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Background/Purpose

*To enable broader set of topologies to be considered for PHY-modeling, scaling
measurement data to limit lines proposed in 802.3bq.

»Crosstalk and return loss cabling limits developed assuming connectors at each
end of the channel in close proximity.

*Link segment cabling parameters length dependent.

=Scaling all measurement data to these limits (long channels to short limits) for
PHY-modeling artificially imposes pessimism for longer channels.

=Help circumvent creation of unrealistic test channels to exercise worse case
limits.

»Potential problems with phase scaling for time domain (digital analysis)

"L ength dependent limits proposed for measurement scaling.
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Link Segment and Cabling Channel

) 40GBASE-T PHY-Channel .
I ¢ 40GBASE-T Link segment  —™" :
I
| |
MDI', 4 balanced twisted pairs I MDI :

_________

—— |
TX RX
Function | |PCB]|Mag I - Mag | IPCB} | Function

Category 8 PN-568-C.2-1, Draft 0.9

|~1— Backbone Channel under test ———» |

Test A B C Test
equipment EI I I—I H: equipment
| C1 C1

Legend
Cables and cords
Equipment cord ..........coovvineennn. A C - - .
Backbone cabling .......................... B Limits deV6|Oped assuming

connectors in close proximity

Connecting hardware
Interconnect ... C1
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Link Segment and Cabling Channel

Backbone Channel under test ———» |

Test Test
equipment EI Il _l/ I :I equipment

*Cabling Channel limits developed assuming connectors in close
proximity to impose worse case.

*Proposal to introduce cable insertion loss in limit line equation to
enable more accurate representation of the cabling topology for
the purpose of scaling measurements used in PHY-channel
modeling.

5

e 802.3bq Task Force — November 2013



~Residual inter-symbol interference*

Re-reflection interference (noise) ILD noise example

* Transmitter, receiver, and channel return loss influence the transfer
function of the assembled link

foi_ce_short_Jtoll fei_cc shot_Jtoll
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Transmitter & Channel = Receiver P ATA R A T | A : | A A R A
:n B r:, Y FS—SNATS LN BATAS LAOWA S IR O S S O OO S S
Transmitter re-reflection b . : Al : '.Ii I | ~i il i | ! I i____j _____ LTI_1' _____ i_i _____
8 = | |__'| A0 o _I___ o _J i I I I I I
L a1 Hpe = sulisn e FAT A T ! u."|| A N AU SN SO O S S
SR
u r Receiver re-reflection B I ! ""T""'"T"'""T """" | | ILD T
s::|i, H,, =s5,1,s {_ﬂ_f _______ . :_ ________ :_ _______ _:__ ! i S S :: “““
= et
511 5 T, Transmitter-receiver re-reflection - . i ‘i j |—b o I . '_: A
l—'1| 5 z Hm:-gg;rgs;grlsgl 0 5 10 chﬁylm 20 ] an A W ¥ 4 wuaﬁ?ﬂlsﬁgad 6 & T 78
*Residual inter-symbol interference
*Material extracted from:>> A method for evaluating channels, Charles Moore, Avago Technologies,
Adam Healey, LSI Corporation
100 Gb/s Backplane and Copper Study Group Singapore, March 2011
http://www.ieee802.0rg/3/100GCU/public/marll/moore_01 0311.pdf
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Length dependent limits

*ength dependent limits proposed for measurement
scaling.

sReturn Loss

"PSNEXT

*PSFEXT (PSACRF)
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Channel Configurations

Channel Configuration Connectors: c1, c2 Patch cord lengths: dx1, dx5
Cable lengths: dx3 Connector equivalent length: xc

cl=1 c? =
-------------- |exes |- | < X |
dxy = cl-xc dxy = c2-xcC xc = 0.08
dxq = 0.5 dxz =3 dxs = 0.5 MathCAD
Notation
xp =0 Xj = X+ dxj x5 = 4.16
P > 2.dx
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Transmission Parameters

Cable transmission line constants
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{_An_crdk- dx; +0.02 ﬁ- di,+Att_Cbl, - dxi}

_ An Cbl _ Atft_Crdyg (dx + i+ i
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Return Loss Limit Line Equations for Cable and Connectors

RLcbly, = (20 + 5-log(fy.))-®(9.99 — fy) + ((fi — 9.99)-®(39.99 - £;))-25 + & (fy. - 39-99:"[25 - ?'lﬂg[%]]

fi
RLcommy = if[fk < 1000,32 - Eﬂ-lng[ﬁ} 12] RLconny = if (30 £ RLconny , 30, RLconny |

Return Loss Limit Line Equations for Channel (not scaled)

Rl = ©(9.99 — f}) R2y, = @(f — 9.99)-@(39.99 — fy)

R3 = ©(f — 39.99)-2(129.99 - f,) Réy = @(fy — 129.99)-2(999.99 - fy) RS == @(fy — 999.99)

RL_Ch_limy == 19-Rly + R2;-(24 — 5-log(fi)) + R3;-16.0 + R4y-(35 — 9-log(fy)) + 8-R5¢
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Return Loss Limit Line Equations for Channel (scaled)

|: _fElcnmlk} ) E_T_cnmlk ‘ i|
: : Lo20 . 20
Includes RLcnxy = —20-log| |exp(-2-y-x1)-10 + exp(—2-yix3)-10
Phase
Effects of (RLco, RLom,
connectors —1 —1
RLchy = —10-logl 10 ~ 1 /g0 & 10
_ _fELgnmlk] ) RLconn,
RLcney, - L2 20
cney. = —20-log E;}:p[—.?_"-r_'uk -:!-:1J -10 + exp[:—z-mik -}:3J -10

Envelope —

{ E_Lu:blk] _r’“ E.Lmek]
RLche, = —10-logl 10 & 1@ /o9 v 10

—
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Return Loss Limits

Cable, Connector & Channel Return Loss Limits (not scaled)
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Channel 0.5-3-0.5

0 > Xdx

Channel Return Loss
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Channel 1-3-1

cl=1 o2 =

|exc=| |exe=|

xc = 0.08 xc = 0.08

=1

x3 = 4.08

x5 = 5.16
0 >Xdx

Channel Return Loss

36

32

Flch 16

RLche, 32
23 N

16 — = :
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Channel 1-6-1

36

32
48

cl=1 c2=1
|exe=| |exe=|
xc = (.08 xc = 0.08
=1
0 >
X3 = 7.08
0 >
x5 = 8.16
0 >2dx

Channel Return Loss




Channel 1-12-1

56
52
48

cl=1 c2 =
|exc=| |exc=|
xc = 0.08 xc = 0.08
=1
0 >
x3 = 13.08
0 -
x5 = 14.16
0 »>2dx

Channel Return Loss




Channel 1-24-1

36
32

cl=1 c? =
|exc=| |exc=|
xc = 0.08 xc = 0.08
=1
0 =
X3 = 25.08
0 >
x5 = 26.16
0 = 2dx

Channel Return Loss
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Channel 3-24-3

cl=1 c? =

|exe=| |exe=|

xc = 0.08 xc = 0.08

X =3

x3 = 27.08

x5 = 30.16
0 > 2dx

Channel Return Loss
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PSNEXT and PSFEXT
Length Scaled Limits
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PSNEXT Limit Line Equations for Cable & Connectors

fy £,
PSNEXT Chl limy = if| 75 < 423 — 15-log| — |.75,42.3 — 15-log| —
100 100

PSNEXT Con_lmy == 0
1 50 — 20-1 fi 2 42 .04 — 30-1 fi 3 33 — 40-1 fi
Eqly = 30 - o8| Too Eq2y = 42.04 - 08| 5o5 Eqdy =33 - o8 00

PSNEXT_Con_limy = if[ fi, < 250,Eqly,[ if[ 250 < fi < 500,Eq2y,(if (500 < fy,Eq3y ,PSNEXT_Con_limy))]] ]

PSNEXT_Con_limy = if (72 £ PSNEXT_Con_limy, 72, PSNEXT_Con_lim)
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PSNEXT Limit Line Equations for Channel

4 PSNE}{T_Cnn_]jmk} PSNEXT_Con_lim_
PSNEXTemy, = —20-log| |exp(-2-71y-%1)-10 20 + exp(~2-93;x3) 10 20
Includes
phase effects { PSHE};?T_Cbl_]jm.k] { PSHE};.Tcmk]
of connectors PSNEXTchy = —10-log| 10 “ 10 ~10 v 10
PSNEXTchy, = if(62 < PSNEXTchy, 62 PSNEXTchy)
{ PSNExr_Cm_umk} { PSNE}CI'_Cnn_]jmk}
PSNEXTeney, == ~20-log| exp(~2-acl-x1)-10 20 + exp(-2-a3g-x3)-10 20
Envelope
n { PSNE}LT_Cbl_]jm.k} 'l PSNE}LTmek}
PSNEXTchey = —10-log| 10 * 10 ~10 ~ 1
PSNEXTchey, = if(62 < PSNEXTchey 62, PSNEXTchey)

—
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PSFEXT Limit Line Equations for Cable, Connectors and Channel

i { ka} r"xjn [ r"fkn
{ 36—-20-log| — |-10-log| — 1 40.1-20-log| —
k \ 100 \ 30 B '-.5 \ 100

PSACRF_Ch_limy == —20-log| 10 20 +£2-10 20

PSACRF_Ch_limy = if(62 < PSACRF_Ch_lmy .62 PSACRF_Ch_limy)

IL_Con_limy == if[ (500 < fy),0.00649-,Fy; + 0.000605-fy ,0.02-, /Ty |

0.2
D_Chhxnk—ﬂilz[lﬁﬂﬁ 0.005-fy + j[ﬂ 2-IL_Con_limy, + 0.0324-, /Ty

‘u"’f_ 30

PSFEXT Chy = PSACRF Ch lmy + IL_Ch lmy
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Channel 0.5-3-0.5
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Channel 1-3-1

cl=1

|<xe=| 5377 R

xc = 0.08

x3 = 4.08

%5 = 5.16
>2dx

Channel IL, PSNEXT & PSFEXT Loss
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Channel 1-6-1

PSNEXIC]}k
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Channel 1-12-1

cl=1 c?2 =

|<xc=| |<xc=|

xc = 0.08 xc = 0.08

x3 = 13.08

X5 = 14.16
0 > 2.dx

Channel IL, PSNEXT & PSFEXT Loss
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Channel 1-24-1

cl=1 c2 =
|exc=| | <X |-mmmmmmmmmmnman
xc = 0.08 xc = 0.08
=1
[ | —— -
X3 = 25.08
1] >
x5 = 20.16
0 > Xdx

Channel IL, PSNEXT & PSFEXT Loss
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Channel 3-24-3

cl=1 c? =
|exc=| |eKCE |-
xc = 0.08 xc = 0.08
=13
| [ — -
x3 = 27.08
0 =
x5 = 3016
0 >2.dx

Channel IL, PSMNEXT & PSFEXT Loss




