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Purpose

« Tx Function to Rx function channel considerations
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Background — 802.3bj/by/cd/ck

IEEE Standards - 25/50/100 Gb/s Operation — Shielded Cable

« 802.3bj - T00GBASE-CR4 - 2-level PAM - 25.78125 GBd per lane — Channel
loss budget (35 dB@12.8906 GHz). Link segment up to at least 5 m (22.8
dB@12.8906 GHz)

« 802.3by - 25GBASE-CR and 25GBASE-CR-S - 2-level PAM - 25.78125 GBd
per lane — Channel loss budgets (35 dB, 29 dB, 28.02 dB)@12.8906 GHz .
Link Segments 3-5 m (22.48 dB, 16.48 dB, 15.50 dB)@12.8906 GHz reach
depending on FEC

« 802.3cd - 50GBASE-CR, 100GBASE-CR2, and 200GBASE-CR4- PAM4 -
26.5625 GBd per lane — Channel loss budgets 30 dB@13.28 GHz. Link
Segment up to at least 3 m reach 17.6 dB@13.28 GHz.

« 802.3ck - T00GBASE-CR1, 200GBASE-CR2, and 400GBASE-CR4 — PAM4 -

53.125 GBd per lane — Channel loss budgets 28.5 dB@26.56 GHz. Link
Segment up to at least 3 m reach 19.75 dB@26.56 GHz
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Background — 802.3bj/by/cd/ck

The channel is defined between the transmitter and receiver blocks to include the transmitter
and receiver differential controlled impedance printed circuit board and the cable assembly
(link segment).

Test points provide specification references for channel and cable assembly and RX and TX

Test fixtures enable testing at test points — module compliance board (MCB); host
compliance board (HCB)

PMD PMD
service service
interface @ MDI MDI @ interface
I i i i ; s e
| @ | @ @ | @ | Test points Description
| | | | TPO to TPS The 100GBASE-CR4 channel including the transmitter and receiver differential controlled
| | 4x | | impedance printed circuit board insertion loss and the cable assembly insertion loss.
SLi<p> Signal<p> / DLi<p> ) ) | = i 3
| | / ” | ” | TPl to TP4 All cable assembly measurements are to be made between TP1 and TP4 as illustrated in
| PMD | SLi<n> | Signal<n> | DLi<n> [ PMD | Figure 92-2. The cable assembly test fixture of Figure 9217 or its equivalent, is required
p transmit il > for measuring the cable assembly specifications in 92.10 at TP1 and TP4.
| Signal shield I recue } = b
function - — - = - = = — — — - — - function : R 3 : : i
| Ao FPe— ~d Ao | TPO to TP2 A mated connector pair has been included in both the transmitter and receiver specifica-
| | Link shield | I IP310TP5 | tions defined in 92.8.3 and 92.8 4. The recommended maximum insertion loss from TPO to
| = 5 T 1 | = | TP2 or TP3 to TPS including the test fixture is specified in 92.8.3.6.
| |' > | | | | TP2 Unless specified otherwise, all transmitter measurements defined in Table 92-6 are made at
TXPCB | RX PCB TP? utiliz e test fixture specified in 92
| I | | | | TP2 utilizing the test fixture specified in 92.11.1.
ia , Channel ) o 1
| g ' I s | IP3 Unless specified otherwise, all receiver measurements and tests defined in 92.8.4 are made
| ! | | ! | - at TP3 utilizing the test fixture specified in 92.11.1.
la PMD o Cable assembly oy PMD o
L} Ll Ll Ll
I | 1 I
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Background — 802.3bj/by/cd/ck

« TPO and TP5 test point parameters and channel characteristics (802.3ck Annex 162A -

(informative))
» Test fixture — module compliance board (MCB); host compliance board (HCB)

Transmit
function

TP1
19.75dB %
TPO TP5
28.5dB
S 3
> l—— >
MCB 8 Cable assembly 8 MCB
i = » = & A— — &
Host z Cable assembly 2| Host
> 3 2
—s =] — (=}
23dB | \Paddle / Wire Termination vl | 23dB = g =
- 1097548 2 ae 109758 0 e b 2 k——
6.875 dB addle / Wire Termination 6.875 dB
@ Ch | IL=28.5 dB @ 26.56 GHz = 2*(6.875+1.6)+11.55
g o 2 & = e Receive Ene @ = ( M
Host 7 HCB - HCB g| Hos function
I b i T = L NOTE—Channel IL derived from cable assembly host, and mated test fixture
N |
68758 | 1258 25d8 6.675 dB Figure 162A—-4—Channel insertion loss at 26.56 GHz
6.6 dB NOTE—The 6.875 dB IL includes allowance for BGA
and connector footprint vias.
. Table 162A-1—Insertion loss budget values at 26.56 GHz
o < »
RE L. « TXand RXPCB . —
@ 2 Niia 2 Parameter Value Units
- Max (6.875 dB @ 26.56 GHZ) - — ~
> . “Chmax =9
23dB | 25d8 - Min (2.3 dB @ 26.56 GHZ)
ILcamax 19.75 dB
Mated cable assembly -
and test point test fixture IL cphmin 19.75 dB
NOTE—2.3 dB MCB PCB IL includes the RF connector (up to the RF connector reference plane). ILcamin 11.0 dB
The MCB via allowance is 0.2 dB. -
- . . ]L\I:I\Hl\\l 10.975 dB
Figure 162A-3—Cable assembly, host, and test fixture insertion loss at 26.56 GHz -
1L\ fatedTF 6.6 dB
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Tx Function to Rx function channel considerations

IEEE Std 802.3ch-2020 - Annex 149C

Tx electrical Rx electrical
specifications specifications
PMD l l " PMD
service service
interface interface
. : : . Automotive Assembly : it 2
. . . Harness T . .
. . MDl . . . . MDI . .
» Tx = . Rx .
. function PCB I ' ' I PCB function .
. : 4 i 4 SPE P-to-P link segments 4 b : :
. . | 4———4— fourin-line connectors —p |s . .
. ! . up to atleast 15 m [ .
< PHY > « PHY >
< Channel 13
PCBIL Mated IL Link segment IL Mated IL PCB IL

149C.2 Differential printed circuit board trace loss

The recommended maximum and minimum printed circuit board trace insertion losses are as specified in

Equation (149C-1) and Equation (149C-2), respectively.

T 0.0045 x =)
ILpep(76.2mm) = | 00071 x A/“m 0.0045 x =) x 76.2 (dB)

( _"_ - 5 _.'L. 55
”‘]’( B(25.4mm) ( 0-0071 x N/l[)()ﬂ 0.0045 x ) % 254 (dB)

100(
where
S is the frequency in MHz; 1 /< F
Fu = 4000 % §

See Table 149-1 for the definition of S.

149C.3 Channel insertion loss

(149C

(149C-2

(149C

The channel topology with the 76.2 mm PCB insertion loss is determined using Equation (149C

Equation (149C-5). and Equation (149C-6)

5 v x +
L g™ 2% Ipeprg ammy T 2 * Iyt * L Linksegment

ILyp = 0.1 x HHTIM

0.002 x f+ 0.68 x f

045
[!'i mkSegment

where

max

a 1s the frequency in MHz; 1 < /<
Finax 1s defined by Equation (149C-3)

Table 149C-1—Channel insertion loss for each PHY type

PHY 5!2;?::‘1 B*‘(‘;‘[l;;’z‘;‘h ILP(‘(lall(ifszmm) ILLil('n:\'lSI:)gmem I(Ld.\é[))l IL(c(lluaBn)nel
2.5GBASE-T1 1406.25 703.125 0.6948 14.3982 0.084 15.955
S5GBASE-TI 28125 1406.25 1.1238 20.56 0.119 23.045
10GBASE-TI 5625 2812.5 1.8717 29.8688 0.168 33.948

(149C
(149C

(149C
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Tx Function to Rx function channel considerations

Annex 149C - IEEE Std 802.3ch-2020

149C.4 Channel return loss

| TXMDI ] LINK SEGMENT\L\ RX MDI

|
chanNCA.Z Link segment return loss

igure 149C-2—Tx/Rx functi

Supply
PoDL
circuit
RL = 20log,,|T]
il e
<] - _ Zin—Zs ’_'
T Cac Board trace -g 50 O =
e i} {1} L+ 7 | ‘
S I m 5
o
2 & T isea z, Z,
= DC blocking caps CESEI ICESD i
7 Figure 149C-5—Two-port ladder network
Figure 149C-3—Example implementation MDI to Tx function
Load Table 149C—2—Analysis parameters and values
PoDL
J_— el __L Element Unit Minimum Nominal Maximum
PHY termination Ce gLP Lp g Cp Ry Q 45 50 55

Ly I

7 Q 45 50 55
Ry 2 T Board trace Cac P I | [ |
3 T P 0.1
. {11} {l ! ! I I
i Ly i a7
Rr = c ! ! ! !
T ol AL Cp pE 0.18

TCT CESDj: FESD DC blocking caps

10}08UU0D |gW

Cgsp pF 0.4

Cic nF 10

Figure 149C-4—Example implementation Rx function to MDI
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Channel Insertion Loss — 802.3cy

149C.3 Channel insertion loss

Frequency Scaled link segment IL

The channel topology with the 76.2 mm PCB insertion loss is determined using Equation (149C-4).
Equation (149C-5), and Equation (149C-6),

0.45
2% B(76.2 + 2 x Iy + 9C
IL <0.002 i— + 0.68 -L- Link Segment Insertion Loss vs. Frequency 1L paper™ 2% AL PCB(76.2mm) TLyq1 * IL finicSegment (149C—4)
25 25 0,
’ e L (149C-3)
10 Iy = 01 A 1000
This is a starting point g1s e
. o @ 5 (048 9C_6
Same IL at Nyquist as .3ch g YT IL isegmen™ 0-002 x [+ 0.68 x f (149C-6)
g4 29.9dBat (PAM-4)
g Y + Nyquist +_Nyquist where
23 f is the frequency in MHz: 1 < /< F
Foax 1s defined by Equation (149C-3)
Frequency (MHz, Thouspnds) 149C.2 Differential printed circuit board trace loss

The recommended maximum and minimum printed circuit board trace insertion losses are as specified in
Cy_01 a_1 1 20 pdf Equation (149C-1) and Equation (149C-2), respectively

https://www.ieee802.org/3/cy/public/nov20/zimmerman__

ILchannet < 2 - Ilpce(76.2mm) + 2 * ILmpr + ILLinksegment (d ILpeRcr6.2mmy = (0.0071 x 'JIT% £ 0.0045 x Tlﬁ: < 76.2 (dB) (149C-1)
1L popos denamy ™ (00071 % "'-“:'; 00045 x 7o) % 25.4 @By (149C-2)
ILpcp(76.2mm) < (0.0071/f/2.5-1073 + 0.0045 - f/2.5-10\3) - 76.2 (dB) .
K is the frequency in MHz: 1 <f<F,
f f 045 I'ml‘ 4000 x § | (149C-3)
ILLinksegment < 0.002 (E) +0.68 (E) (dB) See Table 149-1 for the definition of .
ILyp; < 0.1 |-L (dB)
PHY MBd Bandwidth (MHz) | PCBILdb/76.2mm \ IL Link Segment IL MDI IL Channel Max
2.5GBASE-T1| 1406.25 703.125 0.6948 14.3982 0.084 15.955
5GBASE-T1 | 2812.5 1406.25 1.1238 \ 20.5600 0.119 23.045
10GBASE-T1| 5625 2812.5 1.8717 \ 29.8688 0.168 33.948
R
25GBASE-T1]| 14062.25 7031.25 1.8717 29.8688 0.168 33.948

8

i [EEE S02.3CY TG 500



TX and RX PCB Loss

IEEE 802.3bj/by/cd
Host Tx and Rx PCB losses

Transmitter and receiver differential printed circuit
board trace loss

. )
GHz dB/in Megs_LowsR ~Wide 00351 04159 04433 0762 08127 52
; (SR~ Narzow 584 6205 0152 0847 #3
1 01856 Megé_LowSR — Narrow 0.1466 0 t 9 0.6205 1.015 1.08 o Z
Meg6_HighSR — Wide 0.1175 0.5960 0.6367 1.0891 11688 Z 3
6.5 0.8971 [ Vg6 Fight® — Nacrowe 01856 0.8971 09557 | 1392¢ 1700 F ¥
7 0.9557 /A:onl-b_LmrSR-“'ldr 0.1202 0.6096 0.6541 1.1772 1.2734 é :
-
ImpFR4_LowsSR = Narrow 0.1717 0.779+ 0.8313 1.4410 15512 &M
12.89 1.5924 - . . b
TmpFR4_HighSR —Wide 0.1427 0.790+ 0.8484 15158 16367 23
14 1.702 TmpFR4_HighSR — Nartow 0.2106 1.0930 1.1692 0.0283 2183 g%

A A 3 2. " " = /

Proposal for Defining Elizabeth
Material Loss Kochuparambil
26-Jan 12 Joel Goergen

http://lwww.ieee802.org/3/bj/public/jan12/kochuparambil_01a_0112.pdf

12
R 802.3Dbj Cu specifications

http://www.ieee802.org/3/bj/public/may12/diminico_01a_0512.pdf \

PHY MBd | Bandwidth (MHz) | PCBILdb/76.2mm PCBIIBdb/in
!
25GBASE-T1[14062.25 7031.25 1.8717 0.624 9
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Dk Df Algebraic Model

Background

* Model first shown in Kochuparambil 01 1111
— Filling a gap — allows us to talk the same “language”
— Great for initial channel loss discussions!

* Model is made public:
http://www.ieee802.org/3/bj/public/tools.html

* No secret sauce

— All equations used in the model are given in
reference document

— Also in public Tools folder; link above

10
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Insertion Loss Deviation

Structural Return Loss (SRL) - Structural Variation Associated

With Impedance Variations Of A Cable

Echo Response in Time

Echo Pulse Response (802.3ch) — N high /o low oo tom /6_\1

Cable Segments: 1m + 1m + 1m + 8m + 4m
0.03 T

* The echo pulse response consists of
major reflections from a maximum of 6 [ T'““‘ T“iﬂ“ T'""“ T
discontinuities in the link segment . l | Wire 1
» 2 MDl interfaces oor ] ] —\—@)—’@—T_ o )
* No more than 4 c§nnectors 002 L—\—\_T' e
0.03 t ’T Wire 2
* There are micro reflgctions, in between ** | /’H
discontinuities and spread throughout - SRL=-20M0g]| Zin - Zo
the cable, due to cabl Zin +Zo
(nonuniform characterigtic impedance) N — :
https://grouper.ieee.org/groups/802/3/cy/public/adhoc/sedarat_3cy 01 0920.pdf
MDI

— 1

" i mechanical interface
[ j
[

cable harness plug to host receptacle

T - - —

SPE P-to-P link segments :

four in-line connectors — C=connectors
up to at least 11 m
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Insertion Loss Deviation

0 5 m 4 m O 5 m Structural Return Loss (SRL)-Structural Variation Associated

With Impedance Variations Of A Cable

Cable Cable  Cable wl@ = mm@j

C=connectors 30 dB @ 100MHz T'““‘ T'“ﬁ" T“""‘ T
Wire 1
Return loss is computed by multiplication of transmission m o
. = wire separation
matrices for each component (cable and connectors)

in the link segment. Each component is modeled by its Wire?
transmission matrix. Cable structure is added as A 1 —F
pseudorandom impedance to asymptotic cable impedance. AL ? e )
B 0 length 1
A B|_ , M _ Z,-100
{C DJ_I—L[-];-] /'m _(.‘+ D RL__Z("O: Zm 100
100
Cable Insertion Loss Specification
Scaled to Length of Channel _ - (] ; BJ L I R 1D, = [n %]ﬁ
Atty X, I; _________________________________________ | H
Atten, '=—m—— e L]
k 100 Rough, ° | — — ST TP ™ 7 I.'H i_l||r 1'|le H',
] — ot chaa
Insertion Loss Deviation B -
Channel IL - Cable IL spec -l 0s
leghk = 1'(“]\' — Atten k) B
cable without structure cable with structure
added pseudo-random
Z AL 12
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IEEE Std 802.3bj-2014 - FOM,

93A.3 Fitted insertion loss

93A.4 Insertion loss deviation
The fitted insertion loss as a function of frequency is given by Equam ) . o . . . . B
The insertion loss deviation ILD(f) is the difference between the measured insertion loss /Z(f) and the fitted
2 ~ insertion loss ILg,,., see 93A.3) as shown in Equation (93A-55).
L pned) = ao+ ayf+asf+a,f* (93A-51) sertion loss L pne() (5 HmEEng qeRtian )
Denote the insertion loss, in dB, measured at frequency £, as JL(f,). Given the insertion loss measured at N ILD(f) = IL(f) - I'L_,r,.mf(/) (93A-55)

uniformly-spaced frequencies from start frequency fi, to stop frequency fi,, With step no larger than Af.

the coefficients for the fitted insertion loss shall be calculated as follows. A figure of merit for a channel that is based on /LD(f) is given by Equation (93A-56). In

Equation (93A-56), f,, are the frequencies considered in the computation of the fitted insertion loss and

Define the weighted frequency matrix F using Equation (93A-52). W(f,) is the weight at each frequency as defined by Equation (93A-57).

IL(f;)/ 20 -IL{f;)/20 IL(/,)/20 2 IL(f;)/ 20 12
10 10 10 10 . . 2 2
o / /i FOMyp = l-Z”(f.,ll'n’_l) ) (93A~56)
IL20 = LGV iy g —IL)/20 Nz
F= |10 Jh1o £10 £10 (93A-52)
el Vit 7 T T W) = »im‘:(/},-.fz.)[ — 4][ — s] s
1+ 5200 L1+ (50

Define the weighted insertion loss vector L using Equation (93A-53).

The variable fj, is the signaling rate. The 3 dB transmit filter bandwidth 7, is inversely proportional to the

S 20% to 80% rise and fall time 7. The constant of proportionality is 0.2365 (e.g., T, f; = 0.2365; with f; in
IL(fy10 " Hertz and 7} in seconds). The variable /,.is the 3 dB reference receiver bandwidth.
I (f ) IU'HU’_.» 20

L V2 (93A-53) The values assigned to f, T}, and f, are defined by the Physical Layer specification that invokes this method.
”‘U‘A\.”" 1L (fy)/ 20/

The fitted insertion loss coefficients are then given by Equation (93A-54).

”“
N = FEYFL (93A-54)

a,

ay

The values assigned 10 fjpin. fmay. and Af are defined by the Physical Layer specification that invokes this
method.

13
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Summary

« Tx Function to Rx function channel IL proposal

PMD

i PMD
Service Service
Interface
| 1
' ! : | Automotive Assembly : 1 1 Interface
| | MDI| | Harness 1 1 MDI 1 I
I =t | e I
| TX I 1 | RX |
| Functiony| PCB I . . . . . . . [ i| PCB  |Functior |
g I I )
| -|I“ | ? LAl T |
| | |t SPE P-to-P link segments | W 1 ! I
1 1 ' ! four in-line connectors vt 1
| upto at least 11 m |
+ PHY > PHY
< Channel >
PCBIL  MatedIL Link Segment IL MatedIL  PCBIL

ILchanner <2+ ILPCB(76.2mm) + 2 - ILyp; + ILLinksegment (dB)

ILpcp(76.2mm) < (0.0071-\/f/2.5-1073 + 0.0045 - £/2.5-10"3) - 76.2 (dB)

ILyinksegment < 0.002 (5=) +0.68 (Z—fs)o'45 (dB)

ILyp; < 0.1 |—L— (dB)

2.5-10"3
PHY MBd Bandwidth (MHz) [ PCBILdb/76.2mm | IL Link Segment IL MDI IL Channel Max
25GBASE-T1]14062.25 7031.25 1.8717 29.8688 0.168 33.948
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Insertion Loss Consideration

Insertion Loss
MHz
0 2000 4000 6000 8000 10000 12000 14000
0
5
10 Twinax Cable-26AWG-11m-20
15 degC
20 ——Twinax Cable-28AWG-11m-20
degC
825
——802.3ch channel IL frequency
30 scaled
35
40
45
50

Frequency Scaled link segment IL

f f 045
IL <0.002 {—|+0.68|— Link Segmgnt Insertion Loss vs. Frequency
@)eoolm)

This is a starting point

Same IL at Nyquist as .3ch 299d8at
29.9d8 at (PAM-4)
30 «_ Nyquist +_Nyguist

Insertion Loss (dB)

4 b
Frequency (MHz, Thousands)
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Link Segment — 802.3cy

e Link transmission parameters (up to at least 11 m)
» Characteristic impedance (100 ohms)
* Insertion loss (TBD) - TBD MHz < f< TBD MHz
Return loss (TBD) -TBD MHz <f<TBD MHz
Coupling Attenuation (TBD) - TBD MHz < f < TBD MHz
Shielding Effectiveness (TBD) - TBD MHz << TBD MHz
Maximum Link Delay (TBD) - TBD MHz < f < TBD MHz

* Coupling parameters between link segments

* Power sum alien near-end crosstalk (PSANEXT) -(TBD) - TBD
MHz < f<TBD MHz

« Power sum alien attenuation to crosstalk ratio far-end (PSAACR-F)
-(TBD) - TBD MHz < f<TBD MHz

16
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Link Segment — SNR

 Technical feasibility — SNR

* Link transmission parameters (up to at least 11 m)
* Insertion loss (TBD) - TBD MHz < f < TBD MHz
- Topology — length, number of inline connectors
- Wire gauge
- Operating temperature

* Noise environment —
- Electromagnetic environment (shielding considerations),
- Alien crosstalk - Topologies

17
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Main application spaces - Topologies

Backbone / Displays

Contain 0, 1or 2 in-line connections

* Are0.2 mto7.0 mintotal length (not all combinations of the below lengths are possible) | gcated in the passenger compartment

Note: Segment lengths will vary by at least 10% eL_imited temperature range, -40C to 95C
o D *Unsealed connectors
ha 02t07m *Shorter length
z = D Source:wienckowski_3+10G_0la 0519.pdf
03to25m 0.7to6m

03to25m 0.7to5m Tto5m

Cameras

* Contain 0,10r 2 in-line connections

Are 0.2 m to 11.0 m in total length (not all combinations of the below lengths are possible)
Note: Segment lengths will vary by at least 10%

— eLocated at “edges” of vehicle

- : *Expanded temperature range, -40C to 105C
0.2to7m
*Sealed connectors
B - . eLonger length
o 03t025 0.7to 6 : -
B ok N Source:wienckowski_3+10G_01a_0519.pdf
~ 03to25m 07to5m 1to5m

41Q
O
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Application space - Topologies
POTENTIAL NETWORKS

* Small percentage of application or requested for future flexibility

Contain 3 or 4 in-line connections

Are 11 m to 15.0 m in total length (not all combinations of the below
lengths are possible)

* Note: Segmentlengths will vary by at least 10%

Requested by OEMS who haven’t investigated use cases

4]

7]

- -
f= <

03to25m 07to7m Tto8 m

Source:wienckowski_3+10G_0l1la 0519.pdf

19
i [EEE S02.3CY T G 50



Application spaces — Topologies - SNR

« Backbone display

 Link transmission parameters (up to at least 7 m)
 Insertion loss (TBD) - TBD MHz < f < TBD MHz
- 2 inline connectors
- Wire gauge (TBD)
- Operating temperature -40C to 95C,
» Coupling between link segments

e Shielded cables
- dB Isolation (>60 dB — TBD)

« Cameras

« Link transmission parameters (up to at least 11 m)
 Insertion loss (TBD) - TBD MHz < f < TBD MHz
- 2 inline connectors
- Wire gauge (TBD)
- Operating temperature -40C to 105C,

» Coupling between link segments
« Shielded cables
- dB Isolation (>60 dB — TBD) 20
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