASE-LR channgle ave shown in
Table 1388,

Table 139-850GBASE-FR and 50GBASE-LR ilustrative link power budgels

Pavanster SNGBARE-FR SHGBASE-LR $init
Puiver budget {or niohmun TOEG 6.8 3 fiit]
Operafing distamcs 2 b km
Channs! inserion lesg ¥ £ 3"’ 7 a8
Maxien dscrote reflediance See 130822 Bep 1391032 di
Alocution for peseliies® (R masian | 26 3 ias
TRECO)
{ @hﬂ n»mm»ﬁ Tose allowsd i} i di

v 4% calctlsted ity th\ i distance specified i Table 139%8 diw
LFR and fiber sicrmation f 0.5 a0 plus an allocation for conneetion and sphice loss piven

e chamel sz}sc:rti'(m. loss ds calnlated wsing the naxitnun distance specified b Table 139
Rih B and fiber atbongafionof D3 ko al 1298 s phus snaBonstion for conrediion aad
sphive Joss glven'in 130102 1.
SLank penaltics are usad e Hak

testind

ddeet onleudstions, They are pob meogpdcernents and dre net wisnt febe

138.7 Definition of optical parameters and measurenvent methods

Al wansmittey optical meaneements shall be mude dwough « short pdich table, bepween 2w and Sm in
lengih, unless otharwise specifted.

139.7.1 Test patterns for optical parameters

Whilo compliznee is o be achieved in nornud operation, spectfic iost pativins e dolined Hx messtromont

consistoney and (o enable mosurement of some paramers.

et $ 3910 gives the st patterss 1o be used

in each megsuroment, wikess otherwise specified, and also Hsis reforencss 1 the subolanses in which each
paramter i3 defined. Adyy of the wst patforms pivers B o particdlr st iy Table 13810 may be wsed
perfoom thiat ost, Thy st pasteme used in this clagse are showny ia Table 139-8,

Table 139-9-Test patterns

Patiern Pattern desvription Prefined in
Square wave V Sqiare wave (b‘ﬁi&»&é :«t&n‘.&é}' - ; :
3 PRBEMQ
3 PHBS G
% ceanied idle
&
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Table 138+10-Test-patiern definitions and related subclauses

Paramoter Pattern Related subclzuse

Wavelongth Square wave, 34,5, G avvalid 1332
SEEBASE-R sigoal

Side roode supprossion yaio 3.5, 6 orvahid SOGBASE-R aigual ——
Average optival powey 3.8, Gor valid 30GBASE-R vignal 13973
Outer Opticad Madolatipa Asaplitnde (OMA g0 46 13274
Transiitter and disporsinn oy closnes for PAMA 6 139,75
YRR
Extinctin natip v LY S : R S0t
RENy OB and RIN0MA Hgan wave : 13677
Biressed receiver conftrmancs tost signst v % ‘ 136762
snlibratios :
Strossod roceriiy sensinvity Zars 3879

138.7.2 Wavelength

The wavelengih shall be within the ranges given i Tible 139-0 for SOGRARE-FR and SDGBASE-LR, if
miasuiod per TIAVETASE-127-A or (RO RI2R0G- 43 The transimitier & madidatod ‘using the 1ost pattern
defined n Table 13910

139.7.3 Average optical power

The average opiical power shall ‘bg within the dimits, given i Table 139-6 for SOGBASEFR and
SEOBASE-LRF nreasoved using the wediods ghven i JBC S{2380-1-1,

139.7 4 Quter Optical Modulation Ampllude (OMA .

1A e shall be within the Hodts ghven ln Table 1396 for SOGBASE-FR and SOGBASE-LR
mensured ssing 3 iost pation: spectfisd for extinetion ratiy i Table 13010, The OMA g 18 defined as e
difference batweoy the avarags optival Tumch power fevel Py, micasured over the central 2 UL of g pon of 7
threes, and the avenge optical lamch power fevel Py, micdsired over the conttal 2 Ul of g xun of & zéros a8
shows in Figure 130:3,

7
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Figure 139-3—Example power levels Py and Py front PRBS13Q test pattern

139.7.5 Transmitter and dispersion eye closure for PANY {TDECQ)

The TDECQ shall be within the Hmits given in Table 139-6 for 30GRASE-FR snd IGBASELR &
measured asing the mothods specied I 130751, P07 52, and 130753,

TDRCO s a oreaswre of each opuical traasmitior's vertiead oye closure when tuustined through aoworst case
opticat vhannel {(specified in 139,733 ax mozasured througl an optical 10 elecinical vonvartey (078 withiy
bandeddth cqivalent to-a referencs yopetver, and equatived with the selirence eaualiest (s desoribed in
1389.7 3.4}, The yolorene yeoviver and squalizer may be huplemented o software or may be part of e
osctlioseope.

Table 13910 specifies the tost paticomms o beused for meauremen of TRECD.
139.7.5.1 TDECQ conformance test setup

A block disgram for the TRECO conformanes test i showt in Bigure 1394, Diber cquivalont sieasuremant
inplemonitions may be used with suliable calibration.

The optical splitter and variable reflector sre adiusied so that cach transmitier is tested with the optical totum
fosy specified iy Table 139110 The state of polasization of g back yeflection 18 adisied fo create the
greatest BIN. The sigogl Is tested with the optical channel described in 1397 5.2, The combination of the
OFE and the oscilloscepe has 4 fourth-order Bessel-Thmyson filter response with ¢ bundwidih of 19,34 GHzx.
Cotmpensation may be mude for sy doviation from an ideal fourtivorder Bossel-Thomson responss.

The tost patrem (spetified in Table 139-11) is tronemitied ropetittvely snd the oscilloscope iz ot pp 4o
capiare He complet pattern For TORCHD aualysis as desoribed 10 1397 3.3, The clock recovary mnit (CRID
has & comer frequency of 4 MHz and aslope of 20 dB/iderade. The CRUT can be inyplemenied in hardwarg o
software depending on ascilloscope technology.

138.7.5.2 Channel reguirements
The tansiaitier s 1ested using s optical channé] dat meets the requireents listed in Table 139-11,

A SUGBASE-ER or SPGRASE-LR trnsmitter 48 fo be compliant with 2 total dispersion st lnast ds nogative
as the “mrinhnum disporsion”™ and s least ss positive as the “maxinum dispersion” volumns specified In
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Figure 138-4-TDECG conformance test block diagram

Table 139-14-~Transmitter compliance chasmet specifications

Bisperdion® {psiom) Opticed Blax

Minimam Maxinnm e toss® BB

QOMES 1T (VAN | 00465 M 1 13007 A% | Mintomm | (78GR | G

ihl
o )

e

SOGRASE-L ST -8 '},,}"i} DIRS AL 1300 CAYY | Mindont | Y4738 88 ps

e dispersivn v neasred Tor the wasele
. WMGRASEE

Thery b o ntent to siresy the
¥The optionl tetunn foss w appl

Table 1311 for the wivesdsngth of e dovice underiest. This may be sclisved with chanacls consisting of
fibers with lengths chosen (o meet the dispovsion reqaireiients:

To verify that e fber Has the correct amovut of dispersion, the nreaswemsnt matiod defined 4n
IRC 60793142 sy be used. The measwrement is muds i the Hogar power segime of the fber,

The chaanel provides go optics! return foss specified in Tuble 139-11. The state of polirization of the buck
redlontion is sdinsted to crente the graaiest RIN.

The mean DG of the chanoel 3¢ o5 losy than the value specifind dn Tible 13811,
139.7.5.3 TDECQ measurament method

TDECD for SUGBASE-FR and SOGBASE-LR i mpasured as Jesoribed dn 1
the reforence oquslizer is as specified i 139754

Sowith the exception that

139.7.5.4 TRECG refarence egualizer

The reference equalizer for SUGBASE-FR and SOGBASE-LR v a 5 ap, T2 spaced, focd-forvand equalizer
{FEE) wheve T i the aynibol peried.

NOTE-Thiv referonse squalizer v past of the TUEQQ ted snd does pot buply any pastiowlar vecebver squalizer
mplaneuiaion,
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138.7.8 Extinction ratio

The extinction vatis shall be within the lmils given in Table 1396 for SJ00BASE-FR and SIGBASELR Y

meastred using a test patfery specified for extindtion ratio i Table Y3910, The extiiction ratio of a PAMM4
uptival sigad i defined o the ratio of the gverage optical laynch power feval By measured over the centeal
2 U ofa ronof 7 threes, and the gyvetage optical lamnch power level Py, measured over the centsal 3 Ul ol s
s of Gazeros, a8 dhoeain Pt 1393

139.7.7 Relative intensity noise (RiNyg sOMA and RiN5 ;OMA)

REN shll be as defined by the moasatoment mothodology of S350 with the follewdng exceptiong:

81 The optival eotien loss B 16,5 dB for SUGBASE-FR and 13,3 ¢B for SBGBASE-LR.

by The upper~3 dB }mm of the meusnrsent upparatus is m b{.- approximatehy cqual o the signabing
rate{ie ]

¢} The testpatiorn is ac:wrdnw o Table 139-14.

139.7.8 Receiver sensitivity

Reéceiver sensitivity, which is defined for an ideal input signal, is inforostive and complisnce is nst
reyfoived, I measurad, the test signal should have negligible hngairmenis sech a5 ieesymbel interference
(NG, nses’ﬁiii tivies, filter and RIN, Instead, the novmative requivernent for reveivers I8 stressed veceiver

139.7.9 Btressed receiver sensitivity

Stressed recudver seastibvBy shall bo within the Humdre given o Tobde 1397 for JCGGBASE-FR and
SMIGBASE-LR i measured using the method defined in 139,791 and 139793, with the wnfmmmcs fest
signalat TP3 wo described in 1390702, using the tost patiern specified for SRS in Table 13810,

Any of the patieras gpecified for 8RS i Table 13914 is sent from thy transimit seotion of the PME ander
test. The signal being iransmited s ssvochvonous to the received signall

132.7.9.1 Suressed receiver conformance fest block diagram

A block dideram Br the recebeer tonlonmince togl i shown i Figure 130-5; The pattoms used for the
repeiverd conformancs signal are specified i Table 139-10. The optical tost signal is conditioned (strassed)
using the atressed reegiver methodology defined dn 139.7.9.2 and has sinusoidal fiter spphed as specified iﬁ
i LA suitable tost set s needed I characterlae fht bmwi usod 1o lest tie roceiver. Sirossed reosive
conformanes fost signal verification is deseribed in 1397

The lew-pass fliter is used 1 create 181 The combination of the Tow-pass filter and the B0 convener should
have & freqesnoy response at rosuits in ot toast hall of e B wabne of the strossed oye olovwre (SECQ)
specified in Talde 139-7 for SUOBASEFR and SCOBASE-LR before the stunsoidal and Gavsaisdy nolse
terns are added, according 1o the mathods spocified in 13%7.2.2, The sinusoldal araplituds inerforsy causes
additional eve closure, but in congunction with the Bunite edge rufes; also canses somg filter,

The simsoidlly Brered clock represents other fornms of jter snd also.verifies da the receiver under tost
van track lowefreqasney Hter, The sinuscidal arnphvsde taseforer may be set at any frequoroy bedwenn
106 MHx and 2 GHg, although care should be taken to avoid Turaionic relationships between the sinnsoidal
mterferer, the unuseidal jitler, the sipmaliog rate, wnd the pattom ropetition mite. The Ganssian nuise
genevator, the smplitde of the sinusoidil interferer, and the lovepsss Blter are aditaied so that the SECO
spesifiod t Table 1397 §s met, avconding o the prethods spreified i 139722
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For ingproved vigibility for calibration, all cloments s the signal pah {cables, BC Hocks, B0 converter,
eie.y should have wide and smooth frequency response, and finear phuse response, throughowt the spootnm
of interest, Baseline wander and overshont and undorshoot should be minhnized,
quu&(m’ Receivar
 syntesizer sy test
* FY inpu *
E ook oy 2 Optical
* Sintsoidaliy jferad cisck | attenuator
“Testpatern | | v ‘ |
generstor - Test gatiern

Streas nanditiching

L . inusoidal amplituds:
!\Mw W41 intedderes

b Y

L 5

\w’x“?\ Gaussian nuise
ganpyator

-\1\ Lsv-pass e

v

Taralde S nonvertsr

Kignad characterizalion massurement

b ] THE. SR Cseiliontope

CRUdr clean

- GG

| Paiem tigger

Figure 138-5-—8iressed receiver conformance test block diagram

139.7.8.3 Strassed racaiver conformance test signal characteristics and calibration

The stressed receiver conformumes fest signa! chiracteristios and calibration miethods sre s desortbed in

T with the foltowing exeeptious;

The SECQ of the stressed receiver sonformance 1051 signal by meanired according to 13975, except
tht the jest fbwr 5 not used,

An sxasple stressed recgiver conformance tost oty iy shown in Figare 1335 howaver, alteguative
fest setups that generate sguivalont stress conditions may be wsed.

The signaling rate of the o8 pattom gengrater and the extiction tuio of the /O convenier sre s
giver i Table 1396 for SOGBASE-FR and SDGBASE-LR.
The voquired values of He “Siressed recebver sens#tialy (OMA et (maxY and “Suessed eye clo-
sure for BAMA {SECO)Y are as ghvon 1o Table 1397 for SOGBASEFR and MBIRASE-LR.
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138.7.9.3 Stressed receiver conformance test signal verification

The SECQ of the stressed recetver conformance et xignal i measured according e 139.7.5, exoept that the
teat fiber is ot used The clock ouiput front the clock sowree i Figore 13958 35 modilated with (he
sinusoddal jiter. To use an veciiloscope G caltbrate e final stegssed gy jitter that incledes the siausoidal
Hter componient, 3 scpatate olock source {elean clock of Figure 139-3) 1s required that s synchtontved o 6

L

the sutote vlock, but not modidated with the fitter somrce: 7
Care shoald beahen when charasioring the iest gignat bocause cxcessive noisediticr i the mcasurenont @
svstem would result inan input signal that does not fully stress the reesiver under test, Ruamning the reccivey {4
tderanoe tost with & signal that b uader-stressed nuay vesult in the deplovient of spncompliznt recelvans, 13
Cave showld be taken to minindre the nofsediier infroduced by e OVF, filiers, and oscilloscope andior 1o 12
sarrect for this noise. While the detuils of st cquipmer are ovond the scopy of this standand, # Is 13
recomnended that the implomenter fully characterive the o3t squipren snd apply appropriate pused bands 4
o snsure that ihg S8t essu} recetyor conformanoe inpal signal rocels the stross and sinusoidal fitler speaifiad i3
in 13978 2 ad | i
e

1

, s ; R < 18

139.8 Safety, instaliation, environment, and labeling i
. 0
139.8.1 Geneval safely 2
23

Al eqpuipmiend subject to this chwse shall conforns fo IEC 608301 a3
24

139.8.2 Laser safely 9
sy Sy A S . . . 26
SOGBASEFR. and SOGBASE-LR optical tansceivers shiall conform to Hazurd Lovel 1 laser requivenients o
as defived in IBC 608251 and 1BC 008252, under any cofidition of operation, Thiy nctudes sitgle fhalt Z\
conditions whathor coupded uto a fibsror sut of an open bore, 29
36

Condonmanes to xdditional Taser sufety standsnds sxay be sequired G openttion within specific geographbic
regiona.

Laser gifoty stdands and regidations voquite et e mrrefacurer of @ laser prodact provide information
sbout the product’s: lascr, safety fearures, labeliog, vse, malidenaner, sod sorvice. This documentaiion
suplicitly dmmm réqurements aud wage yedrictions on the hosy Systan necessary W ment dose safety
certificutions.

139.8.3 Installation

It is recornmended that proper installation practices, as defined by sppitcable focal codey and vegubition, be
foflowad b every instance b which such practices are applicable:

139.8.4 Environment
MNortnathve specifications i this olduse bl be mer by 8 sesfent intepratiy 3 SOGBASE-FR of
SOGBASE-LR PME over the fife of the produch whilt the product- operates within the dranufctrer’s range

of environtmentild, powee, and othior specifications,

138 reconmended that dxmefichrers ndivats o e Roratord desociaiid with fhe PHY the operating
savizorraontal conditons to faciliiate selvation. installation, snsd soxintenanes

3

B R T',h:h&‘!‘\ R 1’1’)’5){ SR !A’M\d LEORY 55$ EHEERY i“’( i
sufbty hwts sdone W e sl standands B such @ o, e hos admedirer & vegived f0 oblain ity 0w faser Sefoty centtiiesuion.
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Tt recommended thar manuficturers indicats, 1 sthe Hisratwe assooipted with the conponente of e
optical ink, the distares wnd oporuting sovirotmental conditions over which the speciiications of this chuuse
will be mst.

138.8.5 Electromagnetic emission

A system intoguating 2 SOGBASE-FR or J0GBASE-LR PMD shall cmmphy with applivable local and

nationsl codes for the Hmitation of cleciromagnetic inlerference.

139.8.6 Temperature, humidity, and handling

The opticat Huk & expecied to opersie ovey a reasonable’ range of environmental conditious relied o
temperative; hansidity, and physical handing {(such oy sback and vibratikny, Specific regeitemends and
vithies for thess parmmeters are considerad fo be beyond the scope of this standard.

139.8.7 PFMD labeling requirements

It §s recommmended Gt each PHY (and supporting docamentation) be lsheled in snannervisible fo the wsey,
with ot least the dpplicable safely wamings and the spplicable port type dosignation (e, SEGBASE-FR).

Labeling requiremients for Hazard Leovel 1 lasers are given in. the laser safoly stamdards referenced in
{3882,

138.9 Fiber oplic cabling model

The {ibor optic cabling mods! is shown in Figure 1396,

§A0 M
} i
l,‘:} e oo’ FHYEY GRS SRbNRG {Shannel} e ey
Patoh ok Pateh
CEsd Link oo
PR P Crinnectice | [ Wl Connetticn (W pun

Figure 138-&-Fiber optic cabling model

The channel insertion kiee ds given i Tabde 13912, & clranne! may contgin addidonal connecions as long a8
the opticsd chamcieristics of the channel, such as attomuation, dispersion, reflectons, snd polarization mode
dispersion mgct the specifications, Trserlion logs micssureoents of Hstalied fiber cabley gro mady In
acvordance with ANSFTIABIA-S26-Thnsthed A-1. The {iber optic calsting madel {channelt dofined bara s
the sante &% o sloyplex fibey optie ek sepiment, The tevn olianosl f8 ueed hisse for comststorey with geueric
subling standards.

138,10 Characteristics of the fiber optic cabling {channsl)

The JOGBASE-FR and S0GBASE-LR fiber ‘optic cabiing shall raect the specifications defioed in
Table 13912 The fiber optic cubling consists of one or more sections of fber optic cable snd any
intermodiste conucctions required to connect seetons fogether:
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Table 138-12-Fiber optiv cabling {channel) characteristics

Deseription SHGBASE-FR BOGBASELR Eiait
Operating distance e 2 I8 km
Chanine! msertion foss™ Y 4 63 a
Charnel seriion Joss Quin) Y g @1
Positive dispeesion” (o) 33 i pfn
Negative cji‘ar&l‘\ii\! {rin} w37 AR PRy
3 ’ g ¥
t}ptmsi TRIEM E S (NG} 35 | 23 - a8

*ﬂ!&“m hagee] inseriion losy vakues include cable, conpectars, snd sphices
vavelengh mange T30 s 1378 am B SEGBASE-FR and SOGRASELR.

atiad Grougs Delay (DGR s the tae difkrence strsoeption bebween e factiony of & pulse

!hdi ek Iansitted i the tw o prineipad shites of polagization \)t an ophival gigreal. DGD ‘mkis the

iaximun differential geoup delay that the svstem must tolente,

138401 Optical fiber cabla

The fiber optic cable requirements are satisficd by cables contatuing TBC 607932-50 tvpe BT {dispersion
woshifted singde-ondd), type BL3 (low water poak singlo-roodel v type B {bend lnsensitive) fiboes or
the requiraments i Table 13813 where they dilfer,

Table 139~13~Optical fiber and cable characteristics

Deseription Vatue Linit
Nounaf by specifisation wavelength 1310 nug
Cabled optical fiber attenuaiion { ma,:i.} S4R S dBdm
Loy disperivg wavidongih () P30 s Aag 1324 B,
S im \w,m By ) (\\)

v ideriy ui v Apﬂendz iof it
sy defined I ANSFTIA 368-C

139,10,2 Qptical fiber connection
An optical fiber conngction, ss shown In Figare 1396, vonsists of sumated pair of optical connecton,
139.10.2.4 Comnection insertion foss

The mainiun Hok distavice for SOGBASE-LR 18 bused ot an allocation of 2 d8 totad conviedrion and splice
toss. For example, this allocation supports four conpestions with an average insortion loss por conngciion of
(.5 48, The magioam Tk dsanse for SOGBASEFR is based o anafiovation of 3 B todad connpcion and
splice loss. Copnections with different loss characteristics mgy be used provided the reguiremends of
Tabda 1391 2 @re gt
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13&1(};‘2,2 Maximum discretes reflectance

The maxioem vibie Tor cach discrete reflectance shalt be less than o aqual to e value shown in
Table 13814 corvesponding to fie dumber of discrete reflectinces abovie -85 4B within e duwned. For
numbers of discrete reflectances i bgtwedn two numbors shown i e (BWble, e lower of the o
eorresponding maximun discrete reflectanes vilues spplies.

Tabie 139-14—Maximum value of sach discrete reflectance

Numtber o discrete Mayimum vadue for oneh disorete veflectance
veflectances shove -85 4B SOCEASE-FR SPCBASE-LR
i Ssas Than
2 -3 iR
§ ~33 43
i -3%:d8
R
3048 j ~3% 48

132.10.3 Medium Dependent Interface (MDI} requirements

The 30GBASEFR or SUOGRASE-LR PMD 15 coupled to the fibey optic cabling at the MDIL The MDIs the
interfice betwen the PMD and the “{iber optic cabling™ (as shown int Figure 139-6). Examplos of an MDY
ol the following

gy Councotorized fiber pighail
by PMD receptacie

When the MEL is g connector plug and recspiacle conbretion, i shall meet the Interfice performanes
spectfications of TEC 6175311 and 1BC 8175302 142,

NOTE~Traganyitier complisnce festing o porfonned at TR as defined in 3851, et at the MDL
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13%9.11 Protocol implementation conformance statement {PICS) proforma for i
Clause 138, Physical Medium Bependent {PMD]} sublayer and medium, fype 3
S0GBASE-FR and 50GBASE-LRM 3
4
138.11.1 Introduction ;
¥
The supplicr of 2 wrotool haplementation that fs claimed By confem & Clavse 138, Physieal Mad _,
Dependont (PMD) sadaver and mediom, type SOGBASE-FR and SOGBASE-LR, shall complete the &

following protoval uplementation conformance stdtenont (PEIS) profonng,

Adetiied deseription of the symbols mw} inthe PIOS proforms, along with instructions for completing the
PICS proforma, can be found m i

139.11.2 identification

432.14.2.1 hnplementation identification

Suppliert

Contact point b inguicies sbout the FICS!

:m(m “smmu £} emd \ u‘-um}{s‘}i S

hmh mmt

fot fil ikt

Other ixtriyedion e A
reachites sudior ugwmz,ma

ssa;m\\‘f anad versiondsy &
» Srvaionm Navas(y)

e

s

T8 T—Heoquived foy all inplomentations,

Ay B sompleted ax appropniale 1o meeiing the meguiremends for the wlontifisstion.

NOTE 3—The ferms Nume sad Vorston should be nevproted appropeiately to corvespand with a supplies’s senydaod-
oy (o, Tipe, Bentes, Maodely, 30

ok 03 Bod B
A ok

138,11, 2.2 Protocol summary 33

EEE Sid 802 Zed-2x, Clause 139, Physical Mediun J‘(‘
wlent (PMIY; subdayer and maodiwn, Type SUGRASEFR 37
SEGBARELR 38

{derdifioation of profocel standaed

Tuderdification of wmeridents sud conipetids to this '
PHES prolvors that have been complated as pat of 4‘3
this }‘KL £ $1

o

tion e bees rapred® Ko sf i @
¢ annwer You peans thal the tmpiumfmw‘n docs ot confornc o IEEE 8td §02.308-201x) B

Have w
iBee L

A6

-

! ik of Sttoment

L by
Lk e

[¥

D .
iy el of this saadad waey fealy reproduse the PIOS prodonss o0 subalaise so thal it oan

e publish o vomgdised PICK

cptive for FICS profoomas 1
B tsed Tor ity rtonded puspni and fuay

‘o
Vi
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138.11.3 Major capabilitiesioptions
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~
&

February N7

ported

Frewm Feature Subclause Ve Commuent Status | Suppert
| SR SHGBASEFR PMD 3.8 - Desice suppotts sauinements (%)
» SOGRASE-FR PRY
AR IOGRASELR BMD 1386 'Dv\n SEIppOtE %umnmc»} (S O {1
for SOGBASE-LE PRY o1l
SES | lstallation | ceble 13430 Trerns mrked with INS Inctude Q Yesi}
insiaHation practices snd oable Haof
specifioations notapphicable
A PHY maadichoer
TPl Holeronee polnt TP expused 1305 Thizp pointmey be mads ave - Q Yot}
and available for testing implenenitry o Holl
certidy somiponent condor-
HHDOS
TR hetfz SR msms EP& s:.’\pu d- IREG Thiv point sty be made avadd Q Yes i}
and available for tes g abeke fowruae by taiplonenions b JCOEN
certify component vindoe
[ e
N Dielay constyudnty SRR Peviee confonms to deday cons M Yes ]
steies
50 Skew constrainis 13932 Deyvive condoms to Bhow and M Yesii
» Show Variation constoxeds
OMEE | MINO capabitity 1394 Registees snd fuborfrce sup- O ost ]

139.11.4 PICS proforma tables for Physical Medium Dependent (PMD} sublayer and

medium, type SO0GBASE-FR and S0GBASELR

138.11.4.1 PMD functional specifications

Heny Fratwre Sotwlanse Yalve Comment Statay | Sappert
Pi Compatibie with SHGBASE-K PR M Nes |}
Pi S am% A
2 intugmiann with thianagehiEng {393 {3
fuhctions
£3 Hit ey ratio 13911 Mesds the BER speaified in M
R
4 Trasmnud fimction 13WA3 eayveys wyrabinly frosa PV ] Yes i}
service interfies tu \?DI
g oal signal ] T3%E2 Uwhw& upttm pms M Yes i
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140. Physical Medium Dependent {PMD) sublayer and medium, type
100GBASE-DR

148.1 Overview

This clawse specifios the IOGGBASE-DR PMD topether with the single-mode fiker: e optical
signsd genorated hy this BMID tvpe 15 modulated uring 8 $-lovel pulse amplitude modafation (FAM4S) fornat,
When fornring a conplete Physioal Layer, 2 BMD shall be comecizd o the appropriate PMA as shown dn
Tuble 1401, to the mediom Hrough the MBI and optionally with e management fncdons that may be
sccessible theough the pumsgenent intorface defined in Claese 45, o squivalent.

Table 140-1-~Physical Layer clauses associated with the 100GBEASE-DR PMD

Amocistelcbuse. HOGBASE-DR

RS O Requsd
EAY e Y Lipstional
S2POS : Reguired
: ; :
AAAAAAAAAAAA isi&igmtccf
Optionst

""""""""" Optional

A AlHA Q2 ptional
SR UATAOIM Ogpticnat
135 100GRASE-P PMA Regured
RS RGATH £20 Optionad
PSR NGALES O3 Opticaal
38 HGA2 20 Liptionad
JASG—JOOGEATIRR O3 QOptionad
F8Frergy Effivient Ethomst Qptional

ke FOBGAET iy an optionsd arterface. How
forming implementation must bebave function
2.

# e FOOGME 35 nov impleomented, 3 cgi-
v ay thotgh the KBS and 1900 wre prese

Figore 1461 shobe e relationshiy of the PMD and MDE (shown shivded) with: othir sublevers to the
ISQARC Qpen Svaem Intercotnéotion (S reference madel 100 Glgubit Bthemet 5 introduced i
Clavss 80 and the purpose of each PHY suldager 3¢ symmtarized %0 2,

HEOGBASE-DR FHYs with e optional Encrgy Efficient Ethemet (EEE) faxt wake capability mav enter the
Low Power Idie (LPD mode to conserve energy during peviods of low ok wtilization {see Clause 783, The
deep steep made of EEE i not supprgted.
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ETHERNET
ost LAYERS
REFERENCE | T !
MODEL HIGHER LAYERS
YERS 4
SR S COROWERMACOLENT
APPLICATION /] MAC CONTROL {ORPTIONAL
FRESENTATION ;] MAG
4 o s :
—— . RECONGILIATION
‘ S TG e
TRANSFORT | , 3
e Vi 0GR R PCS
e T RO-FEC
s 7 N s
OATALINK | = N Py
PHYSICAL &‘“‘“‘;“w J
et — PR R T s —————— 3 Pﬁi?#mm&\\- I
NDE o

{ r
} ML
{ MEDI <

(— 2
-
TO0GRASE-DR
1O0GEMI» 100 Obls MEDIA INDEPERDENT INTERFACE  PHY = PHYSICAL LAYER DEVICE
REFEC = REED-SOLOMON FORWARD ERROR PSS = PHYSICAL MEDIUM ATTAGHMENT
CORRECTION PRD = PHYSICAL MEDIUM DEPENDENT
LLE = LOGICAL LMK SONTROL
MIAC = MEDIA ADUESE QONTREL DR = PMD FOR SINGLE-MODE FIZER — 500 m

R = MEDUN DERENDENT INTERFACE
FOS = PHYSICAL DODING SUBLAYER
Figure 140-1—~100GBASE-DR PMD relationship to the ISOREC Open Systems
ierconnection {OS1) reference model and IEEE 802.3 Bthernet model

140.1.1 Bit ervor ratio

The bit emor ratio (BER) when processed by the PMA (Clause 135y shall be lessthan 2.4 % i provided
that the vrror statistios ave sufficiently randotn thay this rosults In oframe doss ratie fsen o iess than
9.2 x 107 for fd-octel frames with nmimwm interpacket gap when additionally procossed by the FEC
{Clanse 81 and PCS (Clawse 823, For a complofe Physical Layer, e fone foss ratic may be degradad 1o
6.2 = 107 fow 64-octed frames with s Intorpasket gap due to additional crews from the slestrisal
inferiaces.

H the coror sfutistics sre dol sufliciontly random 1o toeet this requiremeny; then the BER shad! be less than
that reguived by give g faie Toss ratin of Tess than 8.2 » 107" for 63-cotet frames with puindsano interpacket
g,

140.2 Physical Mediom Dependent {(PMD}Y service interface

This subclange speciios the services provided by e IDOGBASE-DR PMD. The servier irerface for Gis
PMD §s deseribed nan ghsirsel manmer wnd does not fmply any particelwr implomentation. The PMD
service intevface supposts the exchange of entoded ditta between the PMA entity it fesides just above the
BRD, snd the PMI entity, The PMD tanslates the sacoded dity o aad from signals suitable forthe
specified modiun

Copyright © 3017 IEEE. All rights reserver.
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The HWDGBASE-DR PMID service interfnce is an instance of the intor-sublayer servive interfios deflned in

PINR, with u single syvinbod streatn fu= 1)
The serves nterface primifives are sunnnatized as follows!
PAIXIS UNITDATA fDaequest

PMIXIS UNITRATA Qindication
PMDIS SIGNAL.mdication

In the wansmd divection, the BMA continuousty seads one stream of PAME symbols to the BMD using the
PMDIS UINITDATA frcquest privedtive, st & nominal signading rate of 26.6325 GRA. The PMIY convirts
these strearns of synibals dnts approprisie signals on the MDL

In the receive direction, the PMD continpously scnids one siromne of PAMY svmbols to the PMA,
corresponeling to the sigaals recebved from the MY, using the PMUEIS INITDATA . indication primitive,
st g pomingl signaling e of 260323 GB4:

The SIGNAL_OK puaveter of te PMINIS SIGNAL indication: pringtive correaponds fo dhe varlable
SIGNAL . DETECT parametor 43 dofioed in {4054, The SIGNAL DETECT pacameter can taks ot one of
two valnes! OK or FAHL, When SIGNAL . DETECT = FAIL, the rx_svmbol parameiors e wndelined.

NOTE-NMOMAL _DETECT = 0K doss nol guararive that
possible for 4 poor quality link o provide sufficiont Balt for a B
the BER defined in 340,01,

niciers ave known. i be poad. His
=K indication and sl nod meet

140.3 Delay and Skew

140.3.1 Delay constraints

The suny of e wansodt and receive delays st oneend of the lnk contrtbuted by the 1O0GRASE-DR PVD
e luding 2 xe of fiber boone diveetion shall be no move thie 2 048 bit thoes {4 pause_quarda or 3348 ne). A
description of pverall svefem delay congirinis dnd e defindtions for bit vimes and pause quatin can be
fownd o 80,4 and is reforences,

140.3.2 Skew constraints

The Skow {relative delay) botweon the FEC lancs st be Kopt within ity se that the information on the
FEC haes can be reuasemmbled by the FEC.

The Skew Virdation st sdso be Hodied fo coswre ot 2 given
FEC haae abways traverses the sanwe jhysical lane, Skow and Shew Vardation re defined in 1353 and
speoitied at the polits SPO 1o SPT shown i Figure 131-3,

i the PMD service inferface is physically Instantisted so that the Skew at SPZ can be meusored, then the
Shews at SPZ iy lindied to 43 a3 gs Jefined by 135535, Since the signal 3t the PMD service ikefice
represents a senal bt streswm, theve is wo Skew Varlation af this point.

The Skew gt SP3 {he transmitger MDD shall be less thin 84 0a, Since the signal at the MDY vepresents 4
seriah Bit streamy there 15 no Skew Vaviaton at this point.

The Skew at SP4 (the roceivey VDI shatl by fues than 134 ne. Since the sixral al the MIN ropressntz & serkal
bit stream, there isno Skew Variation st this point.

I the PMD service ipterfce 1s physically nstantiated so fiwl the Skew gt 8PS cun be measuved, fhen the
Skewe at 5P shall be less than 143 oy, Since the sigoal st the PMD service interface reprosenss 3 sceial bt
stream, there s no Skew Variaton at flus point.
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For more hdornmtion. on Skew and Skow Variation, sen 1305, The measorsments of Sloow and Skew
Varfution are defined b #8373

140.4 PMD MDIQ funclion mapping

The aptional MBI capabitiny described e Clavee 45 defines seyvoral variables that may provide contral and
staiuy information for Gnd about the PMD, I the MO inerface is toplemented, fhe inapping ol MBIQ
contral vartabskes o PMID control variables shall be as shown in Table 14032 aod the vappiog of MDIO sy
s variables to PV status variables shall be as shown fn Table 14043,

Table 140-2--MDIOPMD control variable mapping

MO contral variable PRAPMD register name R::‘;:;i;é?ﬁ PMD contral variable
Reset PMAPND contrel 1 oregbter | HRA PMIY peset
Global PME transmit disable | PMI transmit disable ey Ry PMID. global_transmit diseble

Table 140-3--MDIQ/PMD status variahie mapping

MDIO statas vieinblv PMAPMD register nume b&ef;gg;x PFMD status vagiuble
Faudt PMATMD siatis |rogistey LE7 PMD fmult
Trausmi faolt PIAPMD status T rogister R M s ot
Recaive Taght PMAPMIY stains 2 vegister LRI PMIT roverve fult
Globad MDD receive signal sdetect | PMID recatve sigond deteet register ; ER DAY PMIX plobal signal detoet

144.5 PMD functional specifications

The T000BASE-DR PMD purfonins the Transinit and Beostve funcitons, which convey data botwesn the
PMID gervics terface and e MDY

140.5.1 PMD block disgram

The FMD block disgram is showit in Flgars 14042, Forpigrposes of systam confoniance, the PME ssblager
is standavdized at the pobts desartbed in this subeluuse. The optical transmit signal s defined at the cutput
el of wsingle-node Hbor pateh cord (TP, between 2 mand Sm 1w length, Unless speeified offinrwise, all
fnmsmiiier measuromenis and toste defined in 1407 are drade gt TP, The optical receive signal iy defined st
the owprt of the oy optic cabling {T83) at the MDE(sce 140 10,3 Unless specifind otherwise, all veestvey
measurernents and tesis defined in 1407 pre made a8 TPY,

Cagpright © 3017 IBEE. Al rights reserverd
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B ] .i wanamitter 11} : Ly Q [ receiver [T o
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- _ * : bt -
i . Paich T | SISNAL DETECT
3 & cord ter cable )
' PR H
: it M ‘
PMD service PRID servive
interface intarfgoe
PRDAS UNITOATA O meguest PMDS UNITDATA Rindicalion

Far clarity, anly one divection of tradsmission is shawt
Figure 140-2-—Block diagram for 100GBASE-DR transmitireceive paths

140.8.2 PMD transmit function

The PMD Tronsosit fanstion shall comvert the syimbol stream reguested by the PMD sefvice interface mes~
sages PMDGES IINITDATA frequest into an optical sigial siresm, The optical signal strearn shall then be
delvered 1o the MM, accerding to the tfansmit optical specifications e Qux clause. The bhighest optical
pawer lovel i the signal stream shall comespond 10 ix_symbol = three und the Towest shall correspond 4o
br_svinibol = 2ers,

140.5.3 PMD receive function

The PMD receive finction shadl convert the optical sigial stroau received from the MDY into @ ayibol
stremn Tor delivery to the PMID service nisriace using the messuge PMIRIS. UNITDATA Gindication, all
according to the reca¥ye optical speetfications fo iy chase, The higher optical power leved i cach signal
shall correspond Yo X symbol = threw and ihe lowest shall comespond fo my_symbol = seva.

140.8.4 PMD global signat detect function

The PMD global sigual detot fonction. shall roport the state of SHINAL_DETECT i the PMD sandex
interface. The SIGNAL DETECT parameter is sigmaled cotimvousty, while the PMDUE_SIGNAL ndica-
fion message is genersiad when g chanpe i the valee of SIGNAL. DETECT ocowrs, The SIGNAL_DE~
TECT parsieter defined in this vhuse maps o the MGNAL OK pargiveter i the inter-siblayer serdice
intorface primdtives definedan 1313,

RIOWAL DETECT shall be 3 plobsl indicator of ihe preseace of the optical signal. The value wf the 810G~
NAL DETECT parameter shall be genersted docordiig fo the conditions defined n Table 1404 The PMD
recobver Is not required o verify whcther a complant HOGRASE-R signal is being reccivid. This stindard
fmposes 1o Tasponse doe mquiieineats on the geperition of the SIGNAL DETECT parameter,

As my wnavoidable conseguence of the reguiverionts for the sciling of the SIGNAL_DETECT paranieter,
oplementations must provide ddeguate margln butween the input optical power level at which the
SIGNAL DETECT parametar 15 sot 1o DK, and tie inhorant notas level of the PMD inchsding the efferts of
srossialk, power supply toise, soy
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Table 140~4--SIGNAL _DETECT value definition

Revchve vouditions SiG ‘L“.‘Q‘ETECT
yaibu
Avprags eptical povwer st TR € -3 o EATL
HOptical power 3t TPA 2 sverage receive power (i) Table 190-7 QK
AND
{rompiant TOOGBABE-H signal tnpuiy
Al offier vonditions Linspecitiog

Various bnplementations of fe Signad Distedt ftiction are perniitied By s staddard, including fmplomei-
fations that gonerase the SIGNAL DETECT panaveter valusy i fespanse 1 thy ampiiiude of the wmadula-
ton of the optical sigial and fmplonsatadons St respond o the average optical power of the modolated
sptical stk

140.5.5 PMD reset funclion

I the MDMO beerface i implommepted, and if PMD_reset is assertesl, the PMD shall beresei as deflned in

£

140.5.6 PMD global transmit disable function {optional)

The PMD. global puusnst disable fedon i optional and allows the optical transmitior to be disablad.
ay  Whenthe PMD mlobal transmit dizable variable s st to ong, thds Smction shall turn off the optical
trananiter 50 that i meets the requirementts of the average kadnch power of the OFF fransmitier in
Tuble 1406,
By Ha PMD Bl s doteoted, thon the PME gyt sot thie PMD plobal - transindl. disablo te ong, furuing
off the optical transoitter.

140.8.7 PMD fault function {optional)

T she BXD has detected a focal Ginli on any of the transod! or receive paths, the PMD shall set PME fauliio
61N

I the MDIC interface is nplementod, PMDfaalt shall be mappad 1o the faul hit s spacified in 352,123,
140.5.8 PMD transmit fault function {optional}

B he PMD s detested 3 local falt on the fritismitier, the PMD shall sot the PMD tansnit St variable
ty pbig,

15 the MDIC interfuce Is hmplomented, PMD fransinii Sinll shall bemapped o the fransrait fanlt b as speg~
thed 432174

140.5.% FMD receive fault funclion {optional}

If the PMD has detected o locad fudt on the recoiver, the PMIY shall sot the BMBD regeive . fatdt variable fo
o

H the MDY interfice e inplemented, PMIX reccive fiull shall be mapped e the recetve fault Bt ay gpeci-
fisd in 432.1.7.5,
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140.8 PMD to MDI optical specifications for 100GBASE-DR

The operating mange Tov the TOOGBASE-DR PMD i defined n Talsle 140-50 A H000B
PMIY operates on type BLL BLI, or Bh a single-mode fibers sceording {ﬁ e gpend

§

ASE-ER comnpliant
ications defined in

Table HD-12. & PMI that excoeds the operating range roquirersont while nresting all other optical spectfi-
cations is considered comphisnt (e, 8 I00GBASE-DR PMD operating at £80 m meels the operating nmge

regairemont of 2 1 to S0 m).

Table 140-5—100GBASE-DR operating range

PMD fype Requived pperating range
HIDGHASE-DR Roan fe S pw

{ 140,81 100GBASE-DR transmitter optical specifications

The HDGBASE-DR wansinRter shall nweot the spectfications defingd in Table 1486 per the definitisns in

1407,
Table 140-0--100GBASE-DR transmit characteristics

Duscription Valig - it

Sigraling rate Hung) S35 & 10 ppan GRd
Modidation frmst PAMS
Wavelmgih {ange} PRS0 I3RS NS
Sigesnmede supprossion exto (SMSRY, Gxdi) 30 i

Average lannch powey {may) 4 dBm

i Anerage bamek power® {niin) ~33 L

{ater Optivel Modulanen Amphifuds T8 g (XK 4.2 i

l ﬁnm’ ()pin d% '\i(:-du{(mm) Avophitude CA ) {mi,ﬂ}h I A

i i ummh power H O A g Dinus TRECQ {_:3ztn;; I 4B
Trsnsmitier and dispersion sye closure for PAMS {IDECO) Goany ) 4B

Aveige Innoch power of OFF fransmifter e} -3 dBim
Bxtinction sati {min) B it

RE A Ovaxy RSy G

Optical et foss toferance () | a4 o
Transraitter refloothaee® {max ~36 i

Avetage hach p

R: st prever below g vahee danuos be Sompliand: Fowéser, s wlos above s doos ot cosurie oompliands.
3 i the TOREET - L, the OMY "xw o (rOIEY wmast ex \cd fhese sahas,

psmiiter reflectance is defined looki Ning into the tansinitio
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14082 1D0GBASE-DR receive optical specifications

The IDGBASE-DR roceiver shall meal the specifications defingd i Table 146-7 per the definitions in

L O

148.7.
Table 140-T—100GBASE-DR receive characteristics 2
> £
Valae }
.................................................................................................................................................................................... i
Hipnubing raie frange) 53125 & 100 ppan 11
3 >
Mindalation forst PAMY : i ¢
G 4
3 dBny \ -
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - T S 1B
 PORET {HAN) 4 dBm 17
; 18
i eceive power” (inin) A8 '1 o
> ey FOMA e Crud dRin et
. . e . 21
Receiver sefleciamce (uast 36 4B s
| Hoceiversa A gl (R 45 dhm 23
i ) B o, ia . 3 34
i Stremsad recotver songiivily M s e dhin 5%
L Conditions of siressed recaiver sensitvily dest 26
 Steessed e i 23 4B s
¥The rectivey shall be sble tu tolery o HUORS SRROSIY W at nptical inpht signal having s av- 29

erage pawer Jevel, SN ] » fo ipeeate coreecthy al s Tapat poseer, ) 3

Average fedsive poer (o 18 dormative and sot the priveipal indicatr o wignsi sfrength, A received powerbelow
is vadire cannal be conpliant; however, 8 value abovs this dogs not snsure comphanns.

cciiver sersibaty {OMA e fmax) s Infonmative.

Shtvasured with conformance tost digmal at TP3 (see 140.7.9 for the BER specified i 140,11,

Flhose fest ponditions are By messuriog wiossed secebeer sensitivaty. They e nol charactionistios of the eoiver, 34

TS IR
3 e

| 140.6.3 100GBASE-DR ilustrative link power budget 37

An iltostrative power budget and peyalies for 1D0GBASE-DR channels are shown in Table 146-8, 39

Table 140-8—100GBASE-DR Hlustrative link powsr budget A%

Poramter Valne L Uai
; 43
i Privwret bendead {Toeznay THE %8 38 46

Ciperating distenng

%
M
=

7»3}37 - 49

E.‘h#mmi mss,mnn inxx 3
Sbaginum discesfe seflocianos See HQI L2 e :L;
i Altosstion Yo peaaition” o TORER 28 Ldn 53
@ § o
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*he chagnel fnsertion foss Iy oxlendated vsiog e nassmendistance specified o Tabde 1908 pid cabled vptical Tiher
atienuation of 8.5 dBkeyat 13045 v ples avcallosution Tor somestion and sphice Joss ghenin 14010201
YLK ponalivy wre v for ok bidged calvatations. They we not roglivenivnty and are nof rosant 1o betosted.

140.7 Definition of optical parameters and measurement methods

Al trssmitter optical measwements shall be made through i short patch cable, between 2 vy and 3w
tengil, ymlesy otherwise specified

While complianee i to be achicved i notmal oporation, sprecific tost pativans are defined for moasuretasat
consistency and o enable measvrement of some paramsters. Table 14010 gives the fest pattorns 1o be nsed
i1 cach moasororocnt, wdesy mborwise specifiod, and. also Has reforeness fo e stkclauses in which cach
prarsmeler 1s defined. Any of the test patierns given for a particalsr tost in Table 140~ 10 may be used 10 per-
forny that test, The test patterns voad dn this chabse o shaw in Table 1469

Table 140-9-—Test patterns

Paltern Pattern description Petined in
Ay waw Sy waves (% thoses, § weres)
3 PRBS3IQ
4 PREB1Q
3 Scranbied i
i RSPHO

Table 14010 Test-pattery definitions and related subclauses

Paramster Pattern. Related subclawuse
| Wavtlength Sipewre wave, 3.8, 5, 6 or wddid 172
SHGRASRER wgmd

| Side micede suppression tatin A8 6 o aalid SOGRASEH stgnal o

| avempeopticatpower | 3.5 Gurwhd SOGBASE-Rsipnal | 18073
| Chaer Optisal Modulabion Aoplitade (OMA 4o dord 34074
| Traosmitter snd Segersian ey losure for BaMs & 14075
RO

| Exifnstion watio ford ' 13078
| RNy OMA 4 477
| Steessed secetver sondbosance test wgmi 6 13079
| cadtbration

Riressed recsives Sensiiviy 3ard 14073
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140.7.2 Wavelengih

The waveleagth shall e within the range given in Talde 140-6 i meavered per TIABIA455127-4 or IEC
61280-1-3. The tranamisier is modulaied using the fest pattern defingd in Table 140101

140.7.3 Average optical power

The average opticad power shall be within e Hndis giver in Table 140-8 i wessured using e drethods
given i IBCA1280-1-1, The av CriEge gpmd} power i measuired vadog the test pattern defined in Table 140+

10, per the test seiup in 33

140.7.4 Guter Optica! Modulation Ampiitude {DMA )

The OMA ;6 shall be within the Hmils given fn Table 1406 i messtorad using 2 iost paticm specified for
entinotion watie i Talde 140-18, The OMA g 19 defined ax the difforence betwoen the average optical
faunch power fevel By, mcasured over the central 2 U of a ron of 7 threes, and the average optical fawnch
power fevel Py, mcasured over the canteal 2 UT of s vom of 6 2eres, a8 shown in Figare 14023,

Figure 140-3—Example power levels Py and Py from PRES13Q test pattern

146.7.5 Transmitter and dispersion eye closure for PAN4 (TDECQ)

The T}}F(‘Q shall be within th; Hodts given in Tabde 140-& i measursd utino the muthods specified in
SR and IDLE50 ostug a referonee equalizer ax desaribodiin 121834 with the fellowing

exwptmns:
s The sipnaling rde of the fest pattern gonsrator s s given i Table 14046,
------ Thers are oo doterforiig optical tanes and terofors the delay requiraiment of a8 leat 31 U between
tost pattern on one lane and any ofer Jine, sy specified fn 121831 s rechandant,
------- The combination of the (WE converter and the oscilloscope has & fuprth-ouder Bessel-Themson filer
response with a bandwidih of 3808 GHe,

140.7 .6 Extinction ratico

The extinction ratio shall be within the Hudts given in Toble 140-6 i measured neing atos! patiern specified
for extinetion mato i Table 140-10. The sxtinction ratio of 3 PAMS optical sigoal is defined ax the vatio of
the sverage optical Tamch power fevel Py, measured over the centnd 2 UL o 8 tin of 7 threes, and the aver-
age optical ek power tovel Py, mcasured oier the contral 2L of o nin off 6 sorgs, a5 showa
Figwwe H0-3,
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148.7.7 Relative intensily noise (RIN3 1 aOMA) i
3
RIN shall be as defined by the measarement meothodology of 8106 with the following axceptiong: 3
s} The optical return loss s 38A dB. 4
by The upper -3 dB Hinidt of the measwemerg ayspacatis 1e 1o be approxinsaiedy cqual 1o the signating §
rate (1.8, 33,2 GHz). &
140.7.8 Regaiver sensitivity &
@
Recefver sensiitvity, which is defined for wn idewd input signdl, is informative and conplisnce i ned i
required. H meastred, e todd sipnal shiould have negligible fmpainivionity such a8 Intergyrabal iierforence i
ST, rised Gl thmes, fitter and RIN. Instead; the normative reguiresnent for receivers i stressed recetver sen- 12
sithyity.. 13
4
140.7.9 Stressed recgiver sensitivity 15
16
Sirpssed redeiver sepstiivily hall be within the Bogis giver i Table 13027 1 moasared wsing the matlod i7
defined tn with the following cxceptions; 8
------ The SECHY of the stressed receiver confornmanes st sigial is nweasdred avcording o 14075, éeept 13

o s X ¥

that the fest fiber 13 not used. :"‘G
~The signaliiiy tate of he et patfcm generator and the oxtivction rdio of the B0 cowverler dre s “
piven in Table 140-6. "
- The rogiived valabs of the "Stressed yeceiviy sensitivity {OMA .0 (080" and "Biressed ey olo- a4
sire for PAMA {SECQY arc as given in Tuble 146-7. 2%

£3 o i
e

140.8 Safely, installation, environment, and labeling

3
3

140.8.1 General safely :g

Al conipment sabject to this chiuse shall conformio TEC 80850- 1.
140.8.2 Laser safety
LHOGBASE-DR oplical fragsceivers shiall conform fo Hazand Lovel 1 kser segiiveinents &8 defioed

IBC 608251 snd TRU 6052522, under any condition. of operation. This inchudes single il conditions
whether coupled e a fiber orowl of an open bote

Conformance o addivonal eser safoty standands may e reguired for operation within specific goograplic
Teions,

Laser safely standards and regulations require that the manufachmer of a Taser ;:smfi’act provide mibtmation
ghowt the product’y hser, safery fanwes, labaling, we, malnfenance; and sereics. This doctimentation
nph(ﬂv defines requircoients and ussge restrictions onthe host systom hocessary s megt these safely

140.8.3 Installation 47
48

It is 'recmmmn\i“d Ii}at 'pmps:‘;f n:zsmiimmn m‘;«:tires A% {i@tmeri by applivable local codes and ropolation, e i’t}
it}

3|

32

B ) THC{R‘!‘\ R fﬁi){ i“Ln !A’M\d LEORY 55$ EHEERY i“"( i 53
sufbty hwts sdone W e sl fdﬂj'}?\i: e msh & e, i Bod e ey £ xeygedired R oblain i owh faser Sty cortiBesitn. 4
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146.8.4 Environment

Maorpmative specifications in this clause shall be met by a systens integrating a HOOGBASE-DR PMD over the
{ife of the product while the product operates within the wmamdhcturer’s vnge of eavirotmental, power, and
gther spesifications,

It i recormuended that wanudactivers indicate in the Bloraturs associsied with the PHY the operating suvi-
rotunental conditions o facilitate selectton, nstallation, and maintenancs,

T s recommended that sanulicturers indicate; I the Heramre sssocinted with fiie componenis of the
opdcal Tk, the distanes and apeating snvivonmenil conditions wrerwhich the specifications of Uis chnse
will be el

140.8.5 Electromagnetic amission

A sysiom integrating s 1OUGBASE-DR PMD shall comply with applicable ol and nationat codes for the
thinitation of dlectromagnetic interforsncs.

140.8.8 Temperature, humidity, and handling

The optical Tink iy expeeted to operaie ever @ reassnable range of envirenmental conditions rolated 1o tom-
perthoe, bumidity, snd physical handling (suclt a8 shock and vibration). Spectfic sogudromenis and values
for theye paramesers ar considaed to be bevond the scope of this standard,

140.8.7 PMD fabeling requirements

It s reconiended that cack PHY (and supporting doecumerdations by nbeled v a mrarmer vigible to the usee,
with at leas! the applicable safety wurnings and the upplicable port ype designation (¢.g., 10BGBASE-DR).

Labeling requirements for Hazard Tevel 1 lasers wre given in e laser safety standsrds reforenced in
14082,

140.8 Fibey optic cabling model

The fiber optc cablig mode! 18 shown B Figuse 1404,

MO i
¥ 3
1 5 Fiver optic cabiing {(channed} Sy
Patuh - Pateh
. g o Link cond
BN ol Dgnnection [ Bt Connection [l pRn

Figure 140-4-~Fiber optic cabling moadai

The channel insertion toss is wiverin Table 14011, A dumncl may conta additfonal connectors as long as
the optical chasacteristios of thy chonmel, such ay sitonuation, dispersion, seflections, and polarization fuede
dispersion mieet the specifications. Insertion loss measurements ol installed fTher cables e made in accor-
davies with ANSETIAEIA-S26-Zdmethod A~1. The Bber optic cabtling model {charmel) defined bere 3g the
same as & shmplex fiber optic Hok sepmend, The teom. channiel is used here for congisteney with generie
cabling standuweda.
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Table 140-11--Fiber optic cabling {channel) characteristics

Deseription HOGBASE-DR | Unit
Qperating distanee (max) 00 1Y
Chanesl ferton Joe® *’{max} 3 E a8
Channe! nseetion sy {mia} ‘ i i

| Poeitive dsparsion™ (max) ] Y

| Negative ding ension? i 93 patun
DO e 224 Lops
| Cptiont return Toss Dudin 48

rhese channel hesortion loss valves feluds oable, coonectors, and sphees.

B thie wavelength vange 13045 onvio 13175 mn

“Differental Chronp Dolay (BGDY is the time differcree ot reeephion bedween the
fmctivns ofs pubse i wers Fransmitted I the tvo peincipal states of polartzation
of an optical signal. RGB_max s the maximuen Giforential groug delay that the
gyabong nuast fobonats.

140.10 Characteristics of the fiber optic cabling {channel}

The HNGBASE-DR. fiber optic cabling shall meet the specifications defined v Talle 140412, The Bber
optic cabling vonsisty of one ofmore sectionms of filer optic cable and auy inesmediate coburcliong reguired
10 comiect sections fogether

$40.10.1 Optical fiber cable

The {beroptic cabie reguivenonds are satisfied by ogbles combuining IBC GDTE3-2-30 fype BT (dispersion

uishified siuglo-model, tvpe BLS (ow water peak singlemades, of type B6 a (hend iisensitive) fibors or
the requiremertts i Table 140-12 where they differ.

Table 140-12—Optical fiber and cable characteristics

Descripting Value Limit

Nonsinal eoifioation wavelongh ALY ]
Cabled optical fiber atienyetion (maxi | ast | Bk

Lory dispersion wivedemgth Gy 130 S Ans 1324 B
Drisguersion stope (g} {8} O3 et ki

e 3 dR ko atfonsation du providsd for Quiside Flant cable as defined m ANSEFTIA 56803

140.18.2 Optical fiber connection

An optieal Gher cormection, as shosen in Figure 14004, consists of a maated pait of optical copnestors,

Copyright & 2017 [EBE. Al riphts reserved.
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140.40.2.1 Connection insertion ioss

The maxinwen link distance ¢ based on at qlleation of 2,75 dB total connevtion and splice oss, For exgme
e, this sHocaon sepports fve colnections with sau average insertion foss perconngetion of 6.5 48, Con~
neotions with difforerd loss charapioristics may he used provided the regquinensonts of Tabde 14811 are met

140.10,2.2 Maximury discrete reflectance
The wraxitamt valon for each disvrote refloctanes shadl B kess than or cqeal 1o the vadue shown. in
Tuble 140-13 corresponding to the nuber of discrese veflectances sbhove ~5%8 4B within the chanuel. For

muubers of diserste refloctanses in beiween two muubers shown dn thy table, the lowsr of the hwo
cavresponiding matinnun diserele relleciance values apphes,

Table 1401 3—Maximum value of each discrete reflectance

Maxinms value for osch
Number of diverete discpete reflectance
reflectances above ~55 4B

HBGBASE-DR

i

140.10.3 Medium Dependent Interface (MD1)

The HOGBASE-DR PMD s coupled to the fiber optic cabling st the MDEL The M s the interface
betwennt the PMD and the “fiber ophic cubling” {as showr b Sigure 1804 Bxvaplod of an MDY mclude
the Tollowdng:

ay - Connectorized fber platatl
by PMD recoptacle

When the MDD is 2 comnacior plug and recepiacle conrestinn, it slall suget the interface perfiwmange
specifications of TEC 81783-1-1 and IEC 817330212,

WETE- Transitior comphanoe fosting i performed a8 TP as defined 148 X1, aptapthe MDL
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140.11 Protocol implementation conformance statement (PICS) proforma for i

Clause 140, Phystca% Medium Dependent (PMD] sublayer and medium, type 2

100GRASE-DR'® 3
4

140.11.1 Introduction ;
¥

The supplivy of & protoscl. bapdementation: that ds olaimed o confoeny fy Clause 146, Physical Madiom 7
8

Diependont (PMDY sublaver and medinm, type I00GBASE-DE, shall complete e following protocel b
soplvmentation conformancs stalpment (PICR) proforing.

A detailed descripion of the symbols ased in the PICS profmng, akmg with instnwtivns o sxnnpleting e
PICS proforma, can be found m 31

146.11.2 identification

140.14.2.1 hnplementation identification

Suppliert

Contact point b inguicies sbout the FICS!

:m(m “smmu £} emd \ u‘-um}{s‘}i S

hmh mmt

fot fil ikt

Other ixtriyedion e A
reachites sudior ugwmz,ma

ssa;m\\‘f anad versiondsy &
» Svaionm Navas(y)

e

L

O t—Heogquived for all buplomentations,

<My be comapletod s appropiiale I8 mesfiag the ropdrcments for e dontifisation.

NOTE 3—The fern Nanw and Version shoald be nferpraied itppft\pzmn}s o oprospond with a supplies s tomd-
aolepy fo.g. Thpe, Saries, Model},

~
X
ra
2z
7
¥
P

G ek OGN

b I
- G N

a2,

(¥

X

140.74,2.2 Protocol sunwmary 33

Tdenditiontion of profocol standint TEEE S5 802 Fed 28y Clause 130, Physiead Meding J‘(‘
i ependint (PMEY sublaver wud medinen, tope 37
FOBEHIASEDR

Tuderdification of amendieents sud coniperids to this '
PHES prolvors that have been complated as pat of 4‘3
this }‘KL £ $1

o

tion e bees rapred® Ko Yesf
answer Yas eans that the tmplenseniztion docs uot conforns o IBEE 81 802 328003

A6

-

l s of Rtdteoment

L by
Lk e

[¥

s .
AT e v FICS profoomss 1T

B asad Tordty intonded puepres and may

of this saadad waey fealy reproduse the PIOS prodonss o0 subalaise so thal it oan
e publish o vomgdised PICK

‘o
Vi
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140.11.3 Major capabilities/options i
3
3
Frem Featpre Subclaouse ValeaTonpmnt Siatus | Support :}
RN Tostafanicad cable BRG] Densmarkel il NS inclode i} Yes 6
inntaliation praviices aud able Noil 7
specifivations nokxppheahle to 8
a PHY mannficturer o
Py RBebpremss poit TP oyposed A This poted vy b made asail £ Yes il 16
and avatlable for weling uble for tve by tmploavientets o Mo 11
- Ceetify ontaponint oo 12
. N e RS A N 13
TP Reforencs poi TP4 oxpossd O3 e avails it Yesi] 4
and avatlable Tor wniing : v implonentaa ip Mol 15
certify compoant confor if
RIS 17
3¢ Dediyy consteards BRAE D Device confirms to delay con- M Hex{l 18
: - steadnds iy

RO Skiew convtrnis 1E33 Device condonis i Skew and Mg Yeui} -
- Shew Varatiog cotstring a«
WD MO vapability 04 1 Registors and miorfaee sup- Q 23
prded 24
A
26
140,114 PICS proforma fabies for Physical Medium Dependent {(PMD) sublaver and 3
madium, fype 100GBASE-DR 2
29
140.41.4.1 PED functional specifications 30
3
Ttems Fonture Bubeliuse Fadue/Conmment Status | Suppert :jr
¥l Compatible with HGBASER L M Yusil 35
i PUS aud PMA A6
¥2 integradion with mansgoment 1LY G 3 ’
fanctions R
P TSt oot paiio IS Mooty the BER apecified iy M 40
il .
- o FOTOUTTUUU RV OO o ) -~ 41
¥4 Fratyanal fimeding 143,52 Coasees symbels o PR M ¥auid A%
service interface to MDY 43
s NMapping betsvien optivcel signal 14052 Highest optios) powed wwre- M Yes 4“}
s dopical signal for tansanitier sposads 1o By symbal = theee 48
? 46
P& Hesive Rwwhitn 14153 Tl svabinly o MO 4 Yo} 4%
PSR service huerface o
48
46
hit
&}
32
53
NG
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L ftem

Feature

Ruhclause

Value'Conunent

Statay

Convarsion of optica] dgnal o

slectieal sigasl

aderibee

Mappiag between ptical sigoal
A dogacad sigaal By veseiver

Higheat optical
sponds e sembol = thiee

Global Sxgnnt Fieteat fanction

HALadwat

Hopeat ko ihe PMD sorvive dofee-
fave the mossage PMIRIS SIG-

(RIGNAL RETECTD

Fig

Globsl Sigand Detect bebuvioy

SIGNAL_DET v & plobal
indicator of e prosenies of ant
optical signad

B reset fmction

Resots the PMUD subluyves

jSiRRE

140.11.4.2 Management functions

Tremy |

Fexture

Subclsase

Yatae/Coaaend

Sintus

A

| Management Tegister set

{404

MITEM

ME

- Ulohal it deabide
- Hunonen

1056

Dixables the oplical ramsditer
seithe fhe
MU _global st disable
earinble

MO

33

LMY St funstion

Rets PMD ool toone agy
Fowpd et dettoismd

MDO

M4

L PMEE traneouit faalt fenction

AR

Sede PMID transgmit_fault o
ene i a oad faudt i detecied

MInO

L PMEY recetve el Banction

HMREY

Seta PMID recedve Taudtio oue
y docad fand s detected

IR

140.14.4.3 PND to MDI optical specifications for 100GBASE-DR

freny

Fegture

Subeisce

Vadue! Conmunt

Skatas

Supyort

DRY

Tesusmitier mects specifions
noas i Tabde 14046

46,3

Por definitions i 1407

M

Yes i

D2

Beceiver sty specificaiiains
i Table 340-3

14042

Per defioitione i 1407

M

Yes (|
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i Festare Subclanse Yabwe!Conmiment States | Seppert
LR ausnremens calide 1347 2 mtdo & o fongth M Yesf
OMZ Center waveongil 032 Per TIAEIASS-12T-A o1 & Yes |

D A1280-1-3 wnder mndu-
fated conditions
M3 Average opfival power Por IEC 61238011 M Yesi

Ond

OMA mreasgremeds

EAAT Y Fransrmiter and dispersion e L (el M e}
shasure fir PAMA {THECER

OME Extinctivg ratho 14076 M Yos i}

OMT Stressed roceiver seasitivity 7S M Yeufl

140.11.4.5 Envirommental specifications

Feature

Subilause

Value/Commient

Stutus

Support

Yes{ ]

Laser spfty--100 Hazad

and natonsd oodes Tor thie
firntation »f lettromagnetic
inferferane

Level d sef reguiremhenis delined
IO AU and BT 6
FS3 Bleciromagnetic fperfaencs 143 8.5 Complies with applicable foeal M Yes {1

140.11.4.6 Characteristics of the fiber optic cabling and MD

ftem Feature Sulwiause Vahue/Conament Status | Support
Re s Fibar aptie cabling L0 Meets reguiecients specifind dn IEM
O Mt discrete rofles- L HIRE 1 Moot oapuiremonds speodied SN
Rt fabde B3-13
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KOTE—TTs annex i numbered o comespondence {0 1x associaid clause; 1.0, Annex 44 corresponds to Clamse 4.

Annex 4A

{normative)
Simplified full duplex media access control
4A.4 Specific implementations

4A 4.2 MAC parameters

Charige Table 4= (a5 modified by JEEE S1d 803 3bs-201x) s follows:

5, and 400 UGhis npesitinn, th v tokorpacket gap {the spaciay
tefd ol the Bt panket fo the st W of B Presmble of the second
shue of R BT (ot tinvesd, as wovsead at the XL L SOGMIL COME, 200GME, w0

and lane aliprnent muirements,

i s packe
1Y vag have @ mininn
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Annex 31B

{normative)

Ll A YR hees

MAC Control PAUSE operation 6

~3

31B.3 Detailed specification of PAUSE operation

318.3.7 Timing considerations for PAUSE operation 12
Insert the fillovwing new puragraph after the pavagraph starfing “A1 operating speeds of 384K, . 4
At operating . spesde ol S0GHS, a stallon shadl not begin to tansmit & (Bew) fame more fhan if

394 paase_guanta afier the reception of 4 valid PAUSE frame that containg & nos-seen valoe of pause_thme, 17
as massured at the MDL i8

Tnsort the following salewlation for 30 Ghis aperating, affer the line 30 G5 -« max_overran = 7553 + 23
Srame Tengthe™: 23

S0 Gbds - max_overran = 25216 -+ frame_lengl

o
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Annex 33A
{normative)
Specification methods for electrical channels

83A.1 Channel Operating Margin

Insert news i fato Table QAT fav modificd by TEEE Std 3012, 3bs-201%) below the vow for paramwier
“Transmitter egnalizer, minivum cursor coefficient™ (enmtodified rows ave not showni:

Tabls 338-1-COM paramelers
Parameter Referense | Symbol | Unkis
i Transmitter equnbizns, 7 pre-cussor ccafficient® FAIALAL | -y
' Blinganun vehie -
Maxhamn value -
Riop wden
i Aoane ehyvses that invebe this methad do aod provide 3 vale for -1 See A TA L

Change Table P3.4-2 (08 modificd by IEEE 8¢d $82.30y-2615 wad TEEE Sid 8023052015} 45 follows
{yome wonodified rows are not showsd;

Table 83A-2~Physical Layer specifications that employ COM

Fhysieal Layer Parametyr vatues

ARG CAT ¢S

Telbde 13648

SOLIA £ A nnexR 1330

H JGAULLCC Lane 138

HHGBASE-CR

i Copyright © 2017 IEBE. All rights resemved.
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Table 33A-2—Physical Layer specifications that employ COM

Physical Laver Pavameter values

TOBGHASE-KH4
HIGRASERP ¢

443

FORGBASE-KEY (Ul 130 Suble 1378

AT QR0

FWith e xoepiions piven i 1

93A.1.4 Filters

93A.1.4.2 Transmitter equalizer
Change the text of 934 14,2 as follows:
Hadh bs defined by Equation (O3A-31) and fs Intended w represent the wansiitier axuatizen I & come-
spands to a neasend crosstal paily thew gz o1 and o) sre gl zeto repardless of the values vsed R
the other  paths: The ahie of the Yowrsor™  poefficiomt ) I8 set w0 jei-—teity
ffofe2d ~Jot- D~ e 1l for anyvalie of of2), o1 and oy, 10 the value of o) 1s Joss than the spec-
thed mnimum valse, e comresponding combimation of ¢l of 11, and o1} 15-cousidered fnvalid and s
ot used o caloulate COM,

Replaee Equation (834=-21) with the Jollowing equation:

i

' res
et e e e ey Do g E G Ao
Hyg k) = }_‘ a.u)up»,\ﬁm i 2};;;}‘ {@3A-21)
el i

{9321

Copyright © 3017 IEEE. All rights reserver.
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93A.1.8 Determination of variable egualizer parametars
Change the first paragraph of 934, 1.6 (o5 modified by IEEE Sid 863.353-201x) and #esn g} g8 follows:

COM i a fction of the varladles o205 ¢l-1), 3 gpey a0l piyps The foltowdaz procesurs i usod 1o
deterniine the vilues of these variables that swe used 1o culcalate COM.

ay Compute the pulse response By of each sigral path & fora given o038, o1, o1 goo: and g
using the procedere defined IV R3S

o

Change the last pasigraph of 834, 1.6 fax modificd by JEEE Std 892, 355-301x}) ay follows:

The FOM s caloulated for sach pomiged combinaton of 0521 of-10 o), epe. Wndiggps vadusy poy
Table 934~1, where anv parameters pot provided by the classe that dnvokes this method ase setto G The
combingtion of vakues that maximizes the FOM, the corrosponding vahee of £ 1 used for the cal-
cutation of the hvorforence and notss amplitude in Tand the calonltion of OOM m @3AL

Copyright & 2017 [EBE. Al riphts reserved.
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Annex 135A
{informative}
50 Gb/s and 100 Gb/s PMA sublayer partitioning examples

The figures v s anpex provide virlous pariiiioning examples. Partitiondng gnidefines snd MMD number
g conventions are deseribed 13504, These partitioning exammples sre fnformative and do ot apecify o
particuiar sublvyer combingtion for suy PHY, Specific ind compliant sablayer combinations for a partivalar
PHY are provided i the appropriste aonmative chuse,

135A.1 Partitioning examples of S0GBASE-R PHYs

MAC AND HIGHER LAYERS

RECONCILIATION

SHGRMH

SOGRASER PCS

PMO

MMD 1{

e

RUGBABE-R
S0GME = 50 Glvs MEDIA INDEPERDENT INTERFALE HMEO = MDIO MAKNAGEABLE TEVICE
FEC = FORWARD ERROR CORRECTION PCE = PHYSICAL CODING SUBLAYER
MAL = MEDIAACCESS CONTROL PMA = PHYSICAL MEDIUM ATTACHMENT
KD = MEDIUM DERENDENT INTERFACE PMO = PRYSICAL MEDIUM DERENDENT

Figurse 1358~ 1—Example FEC implemented with PGS and PMD

Cagpright © 3017 IBEE. Al rights reserverd
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MAL AND HIGHER LAYERS
RECONCILIATION - |

Ay L Y e

o

BOGRAL SOGHH i

4

~

R R

MM 9 FMA MRG0

LAH2 i LAUHZ i

veiD s NN PMA N s RY Bvd s N

MMDB

PMD SERVICE
WTERFACE

Ty p— w1 | PMD |

[ MEDHUM E R

el | NEDHLIM “
SOGRASER b

MBD 1{

L9

B e T S ol
A L fo el BF e

Sk
fecd

y_,‘
Lo

o
asd

F

b
oas

LN -

—
S0GBASE-R

BSOGHMIE= 50 Givs MEDIA INDERENDENT INTERFACE MOl = MEDIUM DEPENDENT INTERFACE

FEC = FORWARD ERROR CORRECTION RCS = PHRYSICAL COUING SUBLAYER

LAUE= S Ghve ATTACHMENT UNIT INTERFACE FMA = PHYSICAL MEDILM ATTACHMENT

MAG = MEDIA ADDESS CONTROL PMD = PHYSICAL MEDIUM QEPENDENT

Figure 1388-2—~Example FEC implamented with PRD

NE RSN
HREEER

3 b B

28
29
3

o
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MAT AND HIGHER LAYERS

RECONCRIATION

et ip—

SOGMY ] ]

SHGBASE-R POY SOGBASE-RPCE

MMES S
SORALIR ~——w | |
MM 8

PuD

PR SERVICE
DTERFACE *

MDD

MANID 4 i T o l

X
"

| MEDIUM <> 4D

T | MEDRI <
SUGEASER L
B S——
Y
SOGBASE-R
SOGAULR = 50 Ghis ATTACHMENT LINIT INTERFACE MO = MOIG MANAGEABLE DEVICE
BOGMI = 50 Givis MEDIA INDEPENDENT INTERFACE FUS = PHYSICAL CODING SLIBLAYER

FEG = FORWARD ERROR CORRECTION
MAD = MEDIAACCESS CONTRGL
MDY= MERQIUM DEFENRENT INTERFAGE

PRA = PHYSICAL MEDHUS ATTACHMENT
PMD = PHYRICAL MEDHIM DEPENDENT

Figure 1358-3—~Example single 580G, FEU inplemeanted with PCS

Copyright © 3017 IEEE. All rights reserver.
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WACAND HIGHER LAYERS

RECONCHLIATION

SO )

SHGBASE-R PO

FEC
MMD @ PAA
SOGAUMC2C —) |
wins N Pva N
SOGAULN CZM e
¢
0t ) e
L EMD
M e
| MEDIUN <
}"‘*'"""““\,.» Y

SOGAULR = 501 Gh's ATTACHMENT LINIT INTERFACE
SOLME = 80 Gb/e MEDIA INDEPENDENT INTERFACE

FEC = FORWARD ERROR CORRECTION
MAD = MEDISACCESS CONTROL

BOGBASER

MDI = MEDIUM DEPENDENT INTERFACE
POS = PHYSICAL COING SUBLAYER
P = PHYSICAL MEDIUM ATTACHMENT
PMD = PHYSICAL MEDIIKI DEPENDENT

PCS.

Copyright & 2017 [EBE. Al riphts reserved.
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MACAND HIGHER LAVERS

RECONCHITION

\

SOGMI ~—l |

SOBRASER PUS

WAMD 10 & ' w

LAUR2 G2C oo

BOGAUL G e

A BNA
BMD 1< s .
1 P}\ﬂa

ML~

o

| Meniun <5
| SRR

S

g

SOGBASER

EGGAULn = S0 Obis ATTACHMENRT UNIT INTERFACE
SOGMIE = 50 Ghvs MEDIA INDEPENDENT INTERFACE
FED = FORWARD ERROR CORRECGTION

LAURR = 50 Ghis ATTACHMENT UNIT INTERFACE
MAC = MEDIA ACCESS CONTROL

RO = MEDIUM DEPENDENT INTERFACE
PLRE = PHYSICAL CODING SUBLAYER

BMA = PHYSICAL MEDIUM ATTACHMENT
PMD = PHYSICAL MEDIUM DEPENDENT

Figure 1358-8—Intenmediate PMA device with FEC for module interface,

Copyright © 3017 IEEE. All rights reserver.
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1358A.2 Partitioning sxamples of 100GBASE-P PHYs

MAC-ANER HISHER LAYERS

1 RECONGILWTION

CEME

JONOBASER FCS

 {G0GBASE-R PMA ,
: e ‘ MDY 10
ISR
TSR R p—. .
10HGRASE-R PHMA .
{m20) MMGR
RG-FEC
S ——— .
SHOBBASEP PMAY  paing
r &y R
A0HBEAU
I
10RGBASE-P PMA
R R T o
PMD (
~
R
.‘.*J“‘L“."“""?
[ MEDIUM <%
Sty =
{O0GEASEF
CAURIO = 100 Gtis TENAANE ATTACHMENT UNIT A = PHYSICGAL MEDILIM ATTACHMENT
INTERFACE PRD = PHYSICAL MEDIUM DEPENDENT
COME = 100 Ghbis MEDIA INDEPENTENT INTERFACE RS.FEC = FEED-SOLOMON FEORWARD ERRQE
MAC = MEDIA ACCESS CONTROL CORREBCOTION
#40} = MEGIUM DEPENDENT INTERFACE i w4 or 480
MMD = MDIO MANAGEARLE DEVICE n=2ord
PCS = PHYSICAL COLING SUBLAYER B2

Figure 135A-8—Example 100GBASE-P PHY with CAULn and 100GAULn
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Chip-to-Chip 50 Gb/s 2-lane Attachment Unit Interface

{LAUL-2 C2C)

1358.1 Overview

This snrey defines the fnedonal aad eleepical charsclersties Tor the optionat chip-ro-chip 50 Gb's

tworlane Aunchment Uit Interfuce (LAURZ Q20

EAWERZE

interfices o the 180

i Figure 13881 shows
> Opear Systors tefconmentinn (ST reforonce ioaded, respestively,

un. gxample mmnm&whxp of the

The LAUE-2 C2C imevtice provides dlectricy] charactoristive und sessociated Compliancs points, which o
apticatathe by ased when designing sesters with slectrical interconnect of approximately 25 o i kength,
O !,] IMAG AND HIGHER LAYERS {
REFERENCE ;
OO, i RECONCILIATION |
bl iy
LAYERS if
APPLICATION i SOt
PRESENTATION / SOGBASE-R PUS
i
Cy Pr«
SESSION i :
TQANS X"D%T }- f p&;] A
NETWORK |/ e
P
1N PRA
DATALIKK ¢ pross
BHYSIOAL MO e
B MEDIY M <
Nl o e i $
. o

SOGHI = 50 Ghis METHA INDEPENDENT INTERFACE

LAUR2 C2C = 50 Ghvs TWO-LANE ATTACHMENT LIIT
INTERFACE

AL = MEDIA ACCESS CONTRGL

SORBASER
MDE = MEDIUM DEPENDERT INTERFACE
PCS = PHYSICAL COUING SUBLAYER
PMA = PHYSICAL MEDIUM ATTACHMENT
PO = PHYSICAL MEDILIM DEPENDENT

Figure 1353~1w§3§amp§e mu:~2 C2C relatioﬂ"ship m the !SinEG ﬁnen System intercon-

LALUE2 CHlis o physical instantlation of the PMA service nterfas

< between the PCS and the FEC.

The LAULZ2 Q2C 1)1&:;»&“;031‘:} tink is doseribed dn tooms oft o LAUL2 C2C wansmiiter, & LATLR2 20

-~

chamned, sud 8 LAUL2

reopiver, Bigure 13382 depicts a tvpieal LAUER2 C20 application, The tnfir-

prattve difforential nseedon loss budgel sssociared  with the €20 application can be found In

Copyright © 3017 IEEE. All rights reserver.
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1) angd <%, The LAL2 Q20 hworface voraprises bdepsnstet data patls o cagh
dmmsfm E,m.h mm ;mh containg mo cifferential hmes using NRZ sipgmaling, which are AC~conpled. The
yefreguency 3 dB cotoff of the AC-coupling should e Toss than M8 iz

LAUEZ G326 channgd

e IR —r
i .
[ TRO [TES
o {
Trangmitfer e » i} »| Regaiver
‘ 2
LALH2 LALIER
Feied e
somponerd component
Facaiviay s A % % < T‘rausr‘niﬁas“
i Aol i
1TR% Connector (TPG

Figure 1388-2Typical LAUL2 C2C application

The nearial signaking rate foe ouch hine Iy I8 TRIZF GBE The DAL C2C tranemittyr-on sach ond of e
ik fs adpsted to an appropriste seiting based on »hanmi knowledge, I implemented, the tratismitter equals
tzation feedback meclaminn desedbed o L3 omay be used o identity an approprinte setting. The
sdaptive or adpstable receiver performs the mmimi{:r of the equalization.

o margin {COM) as desoribed
~1y due o the chae

T i}n mmx,nm, chammed conpliance is thyough LALE-2 C2C channel operatin
Actaat channel Iss could be highee or fower than that ghviscby
‘nci }LD et loss, and crossiaik

135B.2 LAUL-2 G20 compliance point definition

The comphianes puinls Tor the LAUR C2C brterface fe defined i

138B.3 LAUL-2 C2C slectrical characteristics

1358.3.1 LAUL-2 C2C fransmitter charasteristics

A LA O20 transoitter shall meet all spocifications for two CAU lanes in 83D L

135R.3.2 LAUL2 820 receiver characteristics

A LAUR2 C2Crersiver shall wmvet alf speifivations or o CAUR beg 8l

[fibe LAUEZ C3C recviver sapporty the optional iransmitier squadization feodback, 8 shiall meet &l reguaires
ments in 83 33

Mo
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1358.4 LAW-2 C2C channsl characteristics

The LAUE2 C2C channel shall meet the requirements spenified in 83134,

LA e SRS Pk e

o

i

oD

Goot  hond sk pes need i, ek
L35 N O DR O

o,
Pl

¥

Fod e e o
o s Qe o]

[N S
(R N

k3 Bp B Pk
e

o
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1358.5 Protocol implementation conformance statement (PICS) proforma
for Annex 1358, Chip-to-Chip 50 Gb/s 2-lane Attachment Unit Interface
{(LAUL2Z C2C)

135B.5.1 Introduction
The supplier of 3 protovel implomenistion that is chumed o couforn o Aunex 1388, Chip-to~-Chip 50 Gbis
J-daoe Atachoemt Unit Interface (LAURZ C2C), shall complete the following protosol mmplensendation

confonmanes statement (RICS) proforna.

& detailed description of the symbols mui in the FICS proforms, slong with instnrctions for conpleting the
PICS proformag, can bo fwnd i € !

1358.5.2 identification

1358.5.2.7 implementation identification

Snpplic!

Contact point Yor fnguiries aboatthe PICS?

Baplenserdaiion Namwdsy aind Vorsi t}}i@}} &

Other rnioumwn BRESSSATY tos m‘ti 1da'tmiswtwn--«‘. &,

- Hegumd for all buplementations.
My bis mmplued as apgmmm w mnt*m thi requiremernts for the e
iad approprately e

ntifioation
sxponl with « \up}nm s tenmihd-

$388.5.2.2 Pratoco! sunwnary

TEEE Sid 802 3ed-201 x, Anaey 1358, Olap-io-Chip 30 Gbis
Tebane Adtachiment Undt Interface (RATE2 023G

Tdexaifiontinn of protocod standaed

Identiication of amendaents and corganda i this
PICS profonma that e beon completed as parof,
iy PICS

tom items been requived?  Noi

the RESWET '\u RIS ih&i ihe inpleroentaiion doey nob sondugn e 1B

3 Rl X()E.Bgd»"(e‘h i)

Vgt of Batornant
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1358.5.3 Major capabilities/options
ftem Feature Sabohaasg VibaedConmment | Status | Support
N Nopabier of dilforendial 3381 Fevny tndependent duta paths @ oM Yesi i
: Agloupled Janes vach direvifon
SCHAN | Channal 131504 freans nurked with CHAN O

sohude chaauret specificatings
not appheable s o PHY nuwn-
fadturer

1358.5.4 PICS proforma tables fur Chipte-Chip 50 Gb/s 2aneé Attachment Unit
Interface (LAUL2 C2C}

$358.5.4.1 Transmilter

ftem Feuture Subclause VidugConyment Sty | Support
e Kinnahng e FENI R 23TRIZYGBd M0 ppamper 5 S Yestd
{ae
TCR | Peaketo-peah diffventidl owtpu | 133831 1200 oV (max) M Yas
viltage
TCS feaki-toeposk differentisd Gt IASH3A Loss oy eped 0 30 mV M Yes i}
vl fransmuifer disshied
TCH DO conpmmrivasde voltage 133834 Betvests 'V and LYY with M Yes i}
respent By signal grovpd
TCS AC common-uiods ppal vl FASRL3L 120V RMS with respect 1 M Yesid
sge stgnal ground
6 Differontizd aufpal neham loss Mook b Yo { )
strainty
TC? Conmnon-ode Swpu rein 135831 M Yesll
toss
TCS Quidput wanalonm 133R3 i gonstratnis M Yesf i
Onsfyast fitder 3383 -} sousiraints M Yesid
Transoit dgualization 135k k5
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fiewm Fepture Subelsnse Wb Comment Status. | Suppoert
F RCH Dittorgngial Topd pedinm fosy PREBATY T M M
straints
BOD ViiYerential o commaon-mode BERIEN Meets § M Yes{}
pul vehion dosy stenints
| RC3 Irerforence folaratios 1ASB. Sutisty requiveinents n M Yest}
: T Swiththeexcepiions
- RCY e Toldramse P3EEAR FeguiTeEnLs in M Yeufd
1368.5.4:3 Channel
ftem Feature Syhehause | Vidue Conunent Sintus Support
403 Uhaemel Operating Mungin JEN - Ureater thamor sgial 1o 248 CHAMNM Yes | ]
{COMY SR
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Annex 138C

{normative)

Chip-to-module 50 Gb/s 2-lane Attachment Unit interface
{LAUL-2 C2M)

135C.1 Qverview

This anex defines the Bedonal and elecidesl charactaristics for the sptional chip-to~modide 3¢ Ghds tao-
lage Atteclunend Unit Interface (LAURE T2y, Pigire 13530-1 shows e relationship of the TAUR CIM
intorfage to the BC Open System Taesconngction (O8I reference owodel. The C2M Interfacs provides
glevinical characteristios and associated compliance points, which can optionally be used when designing
systeng with phigeable musdule mierfaces;

o8 ; MAD ANIY HIBHER LAYERS |
A iR RECONCILIATION |
LAYERS ;;-,' SOGNMIE
APPLIGETION [;‘”}' SONBABE-R POS
rresavmron| |
SEESION j’)‘ LAURR D8

; PRI

TRAKSPORT | ;

NETWORK 1Y)

DIATA LINK
PHYSIOAL i b
IR Em&as‘ua@f}
KW“‘“ N -
SOGRASER
LAULY GIM= 50 his TWO-LANE ATTAGHMENT UNIT  MDi = MEDIUM DEPENDENT INTERFACE
INTERFACE PCS = PHYSICAL CODING SUBLAYER

S0CMH = 50 Gtvs MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT
A = MEDIA ACDESS CONTRCL D = PHYSICAL MEDIUM CEPENTENT

Figure 135C~1—Exampie LAU-2 C2M relationship fo the 1ISOAEC Gpen System Intercon-
nection {081} reference model and the IEEE 8023 Ethernet modetl

LAUR2-C2M iva pliysical instantiation of the PMA service interfics botwesn the POUS and the FEC.

The LAULRZ C2M HekK s describad in ooy of 3 host LANER2 C3M componsnt, & LAL2 C28-chanel
with associsted fnsertion loss, and & modale LALR-2 C2M conponent. Figure 135C-3 depicls @ fyplead
EALE-2 €20 applivation and sumimarizes the difforential nsertion & set aseociated with the C2M
appiicution. The suppovted insedion toss budger is churseietized by Y and ithstrated n
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i 3 The BAULZ €2M interface comprises independeny data patly fn sach divection, Each data i
pmh mnmm two differential hwes using NRZ signaling, which are AC-coupled witlhin the moduls, 2
3

Host Module &

Host insertion foss upto F3 0B Madule insedinn loss ugio 1.5 dB %

& AL 3 &

TIRREIIIER formrrrrrore ’_‘,”' ) H”"’m"’" Regeiver ;1

LAULZ LAL2 9

foasits T2t {i}
compansnt sovponent 1
Revaiver [# v M frered Tranamitier 2

2 T {3

Connectol insertion foss Up to 1.3 0B 4

Figure 13680-2-LAU-2 C2M insertion loss budget at 12.88 GHz P

17

i8

The nominal danating rate for cadh lage s 35, 78125 GBd. The Latll-2 O3 interfice I defined using & i
specification and test methadology that 18 sliodlar o e used for CEIL28G-VER defined in GIF-CEL3 1 0
R 21
23

; s 23

1358C.1.1 Bit error ratio 4
The bhit error ratio (BER) shall be less than 0 it any errors sufficiondly wncorveluied 1o cosge an 2%
geseptably Bivh srean thne W false packet scooptince (MTTEPA) assuming G4BHO6B coding. ey
)

135C.2 LAULZ C2M compliance point definitions e
. 3

The compliance poinis for the LAURZ €M interfuces wre as defived for twe CAU lanes in 1
33

; : s i 34

135C.3 LAUL-2 C2M electrical characteristics 15
135C.3.1 LAUL-2 C2M host output characteristics >
W

A LALE-2'C2M host ogipit shall oreet all speeifications for two CAUT faes in 13 4:'}
135C.3.2 LAUL2 C2M module oulpwl characteristics 43
43

A LAULZ C2M module outpud shisll oreet sl speciBeations for two CAL anes bn 44
4%

. i 46

135C.3.3 LAUL-Z C2M host input characteristics -
ALATER2 O3 host inpoet chall nent ol gpectficativas Ry twe CALTS Tases dn 46
a0

135C.3.4 LAUL-2 C2M module input characteristics 5
32

A LAUER2 C3M mndide npat shall eet @l specifications 1or two CAL- langs b s 53
34

i Copyright & 2017 [EBE. Al riphts reserved.
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135C.4 LAUL-2 C2M measurement methodology

The TATER2 CIM pwasarement methoedology ivas defined in 388

R o

o

i

oD

Goot  hond sk pes need i, ek
L35 N O DR O

o,
Pl

¥

Fod e e o
o s Qe o]

[N S
(R N

k3 Bp B Pk
e

o
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138C.5 Protocol implementation conformance statement (PICS) proforma
for Annex 135C, Chip-to-module 50 Gbis 2-lane Attachment Unit Interface
{(LAU-2 C2M)

138C.5.1 introduction

The supplies of ¢ profocel buplenentation. that 13 clatmed fo-conform 1o Anex 1358C, Chip-to-module.

F-Gbds 2-lany Atbrclanent Uit brorfape (LA COM) shall corgpinie tie Gntlowing protocol implemeie
tation conformancs stawement {FICS Y proforma.

& detailed description of the symbols mui in the FICS proforms, slong with instnrctions for conpleting the
PICS proformag, can bo fwnd i € !

135C.5.2 identification

135,827 implementation identification

Snpplic!

Contact point Yor fnguiries aboatthe PICS?

Baplenserdaiion Namwdsy aind Vorsi t}}i@}} &

Other rnioumwn BRESSSATY tos m‘ti 1da'tmiswtwn--«‘. &,

- Hegumd for all buplementations.
My bis mmplued as apgmmm w mnt*m thi requiremernts for the e
iad approprately e

ntifioation
sxponl with « \up}nm s tenmihd-

$38C.8.2.2 Pratoca! sunwnary

Tdersifiontiun of profvend stendand

Identiication of amendaents and corganda i this
PICS profonma that e beon completed as parof,
iy PICS

tom items been requived?  Noi

the RESWET '\u RIS ih&i ihe inpleroentaiion doey nob sondugn e 1B

3 Rl X()E.Bgd»"(e‘h i)

Vgt of Batornant
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Tem Pouture Sabckanse Valne/Comment Seatus Support
N Mymbor of differengial 3500 Trvo nxdependent data paths in o Yes{d
! ACepupled lanes - wach divectian

BER Meats BER reguigenient 133C.13 M

AL Addapiive eceiver PSR4 Module P does nokus G

Rowvwpmandsd CTLE vadue

135C.5.4 PICS proforma tables for Chip-to-module 50 Gb/s 2-4ane Attachment Linit
interface (LAUL2 C2M)

38C.5.4.1 Host output

vokiage

o Featipry Subclause Value/Corament Statas | Suppernt

CTHL Sgnating rate 13503 25 7RYTS GHA S 100 ppoi par M Yes i1
tane

fH2 Fopheto-peak differennal mpt | 133CAH SV (mand M Yesi d

ape

regpont o sigonl gramd

L THA Peak-to-penk diiforontid vuipat Lgss Yeald
worktige; tomsontisy ieitded
TH DO conmmon-mode oulput volty | 135031 Between ~0.3 Vand 33V with M Yes{d

AC somion-nese sutputvali-
Age

THG Phifeseidint ontpnt retoin loks JASIR M Yes i
THY Redorence tnpedanee foroagpat - 833G HEELEES il Yos it
» wefurn foss
THE - Common to differential mode IBSCRE Mests B M Yesil
conversion steinty
| THY Drittereniial torprination fuiss ASCAL Lesthw W% M Yex i}
BALIIGH
THEG | Transiton tiae ior than o ogual to 30 py M Yeal
THIL | Byewidth 84011 M Yex i}
THIZ | Tve feight A 2% my Ry Yes i3
THIZ | ByeboguB 8wy M Yeu{d
- THIS | Crosstalk seuos Asyocironons cossivlk source M Yos{l
patog Fattem 5, Batlem 3, o
valid SOGRASE-R signal
Copyright © 3017 IEEE. All rights reserver.
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1350.5.4.2 Module output
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<

P

Tiewm Foptuee Subelsuse Vabae/Commueat Sintus | Suppoert
Sianal st {3%CA332 3578125 GRa & Hlppa pat M Yesd

CORNCESIOG

seEBs

T2 Peaktn-penk difforential goipat IR e RO VY Enaxy hE Yes{
» voftage
TMI | AL conmmenamode puipui ol | I3SCRE o PRS mV RMS with réspect fo p Yes{
ape signial ground
| T Differential onipul ot Josy 133032 Mewis g M Yes it
stEReps
TMS | Referoree bopadance foroutpat | 13303.2 0 QL M Yes{d
return loss
™S | Common o diffecentis) mods 35032 Meeb M Vst

IxiTesontind torotination wis
wiatch

Looosy ey 1O

M

Tramsition thye

Crreatey than or egusd 1912 ps

CTMY | Fue width

TR ]

MG | Eve hoight

ZEmy

I T Crosatal sowree

Agynchironms erossiadk source
sateg Pattene &, Pottem X, @
vatld SOGRASE-H signal

| PMIER

Wernical vy chosure

I8 A (i)

b

1380,.8.4.3 Host inpigt

Ttewm Fowture

Bubckiase

Vhe/Consnent

Btatus

Suppart

R Host fupt charsctenistios

3%

M

Ves |

135C.5.4.4 Module input

Hem Fealgg

Sulsdlase

Ve Comment

Ststus

Suppart

BME | Modude topul chunmetenistios

135034

G N
R

A

Yeu ||

RM2
| regdrenegt

| Wfodute siresied input sl BER R E

¥

(L

3

4

L wifl seitions
sepaaied with Recommnnds
af CTLE vl

M

Vi )
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Annex 138D

{normative)

Chip-to-chip 50 Gb/s 2-lane Attachment Unit Interface
{60GAUL-2 C2C) and 100 Gb/s 4-lane Attachment Unit Interface
{(100GAUI-4 C2C)

135031 Overview

This anbex defines the functiondd and ¢ledivical charaeteristics for the optional chip-to-chip 50 Gb/s two-
lanie Attashrosnt Usdt Tuterfice (GGAUR2 C20) sud 100 Ghis Haur-lane Anachment Unit Interface
{IOOGAURA C Figare 13501 shows  example. relattonships of the S0GALR2 C2C and
HOOAT Q20 inlerfaces to the ISOAEC Open Syslem Irdercormcetion (OS1) reference moded, vespes-
tively. The S0GAUE2 C20 and 100GAUL4 2 interfaces provide clegivicil charseteristios and sssociated
complisaoe points, which cat optionally be wsed when desizning systorns with slestrical intercoiect of
approximatehy 25 om i jengih

st N A AND HIGHER LAYERS |
REFERENGE i RECONCHIATION |
MODEL
LAYERS i
- P BOBRE . ] S EIGRA et
APPLICATION !’1 m
» o SReEASE R 100GRASE R RGS
| PRESENTATION £y bbbkl - kst
: . FEQ
SESSION PMA
TRANGPORT A ERGAL-2 C2C 4 AD0UALIS 030
NETWORK N
DIATA LINK, PN
PHYSICAL MO
; MEDILI -5
Sy . . R "
SOGRASER SHIGRASER

0CAURE C2C= 100 Gb/is FOURLAKNE ATTACHMENT UMIT FEC = FORWARD ERRQOR CORRECTION
INTERFACE MAC = MEHA ADCESS CONTROL

100G = 100 Gbis MEDIA INDEPENDENT INTERFACE MO = MEDIN DEFENDENT INTERFACE

SOGAURE CRC =50 Ghs TWO-LANE ATTACHMENT UNIT - PCS = PHYSICAL CODING SUBLAYER

NTERFADE PRI = PHYSIZAL MEDHUM ATTACHMENT
S0GMH = 50 Ghis MEDIA INDEPENDENT INTERFACE PR = PHYSICAL MEDIUM DEPENDENT

Figure 13580-1—Example S0GAUH-2 820 and 100GAUL4 C20 relationship o the IBOAEC
Open System interconnection {081 referance model and the IEEE 802.3 Ethernet model

SOGAULY €20 and INBGATI-CIC gre physieal instantiations of tie PMA service tnterface between the

FEC and the PMD.
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The JGAULR2 20 bidivectiomal Hok i desoribed dn o terpy of '8 SOGALTTE2 C2C munsmliter, &
SOGALEE O chumnel, and a SOGAUR2 C2C receiver. Figure 138022 depiots w typical 30GAULRZ (20
application and Ly itastrated in 3} siminarkees the informative difforcnsial
insertion foss budget associuted with the SRGATUE C2C spplicaton. The SOGAULRE C2C btterface comy
prises independest data paths fu each divection, Each dita path contains twir-difforential laites using NRE
signting, which are AU-codpled. The low-freguency 3 dB cutoft of the AC~pupling should be fess than

FOGAULZ C20 channet

v e s
o R
TFG RS
' §
Transmities S e i 8! Redaiver
s ;
SOGAULE EUGALLZ
DI Q26
sormpansnt component
Receive M 4 e < Transmiter
d i "5
f oo {
PTPE Connwotar TR

Figure 135D-2—Typical S0GAUI-Z C2C application

The WOGALH-4 30 bidirectional link ds desoribed dn tones of @ ID0GAUS C2C  bransmitisr, &
HOGAUTSG O chamnel, and w  WOGAUL4 Q2C  reechver. Flgure 13803 depivis o typleal
TDGAUTR €20 application, and | { Sy (Hustrated By 3 sunmngeizes the infbrma-
fve  differential usovtfon loss budget sssotisted owith - the  100GAUN C20 application. The
FROGALT4 C2C interface comprises independent dats paths fa each dircction. Each data path contains v
differential lanes psing MRZ signaling, which are AC-coupled. The fow-frequency 3 dB cuiofl of the AC
coupling should b Toss thun 1 kHz

I0CRALNE 020 channed

o
o R
[ TRD iT-Ff‘ﬁ
Transoiifer 5 ‘ » . o p—pl ReCRIVE
f 4
JORGALR-4 FO0GALH-4
FORG G20
L eomponent somponent
Receiver. e i} + Traramitter
4 % =
! e i
Frpy Cannedior itey

Figure 135D-3-Typical 100GAU-4 C2C application
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The nonviad siznaling rate for cach dane I8 265623 GBd. The SGALT-2 €20 of IOGAL-4C2C mansmdt
ter on cach end of the link 13 adivsted o an appropriate setting based on channel koowledge. Winplemented,
the trangndtior equalization fedback mechanisag deseribad dn 2 may beused 1o idertify an appro-
priate sefting, The adaptive ov adiustable seceiver perfonms the romainder of the equadization,

L

The nonvative chammel comphiance is through SOGALRY €20 or 100GAL C2T channel oporating mars &
gin {COM) as doscobed 0 830040 Actaal channed Toss cotild be higher w lower than that given by
b 1y dloe 1o the channel ILD, return loss, and crosstadk, ]

el

1350.2 50GAUL2 C2C and 100GAUI4 C2C compliance point definition

The compliatier poinls for the 20GAU-2 020 and ID0GALTE-4 O interfaces sre s dofined dn &

135013 50GAUL2 C2C and 100GAUI4 G20 electrical characteristics 16

1350.3.1 S0GAUL2 C20 and 100GALIEE C20 transmitier characteristics 9

A SGAUL2 Q20 ar 8 JO0GAUR C2C ranswmiter shall moet sl specificasions in

1358D.3.2 50GAUL-2 C2C and 100GAU4 G20 receiver characteristics

A SBGALE2 C2C ora 1OMGAUTS C20 recetver shall meet @ik specificidions in 18

13504 FOGALN-2 C2C and 100GAUL4 C2€ channel characteristics E;
30
1
1

33
34

The SOGAU-2 O30 or IN0GALI4C20 chaunsd shall meet the roquirementy speeified i 1

37
3%
ki
40

o
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1350.5 Protocol implementation conformance statement (PICS) proforma
for Annex 135D, Chip-to-chip 50 Ghb/s 2-lane Attachment Unit Interface
{50GAUL-2 C?:C) and 100 Ghi/s 4-lane Attachment Unit Interface
{100GAUI4 G267

1350.5.1 introguction

The supplior of 4 protocol inplementation that v claivied to conforin to Atmex 135D, Chip-to-clip 50 bk
Idame . Attachment Unit Tnierface (S0GAUL2C20) and 100 Gbi 4-fae Atlschment Undt Taierface
(1ODGAURE C20), shall complate the Tollowing proteesd implementstion conformance statomens (PICS}
profornia.

A detnfled description of the sytbols ussd i the PICS proform, along with insuctions for completing the
PIOR proform, can be found In Tlanse 2

1350.5.2 identification

1380.5.2.1 hmplementation identification

Supplisy’

Clontaet pob - inguikes Shont prost

Ionomentation Nl sud Vorsionig

£ xher nfonmation recsssary By Rell dentifioation—e. 8.,
st N} and versdongs) onushites andion opirating
s\z\tcms System Name

t»»Ru« uired for ail inplementations. _
2 \i(sx be congpleted gy approprinte in meeting the requireipots for e denttivation.
e o porrespond with 3 suppier’s ferminnd

—The teras Name and Verston shonld be u\mrctc& appropriy
ogy o, Type, Series, Madelh.

135D.5.2.2 Protocol sammary

| EE St 803 mﬂm :
b 2dane Attachment (s

| (H0GALEA O

o items been sequinad? Mot Yee]
21 the weenr Yo meoshs thst the smg:k*mz}teshon dons not confurn to TRE

DI SR 3ed- 2000

PO prefions: of this stawdand way peaddins the PROS poofomas by sishe baisse o ot 3¢ aw
md P and sy R poblish e coimpdised PICK.

e uw-} Forits
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ftem Feature Subolause VibaeCommant | Status | Support
N Nagmebier of dilforeontind 1¥Da vty dndependent daty paths o A4 Yes{ i
i AC-coupled laws paph divection
SNCALE2 CH and Tour inde-
pencdont duda paths i each
dirvetion for I0GRDES €30
FRCHAR | Ol fERI 8 Tromy saarked with CHAN £ Yes |
f {nchuede chaned specd 0y Naii
of applicable to 8 PHY misne-

13500.54 PICS proforma {ables for Chip-o-chip 50 Gbis 2-ane Allachment Unit

interface (SOGAUL2 C2C) and 100 Gbis  4-dane Aftachment Unit  interface
{100GALI-4 C20C)
1350.5.4.1 Transmitter
Hem Feature Bubiclese YalueCommeont Statns | Sopport
T Signaking v 36,5625 GBd & 180 prm gy M Yesid
fane
e Foubeto-peak differsuial mugna i 1200 m¥ {max) A Meef }
T Peakto-peak difforential ouput | 135033 Lows than o agsd (030 mV M Youid
voltags, tranaamiior disdbied
B P common-mode voltage 135034 Betwern § Vand 19 Vowith M Yes i}
eosped fo sipnad gound
TCx AU conmonnesie outptvell- | 13D 12 eV BMS with rospedt w M Yes i}
age signal grond
TS IhifYersatint ontput redorn ey 1351633 M Yes |
TR Conmoi-mode petputyeiat. | 1ASD3A Mgt | M Yeosid
oss steaings
TCR Ontgt wavedbrm 13D AMevta wisadnty M Yeall
TCE b Oudput ey FERI RN Moty D34 consteaials M Yes i
UG | e cqualizaiion 133034 Faoh sucossave stepresnlis ina i Yes{ ]
arpctonic change
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1350.5.4.2 Receiver

nhy ,., Poid e

fiewm Fepture Subelsnse Vabge Comnwnt Status. | Suppoert

o

M

F RCH Diftorengiad Topu pedinm fosy 3T Med
sirainis

.

ek

BOD ViiYerential o commaon-mpode HE SR R Meets § M Yes{}

tnpul vehion dosy stenints

ool

RC3 Tuperforsace toleration {3sD32 M e

IS R

$35D.5.4.3 Channel

)

R i B R e e

Tem Feature Subclanse Value/Comment Status | Buppert 1

FeN Chantesl Qpevating Margis 13504 Cregier than of squal tn 3 40 CHAN | Vesi i 2
{OOM) M AT

o

A

B3 b B b
B

o

A6
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o
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Annex 138E

{normative)

Chip-to-module 50 Gb/s 2-lane Attachment Unit interface
{50GAUIL-2 C2M) and 100 Gb/s 4-lane Attachment Unit Interface
(100GAUI-4 C2M)

135E.1 Overview

This snex defines the fondtional sad clectrical churscievigics for the optional chip-to-madule 30 Gbés iwo-
fane Atachmet Unit Dterface (SBGAULRS C2MY and 100G four-dane Adtschoent UnR Interfucs
{HOGAUES C2D, Finure 13581 shows the relationship of fhe S0GAUR CIM and 180GAURS 2N
ingeriaces o the ISOARC Open: Systen Intoroonmoction DS reforonce wodel The C2M interfice rovides
clectrical chantcteristios and assolcisted compliancs points, which can optionultly be used when designing
systems with plageable swdule interfices.

a5
REFERENDE : T TR
MODEL A wAcAwpHGHERLAYERs |
LAYERS ;; ] RECONCILIATION §
presenNTATION | 40 | SOGBASERPCS _ROGBASER PCS.
it ' FEQ FEC
SESSION if _
I —— ‘*if' P PMA
TRANSPORT ¢ SORALEZ § FONGALS 7
AAAAAA - f.fi e “‘““" e o TN
NETWORK W S PRA
pataLng |7 BD BND
PHYSICAL D iy
; MEDILIM e
e R W i i i
N N
FIGRASE-R 100SBAKE P

1003aLH-4 O =100 Gly's FOURLANE ATTACHMENT UMIT MAC = MEINA ATCESS CONTROL
NTERFACE MO = MEDIUN DEFENDENT INTERPACE
YNGR =100 Gtvs MEDIS INDEPENTENT INTERFACE POS = PHYRICAL CODING BUBLAYER
SOCAUEE Gl = 50 Gods TWO-LANE ATTACHMENT UNIT.  PMA> PHYSICAL MEDIUM ATTACHMENT
INTERFACE PMD = PHYSICAL MEDIUM DEPENDENT
SOGMH = S0 Ghis MEDIA INDEFENGENT INTERFACE

Figure 135E~t—Example S0GAU-Z C2M and 100GAUIE C2M relationship to the IBOAET
Qpan System Inferconnection (OSYH reference model and the IEEE 882.3 £thernet model

SEGAUT-2 O and 100GATH-S C2M wre physical tnstantiations of e PMA sorvice Interfiice bativeon the
FEC and the PMD.
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The SOGAUL-2 C2M link is-dexeribod 4 tormis of o host SVGAUEE C2M comporentt, & AU CIM
chamne!l with associated settion loss, and a wodule SUGAUL2 C2M component. Figure 1338-2 dup:m st
wplcsi ‘*ULJ :\U» CaM apphmmn and m:mmm 5 mr ;:z mamnn ksss i:m(ivex a8

md 3 m\_\t,mud in % Th; \abﬁt I—’? C ‘M mmmcc Luiﬁﬂpﬂ&&.b smicpcndt\m cmm patles i m;h
divection. Rach data path conjains pwo differential Tmes using NRZ signaling, which are AC-coupled within
the madule:

Host LN
Haost insertion oss up lo T8 dB Mnduly insarlion foss upto V3 o8
Transmitter ~ ¥ 9| Revaiver ‘
SOGAULE ¥ SHGAURR2
RN T
somponant somggnent
Fooaiver % 7 e R BT 1

Sannectoy insertion loss up tn 1.2 6B :%"é

Figure 135E-2--500AULR C2M insertion loss busdget at 13.28 GHz

The H0GGA UL C2M lisk is described in torms of 8 host 100GAUL4 C2M componen, 4 1D0GAL-S CIM
chanwel with associated tosertion loss, and & modute TO0GAL RS C2M component. Figare 13583 depitts a
pypieal TOOGAUTL-A C2M application tod swnmarizes the differential isertion loss budgel as ‘scimd wim
the CIM application. The sapported wsenion loss budget s chanwterized by Vi
trated in The IUDGAULS C2M dnterface comprises independent sats ;mhs Weach dxs n_c:m)n
Each daty path congaing four differential laves aing NRZ signading, wiich are AC-coupled within e thod-
ke,

Heat Wodide
Howt fnseion loss up o 7.5 48 fndule inserfon lose up k1 5 o
Trademitior o # i} lj Reggiver

i i
Jo0GALEE FOOGALIE
e 26
somgoiamt. zompeant

Recaivar 4 el * } e Tranamitier
T BN

Connacior insarion logs 1p 161 2 88 63

Figure 1‘35E—-<3—-<1-&£36Am4 C2M Insartion loss budget 81 13.28 GHz

The nominal signaling rate for cach lane 15 26,5623 GBd The SUGAULY €M and TO0GAUT M inter
fapes are defined vsing 3 specifivation sad tost methodadagy that is sinilar to that weed iy CER28G-VSR
defined i QIF-CELOY |

135, 1.1 Bit error ratio

The bit creee tutio (BER) shall be toss than 1078,
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1358E.2 50GAUL2Z C2M and 100GAUI4 C2M compliance point definitions

The copupliance points for the SOGAUR2 C2M and 1000AUT-A.C2M doterfaces are as defined in 83

L

&

135E.3 B0GAUL2 C2M and 100GAU4 C2M electrical characteristics

b

R

13I5E.3.1 S0GAU-2 C2M and 100GAUI4 C2M host sulput characteristics

ool

A SBGAUL2 CIM or HODGALT-4 CZM host vutput shall meet ot gpecificationy in §

135E.3.2 50GAUL-2 C2M and 100GAUL4 CZM module output characteristics

I s aE S e

A SOGAULRT C2M ora TO0GATHE COM module autput shall ment all specifications i

e i ot I ool

P
o or

135E.3.3 50GAUL2 C2M and 100GAUIS C2M host input characteristics
is
RN i
2
2%

e

135E.3.4 S0GAUL-2 C2M and 1000AUI4 C2M module input characteristics »
24

135E.4 50GAUI-2 C2M and 100GALI-4 C2M measurement methodology E\
Rt

A SUGAUE2 M ora HOGAUT-4 C2M host fnput shall wmeet aft specifications fu

A SOGAUL-2 C20M or & 100GALT 220 module lnput shall et ol specifications dn &

The SOOAT-E CM and TH0GAUL U2M megaweniant methodology 8 as dolined fiy |

40

o

A6
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135E.5 Protocol implementation conformance statement {PICS) proforma
for Annex 135E, Chipto-module 50 Gb/s 2-lane Attachment Unit Interface
{50GAUL-2 CEM} and 100 Gbls 4dane Attachiment Unit Interface
{100GAUI4 C2M)'8

135E.5.1 intraduction

The supplier of a protecn! implementation that 5 catmad o conform o Aunex 133E, Chip-fo-module
30 Ghis 2ane Atachment Unit Interface (30GA U2 C2M) snd 100 Ghin &lane Attschwent Unit Interfice
(HODGAURS 20y, shall vomplete the ollowing protocol fmplomentation confomunce statement {PICS}
profornia.

A detailed description of the sytbols ussd i the PICS proform, along with insiructions for completing the
PIOR proform, can be found In Tlanse 2

135E.5.2 ldentification

138E.5.2.1 Implementation identification

Supplisy’

Clontaet pob - inguikes Shont prost

Ionomentation Nl sud Vorsionig

£ xher nfonmation recsssary By Rell dentifioation—e. 8.,
st N} and versdongs) onushites andion opirating
s\z\tcms System Name

t»»Ru« uired for ail inplementations. _
2 \i(sx be congpleted gy approprinte in meeting the requireipots for e denttivation.
e o porrespond with 3 suppier’s ferminnd

—The teras Name and Verston shonld be u\mrctc& appropriy
ogy o, Type, Serie, Maodell,

138E.8.2.2 Protocol summary

i .:!mi {GU( e

B «_&»‘E}m»:‘.m Uit Interfans
i CIOBGALT CMY

o items been sequinad? Mot Yee]
21 the weenr Yo meoshs thst the smg:k*mz}teshon dons not confurn to TRE

DI SR 3ed- 2000

PO prefions: of this stawdand way peaddins the PROS poofomas by sishe baisse o ot 3¢ aw
md P and sy R poblish e coimpdised PICK.

b mc‘d Forits
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Freny Feaature Sabokange Valne/Comment Seasus Support
| N Hauberof differeatiad Faskd T independient date paths iy 51 Yo it
ACoupied tanes
peichent data paths by sach
» dirsoiion for I0HGAL M
4 paER Aoets BHEE reguitemiony ik 2 Ree I3ZE LY M
- ADR Aduptive ssopiver PR TR Madule recetver dags st ose i
! Beconmmended

135E.5.4 PICS proforma fables for Annex 135E, Chip-te-module 50 Gbls 2-lane
Attachment Unit interface (50GAUL-2 C2M) and 100 Gb/s 4-lane Attachment Unit
interface (100BAUKS C2M)

135E.5.4.1 Host output

Item Feuture Seheluue Yabae/Conuuent Status | Sappurt
TH Sipaalmg e 135832 : 100 ppe per M
TEE Pesko-peak ditferential ot 1 I33EAA 208wV {meaxy M Yesid
voktage
THI Pepbioepeak difforontial owtpwt 1 {38E31 Less than oy sgoal e 35wV M Yosd
volisge, fransditter disabled
THE | DO conmmonimade ouputvoli- 1 13SEAL Between 0.3 Vand 2.8 Vwith M Yes{}
aggs fospect ko gianad paouad
F THS AL conmmon-mods oulpt velt- 1 13SER FLE VWV RMS with respast i M Yesid
ape syl greund
| THG Difforential caiput ol foss {33834 Meels ; M Yes
siratnds
TH7? Referonge nopedance for oidpd | 135K e i Yes il
ot Joss
- PHR Conunnn to difforential mads {35831 Sdeeis ) i Yegd d
Sonvarsion sirainds
THE TiilFerentint toroination mis- P35E 3 Liss thaw 10% M Yes i}
toatch
: THIG | Tramsition tae FERIEEA Cireater thay or e 1o 10 pa M Kesl
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L ftem

Feature

Statux | Support

e wistth

Hye height A

BEmV

Eyehaght B

&V

Crossiall sames

Asyacheonots crossinlk soume
nsg Paftem & Pattemn 3, @
vahid
SOGRASFE-RADMGBASESR sig-
md

135E.5.4.2 Modute output

Itens

Fosbure

Subohase

Walue/Comment

Status V: Suppost

BESH

Signad s

5

13SH3A2

¥

Fd s HEY mpn e

M Yes

i

a2

Ponketo-pesk difforentiad dulpwl
vattage

%2
55
e
L5
RS

00 mV {max)

M Yewld

S

AL commntamde Rapu vell

aga

17,5 mV RMS sl regpent 0
sigiad provnd

M Yesii

A

Ditferential caipai tefarn foss

pioiss 2N
Nrauifs

M Yes {1

TS

Raoferonte hupedanine fr mitpi
i loss

M Yoty

™7

inatch

Thie | Common to Sifventiad made ASESR M Yesfd
DNEEOn
Ditferential tenaination nis- I3SE32 Less than 10% M Yesf}

Trstwsdiion time

Crevater than orequal 1o 12 ps

MO

Fys withh

.57

o

Eye haght

RECE

T

Crossall souree

Asvechronos crossik souee
naing Futtern §, Patlern 3. o
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SIGBASE-RUOGBASER
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fiem Fegture Subelsuse Vb Comment Status. | Suppert
- R Host itput chatsctenstics 138833 ity he excephions M ¥ea i

{38E.54.4 Module input

i
Tk Oy o e U bR e

st g

ftem Fanhre

Subchaan Value/Comment i Stats. | Suppert

PR SR

CRMI 1 Madule dnput Shearsetenistics

3 the oxeep- R Vs

RM2 | Modide sivessed inputient BER
Forprennent

P BER reguirement of M Yes i}
with three vafpes of

st ook mrss ont hrwh ok st hred
: s Y

it

7.

HREZE L

[ N
(X AR Y

L VS
i

o
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Chip-to-chip 50 Gb/s 1-lane Attachment Unit Interface
{(60GAUlI-1 C2C) and 100 Gb/s 2-lane Attachment Unit Interface

(100GAUI-2 C2C)

135F.1 Overview

This ansex defines the hmetional and leetrical churvdcteristics for the optional ebip-to-chip 30 Ghds one-kane

Attachment  Unit Ingerface {GAULL Q20 anmd 100 Gbis two-lane Atchment Uit Interface
(HOGAUER2 C20). Flgwe 135F~1  shows uxample  relatfonsbips of  the  SOCAULI Q20 and

HOOAUERR Q20 inlerfaces to the ISOART Open Syslen Iidercormection (OS1) reference model, respes-

tively, The SOGAULY C2U and 180GA

JE2C2C interfiess provide slectricsl charga

teristies and sssociated

complinnoe points, whick cat optionally be wsed when desizning systorns with slestrical intercoinect of

approximatehe 25 o i jengih

oS A wAcANDHIHERGAVERS |
BEFERENQE ; : i RECONCILIATION ‘
MODEL L S N—
LAYERS Iy
» p OB — G
prsp—— i O JEOEME ]
~ iy e —— o
RESERTION ) SOGEASER PCS JOHGRASE-R RCB
- ;
SESSION 7 PMA PAIA
¢ . .
TRANSPOR !
IRANSFORT | 1/ e SOGAULS ©2C e WNGAULD CIG
KETWORE | ,
_: FMA FHA
DATALINK . 1/ PAD P
PHYSIDAL i B RADM e

MED

SOGBARE-R

FOOGALILR = 100 Ghbis FOUR-LANE ATTACHMENT LNIT
INTERFALE

100G = 100 Gbis MEDIAINDEPENDENT INTERFACE

SOGALIEY = 50 Obis ONE-LANE STTACHMENT LT
BNTERFACE

" [ v
ETICTER
»

FUUGRASE-R
FEC = FORWARD ERROR CORRECTION
MAL = MEDIS ACCESS CONTRGL

MDL = MEDIM DEPENDENT INTERFACE
FOS = PHYRICAL COUNG SUBLAYER
PRA = PHYSICAL MEDRIM ATTACHMENT
FMD = PHYSICAL MEDILIN DEPENDENT

Figure 138F~1—Example S0GAUL1 C2C and 100GAUL2 C2C relationship o the ISOHEC
Qpen System interconnection (O8I reference model and the IEEE 802.3 Ethernet model

SHGAURE U2 and 1GAUL2 C2C are physics! fostantiations of she PMA, service interfies betwern the

FRC and the PMD,
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The 30GAURIC2C bidirectional Hok ds described dn termg of 8 SOGAULC2C mansmiliter, a
SOGALI-E CC clumngd, and 3 S0GAULT C2C weejver Figure 135F-2 depiets g typloal 30GAULL Q20
application and (HHustraied fa Fig sumsmariaes the infemative difforentdal
insertion foss budm.i associnted with the S0GAUR €20 spplication. The 30GAUTT C20 nterface comw
prises independord data paths g cach dircetipnr, Eacly data path contaioy sne differential bng weing PAMA
signaling, which is AC~coupled, The Jow-Beguency 3 dB cutoff of fhe AC~coupling should be less than
100 ke

SHCAUT CRG charingl

e o o
b R
iTHRG JTR5
Transivitter o = i} 3l Recaivey
‘ ¥ i
| BOTAUE SNGA-1
ovied et
curaponent somponEnt
Rageiver M - Tranaiitter
1 -5
! le=pi i
ITPS Conanctes gTPG

Figure 138F-2--Typical S0GALLT C2C application

The WOGALH-2C2C bidirectional link iz desoribed In fonns of & IODGAUR2 C2C ansmitisr, a
1ORGALULRE T channel, and 2 N@GM 30 receiver, }swumlﬂﬁm'\’ dcpicia - typieal
FOBGALRZ CIT application and § -1 {ithsstrated dn 3} sunvviarizes the tfor-
mative difforential insertion foss budget  associsted with the if)\){:&i RO gpplication. The
FROGAUT-2 C2C fnterface srunprises indeponsdent data paths in pack divection. Each daw path containg two
differential fanes nsing FAMY sipraling, which are AC~Coupled. The lowsfrequenéy 3 dB cinofl of the AC-
couphiog should be Toss ghan 1O R,

TRAGALER 2T channet

R
(TR0 - TS
Transoiltar w4 ¥ : o p—pl ReCRIVE
! T e
JODGAURE FONGALH-2
B ovled R0
L eompanent sopponent
Rateiver b - i} - Trareoiter
b ; N
i fe- !
IR Contmetar (TR

Figure 135F-3—Typical 100GAULZ C2C application
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The nominal sipaaling rate for each he s 26,5623 58d. The SUGAURY C2C or IN0GALL2 C2C ms- i
matier on each end of the lok is adjusted to un sppropriaie seiiing bused on chinmel kuowledge. 10 imple- 2
mented, the trapsmitior egualizativn. foedback mischaniem deseribed it 3 may be esed e identity 3
sn sppropriate seging, The sdapiive or adinstsble receiver performs the ;a‘mfim&er of the egustization, 4
&
The nonnative charmel compliance is through SOGALRDCIC or 100GAUL-2 C20 channel operating mars &
oin {COM) a¢ deseribed I8 A Acual charingt loss wondd be lagher or lower than that given by i
Vy due to the channe LD, renom loss, and ovosstalk. &
@
{6
135F.2 50GAULT C2C and 100GALH-2 C2C compliance point definition
12
The compliance poinds for the S0GAURT 020 and 1D0GALH2 020 iverfaces e s doflned in 13
4
i3
135F.3 50GAUI-1 C2C and 100GAUI-2 C2C electrical characteristics ;fj
. - v » ig
135F. 3.1 S06GAUL1 C2C and 10DGAUL-2 €20 transmilter characteristics %
it
A SGAUT-EC2C or 8 JODGAULZ C2C ransmiter shall mectall specifications in i9 21
23
! . 8 . Y, 23
135F.3.2 50GALI-1 C2C and 100GAUL2 C2C receiver characteristics 2
A SOGALI-T €30 or o TBGAULL Q20 recetver shall medt all specificidions fn 1 %6
>y
135F.3.2.1 Transmitier precoder raguest (optional} 5 <
The fransmitier preceder toguest iz an optional- capability- for @ SOGAURL C2C or 100GAULZC2C ;}
receiver. H impleatemed, § shall operate ue described i s subelause. }(;
The transmitter precoder request 1S gencrated {or each fane (0 and 1) and Intetdace (up towards the MAC and 2
down twards the PMD) indepemdently. The variables that control the seanseuiiter precoding request ase 33
specific dor cach fane sod interfice. 3
s
A SOGAUL C20 or 100GALE-2 €20 reeshvdy sy géosrite d request 1o change the precoder state of the Rid
repngs ransmitier by setting the varably roquest_precoder up fag or reguest precoder_down fag 1o 1. 37
The varisbles request precoder up 7 andrequest preecder_down: ¢ {where 4 150 or 1) indivate the requested 3%
transpuitier precoder state for the comesponding nferface and e, A vequest from g SOGALE-Y O2C a 39
TROGATIE2 C20 receiver i generated 1 an nplomentation specific manner. 443
1
When @ S0GAULL T2 or W0CGAULZ2 20 receiver does not request a change of e remole transmiiiar’s 43
transant setting, I scts veghes{precodsr G Bag or request_precoder down Ragto A SIGALRS Q20w 43
POOGALE-2 €20 vocoiver it dots nof implement  fratamigier precoder  roquest - ahways - sefs 44
request_precoder_up flag o yoquest_precodsr down_lag o O, 4%
8 Classed4s MDMO i doplomeued.  the  variables.  regoest_procoder_up_fag, 47
request. preceder. down: flag, request prevoder ap £, aud request_preceder down § are accessible through 48
registers 1604, 1603, and 160G (380 43.2. 1. 116 theough 45 2.1 1 10m), 49
a0
k3!
135F.4 S0CGAUT €20 and 100GAUN-2 C2C channel characteristics 52
53
The SPCAULE C2C o TOOGATER2 CC clanned shall mest the requiremients specified 018 54
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135F.8 Protocol implementation conformance statement {PICS) proforma
for Annex 135F, Chip-to-chip 50 Gb/s 1-lane Attachment Unit Interface
{50GALI-1 C2C) and 100 Gh/s 2-Jane Attachment Unit Interface

{100GAUI2 C2C)'?

135F.5.1 Introduction

The supplier of 3 protocol tmplotuentation that iy claitoed o ponforgs to Aney FSF, Chip-to-cldp S0:030%
Iodfane Adtachment Unit Tnerface (SBGAULE C20) and 180 Gbi hoe Atschment Undy Taierface
(1ODGAUR2 C20), shall complate the Tollowing proteesd implementstion conformance statomens (PICS}

profornia.

A detnfled description ofthe sytbols ussd i the PICS proform, along with insuctions for completing the

PICR proforma, can be found dn Dlaw

135F.5.2 identification

135F.8.2.1 mplementation identification

Supplisy’

Clontaet pob - inguikes Shont prost

Ionomentation Nl sud Vorsionig

by ndonmation HeoRss
st N} and versdongs) onushites andion opirating
s\z\tcms System Nam

qary oy Ful] ddentifination—e g

t»»Ru« wired for ail inplementations.
¥

—The teras N
ogy f.. Tepe, Seriey, Modely,

Nameand Version shonld e u\mrctc& appropriy

\i(sx be congpleted gy RPHOPTING i meeting e requirerents tor the )deatdication.
e o porrespond with 3 suppier’s ferminnd

138F.8.2.2 Protocol summary

| OD0GALET O

3 :‘&Ei? ‘%U“ ui—"in {
1 lane Attachment (s

i S0 Gl
L3 and

o dtems been reguinal? Neo ]

Youd |

21 the weenr Yo meoshs thst the smg:k*mz}teshon dons not confurn to TRE
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ftemy

Feature

Subolause

Vabar/Commead

| Status

Suppart

R

Nnubier of Gilferential
AC-coupled laows

IR

O hedepeondent dats path i
pach divection

SOGAUE-] C2 and bwie mde-
pencdont duata paths in each
direction for IDOGATE2 O

]

%

Yes {1

iy

- CCHAN

Chasnst

Treans marked with Oy
inchude chanae! spuci 18
of applicable to 8 PHY misne-

N

£

Yes |

135F.54 PICS proforma tables for Chip-to-chip 50 Ghbls 1Jane Attachment Unit
interface {(SOCGALH-1 C2C) and 100 Gb/s 2-Jane Altachment Unit
{100GALL-2 C2C)

135F .5.4.1 Transmilter

interface

Hem

Feature

Bubcleuse

SlneiCommont

Sintns

Sappoert

Rt

Stgnating vate

G.S62S GBG 41080 prm per
fane

M

Yesi

eosped fo sipnad moound

e Pombto-peak differsuial vwpa 1200 m¥ {max) M Yewid

T Poakoto-prak differential cotpat | 135F.34 Loss than o vyl o 30 oV M Youid
votags, tearsoniior disabied

T4 D commenymede vollege JERIR Between 8 Vand 18 Y with M Yes{'}

AT commmon-nusde outpat voli-

2V BMS with respect e
signal grotind

Frifferontisl ontpit retnve dosg

M

foss

Moty

i TCR

Ontgnt wavelbrm

s
Mot BRI
sivans

M

;e

Chadput jelier

EIR

M

frty

Transmi eqqualizaiion

Farch sucoasaive stepeesndis ina
arnotonis change

Tronsoatter Caipnt resdnat 38T

13538

i1

Sigrab-in-pois-and-distorting
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135F.5.4.2 Receiver

IEEE Draft PEOZ2 308012
3 Fabriary 2017

fiewm Fegture Subelsnse Vabge Comnwnt Status. | Suppoert
F RCH Dittorensial Topud pedinm fosg 1332 Mest M
straints
BOD ViiYerential o commaon-mpode ¥RSERD Meetg ¥ M Yes{}
tnpul vehion dosy stenints
RC3 Buerforsace oleration M Yest
L REOE | Hittertolenige T33R32 M Yeni
138F 5.4.3 Channel
ftem Fuature Subelwase Vahue/Coomaent Statns | Suppoert
- LCH Channgd Operating Mavein 133E4 Cireater thas o equat 1 3 48 CHAN vos
: {COMY M At
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Annex 135G

{normative)

Chip-to-module 50 Gb/s 1-lane Attachment Unit interface
{80GAUI-1 C2M) and 100 Gb/s 2-lane Attachment Unit Interface
(100GAUI-2 C2M)

135G.1 Querview

This annex defines the functiondd sud dlecirical churacteristics for the optionsd chip-toemodule 50 Gb/s one-
fane Auachment Undp Biteclice GOGAUT 20y aned 100 Ghix two-lane Attachseont Uit Interface
CHOOGAULZ C2MD, Fipee 13501 shows the velationship of the S0GALUERT C3M and 100GAUR2 O2M
ingerfaces o the ISOART Open Svstem: Interceamection {OST referpnoe model. The SOGAURE C2M and
100GAURE C2M interfaces provide slectrioal charscieriatics and associnted complisnce pomnts, which can
optforially be used when dedgniog sysems with ploggable miedale iterfaces,

Lo
REFERENDE . —— —
MODEL A RMAT AND HIGHER LAYERS |
LAYERS N | RECONGILIATION |
APPLIGATION § 1 SOME TONGH —pe
PRESENTATICN i SUGBASE-R PCS JOHIGEASE-R PCE
1 FEC FEC
SESHION Y
; : Phis 22NV
TRANSPORT. | /' s06AUS N 100GALE-Z \
Y 2 —» N oA .
mezongen | A T \\§ 2 \\
LRI : PR PIA
DRTALINK {7 FMD 20
PHRYSICAL MOt~ FAD o
N T | MEDIM <
= i "
SOGBASER TOOGRAGE-&

100AUN-Z T = 100 Gy TWOLANE ATTACHMENT URIT MAC = MEIA S0CESE CONTROL
INTERFACE MO = MEDIUM DEFENDENT INTERFACE
JOOGRIE =100 Gtys MEDIS INDEPENTENT INTERFACE PGS = PHYRICGAL CODING BUBLAYER
SOCAUET CIM = 50 Gbls ONE-LANE ATTACHMENT UNIT  PMA> PHYSICAL MEDIUM ATTACHMENT
INTERFACE PR = PHYSICAL MEDIUM DEPENDENT
SOGME = 50 Ghis MEDIA INDEFENGENT INTERFACE

Figure 1356~1—Example S0GAUL1 C2M and 100GAULZ C2M relationship to the ISOHEC
Cpen System Interconnection {08 reference model and the IEEE 802.3 Ethernet model

SEGAUTLCM and 1O0GATE-R C2M are physical tnstantiations of e PMA sorvige Interfiice bativeon the
FEC and the PMD.
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The SOGAULEC2M link is-deseribod din tomas of 8 host GAUET C2M compornent, 8 SBGAUE C2M
chamne!l with associated insertion loss, sod 3 module S0GAULT O2M component, Fignre 135G-2 depicts 1
typical SECAUT-1CM applicadon and swmmarizes the differential ihsartion loss budgat
the SOGALT O3M application. The supporied insertion loss budget is characterized by
and iHesteated in Eed, The SOGAURL C3M interfzee comprises independent data ¢
divection. The difa puth conining one differettial bne using PAMS sipraling, which is AC-coupled wdifdn
the madale.

Host Module
Host inserfionloss up o 75 dB Modile insetionfoss up o 1.5 dR
Transmitter y Qk" i f——--~—-) Bacdiver ‘
SOGALILY ' SOGAULT
84 LOEM
aomipanant COIMpenam
Recaivar % 7 S P 1Y e

Connector inserfon oss up 1o 1.2 98 169

Figure 1356~2--50GAUI1 C2M insertion foss budget at 13.28 GHz

The H0GGA UL C2M ligk is described Bix terms of 8 host 100GAUR-Z C2M component, a IDOGALI-Z CIM
channel with associated tnsartion toss, and @ miodale IBEGAUTR2 C2M companent. Figude 135G-3 depidts 3
pyplond TOOGAUL-2 C2M application snd stmmarizes the differentisl iisertion loss budget assuciated wil
ghe TOMGAUEY C23M spplication, The supported msertion foss badget is chamicterived by
1y and Hustated B PIOR-E The HIBGAUL-2 C2M mjerface comprises ingdependent data pathe In
each dirpcaon. Eack data patly containg twio differenugd bisies using PAMS gignaling, which are A0conpled
within the madule.

Host Mndals
Hosl insertion joss upte 7.5 gl fdodule rgertion lose Op i 1548
Tramsrtier o * {} lj Reopiver
. 2 '
AG0GALHER 100GAURR
T2M G2
cofiponent catnpenent
Faceiver M el W] fo—— Franstaifier
7y BN

Cormastor insantion oss up to 1.2 98 e

Figure 138G-3-—100GAULZ C2M insertion loss budget ot 13.28 GHz

The nomiinl signating rate for each lane 35 26,5638 GRd, The 30GALL CIM und TOOGAUE-2 €M inders
faves are definsd wsing g speciiivation and et methodadogy that ix stmilar to that wsed fir CERS6G-VER
defined by OIF-CERL03.2

1356G.1.1 Bit ervor ratio
The bit error ratio (BER) when processed according to Clause 135 shall be Jegs than 10 3,

Copyright © 3017 IEEE. All rights reserver.
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1358G.2 50GAU1 C2M and 100GAUL-2 C2M compliance point definitions

The commplisnce points for the SDGAURT COM and HEOCATITR C2M dnterfaces are as defined i

135(.3 S0GALH-1 C2M and 100GALE-2 C2M electrical characteristics

135G.3.1 50GAULT C2M and 100GALH-2 C2M host oulpud characteristics

A SEGAURT O or 10DGALT2 C2M host votpit shiall meet all gpecificaions in

135G.3.2 S0GAULT C28 and 100GAU-2 C2M module output characteristics

A SHGAURD C2 ora TOBGAUE-2 COM modde autput shall et all specifications i 13

135G.3.3 S0GAUL-T C2M and 100GAU-2Z C2M host input characteristics

A SUGAURTOM ora HOGAUL2 C2M host fnput shall weet aft specificaitons fu

1356G.3.4 S0GAUIT C2M and 100GALI-2 C2M module input characteristics

A SOGAUR-T T2 or & 100GALIRE £2M mrodule lpo shall miest sl specificaions In &

135G.4 50GAUL-T C2M and 100GAUL-2 C2M measurement methodology

The SPGAU-E G and 180CGAURE C2M mewsirement methodology 18 as defined iy

Copyright © 2017 IEBE. All rights resemved.
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135G.5 Protocol implementation conformance statement {(PICS) proforma
for Annex 135G, Chip<to-module 50 Gb/s 1-lane Attachment Unit Interface
{50GALUN-1 C2M) anci 100 Gh/s 24ane Attachment Unit Interface
{100GAUL2 C2M)%°

135G.5.1 Introduction

The supplier of a prodoesl tmploracatiion that i claimed (o confm o Auttex 133G, Chip-to-modiiie
S Ghis dane Attachment Unit Tnterfhce (S8GAURL C2My snd 1080 Gh's Z-latic Attachinent Unit Interface
CHODGAUR2 CIM), chall complct fhy followmy protocol tnplamentation sonfivmance statemeant {PICS)
profornia.

A detgiled deseription of the svimbols n«crﬁ in the PICS proforig, slong with insfructions for completing the
PICR proforma, can be found n e

135G.5.2 identification

136G.5.2.1 Implementation identification

Suppliey?

$ondet potit S sompuiries ahei the PICRY

Ionomentation Mol sud Vorsionie

by nfonmation recsssary By Rall dentifioation—e. 8.,
st N} and verdongs) onuehites andian opirating
s\z\tcms Syster Nam

t»»Ru« uired for ail inplementations. _
2 \i(sx be congpleted gy approprinte in meeting the requireipots for e denttivation.
e o porrespond with 3 suppier’s ferminnd

—The teras Name and Verston shonld be u\mrctc& appropriy
ogy o, Type, Series, Madelh,

1358G.5.2.2 Protocol summary

e
T C28y

Ld»"{)h X‘mu in(x U it
shavent Uit fnterfass (300AL
- Attachosnt Unil Interdins

Tdentfication of protoo

| and 100¢

| CIOOGATET M

Tdentification of anendoents aod cordgenda B this
? proforms that bave teen completed s part of
s PICS

o items been sequinad? Mot Yeu i
;e afwer Yo s that the smg:k*mz}teﬁmz dous nat vonfiem e TR

DI SR 3ed- 2000

PO prefions: of this stawdand way peaddins the PROS poofomas by sishe baisse o ot 3¢ aw

b vsed For it md P and sy R poblish e coimpdised PICK.
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135G.45.3 Major capabilitiesfoptions
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ey Feaature Sabolsse Valne/Cosiment Sfatus Support
| NedL Mymbor of differengial F3sent ' Tight fndependent duupathe in M Yes i}
» ACvoupded Tanes - each direction
Meals BER regmirement M
7 s-ﬂﬁ&;iﬁ?& Yaalizer M

135G.5.4 PICS proforma tables for Chip-to-module 50 Gbls 1-lane Attachment Unit
Inferface

interface (50GAUI-1 C2M) and 100 Gbis 2-lane Afttachment Unit
{1D0GALI-2Z C2M)

1356.5.4.1 Hostoulput

Tem Featurs Suhelanse Valuy/Conunyent Status Support
THE | Sipualing rae 35G3E 54 . {
THZ | Peakedopedk differentichout- | 135033 RE0 mV (man) M Yesi )

pul voltage
THE | Poaketo-peak difmatial st 1350833 Loy than eregual o BBV M Wesid
L pot volisge, wanspxifter dis-

THE ARG Bef 11 B Yes{

with n HEHRGBE
THS | AC common-mode ontput 133331 175 |V RMS with respect 9 M Yas 1l
- voltage aipmal ground

THa Differontial output veton Joss 135531 : M Yes i
‘ SREREES

TH? | Boforencs inpedanes for and- 133G.31 1060 M Yol
Lot retnen fosy

THR | foenon to difereaind ok 135530 M Yenl
L CoRvETRen

THE - | Digfireasial ferminstion mig 33G R s than 10% & Yesi
- anaich

THIO | Transiton thee 1354331 Cireater thay oy equad fo [0 ps M Yes i
THID | Swe width, a3 pves (335G 92518 & Yeal}
THIZ | B height. sl 3 oves 1383 My M Yes i
THIF | Crossalk source P35G.34 Asyrchrogous crosstalk vonroe M Yes i}

3 paweg PRESIZ0 o PRESIIG
pattenn oo il SUGRASER ¢
HOGRASE-R vignad
CTHE 4 Sertiudd eye closere 1353034 5.3 4B fmax} M Yea i
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135G.8.4.2 Module osutput

fem | Feature Subclaase Vahie/Cemment Status  © Support

TMIE | Ripvad vle 138GA2 205625 GRud & HE ppeve pry fis] Yewd
‘ fane '

RRR 3 Peak-to-peak differesiiad aul-
- pul voltage

I3 3 QU8 MV fmax) ! Yesii

TM3 | AC conmbon-mads sulpul 138632 175 mV EAMS with respect fu M Yeu i

- voliage sigand grownd

TME | Diffoentivl obtpot it losy 353G M P e {4
: Wrainic

TMS | Referonce impedanne i out- 1332 10 A Yosid

- pt veturn Joss

T™ME | Common o differentind 13%G32 Moty §

ML Yes{]
- mle comworsion strainiy :

TMTF | Difentivl tormination axis 135632 Lo fhan 1% M Yo [}
| match

P M Yos{]

SEReN tnwe {ivsafer fian ovagusl

| Dosrond sy widi A Yesi

M Yl
Mo Yesld
i

RS

| Nearend eve heipht, of 3 ayes

TMIE | Farend eve width, all 3 oy

TR | Faveend ove baght, olt 3 eves

TS L Coossialo songos 35633 Asyvarhroncgs crisdadl souwte M N ¢
: N

e, o vald SOGHASER S

HIBGRASE# signal

135G.5.4.3 Host mput

Tem Pty Subdswse | Value/Comment Sistay | Suppuart

i

BH | Host input shwacturistes E35G:.3. M0 Yesid

138G.5.4.4 Module input

i Teent - | Fontwre Subcluase

§ BME | Modde taput characteristios 135134

i1 Copyright © 3017 IEEE. All rights reserver.
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Annex 136A

{informative}

TPO and TPS test paint parameters and ch-anrxai charactaristics

136A.1 Overview

Anngx 1364 provides tnforpalion oo paramsters sssociated with {ost pobms TRG and TPS thawt nydght notbe
festable o an implomented system, TRO wd TPS fost points wre iHusitied o the 30GBASE-CR,
LHIGBASE-CRY angd 2DGBASE-CRS Hink Work diagran of Figyre 136-20 This wonex algo provides idor-
mationon channel chavacteristies.

136A.2 Transmitter characteristics at TPO

The panshitter characteristes st TPO are congtrained st TROa by 137320

138A.3 Recelver characteristics at TPS

Therecetver characteristics st TP sre constrained at TPRa by 13703,

1384.4 Transmitter and receiver differential printed circuil board trace loss

Thx Y and minirount. poisted circudt beard frace nsortion losses are specified in

L respectively,

erded m;mmmn

Nak ihdr ii}h mommmmd tm\xm; j1%3] mqm fion ?mq aflocation for fhe transmitter or recoiver difforoniial

S 2% GH# and the reconmended nyiiivingy jusertion
3.035 giimaimn for m& {;.aﬁsmxmr oF Tegsiver ﬁi{fh}gﬂiaui controlied tmpedimce printed oircall boards 15
L2708 at 13258 GHy. The secommendad pax b ingenion foss atlocation for- the ransiitier or rmnivex‘
differvatial conirolled inpodance peinted ciroult boards is consistent witl the dasertion loss TPO.10 TP
TP 40 TRS ghven ind 1 and an assurped mated connector toss of 169 dB.

Note diat the recormneaded maxinmm igsetion los o TP TP or from TP 0 TP WOT dB &
1328 GHz,

136A.5 Channel insertion loss

This subclanse provides wdformution ou charmet sostion losses for the axoimm-loss and miinimu-loss
oubling iopologics.

nibly 16 detonmined wsing
Hustrated o Figose 13041, Losg

The s ch‘umr.' mseriion  loss assoclated with the  ouble
Equation {13641}, The channel inseftion toss budget of 3R GHe s
budgel parameiers for all cabde topologies are provided in Tabde 13641,

Copyright © 2017 IEBE. All rights resemved.
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j!\‘(ﬁ&mx {f; e f‘f{x\mp\(?’ b 3L Tt GP 15 ‘m\&‘d iy f\ {dg\’ (}3{),\»"1)

for 0.08 GHy <18 GHe

where
¥F 15 the Foguency in GHe
B is the mxinwem channel fosertion Yogs between TPO and TPS

3¢ fhe i cable assombly traertion loss (TP to TR

Fgrnl is the praxbman inscrtion boss from TPG fo TP2 or TRI o TPY using

FE VT i% thx. pominal wsontion lose of the mated tost Bixiure using Bquation {130A~2)
Mareyrrtd) :
The noatingd meortion loss of the mated feat Baiure ix detormined vsing Egoation (1364-2),

Hogpaearel) = DATLSF+ 01147+ 0.002F (@B) (136A-2)

l‘

for 801 Qe <25 GHe

where
¥ is the frequency in GHe

The ghenne! inserlion loss associated with the (.3 i oable assombly and 8 maximum bost chanel 45 dater-
thined by Equation {138A-3},

igrg sl = Mol 4 2 1 - 2 ggeielh (B3 {13643

for BOS GHz o/ < IV GH2

where
i ie the frequency in GHz
Heonosmbhd i the chanuel usertion loss batweon TRO aud TPS sopresentative of 2 88 v cable
sssembly and a pupvdmun bost chanued
Thpmin i the mivbiey cable assombly insertion foss (TR fo TP4Y giwem In
1’{'}?‘5 mtg }
Htamarilh 1s fhe poniral irisertion loss oF the mared teat fxmure psing Bquation (1364~

The foss budget parameter values st 1328 GHy are provided @ Table 13041,

Copyright © 3017 IEEE. All rights reserver.
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Table 138A-1-~Cable insertion loss budget values at 13.28 GHz

ZRLBASE-CRA inita

Parameter SHGBASE-LCR HHGRASE-CRY

e Sk ek hees

F R : s

o

s 1606 a8

ot

Hinism 334 _ an 8

oo 83 as o

ﬁ;‘tiss{ e ‘ 2% it

Pty 383 » n i3
14
15

i

s
I

Cabla assenbiy

e

i . : &1 =
Dol : Recaive Y
o - & \ o f Biricion R

29
3

7yR

E 2

Frsgrsnst
funotion’ {4 »

¥

K 4

¥

* Ty
o5
el

1608 + (2% 10.07) ~ 12 % 3.85) = 2B.9 OB 23

b4

h 2

385 dg 40
Mated cabla asgambly i
and fest poind et fxkus 42

£
B

MOTE~The sonnacior nserlion loss & 1.07 dB for the mated test fixture. The host connagtor is. 44
attocated 0.6¢ o8 of addilioral margin. 4%

Figure 138A~1-28.9 dB channel inserfion loss budget at 13,28 GHz o

Copyright & 2017 [EBE. Al riphts reserved.
This is an unspproved IEEE Sisndards deaft, subjedd fo sliange.

IR

Marvell Semiconductor, Inc. - Ex. 1002, Page 000424



Oraft Amendment 1o IEEE Sig 802320145 IEEE Draft PRUZ2 308012
{EEE FRO2. 3cd Task Furge Bt Fabraey 2047

138A.6 Channel return joss

The recenmnended retven tose Tor SDGBASE-CR, 100GRASE-CRZ snd 2R0GBASE-CR4 channels is sjzent-
fred in 3

136A.7 Channel Qperating Margin {COM)

The Chaneel Operating Margin (20M) for the climnoel batwesn TPO and TRS, conpuied using the pooes
dure i 93A.1 and the paramdsrs i Table 13615, s reconunended to be greater thim or squal 1 the Chan-
get Oporating Margin (i) vades i Table 13615 for the cable assombly type baing wsed.
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Annex 136B
{normative}

Test fixtures for 50GBASE-CR, 100GBASE-CR2, 200GBASE-CR4,
S0GAUI-1 C2M, and 100GALI-2 C2M

1368B.1 Test fixtures

Tf AR min‘u ami ;cwiwz m ASHICHISINS. af TPE or TP*‘ fer thc ﬁt\E;BA%F-{‘R PHY m (m SFP hmt mrm

and at TPia or TPda for the ;x-ma-am-;;z T 'h(s,si. (€ Asma‘::; i’.aSGL are made utiiizing i:,ht‘- test ﬂxm&:
speeified in

Edfitor's Note: Refum Loss and ICN far Q.:,FP” fa b monsidered.

Uable assembly measiwoments for the SFP2R.SFPRR Qm 31 fa.,tor {sce 1360 3.1 wre made Detween TR and
TES with cable sssembly st fixheres ag specifed i A onboth ends, Cable dssombly messurements
Tor the QRFPIS-ISFP2RS form fuctor {see 138C. 320 ars made betwsen TP and T4 with calie assembly
tost Bxtores 45 spocified w8 iy both ends; Cabde assombly nwasursiuenss fiy e DSFR28-4SFPR
form factor (see 1360 3.3} ave nusde beyween TP and TP4 with s cable asscodly tost fixiure a8 specified
for each constector on the SFPEN end, wnd with a coble sssombly test fiatore as specified in
for the QOSFP28 e,

The tost Hxiures we §pmiﬁx¥ W paated sists i ensbie conpections o measirement equipment, The refer
criee isention loss bf the mated west fixtures i 3063 dB (sex 136A 1) The requireients i the referenced
subclauses are nal the MDI connsctor pocifications i an inplersenicd desipn,

1368.1.1 Mated test fixdures

The TPY or TP and cable assornbly tost fixtores ag sp&uix@j in & mated state Hhustratedin
The mated test fixiures specifications are isted i 92,1

1368111 Mated test fixtures differential insertion loss

The differentis] insertion Toss of the mated fost xtures shall meet the requirements of

The FOMyp 5 of the muted tost fitares shall meel the requiresnents of ¥

1388.1.1.2 Mated test fixtures differential return loss

The differontial rorarn Joss of the nxted et fixtures shall meet the requirements 63
1368.4.1.3 Mated test fixtires common-motde copversion insertion foss

The common-made conversion insertion Toss of the muted st Bixiores shall meet the réquirements of

Copyright © 2017 IEBE. All rights resemved.
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1368.1.1.4 Mated test fixtures common-mode return loss

The common-mods return loss of the matod tesf fixtures shall maat the roguirements of §

136B.1. 1.5 Mated test fixtures common-mode to differential mode return loss

The comummn-irods to difforenilal mode rebion loss of the nusted o Tixtres shall meet the sequirement of

GRLAS

1388.1.1.6 Mated test fixtures integrated crosstalk noise

The SEPIX puted tost ixture integrated nesr-ond crosstall notse voltage for the disturber near-ond crosstalk

toss ds deterndned avcording o the mumm i VIR LY usdng the parainpters showirin Table 13681 shall

miest the specification il

Table 138B-1—Mated test fixture integrated near-end crosstalk noise parameters

Descripiien Svrabaol Value Linits
Symbal rate Ja IASHT | ORd
1 B rofirencs recsver bandsvidih Fe 1092 O
Nede-cond thetirber peak difforentad obtput soplitnd A £ Y
Neapond disturber 20%: fo 830% rise and (il aes T Ny i ope

d! «mﬁj & ﬂxr«wd s,masmm ey and 8 mii el ii
in Table 136B-3.

51.5 ey the p(mmxe{:ﬁfs shown

Talsls 1368-2—Mated test fixture infegrated crosstalk noise parameters

Prescriptivg Symbal Vb Enits
Sl oate s 65628 | GBd
% 4B refersnice receiver Bandwidth H 1992 £iH
Peg-end disteber poak dilferentitd cuipret emplitude A B Y
Farenad distarbey pagk differential pupnt a,m_giimda "“‘i.*'? GO0 my
Niw-ond distarber 205 10 8% ricdod Hill e Loz Q7 e
Par-end distachor 20% to 805 visg ved & tmes T 327 Py

Copyright © 3017 IEEE. All rights reserver.
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1388.2 Protocol implementation conformance statement (PICS) proforma
for Annex 1368, Test fixturss for SO0GBASE-CR, 1 {BQGBASE-CRZ
200GBASE-CR4, 50GAUI1 C2M, and 100GAUL2 C2M*!

136B.2.1 Introduction

The supptier of a protocol implementstion that s claimed to confonm to Annex 1368, Test fixturss for
SOOBRASE-CR, {00GBASE-CRE, 260GBASE-CRA, SOGAULT C2M, and 10GGATULR C2M shalt compleix
the following protocel inplementaiion conformance siatement (PICS proforo.

& detailed description of the symbols mui in the FICS proforms, slong with instnrctions for conplating the
PICS prodornm, cat b found in < 1

1368.2.2 identification

1368.2.2.7 implementation identification

Snpplice!

Contact point Yor fnguiries aboatthe PICS?

huplenrrdaion Kamepst and Vamsiorgs)

Other informudion pecessary for il ideatifiention—v g,
namedsh and verson(s) for machines andfor vpontting
sysioms; Byatom Nagnelsy

NOTE fHegured for all boplementations.
ey be wmpm ¢} 3% Rpproprints i meeting e requitenents e the ideatification.

: and Version should be dnterpreted appropriviely Jo comrespond with o supplier’s
<iadely

1368.2.2.2 Protovol summary

tiardifi tsxm m gw timi;i § anmwi

Dderdi ostion of amendivents wid conipends o das

Tt of Statermnt

A # 3 repraduge the PICR profhemis we this subolisse so (it can
beitssed For dts mm\mi P and may Rl p\h fuh thoie wmniswd PICK.

Copyright © 2017 IEBE. All rights resemved.
This is an unspproved IEEE Sisndards deaft, subjedd fo sliange.

IGH

Marvell Semiconductor, Inc. - Ex. 1002, Page 000428

L

-~k

i

18
i
20

R
A8

28
36

34



Oraft Amendment 1o IEEE Sig 802320145
{EEE P02 3cd Task Furde

136R.2.3 Major capabilities/options

IEEE Draft PROZ S0d01.2

3 Fabriary 2017

Ftem

Fouture

Sabulause VahaeiCipnment

Statns |

Suppert

FWTEL

SEP2RTPE oo TP fest fixiure

<}

L veqy

L HTER

| Not}

OSEP2RTPY or TPY fest lighue 0
CATTE | SEPIS Cable avsenbly fest ik~ O

v test fivte

Q

1368.2.4 PICS profarma tables for test fixtures for Test fixtures for S0GBASE-CR,
100GBASE-CR2, 200GBASE-CRY, 50GAUIT C2M, and 100GALIL-2 C2M

Jtem

Feature

Vadue/Comment

Status

Bupport

T

Wlated fest Hxoares hiveion loss

136BI LY

b M and FOMy oot the
| piremenis o L3

M

Yie! ]

2

Mated fest fxiuees ddfreanal

LRI

Muocts e segtiramets of

M

T3

Bfaiad s fixdureg oovanen-
mnde conversion msertion Joss

BB

M

TE4

R SO

3R

M

Yes {1

TES

Nofated test foslures Conanon
wode to Miferential naode retum
joss

M

T¥E

SEP2§ Sated fest oy wig-
grated nearnd crossialk noise

M

187

QEFP2E Mated fost Bxinves nte-
auvtad near-end qosstalk notey

ERISER MRS

M

Yes| |
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Annex 136C
{informative}

Hnst and ;:abie assemhiy form factors for S50GBASE-CR,

136C.1 Qverview

This annex deseribes form factors fi the three oible sssemblies specified in 136,11 and for hosts with cithey
SUGBASECR, 100GBASE-CRY, or 200GBASE-URY Phvsical Layers,

Ay and mulitane

63 fon iy p\‘: md 1ht€x. t\i‘oh wscmbly vpss with dif
ﬁmnt mmbm‘nmm of me mﬂmnmrs u{ mui} Cﬂd ‘E hw. host and cable assembly types e rofored to as
form fagtors, distinguishing botls the bost recoptacte (MY and the cabile essem bi\ piu

Cable assotnblics denoted a5 SOGBASECE, HGCRASE-CR R4, have a common setof
clecirical pavameters specified i 136,31 These specifications are based ow the I00GBASE-CR4 cable
assainbly specifications (seo ¥ with refersnced paraineters specified at 1328 GHe o account for the
increase in signaling mate.

and 2D0GRASE

The SOGBASEACR 1s a single-Tane cuble assombly, omabling 8 3 o lengih. The 1OOGBASECURY & g two-
tore cable asscwbly, onabling a3 m longth, The ZOMGBASE-CRY s b four-lane cable asscmbly, enalding
3 longth,

The possible combinations of host form factors, cableassombly form factors and Tengths sre smmmaried in
Table 13661,

Table 136C~1—Host and cabie assembly combinations

Cable assembly Ferm facter Huost, fird omld Hostg, wecond ead
SEPIR - SEPAS (s IR} | Ove, BFP28 forvn fcior (Ses TIRERY § One, SEPER S fctor e 136031
] QSPFIR o QSFPIR {wee IBEPE fonn feador {see One, QSFEIR Sorn Hotor (ee
360 136020
» e dRSFRIR ?%( {g\i}}‘ig Bt factor i Four, SER8 Byam fictor(see
36C2 '

136C.2 Host form factors

1360.2.1 SFP28 host form factor

A host may use the SFP28 receptacds specificd in 118 P10 ax the MDI for each SOGBASE-CR. This is

veferred to asan SFPEX host fonm facton

Copyright © 2017 IEBE. All rights resemved.
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A SFP2S8 form fotor host can forn # siagle 50-Glds Hink to elther another SFPIXN - form factor krost, using an
SFP24 1o BFP2R form Huctor cable assembly see 138C 31, ova QSEP2E Horm fhacior host {see 138023,
asing a QSFR2R Lo 4xSFP2R form fantor cabie asssmbly e 136C3 3

436C. 2.2 Q8FP28 host form factor

A host miay use the QSFR28 reciptacle specitiod i 9018 ax the MDT for one oF twio INOGHASE-CR2 PHYs
or ne JVCBASE-CRA PHY. This is referred to as a OSFPFIH host fonm fciorn.

A QSFP2IR fonn Hictor bost San also Tory p 1 four 30 G lnks yo cithier snoher QSFP28 form factor
host, ustng 3 QSFPIR 10 QSFRIR fora fictor cable asscmbly {son 1380300, or four sepatate SFR2R form
Brotor Tosts (see 136C2 Pyusing o QSFR2E 10 4=8FP2E forn fHcioroable assembly(see 130C33),

136C.3 Cable assembly form factors

1360C.3.1 SFP28 {o SFP28 cable assembiy form factor

The SFPIS to 8FP2E cable assombly bis SFR2E phags, specified in
sestiac two SFPER form fictor bosts (sée 136C.2. 1% with a single 30
trated in Figmee 13604

i, o hoth ends, tmay beuscd 1o
finke, The cable aasambly is Has

The electvical charasteristivs of 4 cable assenbly fov this form factor are specified tn 136.11, using the defi~
nitinns i30T AL
AR N N

N

Figure $36C—1—SFP28 to SFP28 calde assenmbly

Copyright © 3017 IEEE. All rights reserver.
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136(.3.2 QBFP28 o QSFP28 cable assembly form factor

The QRFPR 1o (BFP28 cable assombily has GSFPIS phags. specified in on both ends. 1t moay be used
to connest tao QSFPIR form factor oste {See 1360.2.2) with up to four 50 (s links. The coble sssembly
is ilustated dn Figore 13602,

The elecirical cliavanteriytivs of & cable assembly fiw thiy form factor ave specified o 136,11, uving the defi-
nitions # 136,11.7.3.4

Z,

N

Figure 136C-2—Q5FP28 to USFP28 cable assembly

136C.3.3 QSFP2B to 4x5FP2R cable assembly form factor

The QSFP2S o 4XSFP28 cable assembly has a QSFPIE plug as specified o 3212 o one oind, and fowr
SFR2R plags as specified in on the other end. Bomay be vsed to conmect 8 QSFPIR forn factor host
{sen 136022 1o up fo four SFR2R S fastor hosts {see 136C 2.1 wdih ore 30 Gbs Hak 10 vach BFP2Y
host, The cable sssembly is Hlusirated In Figuve 13603,

The elecirical claranteristics of 4 cably assensbly for thiy foom factorave specificd e 13601, wing the defi-
nitfoms iy 1301732 and 13611733

Copyright & 2017 [EBE. Al riphts reserved.
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Application Number  f ¢ra0q10 Receipt Date

New Response To

Application Notice Date Of Response

Jumbo — Large tables are included on the CD

X | There are no problems with the CDs in the submission.

Items checked below are to be selected in the PALM Pre-Exam CD problem list.

Omitted ltems

Aug 13, 2019

Files on compact disc are unreadable:

Disc(s) of either set not readable:

Disc(s) do not contain file names listed:

Amended CD missing unamended files

Missing compact discs

Missing Parts

Disc(s) do not contain file names listed

Discs contains files that are non-ASCII files:

Only one copy of the CD, no duplicate:

Wrong media type, e.g., CD-RW:

The transmittal letter and specification do not list information:

Both disc(s) contain unreadable files:

One disc(s) contain unreadable files:

Compact disc(s) contain viruses, but are still readable:

EFS/Paper Submission:

Table does not maintain data in proper alignment:

Not proper subject matter for CD’s:

Informality

No statement in transmittal letter that CD’s are the same:

No incorporation by reference statement for the CD’s:

CD'’s not labeled “Copy 1" and “Copy 2":

Deficient CD packaging:

Deficient Labeling on CD’s:

The transmittal letter does not list information:

The specification does not list information:

Table less than 51 pages submitted on CD:

File Directory Attachment

Copy of file directory listing is attached and should be mailed to applicant

Copy of file directory listing is not attached

Copy of file directory listing is not attached because it is over one page long

Additional Comments

Internal Worksheet Only - Do Not Scan

Marvell Semiconductor, Inc. - Ex. 1002, Page 000434




C:\Users\sleng\Desktop\ScoreModule\20190821\16539910\C0039DRWv5-AEC.pdf

Marvell Semiconductor, Inc. - Ex. 1002, Page 000435



DocCode — SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 16539910 Document Date: 08/13/2019

The presence of this form in the IFW record indicates that the following document type was received
in electronic format on the date identified above. This content is stored in the SCORE database.

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW
record were created from the original documents that are stored in SCORE.

Drawing

At the time of document entry (noted above):
e USPTO employees may access SCORE content via DAV or via the SCORE web page.

e External customers may access SCORE content via PAIR using the Supplemental Content
tab.

Form Revision Date: March 1, 2019

Marvell Semiconductor, Inc. - Ex. 1002, Page 000436



UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
16/539,910 08/13/2019 2833 785 20160.0039.NPUS00 20
CONFIRMATION NO. 8175
63467 FILING RECEIPT
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Date Mailed: 08/26/2019

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.
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submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)

Yattung LAM, San Jose, CA;

Baohua CHEN, Xiamen City, CHINA;
Applicant(s)

CREDO TECHNOLOGY GROUP LIMITED, Grand Cayman, CAYMAN ISLANDS;
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Power of Attorney: The patent practitioners associated with Customer Number 63467

Domestic Applications for which benefit is claimed - None.
A proper domestic benefit claim must be provided in an Application Data Sheet in order to constitute a claim for
domestic benefit. See 37 CFR 1.76 and 1.78.

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 08/22/2019

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/539,910

Projected Publication Date: 09/03/2020
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

ACTIVE ETHERNET CABLE
Preliminary Class
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Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop

page 3 of 4
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technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 16/539,910
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 75 N/A
SEARCH FEE
(37 GFR 1.16(K). ), or (m)) N/A N/A N/A 330 N/A
EXAMINATION FEE
(37 CFR 1.16(0), (B} ot (@) N/A N/A N/A 380 N/A
oy CRRIAED) 20 minus 20- < 5 -| 000 | om
NDEPENDENTCLANS [ 5 o | . 230 -| 000
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0” in column 2. TOTAL 785 TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
| Total g i w -
=S (37 CF(:H 16(7)) Minus x = OR =
) Independent * Minus | *** =
5 (37 CFR 1.16(h) X = OR -
<§: Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
LU Total * Minus | ** = =
= (37 CF?H.IB(H) X OR -
% Independent * Minus | *** = M _ OR _
[Tm} (37 CFR 1.16(h)) - -
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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To: uspto@rameyfirm.com,wramey@rameyfirm.com,tevenbly@rameyfirm.com

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 63467

Aug 26, 2019 03:40:14 AM
Dear PAIR Customer:

Ramey & Schwaller, LLP
5020 Montrose Blvd.
Suite 750

Houston, TX 77006
UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 63467 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
16539910 APP.FILE.REC  08/26/2019 20160.0039.NPUS00

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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16539910

PLUS Search Results for S/N 16539910, Searched Tue Jan 07 08:49:19 EST 2020

The Patent Linguistics Utility System (PLUS) is a USPTO automated search system
for U.S. Patents from 1971 to the present PLUS is a query-by-example search system which
produces a list of patents that are most closely related linguistically to the application
searched. This search was prepared by the staff of the Scientific and Technical Information

Center, SIRA.

5304969 99
4269506 99
4272984 98
4408117 98
4422180 98
4579416 98
4754839 98
4834660 98
4862012 98
4885474 98
4933534 98
4945189 98
4982383 98
4991150 98
4995835 98
5009384 98
5177755 98
5241614 98
5306868 98
5327637 98
5341812 98
5416271 98
5421600 98
5442248 98
5457285 98
5505283 98
5568161 98
5574441 98
5612684 98
5645266 98
5783776 98
5939676 98
5964605 98
6028273 98
6082609 98
6185155 98
6207975 98
6304700 98
6307505 98
6326916 98
6469498 98
6881948 98
6945692 98
6960019 98
7837491 98
7845847 98
7845848 98
8200321 98
8339141 98

8471396 98
8474320 98
8475370 98
8660662 98
8672854 98
8692401 98
8738118 98
8843214 98
8870052 98
8981787 98
9139266 98
9307915 98
9446822 98
9491528 98
9880212 98
10078001 98
10260345 98
10321830 98
10488273 98
20020067529 98
20020125414 98
20040140421 98
20050045368 98
20050089081 98
20070065150 98
20070240898 98
20080319327 98
20090279581 98
20090279582 98
20100178788 98
20100211348 98
20100298650 98
20100298651 98
20100298652 98
20100298653 98
20100298654 98
20100298655 98
20110037264 98
20110288421 98
20120006117 98
20120108983 98
20120271385 98
20130154667 98
20130276687 98
20140130565 98
20140196654 98
20140200415 98
20140257056 98
20150110489 98

20150316599 98
20150362354 98
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
16/539,910 08/13/2019 Yattung LAM 20160.0039.NPUS00 8175
63467 7590 03/11/2020 | EXAMINER |
Ramey & Schwaller, LLP
Ramey & Schwaller HA, DACV
5020 Montrose Blvd.
Suite 800 | ART UNIT | PAPER NUMBER |
Houston, TX 77006 2633
| NOTIFICATION DATE | DELIVERY MODE |
03/11/2020 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

tevenbly @rameyfirm.com
uspto@rameyfirm.com
wramey @rameyfirm.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

16/539,910 LAM et al.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
DAC V HA 2633 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 2 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 08/13/19.
OJ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)(J This action is FINAL. 2b) [J This action is non-final.

3)(J An election was made by the applicant in response to a restriction requirement set forth during the interview
on ; the restriction requirement and election have been incorporated into this action.

4) Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s)  1-20 is/are pending in the application.
5a) Of the above claim(s) is/are withdrawn from consideration.

6) Claim(s) 1-20 is/are allowed.

7) [0 Claim(s) ___ is/are rejected.

8) [ Claim(s) ____is/are objected to.

9) (O Claim(s) are subject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see

http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)O The specification is objected to by the Examiner.
11)@ The drawing(s) filed on 08/13/19 is/are: a)& accepted or b)(J objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
Priority under 35 U.S.C. § 119

12)@ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)d Al b)O Some**  ¢) None of the:
1.4 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) Notice of References Cited (PTO-892) 3) (J Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) (] Other:
Paper No(s)/Mail Date E—
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20200306
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Application/Control Number: 16/539,910 Page 2
Art Unit: 2633

Notice of Pre-AlA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AlA.
2. This application is in condition for allowance except for the following formal
matters:

Acknowledgment is made of applicant's claim for foreign priority based on an
application filed in China on 03/01/19. It is noted, however, that applicant has not filed a
certified copy of the China 201910155535.9 application as required by 37 CFR 1.55.

Prosecution on the merits is closed in accordance with the practice under Ex
parte Quayle, 25 USPQ 74, 453 O.G. 213, (Comm’r Pat. 1935).

A shortened statutory period for reply to this action is set to expire TWO
MONTHS from the mailing date of this letter.

3. The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure.

Lett (US 2016/0197434)

Lin et al. (US 2018/0241579)

Zweig et al. (US 7,049,937)

Ward et al. (US 9,230,416)

4. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to DAC V HA whose telephone number is (571)272-3040.
The examiner can normally be reached on 7-3:30 M-F.

Examiner interviews are available via telephone, in-person, and video

conferencing using a USPTO supplied web-based collaboration tool. To schedule an
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Application/Control Number: 16/539,910 Page 3
Art Unit: 2633

interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Sam Ahn can be reached on 571-272-3044. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see https://ppair-
my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).
If you would like assistance from a USPTO Customer Service Representative or access
to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-

272-1000.

/DAC V HA/
Primary Examiner, Art Unit 2633
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Notice of References Cited

Application/Control No. Applicant(s)/Patent Under
16/539,910 Reexamination
LAM etal.
Examiner Art Unit
DACV HA 2633 Page 1 of 1

U.S. PATENT DOCUMENTS

* Coumzoggggfaﬁ:r?bf:}z:; Code MIVEI)- ?}?{YY Name CPC Classification US Classification
* [ A [ Us-20160197434-A1 07-2016 Lett; David B. HO1R13/516 348/373
* B | US-20180241579-A1 08-2018 Lin; Chun-En H04L12/10 171
* | ¢ |us-7049937-B1 05-2006 Zweig; Jonathan M. HO1R13/641 324/66
* | D |US-9230416-B2 01-2016 Ward; Rafik G08B5/00 11

E

F

G

H

|

J

K

L

M

FOREIGN PATENT DOCUMENTS

* Countzog:gg?l\:]:n’:lbfrr-]?i:rci Code MIVID» ?}?{YY Country Name CPC Classification

N

O

P

Q

R

S]

T

NON-PATENT DOCUMENTS

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)

u

\

W

X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)

Notice of References Cited

Part of Paper No. 20200306
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Noles 16/539.910 LAM et al
L Y
DAC V HA 2633
CPC - Searched*
Symbol Date Examiner
HO4L 12/2801; HO4L 25/4917; HO4L 25/03885 03/06/2020 DH
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of

the search.

Search Notes

Search Notes Date Examiner
BRS and Inventor's search 03/06/2020 DH
PLUS 03/06/2020 DH
NPL 03/06/2020 DH
Interference Search
US Class/CPC US Subclass/CPC Group Date Examiner
Symbol

PGPUB 03/06/2020 DH

U.S. Patent and Trademark Office

Page 1 of 1

Part of Paper No.: 20200306
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Receipt date:

Doc code: IDS
Doc description: Information Disclosure Statement (IDS) Filed

08/13/2019

16/539,910 - GAU: 2633
PTO/SB/08a (02-18)

Approved for use through 11/30/2020. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.89)

Application Number

Filing Date

First Named Inventor ‘

Yattung LAM

Art Unit

Examiner Name ‘

Attorney Docket Number

| 20160.0039.NPUS00

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages Columns, Lines where
e Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document )
Figures Appear
1 D,322,704 B1 P016-04-26 Neveux
2 7,401,985 B2 P008-07-22 Arronson, et al
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns, Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code'| Date of cited Document

Figures Appear

If you wish to add additional U.S. Published Application citation information please click the Add button| Add

FOREIGN PATENT DOCUMENTS

Remove

Examiner
Initial*

Cite
No

Foreign Document
Number3

Country

Code2i

Kind
Code#

Publication

Date Document

Name of Patentee or
Applicant of cited

Pages,Columns,Lines
where Relevant
Passages or Relevant
Figures Appear

Ts

If you wish to add additional Foreign Patent Document citation information please click the Add button

Add

NON-PATENT LITERATURE DOCUMENTS

Remove

EFS Web 2.1.18

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.V.H/
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soeipt date: 08/13/2019

16/539,.910 ~ GaU: 263

INFORMATION DISCLOSURE

STATEMENT

BY APPLICANT

( Not for submission under 37 CFR 1.29)

Application Number

Filing Date

First Named Inventor ’Yattung LAM

Art Unit |

Examiner Name ‘

Attorney Docket Number | 20160.0039.NPUS00

Examiner| Cite
Initials* | No

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

1 Rumer, B. "Fighting Jitter in Fibre-Channel Designs_" Electronic Engineering Times, (2001, February 01). Relrneved
Pugust 13, 2019, from https:/iwww _eetimes.com/document.asp?doc_id=1277249

JEEE P802.3cd/D1.2, 3rd February 2017 (Amendment of IEEE Std 802.3-2015 as amended) IEEE Draft Standard for
2 Fthernet Amendment: Media Access Control Parameters for 50 Gb/s, 100 Gb/s and 200 Gb/s Cperation. The Institute
bf Electrical and Electronics Engineers, Inc., 2017; S.1.: IEEE.

If you wish to add additional non-patent literature document citation information please click the Add button| Add

EXAMINER SIGNATURE

Examiner Signature

/DAC vV HA/

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 9 Applicant is to place a check mark here if
English language translation is attached.

EFS Web 2.1.18

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.V.H/
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sceipt date: 08/13/2019 16/539,.910 ~ GaU: 263
Application Number

Filing Date

INFORMATION DISCLOSURE

First Named Inventor ’Yattung LAM

STATEMENT BY APPLICANT

- Art Unit |
( Not for submission under 37 CFR 1.29)

Examiner Name ‘

Attorney Docket Number | 20160.0039.NPUS00

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That ne item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature [/Daniel J. Krueger/ Date (YYYY-MM-DD) 2019-08-13
Name/Print Daniel J. Krueger Registration Number |42,771

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1430, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.18 ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.V.H/
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Receipt date: 08/13/2019 16/539,910 - GAU: 2633

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.8.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review {35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her desighee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.V.H/

EFS Web 2.1.18
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EAST Search History

EAST Search History
EAST Search History (Prior Art)

Ref {iHits Search Query DBs Default Plurals {Time
# Operator Stamp
L4 1706 ( ethernet with (link cable)) same Us- OR ON 2020/03/06
(electrica$4 near2 conduct$4) PGPUB; 13:34
USPAT
L5 {458 4 and (connect$4 with (transceiv$4 us- OR ON 2020/03/06
transmit$4 receiv$4)) PGPUB; 13:34
USPAT
L6 24 5 and (cdr (clock near3 recover$4)) Us- OR ON 2020/03/06
PGPUB; 13:35
USPAT
L7 24 6 and modulat$4 us- OR ON 2020/03/06
PGPUB; 13:35
USPAT
L8 6020 (h04L12/2801 HO4L25/4917 us- OR ON 2020/03/06
h04L25/03885).cpc. PGPUB; 13:35
USPAT
LS 0 7 and L8 us- OR ON 2020/03/06
PGPUB; 13:35
USPAT
L10 {81 5 and ( ethernet with (link cable)) .cim. us- OR ON 2020/03/06
PGPUB; 13:40
USPAT
L11 {75 10 not 7 Us- OR ON 2020/03/06
PGPUB; 13:41
USPAT
L12 #50 11 and (pair with (wire twist$4 uUs- OR ON 2020/03/06
conduct$4)) PGPUB; 13:42
USPAT
L13 {24 ("2014/0258742").URPN. USPAT {OR ON 2020/03/06
13:43
L14 {244 g02b6/36.cpc. USPAT {OR ON 2020/03/06
§13:56
L15 {0 4 and 14 USPAT {OR ON 2020/03/06
13:56
L16 {9 14 and ethernet USPAT :OR ON 2020/03/06
13:56
L17 489 ("20020031955" | "20020048990" | us- OR ON 2020/03/06
"20030031025" | "20030157842" | PGPUB; 13:57
"20030199192" | "20030222786" | USPAT;
"20040038564" | "20040160774" | USOCR
"20050037672" | "20050224585" |
"20060134996" | "20060162947" |
"20060232385" | "20070105453" |
"20070116411" | "20070190863" |
"20080020658" | "20080122579" |
"20090042431" | "20090269973" |
"20100079248" | "20100098425" |
"20110043333" | "20110116748" |
"20120058689" | "20120064750" |

file:///C/Users/dha/Documents/e-Red%20Folder/165399 10/EASTSearchHistory. 16539910 _AccessibleVersion.htm[3/6/2020 2:01:36 PM]
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EAST Search History

"20130052860" | "20140035755" |
"20160020975" | "20170293102" |
"3960428" | "4761720" | "4837488" |
"5159316" | "5666453" | "5741152" |
"5764043" | "5888100" | "6002331" |
"6080007" | "6099345" | "6244908" |
"6280232" | "6394853" | "6524128" |
"6532328" | "6558204" | "6577243" |
"6790096" | "6798183" | "6811445" |
"6975242" | "7049937" | "7080945" |
"7081808" | "7168994" | "7221284" |
"7335066" | "7374458" | "7547150" |
""7549886" | "7556536" | "7651361" |
"7760094" | "7772975" | "7782202" |
"7910833" | "7910834" | "7920764" |
"7940182" | "7960648" | "7965186" |
"7972183" | "8043124" | "8210755" |
"8264355" | "8277260" | "8465317" |
"8606972" | "8611234" | "8620123" |
"8702453" | "8747141" | "9196975" |
"9230416" | "9577904" | "9810859" |
"9952258" | "9995432").PN.
L18 417 17 and ethernet USPAT #OR ON 2020/03/06
13:57
S1 6018 (h04L12/2801 HO4L25/4917 us- OR ON 2020/03/03
h04L25/03885).cpc. PGPUB; 16:46
USPAT
S2 421 ((yattung nearl lam) (baohua nearl Us- OR ON 2020/03/03
chen)).in. PGPUB; 16:46
USPAT
S4 &0 S2 and ethernet.cim. Us- OR ON 2020/03/03
PGPUB; 16:48
USPAT
S5 2 S2 and cable.cim. Us- OR ON 2020/03/03
PGPUB; 16:48
USPAT
S6 11632 (ethernet near2 cable).ab,clm. uUs- OR ON 2020/03/04
PGPUB; 12:01
USPAT
S7 1501 S6 and (ethernet near2 cable).clm. us- OR ON 2020/03/04
PGPUB; 12:01
USPAT
S8 224 S7 and (ethernet near2 cable).ab. uUs- OR ON 2020/03/04
PGPUB; 12:01
USPAT
S9 45 S8 and ((ethernet near2 cable) same us- OR ON 2020/03/04
transceiv$4) PGPUB; 12:02
USPAT
S10 6018 (h04L12/2801 HO4L25/4917 Us- OR ON 2020/03/04
h04L25/03885).cpc. PGPUB; 12:02
USPAT
S11 43 S9 and S10 us- OR ON 2020/03/04
PGPUB; 12:02
USPAT
S12 {42 S9 not S11 us- OR ON 2020/03/04
PGPUB; 12:09
USPAT
$13 158 S8 and ((ethernet near2 cable) with us- OR ON 2020/03/04
(coupl$4 connect)) PGPUB; 12:15
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EAST Search History

| E USPAT ! 3
S14 120 S13 not S9 us- OR ON 2020/03/04
PGPUB; 12:16
USPAT
S15 0 S14 and (cdr (clock near3 recover$4)) Us- OR ON 2020/03/04
PGPUB; 12:17
USPAT
516 16 S14 and (ethernet near2 cable}).ti. us- OR ON 2020/03/04
PGPUB; 12:19
USPAT
S17 {11 ("2017/0346200").URPN. USPAT {OR ON 2020/03/04
12:21
S18 1104 S14 not S16 us- OR ON 2020/03/04
PGPUB; 12:23
USPAT
S19 ii66 S8 not S13 us- OR ON 2020/03/04
PGPUB; 12:33
USPAT
S20 15 S19 and ((ethernet near2 cable) with Us- OR ON 2020/03/04
(standard$5)) PGPUB; 12:34
USPAT
S21 {2 ("9322704" "7401985").pn. us- OR ON 2020/03/04
PGPUB; 13:30
USPAT
S22 #77 ("7401985").URPN. USPAT :OR ON 2020/03/04
13:31
523 {78 ("20010035994" | "20020018609" | Us- OR ON 2020/03/04
"20020044746" | "20020049879" | PGPUB; 13:31
"20020063935" | "20020114590" | USPAT;
"20020136510" | "20020149821" | USOCR
"20020159725" | "20020160656" |
"20030016920" | "20030021580" |
"20030034963" | "20030208779" |
"20030223756" | "20040008996" |
"20040076119" | "20040141695" |
"20040184746" | "20040208600" |
"20040263941" | "20050036746" |
"20050053340" | "20050063707" |
"20050063711" | "20050078916" |
"20050105910" | "20050105915" |
"20050180700" | "20050238358" |
"20050249477" | "20050286593" |
"20050286893" | "20060008276" |
"20060036788" | "20060045437" |
"20060049936" | "20060067690" |
"20060077778" | "20060083518" |
"20060088251" | "20060093280" |
"20060142744" | "4427879" | "4768188" |
"4902092" | "5337398" | "5497187" |
"5515467" | "5530787" | "5631988" |
"5668419" | "5732176" | "5926303" |
"6036654" | "6179627" | "6217231" |
"6220873" | "6267606" | "6446867" |
"6458619" | "6461059" | "6478625" |
"6502997" | "6540412" | "6607307" |
"6758693" | "6774348" | "6793539" |
"6905257" | "6914637" | "6941395" |
"6952395" | "6965722" | "7065604" |
"7088518" | "7162130" | "7217022").PN.
524 11 1521 and (modulat$5 clock$4) jUs- [OR JON  12020/03/04
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EAST Search History

PGPUB; 13:46
USPAT
S25 381 cable.ab. and cable.cim. and (ethernet USPAT #OR ON 2020/03/04
nearl port) 13:56
S26 {372 S25 and (transceiv$4 transmit$4 receivé4) {USPAT i{{OR ON 2020/03/04
13:56
S27 7 S26 and (cdr (clock near3 recover$4)) uUs- OR ON 2020/03/04
PGPUB; 13:56
USPAT
S29 i4 S27 and modulat$4 Us- OR ON 2020/03/04
PGPUB; 13:57
USPAT
S30 142 S26 and modulat$4 Us- OR ON 2020/03/04
PGPUB; 13:57
USPAT
S31 500 (active with ethernet with cable) Us- OR ON 2020/03/04
PGPUB; 13:58
USPAT
S32 7 S25 and S31 Us- OR ON 2020/03/04
PGPUB; 13:58
USPAT
S33 217 S31 and (transceiv$4 transmit$4 receiv$4) {USPAT {OR ON 2020/03/04
13:59
S34 55 S33 and (ethernet nearl port) USPAT HOR ON 2020/03/04
13:59
S36 48 S34 not 532 us- OR ON 2020/03/04
PGPUB; 14:01
USPAT
$37 §500 (active with ethernet with cable) us- OR ON 2020/03/05
PGPUB; 07:53
USPAT
S38 200 S37 and modulat$4 us- OR ON 2020/03/05
PGPUB; 07:53
USPAT
S39 i1l S38 and (cdr (clock near3 recover$4)) us- OR ON 2020/03/05
PGPUB; 07:53
USPAT
S41 8639810 iis "37"( ethernet with cable).cim. us- OR ON 2020/03/05
PGPUB; 16:32
USPAT
S42 #500 (active with ethernet with cable) us- OR ON 2020/03/05
PGPUB; 16:32
USPAT
S43 67 S42 and ( ethernet with cable).cim. us- OR ON 2020/03/05
PGPUB; 16:32
USPAT

3/6/2020 2:01:34 PM
C:\Users\dha\Documents\EAST\Workspace2\16539910.wsp
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UNITED STATES PATENT AND TRADEMARK OFFICE

Page 1 of 1

BIB DATA SHEET

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

CONFIRMATION NO. 8175

INVENTORS
Yattung LAM, San Jose, CA;
Baohua CHEN, Xiamen City, CHINA;

*%k CONTIN U I NG DATA kkkkkkkhhkhkkhkkkhkhhkhhkhdkdk

*k FOREIGN APPLICATIONS kkkkkkkhkhkkhkkhkhkhkhkhkhkkkkkk
CHINA 201910155535.9 03/01/2019

08/22/2019

CREDO TECHNOLOGY GROUP LIMITED, Grand Cayman, CAYMAN ISLANDS;

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED ** ** SMALL ENTITY **

SERIAL NUMBER | FILING or 371(c) CLASS GROUP ART UNIT ATTORNEY DOCKET
16/539,910 08/13/2019 375 2633 20160.0039.NPUS00
RULE
APPLICANTS

Foreign Priority claimed aYes o STATE OR
35 USC 119(a-d) conditions met [ ves dd'No | (] ietarter COUNTRY
Verified and /DAC V HA/

Acknowledged Examiner's Signaiure Tnitials CA

SHEETS TOTAL |INDEPENDENT
DRAWINGS | CLAIMS CLAIMS

4 20

3

ADDRESS

Ramey & Schwaller, LLP
Ramey & Schwaller
5020 Montrose Blvd.
Suite 800

Houston, TX 77006
UNITED STATES

TITLE
ACTIVE ETHERNET CABLE

FILING FEE FEES: Authority has been given in Paper

[Q All Fees

|01.16 Fees (Filing) |

IEI 1.17 Fees (Processing Ext. of time) |

RECEIVED |No. to charge/credit DEPOSIT ACCOUNT
785 No. for following: 1 1.18 Fees (Issue)
U Other
U Credit

BIB (Rev. 05/07).
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To: uspto@rameyfirm.com,wramey@rameyfirm.com,tevenbly@rameyfirm.com

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 63467

Mar 11, 2020 03:34:52 AM
Dear PAIR Customer:

Ramey & Schwaller, LLP
Ramey & Schwaller
5020 Montrose Blvd.
Suite 800

Houston, TX 77006
UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 63467 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.

16539910 CTEQ 03/11/2020 20160.0039.NPUS00
892 03/11/2020 20160.0039.NPUS00
1449 03/11/2020 20160.0039.NPUS00

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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Doc Code: PD.REQ.RETR PTO/SB/38 (02-20)

Document Description: Request for USPTO to retrieve priority docs Approved for use through 11/30/2020. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

COMPLETE IF KNOWN
Request to Retrieve Electronic Application Number | 16/539,910
Priority Application(s) Filing Date August 13, 2019
First Named Inventor Yattung, LAM
Art Unit 2633
Send completed form to: Commissioner for Patents Examiner Name HA, Dac V
\\P.O. Box 1450, Alexandria, VA 22313-1450 Attorney Docket Number|20160.0039.NPUS00 )

Pursuant to 37 CFR 1.55(i), the undersigned hereby requests that the USPTO retrieve an electronic copy of each of the following foreign
applications for which priority has been claimed under 35 U.S.C. 119(a)-(d) from a foreign intellectual property office participating with
the USPTO in a bilateral or multilateral priority document exchange agreement. This Request must be submitted:
- within the later of sixteen months from the filing date of the prior foreign application or four months from the actual filing date of
an application under 35 U.S.C. 111(a),
- within four months from the later of the date of commencement (37 CFR 1.491(a)) or the date of the initial submission under
35 U.S.C. 371 of an application entering the national stage under 35 U.S.C. 371, or
- with a petition under 37 CFR 1.55(e) or (f).

[] cemona
Please retrieve the priority application identified in Column C, a certified copy of which is contained in the EP or JP
application identified in Columns A and B:

A B C
Code for Application containing the Non-participating priority application to be
Participating non-participating priority application retrieved
Office (EP or - Access Code Country
P only) App. No. Filing Date (for P only) Code App. No.
1

PTION B

This Request may be used for the infrequent circumstance when a claim for priority to an application filed in a participating
foreign intellectual property office was made prior to that foreign intellectual property office becoming a participating foreign
intellectual property office.

Please retrieve the priority application identified in Columns A and B:
A B
Code for Participating Office (e.g., EP) Application to be retrieved
or WIPO DAS Depositing Office (e.g.,
AU, BR, CN, DK, EA, EE, ES, FI, GB,

Access Code

1B, IN, P, KR, MA, NL, NZ, SE) App. No. Filing Date Dgggsvi}’i‘nzoo?ﬁfe)
1 CN 201910155535.9 2019-03-01 008D

The USPTO will not attempt to retrieve the identified priority application(s) unless an identical claim for foreign priority to the application
identified above is made pursuant to 37 CFR 1.55(d) or a petition is granted under 37 CFR 1.55(e) or (f). Applicants are advised to
consult Private PAIR (accessed through www.uspto.gov) to assure that the retrieval has been successful. The applicant bears the
ultimate responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign
intellectual property office, or a certified copy of the foreign priority application is filed, within the time period set forth in 37 CFR
1.55(g)(1).

I hereby declare that I have the authority to grant access to the above-identified foreign application(s).

/Dan Krueger/ March 24, 2020
Signature Date

Daniel J. Krueger 713-426-3923

Printed or Typed Name Telephone Number

Attorney of Record 42771

Title Registration Number, if applicable

This collection of information is required by 37 CFR 1.55(d). The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 8 minutes to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this
information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonment of the application or
expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether the
Freedom of Information Act requires disclosure of these records.

2. A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual
has requested assistance from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of information
shall be required to comply with the requirements of the Privacy Act of 1974, as amended,
pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Burcau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency
for purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic
Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as part
of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in
accordance with the GSA regulations governing inspection of records for this purpose, and any
other relevant (i.c., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a
routing use, to the public if the record was filed in an application which became abandoned or in
which the proceedings were terminated and which application is referenced by either a published
application, an application open to public inspections or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or
local law enforcement agency, if the USPTO becomes aware of a violation or potential violation
of law or regulation.
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Electronic Acknowledgement Receipt

EFS ID: 38951907
Application Number: 16539910
International Application Number:
Confirmation Number: 8175
Title of Invention: ACTIVE ETHERNET CABLE

First Named Inventor/Applicant Name:

Yattung LAM

Customer Number:

63467

Filer:

Daniel Joseph Krueger/Shanay Hines

Filer Authorized By:

Daniel Joseph Krueger

Attorney Docket Number: 20160.0039.NPUS00
Receipt Date: 24-MAR-2020
Filing Date: 13-AUG-2019
Time Stamp: 13:32:24

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B}ttes)l Multl' 'Pages
Number Message Digest | Part/.zip| (if appl.)
135498
1 Application Data Sheet 2020-03-24_FINAL-ADS.pdf no 8
41da1bfoch7269e851ece0419a358167d8¢]

Seebc

Warnings:
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Information:

This is not an USPTO supplied ADS fillable form

278829
3 Request for USPTO to retrieve priority | 2020-03-24_Request_to_Retrie| no 5
docs ve_Priority_Application.pdf
b0571693c0d213a55003448c64e36299421)
a%bfs

Warnings:

Information:

Total Files Size (in bytes){ 414327

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/AIAI 4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.8. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 20180.0033.NPUSDC
16/539,910

Application Data Sheet 37 CFR 1.76

Application Number

Title of invention ACTIVE ETHERNET CABLE

The apgplication data sheet s pant of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as ocutlined in 37 CFR 1.76

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

; Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant {0
' 37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor information:

inventor 1

Legal Name

Prefix| Given Name Middie Nams Family Name Suffix
Yattung LAM

Residence Information {Select One) (&) US Residency (O NonUS Residency () Active US Military Service

City | SandJose State/Province | CA Country of Residencd us

Mailing Address of Invantor:

Address 1 ¢fo Credo Inc.

Address 2 1800 Technology Drive, Fifth Floor

City San Jose State/Province CA

Postal Code 95110 | Country us

fnventor 2

Legal Name

Prefix| Given Nams Middie Name Family Name Suffix
Bachua CHEN

Residence Information {Select One} (O US Residency (8 Non US Residency (O Active US Military Service

City Xiamen City Country of Residence i CN

Mailing Address of Inventor:
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City Xiamen City State/Province 1
Postal Code [ Country i CN
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Correspondence Information:

£FS Web 2.2.13

Marvell Semiconductor, Inc. - Ex. 1002, Page 000465



PTOIAIAIM4 (02-18)

Approved for use through 11/30/2020. OMB 0851-0032

U.8. Patent and Trademark Office; U.8. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. ) Attorney Docket Number | 20160.0036.NPUSG)
Application Data Sheet 37 CFR 1.78

Application Number 16/539.910.
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For further information see 37 CFR 1.33{a}.

[] An Address is being provided for the correspondence Information of this application.

Customer Number 53487

Email Address uspto@rameyfirm.com

Application Information:

Title of the invention ACTIVE ETHERNET CABLE
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Application Type Nonprovisional

Subject Matter Utitity

Total Number of Drawing Sheets {if any) 4 Suggested Figure for Publication {ifany) | 2

Filing By Reference:

Only complete this section when filing an application by reference under 35 US.C 111{) and 37 CFR 1.57(3). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
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provided in the appropriate section{(s) below {i.e,, “Domestic Benefit/National Stage information” and “Foreign Priority information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and reguirements of 37 CFR 1.57(a).

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country
filed application

Publication Information:

[1 Request Early Publication (Fee required af time of Request 37 CFR 1.219)

RQCEUQS‘E Not to Publish. 1 nereby request that the attached application not be published under

35 U.8.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filad in another country, or under a multilateral international agreement, that requires
publication at eighieen months after filing.

Representative Information:
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