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Discussion

e Overview of 802.3 copper modeling
« J0OGBASE-T PHY-Channel
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1000BASE-T cabling channels

1000BASE-T Channel Models

*Worst Case NEXT - 3 disturbers - Cat 5
- 27.1-16.8log10(f/100) dBE

150Mb

S e S R —

*FEXT - 3 disturbers
- 17 - 20log10 (f/100) dB
- 19.5 - 20log10 (f/100) dB
- 23 - 20log10(f/100) dB

E
=
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PSELFEXT loss>14.4-20log10(f/100) dB

50

il g i W g A ——_—

*Return loss (2 models)
-15dB (1-20 MHz) 250V
-15-10log10(f/20) (20-100 MHz)

E28 23252

R rl.:.l'—".t'i‘ p‘%:

*Insertion Loss (cat 5)
— Insertion_Loss(f) < 2.1 f #0.529 + 0.4/f (dB)

Source: http://www.ieee802.org/3/10GBT/public/jan03/index.html
10GBASE-T Physical Layer Specifications
diminico_1 0103.pdf
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Matlab code 3 dB margin

3 dB Design Point -Summary Assumptions

Df A 17 levels at 125MHZ

Launch Level: 2V ptp

Analog Transmit Filter: Single pole RC

Analog Receive Filter: BW2@ 100MHz

AS D: 5.5bits ideal at 125MHz

Baseline Wander Correction: Digital

FFE - #aps: 12 taps at 125MHz

DFE - #taps: 10 taps at 125MHz

MEXT Cancellers - #aps: 12 taps at 125MHz

Echo Canceller - #aps: 50 taps at 125MHz

Viterbi Decoder: 12- stage

Total worst- case latency: 31BT < 40BT

Uniform Jitter Tolerance for 0dB margin: 1.3ns ptp [> 10ns ptp Gaussian]
Worst- Case Total Noise Budget: 140mV ptp

Est. Gate Count/ Power Consumption: 130K/ 2 2W

Margin without FEXT: 3.6dB (relative external noise margin)

Margin with Worst- Case FEXT: 2.6dB (relative external noise margin)

s 10GEASE-T s
Slide Source: Sailesh K. Rao

Source: http://www.ieee802.0rg/3/10GBT/public/jan03/index.html
10GBASE-T Physical Layer Specifications
diminico_1 0103.pdf 4
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Matlab code 10 dB margin

10 dB Design Point -Summary Assumptions

DiA: 17 levels at 120MHZ

Launch Level: 2V ptp

Analog Transmit Filter: Single pole RC

Analog Receive Filter: BW2@ 100MHz

A/ D: 6.5bits ideal at 125MHz

Baseline Wander Correction: Digital

FFE - #taps: 16 taps at 125MHz

DFE - #taps: 12 taps at 125MHz

NEXT Cancellers - #aps: 72 taps at 120MHz

Echo Canceller - #taps: 120 taps at 125MHz

Viterbi Decoder: 12- stage

Total worst- case latency: 31BT < 40BT

Uniform Jitter Tolerance for OdB margin: 1.5ns ptp [= 10ns ptp Gaussian]
Worst- Case Total Noise Budget: 140mV ptp

Est. Gate Count/ Power Consumption: 330K/ 4W

Margin without FEXT: 10.5dB (relative external noise margin residual noise)

Margin with Worst- Case FEXT: 7.0dB (relative external noise margin residual no
. TOG EASE-T
Slide Source: Sailesh K. Rao
Source: http://www.ieee802.0rg/3/10GBT/public/jan03/index.html
10GBASE-T Physical Layer Specifications
diminico_1 0103.pdf 5
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10GBASE-T model assumptions

Capacity and Margin vs. Cabling length

 Model Assumptions:

— Cabling AdHoc 4-connector models
« IL and ELFEXT scaled for length

— No ANEXT mitigation assumed
« =150 dBm/Hz background noise
« 55 dB RL Cancellation
« 40 dB NEXT, 25 dB FEXT cancellation
« Flat TX spectrum across bandwidth

B
Sept 2003

Source: http://www.ieee802.0rqg/3/10GBT/public/sep03/diminico_1 0903.pdf

10GBASE-T Objectives

diminico_1 0903.pdf 6
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10GBASE-T supporting presentations
Capacity and Margin vs. Cabling length

« Capacity 18-20 Gbps used as metric for
feasibility (roth_1_0503)

« Implementation metric:

— PAM-10 DFE margin with example code
(jones_2 0103 slide 14)

— Detailed time-domain simulations shown for
this case, including cancellation to levels
shown

« Matlab code available for use with models from
cabling adhoc

B

Sept 2003
Source: http://www.ieee802.org/3/10GBT/public/sep03/diminico 1 0903.pdf
10GBASE-T Objectives

diminico_1 0903.pdf 7
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10GBASE-T power consumption and complexity

Power Consumption & Complexity

I
« Based on an existing detailed design, we estimate:

— 1.5 TOPs computation (1.5X Quad 1000BASE-T)
— 6M Gates DSP

— PAM-10 computation

— Cancellation per simulations

— Analog components & A/D converters in CMOS

« TSMC’s roadmap puts 90nm mature & 6onm
technology as commercial in 2006

« Based on silicon in the lab today:

— we estimate power for 10GBASE-T in 2006 to be
<7W with 90nm technology

e
Sept 2003

Source: http://www.ieee802.0rqg/3/10GBT/public/sep03/diminico_1 0903.pdf

10GBASE-T Objectives

diminico_1 0903.pdf 8
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Channel Operating Margin — 100GBASE-CR4

*The channel operating margin (COM) for the channel between TPO and TP5,
computed using the procedure in 93A and the parameters in Table 93-9, is
recommended to be greater than or equal to 3 dB.

PMD PMD
service o ~ semnvice
interface  (Tpp) MDI MDI (mp  Interface
| N | | N |
) fe2) (re3) (Pl
| Ll | N o | Ll l |
| l | l | I |
I _ | ) 4x | ) I
| SLi=p= | Signal=p= o | DlLi<p= |
| PMD | SLi=nz | Signal=n= N | DLi=nz| PMD |
— || transmit | il e | receive —w
function - — - | —Flgnal shigld —— = — F — o function
[ ey e / e P [
' e A - '
I | | I
I IT:( PCB, | | |RX PCQ l
I I | | I I
| e | Channel I »l |
| ! | | ' |
s PMD Ly Cable assembly L PMD g
|4 b1t it #
1 | | 1
PMDIS_UMITDATA_O request PMD:IS_UNITDATA_D.indication
to PMD:IS_UNITDATA_3.regquest to PMD:IS_UNITDATA_3.indication

Figure 92-2—100GBASE-CR4 link (one direction is illustrated)

Test poimt= Deseription

TP to TP5 The 100GBASE-CE4 channel meluding the transoutter and receiver differential controlled

mpedance prnted circwt board insertion loss and the cable assembly insertion loss.

TPl to TP4 All cable assembly measurements are to be made between TP and TP4 as dlustrated i
Figure 92-2. The cable assembly test fixxture of Figure 92-14 or 1ts equivalent, 15 required
for measuring the cable assembly specifications mm 92.10 at TP1 and TP4.

TPFD to TE2 A mated connector pair has been inchided mn both the fransmitter and recerver specifica-
TP3 to TPS fions defined 1n 92 8.3 and 92 8 4. The maximum msertion loss from TPO to TP2 or TP3 to
TF3 meluding the test fixture 1= specified in 92.8 3.5,

P2 Unless specified otherwise, all transmitter measurements defined in Table 92-3 are made at
TP2 utilizing the test fixture specified m 92.11.1.

TIP3 Unless specified otherwise, all recerver measurements and tests defined m 92 8 4 are made

at TP3 utilizing the test fixture specified in 92.11.1.
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~Channel Operating Margin

*The channel operating margin (COM) is a figure of merit for a
channel utilizing reference transmitter/receiver performance
characteristics. The reference transmitter/receiver block
represents a minimum expected capability.

*This method is complemented by appropriate TX and RX
compliance tests.

*A channel with positive COM is considered likely to
operate with a minimally compliant transmitter and receiver.

10
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Channel Operating Margin

e W e e e e e e e e e e e e e e SN SS S SSSssscsScssssssa== *
H,.(f) H,.(f)=5s21(f)
* _________________________
Filtering Channel s-
: elers
Tx Amplitude Tx package param Fx package
Scale (At An, Af) Tx filter [s] .{5.;1.;152';‘;j 252.;1::;111| [s] Rx filter

1. Determine Tx FF3 and CTLE settings
and available signal using Thru channel

Apply Tx and Rx

Apply
package
effects

Apply Tx -
FFE, CTLE
filter

Bandwidth filter
and source
scaling

[h(f)]

2. Determine peak interference for
Thru. FEXT. NEXT channels

Apply Tx and

Rx Bandwidth
filter
and source

(D]

scaling

Tx FFE is not
applied to NEXT

SINC

Grid sweep
Determine Tx
FF3 and
CTLE settings
and max
available
signal for best
SNR

SBR!
filter
SINC

7 [h(D]

Channel
Operating
Margin

SBR1

./r [h(f)]

Apply Tx —

package g2 FFE, .

effects CTLE fitter [ ¢

filter

Interference
Signals (t)
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Channel Operating Margin Parameters — WGB D2.0

Table 93-9—Channel operating margin parameters

Parameter Symbol Value Units

Signaling rate b 2578125 GBd
Maximum start frequency Jmin 0.05 GHz
Maximum frequency step Af 0.01 GHz
Device package model

Single-ended device capacitance Ca 25 %1074 aF

Transmission line length Zp 12 mm

Single-ended package capacitance Cp 18x 107 nF
Single-ended reference resistance Ry 50 Q
Single-ended termination resistance R; 55 Q
Transmitter differential peak output voltage

Victim Ay, 0.4 A%

Far-end aggressor Ar 0.4 v

Near-end aggressor Ay 0.6 v
Receiver 3 dB bandwidth b 0.75 % f GHz
Transmutter equalizer, pre-cursor coefficient c(-1)

Minimum value -0.18 —

Maxmmum value 0 —

Step size 0.02 —
Transmitter equalizer, post-cursor coefficient c(1)

Minimum value -0.38 —

Maxmmum value 0 —

Step size 0.02 —
Continuous time filter, DC gain gnc

Minmmum value -12 dB

Maximum value 0 dB

Step size 1 dB
Number of signal levels L 2 —
Number of samples per unit mterval M 32 —
Decision feedback equalizer (DFE) length Np 14 Ul
Normalized DFE coefficient magnitude limit - 1 —
Random jitter, RMS Ggrr 0.01 Ul
Dual-Dirac jitter, peak App 0.07 Ul
Recetver additive Gaussian noise, RMS G, 1 mV
Target detector error ratio DERy 107 —

12
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Cable assembly COMS

*Revisions to working group ballot D2.0

Normative requirements for Insertion Loss Deviation, Integrated Crosstalk
Noise, and fitted insertion loss coefficients replaced with a COM specification
for the cable assembly.

%)

=

r 12 , ——

> Nl T
@ E 0N
O 1 1 ! 1 1 1 1 | | 1 1 1
g _8 8————|———| L N
®_ e
L fof: I S 5~ S S R
8 . é 7 A R < PR SO . S .. S
5 S i 711 Meets equation constraiite |
= T 2p--iA iy Meels eayation conptrainnG | 1]
£ A o S N N S D S S N O Bt I

E’ 0 2 4 6 8 101214 16 18 20 22 24 26

= Insertion loss at 12.8906 GHz (dB)

Frequency (GHz) Figure 92-13—Integrated crosstalk noise limits

Figure 92-11—Maximum cable assembly insertion loss deviation Table 92-12—Maximum and minimum cable assembly insertion loss characteristics

Description Value Unit
Maximum insertion loss at 12.8906 GHz 22 487 dB
Ettads chiandec £ L 429 dpilor
T -
o S P PRy
frenmonr-fitted-msertromriosscoefirerentoy =7 4B
N . N . 0]
Lvlﬂ JLTTUTIL TICTE0 OIS TIOTL 1055 COTIIICITII (J4 Ul UDaril
Minimum insertion loss at 12.8906 GHz 8 dB

The limit on the maximum insertion loss at 12 8906 GHz precludes the coefficients a;, a,, and
a4 from simultaneous maximum values.

13
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~Channel Operating Margin — cable assembly

«902.10.8 Channel operating margin

The performance of the cable assembly is evaluated using the channel
operating margin (COM) procedure in 93A and the parameters in Table 93-9
plus the additional PCB loss parameters. The cable assembly (COM) is
derived from the cable assembly scattering parameter measurements of

the insertion loss of a receive lane and the four individual pair to-pair
differential NEXT losses and three individual pair-to-pair differential FEXT
losses that can couple into a receive lane.

*The channel insertion loss between TPO and TP5 for the cable assembly
(COM) consists of the cable assembly insertion loss measurement and an
Insertion loss allocation of 6.26 dB for TPO to MDI and 6.26 dB for TP5 to
MDI to account for the transmitter and receiver PCB insertion losses and the
additional MDI insertion loss.

*The cable assembly (COM) shall be greater than or equal to 4 dB.

14
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Host PCB loss allocation

PCB losses
scomuacion® @n/imy o | I GHz | €3GHa | TGha | sorz] tectis B
Megé_LowSE — Wide 0.0951 0.4159 0.4433 0.7562 08127 = g
Megé_LowSE — Narrow 0.1466 0.5849 0.6205 1.0152 1.0847 E 3
Megé_HighSE —Wide 0.1175 0.5960 0.6367 1.0891 11688 E §
Megé_HighSE — Narrow 0.1856 0.8971 0.9557 1.5924 1.7020 E .
ImpER4_LowSE — Wide 0.1202 0.6096 0.6541 1.1772 12738 = §
ImpFR4_LowSR — Narrow 0.1717 07794 0.8323 1.4410 1.5512 g %
ImpFR4_HighSR —Wide 0.1427 0.7904 0 5484 1.5158 16367 £ 5
ImpFR4_HighSR — Narrow 02106 1.0930 1.1692 20283 21813 E‘{’
M Fremg Al Medel v2.022 — zoe I:::-]-.-u; ghidas for vahoes entorad m Modal /'JI
Proposal for Defining Elizabeth Cisco
Material Loss Kochuparambil
26-Jan 12 Joel Goergen

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

Source: http://www.ieee802.org/3/bj/public/marl2/diminico 0la 0312.pdf

IEEE 802.3bj: 100GBASE-CR4 Test Points and Parameters

diminico_la 0312.pdf 15
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Host loss budgets

Host loss budget IL proposal

Host loss budget includes

«Chip/hall mounting loss (via),
*MD receptacle mounting loss (via). (—’k—\

*MD| receptacle A n
*Plug connector edge contacts Y bl
TFO
or via's
TPS 71
|
/ |
|
. Pl T
Tx/Rxfunction[ ¥ - Ol
package !
&0 O | !
U
|
Mote: recommend 0.62 dB e—— Host PCB ——{—
hast comnector loss margin allowance
1.07 dB + 0.62 dB = 1.60 dBb . Host loss budget >
Host loss Host loss
budget - budget -
Reforence Host PCB Mated Connector 12 89 GHz 14 GHz
7.3 dB 14 GHz [PCB+2 via's)
{2 via's[0.5 dB] + host trace[6.8 dB])
(47 NADDD-13 or slighthy worse material
CEL-28GVSR Novi1 fup to 1.7dB/in) at 14GHz 1.2 dB @ 14 GHz 8.5d8 8.50 dB
£.36 dB @@ 12.89 GHz (1.59 dBin}
6E8d8 @ 14.00 GHz (1.7 d&Jin) 1.07 dB @ 12.89 GHz
(2 via's[0-45 dB] @ 12.89 GHz 1.20dB @ 14.00 GHz
Diminico_01_0312 pdf {2 via's[0.50 dB] @ 14.00 GHz 0.62 dB i@ 12.89 GHz* 8.5d8 8.50 dB
4

e 023D CU SPeCiTICaTIONIS 50000

Source: http://www.ieee802.org/3/bj/public/marl2/diminico 0la 0312.pdf

IEEE 802.3bj: 100GBASE-CR4 Test Points and Parameters

diminico_la 0312.pdf 16
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802.3bj - Channel loss budget

IEEE PED2.3bi'D2.0 Draft Amendment to IEEE Std B02.3-2012
2Tth March 2013
TP 1248 4B TP4
i — |
1 1
! M g= :J_—
o | 1 — | .y
[ Cable aszembly '
g # | ! — || | —=5*
T . | b
1.17dB 5'"%.% ==l _l_:r— - 1.17 4B
i B |
; I ' 6.81 dB
68148 1l pi= -
3 ' el -
Transmit [ > : F » : % Receive
Fl.l.ﬂﬂtl.'zlﬂ > | _,-'-""'-—f:_ﬂ-?—.. : . fl.'l.'l:l:uﬂ]:
- I
} — 18748 b
- o -II
50 0378 1p o LR
|l wl

2248 dB + (2 x 103T)— (2 x 4.11) = 35 dB

1.17 dB; l.ETj

' [
= L *

v

o4 i
411 dB

Mated cable assembly

and test poant test fxture

MNOTE—The connector insertion loss 15 1.07 dB for the mated test fixture. The host connector 15
allocated 0,62 dB of addibonal margin.

Figure 92A—2—35 dB channel insertion loss budget at 12.8906 GHz
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Tx and Rx function models

1.17 dB min 1.17 dB min
6.81 dB max | ' 6.81 dB max
T __I.:—I_ __I_ :l_ .._.__.-

| e il ;
Transmat [F : » “-J'_"' : e F..E-:E-]:TE-
function | L 47 | funchon
I 1 I
| I
i 1
TP

eTx and Rx function models validated at TP2
and TP3

18
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Transmitter at TP2 characteristics

Table 92—6—Transmitter characteristics at TP2 summary

Snbclamse - -
Parameter - — Valoe Umits

Differential peak-to-peak outpat voltage (max) with Tx disabled | 02831 35 mV
DC commeon-mwds valiage (max) 02831 18 W
AC commen-meods cafput valiage, v, (max., BEMS) 02831 3@ mV
Differential peak-to-peak voltage, v (max) 02831 12002 mV
Differential cufpat retarn Loss {min) 02832 See Equation (92-1) dB
Transition time (20-80%, min ), no equalization® L2834 B i3
Far-end transmit outpat noise (max) L1834 mV

Low insertion Loss charme] 2

Hizh msertion loss channsl 1
Transmitter steady-state voltage, vy 028351 034 min, 0.5 max W
Linear £t pulse peak (min) 028351 03 = vy W
Transmitied wavefonm

max BM5 normalired srmor (linsar fif) 02833512 0.037

abs cosfficient step size L28354 0.0083 min, .05 max

minimum precursor fiallscale ratio D2B3ISS 134

minimum post curser fallscale @tio L2RB3IES | 4
M output jitter (peak-to-peak] 028317

Efactive deterministic jitter excluding data dependent jitfer 015 I

Efactive random jitter 015 I

Even-odd jitter 0035 L

Tatal jitter exchading data dependent jitter 028 I
Sigmaling rate, per lane 02838 23 TR123=100 ppm GBd
Unit inferval nominal 02838 3R.TRTETO i

The 1GBASE-CRA Style-1 connectar may support 1 0GBASE-CES or XLPPL interfaces. For implementations that
support both interfaces, the transmitter should not excesd the NLPPT voltags maximam wmtil a 100GBASE-CRA cabls
aszamibly has been identified.

U Transmit equalization may be disabled by asserting the preset control defined in Table 435650 and 45.2.1.81 3

*Tx and Rx function models validated at TP2 and TP3 19
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Receiver at TP3 characteristics

Table 92-8—Receiver characteristics at TP2 summary

Parameter EE:EI::E: Value Units
Diifferemiial peak-to-peak mput amplitode tolerance 72714 12000 W
(max)
Diifferemiial input refum loss (mm)® 02841 Equarion {82-3) dB
Differsnfial to common-meode mput retum loss 02841 10 min from (.01 GHz to 19 GHz | dB
Bit error ratio 02843 105 or better
Sipnaling rate, per lane 02845 25.78125 = 104 ppm GBd
Unit interval (UT) nominal 02843 337878 Ps

“Ralatrve o 100 £ differemial .

Tx and Rx function models validated at TP2 and TP3

20
e 40GBASE-T Channel modeling ad NOC s



100GBASE-CR4 - Recelver interference tolerance

‘Interesting” test case(s)

| |
| |
| Pattern l ) Receiver
| > Test channel |
| generator | under test
| % |
b oy o oihbinaar v ey o v v ey e sunee e )
W
Transmitter Channel Operating
specifications Margin (COM)

l

Compliant channels
(COM = limit)

21
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Noise sources*

Sources of noise

Insertion loss deviation

mﬁgﬂ{ﬂ > | H,, : »(F) s{  Receiver ‘
| oI - A Transmitter re-reflection | H!F _ 1{

- { g
T+ ) [ Ef 1+(f/ 1)
Py
Receiver re-reflection

5 | H_|
Transmitter-receiver re-reflection
i, A A [ Hopen|
— ﬁ = |'|II 4 t—t———,——-—-—-————,e——,e—,e—,e—e—e—e—r—r—r———_ e — — 1
| 1+(f/ f2) Far-end crosstalk Integrated crosstalk noise |
|
= figener =
s |
' N |
| | — i N |
, " 3 ear-end crosstalk
| 1+(f/ fo) |
| Near-end >| 10~ MPNETL. 10 |
I aggressor I
|
L j

*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 22
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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

0 . . fu'_oc:_snlu't_ﬂmll i . . . . i:i_m_s'f:ft_ﬁc' i i .
- o) ek | AT
1 Su S , e R R A e 1R
Transmitt o Channel . Recel AP ATA R AR P o i e S A R
[ e ooem J—op] e | MR LD 1830 Y 0
8 AT T R i i i i i i i i i
Transmitter re-reflection § A TR T | EIH—————{— - deet L
" s H,. =sTisn T *}*H S A R O OO O A
o RN e IR
Recei - B S B R e Ry A T S e
21 r eceiver re-reflection ! i i i ! ! ! ! !
a5 Hpm=sulise N S O S S R e
R ottt —y
S 3 T, Transmitter-receiver re-reflection a0 _' 1io ‘55 ::] _iilLD o o 350 35 4:0 :'5:0 55 ;J 5;5 ?:D =
I 51 - H, _ =s,,s,0s, ) Fremuency, Gt fe. 1 2 257313 GBd
*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
23
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802.3ba Integrated crosstalk noise

Transmitter rise time Multiple disturber crosstalk Receiver filter
, 1 |an(f)|2 _ 10~ MDNEXT, i (£)/10 , 1
R = fT/ 7 S| [Ht(F)]" = 3
( 0.2365 Hng( D2 ~ 10" MPFEXTess(1)/10 1+(%r)
Tx R2 i1=30r9
MDFEXTjgss(f )= —10logq ZlO‘FEXTindiv( r)/10
4 or 10 near-end crosstalk i=1
disturbers
multiple disturber NEXT (MDNEXT)

----------------------------------------- i=40r10

__ —NEXT;qiy (1)/10
o—— MDNEXT|qss(f )=—10logg Zlo
\ N i=1
/I 3 or 9 far-end crosstalk
RXx disturbers
\I Multiple disturber FEXT (MDFEXT)
24
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802.3ba Cable assembly ICN

10 3<IL<53
12.4-0.45IL 5.3<1L<17.04

—_
6 T

T~

ox,ca 3{

[EEN
N

[EEN
o
!

(0]

Integrated crosstalk noise (mV,RMS)

0 2 4 6 8 10 12 14 16 18

Insertion loss at 5.15625 GHz
1 1
2 2
onx =| 2Af Z\Nm(fn )]_O_MDNEXTloss(fn )/10 o fx =| 2Af wat(fn)]_o_MDFEXTloss(fn )/10
n n
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Feasibility of a 100 Gb/s copper interconnect

Analysis: Copper Interconnect S-parameters

g pair cable 28 AWG - 10 m

\ 4-transmit and 4-receive
— Ty R2

4 near-end crosstalk
Disturbers
multi-disturber NEXT

Insertion loss,

J far-end crosstalk
Rx disturbers
multi-disturber FEXT

5
F———— |[EEE S02.3 HSSG  —

Source: http://www.ieee802.org/3/hssqg/public/nov06/diminico_02 1106.pdf

Feasibility of a 100 Gb/s copper interconnect

diminico_02_1106.pdf 26
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Feasibility of a 100 Gb/s copper interconnect

Interconnect Transmisson Characeristics

MHz
0 5000 10000 15000 20000

—— Insertion Loss -3 m

— Insertion Loss - 10 m

20

— PSHEXT -4 disturber-10m-assemibly
40 - PSFEXT-3 disturber-10m assemibly

— PSFEXT-2 disturber-3 m assembly

60
@ — Noise 5 m cabletconnector model
=
20 Hoise 10 m cabletconnector model

—— PS Total disturber Noise-5m
100

— PS5 Total disturber Noise-10m

120

140
G
S |[EEE S802.3 HSSG  5—

Source: http://www.ieee802.org/3/hssqg/public/nov06/diminico_02 1106.pdf

Feasibility of a 100 Gb/s copper interconnect

diminico_02_1106.pdf 27
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Feasibility of a 100 Gb/s copper interconnect

Lane Rate vs. 1/2 PAM symbol rate
6 dB Margin, 5m cable + connectors

—#— Uncoded bit rate per lane —— 2 dB code bit rate per lane
E0.0 4 dB code bit rate per lane — Uncoded Info bits'bauddim |- a0
—— 2dB code Info bits/baud/dim 4dB code Info bits/bauddim
450000 !
50
4000
— 350000
-] +40
3
0000
E
=
% 25000.0 - a0
3 20000
H
5 +20
1500:0.0
: ‘\"-\._ + 1.0
0.0 : \ 0.0
0 2000 4000 G000 B0 [k 12000 14000 16000 18000 20000 22000

Used Bandwidth (MHz} = 1/2 PAM symbol rate (Mbaud)

s |[EEE E02.3 HSSG

Source: George Zimmerman contributed analysis

http://www.ieee802.org/3/hssa/public/nov06/diminico 02 1106.pdf

Feasibility of a 100 Gb/s copper interconnect

diminico_02_1106.pdf , 28
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\ 40GBASE-T PHY- Channel

v

) 40GBASE-T PHY-Channel

| ¢ 40GBASE-T Link segment  — |

|
MDI | 4 balanced twisted pairs I MDI

| a
TX RX
Function | |PCB]|Mag I -i Mag | IPCB} | Function

—_———— e ————

PHY-Channel
MDI/Magnetics
Host PCB
Link segment - based upon copper media specified by ISO/IEC JTC1/SC25/WG3
and TIA TR42.7

—4 pair, balanced twisted-pair copper cabling

—Up to 2 connectors

—Up to at least 30 meters

s, ¥ A .-
Lid ) 1Y)

29
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~ Channel Model Ad Hoc - Proposal for Path Forward

Strawrr}an Process

Cabling Channel (MDI-MDI) Host Components (MDI-Chip)

Brainstorm
Configurations _ Magnetics, PCB Stackup &
Winn MDI Cgnnectors Noise
Refine,
Brainstorm Add Champions to solicit
Improvements/Relaxations e contributions Champions to solicit
S~ S contributions
Build Matrix h ~ S~
~— ~ - =

Contributions

TO GROUP FOR PHY
DEVELOPMENT

Source: http://www.ieee802.org/3/ba/public/channelmodeling/index.html
Potential Path Forward for Channel Modeling Ad Hoc - updated during meeting
zimmerman_02_ 0513 40GBTah.pdf 30
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Channel Model Ad Hoc - Proposal Channel Configurations

Possible Channel Configurations

. “X-Axis" — Cable classes
—  AISD Class 1, up to 30m {x-y-z)
—  B:150Class 2, up to 30m (x-y-z)
—  C:TIA Category 8, up to 30m {x-y-z)
= Can this be merged with &7

. “¥-Axis" — Topologies/lengths
— [ Short channels
= 150mm-3m-150mm [“really short") — Worst case reflection 1
0.5m-3m-0.5m [ “pratty short”) - Worst case reflection #2
= 3m - Endpoint to TOR
= 5m TOR-adjacent
—  E: CHher target channels
1m-10m-1m (150 short reference channel)
30m
30m single patch cord (assuming there is one that meats L.}
30m asymmetric 1 {1m-26m-3m} — Data center configuration #1
30m asymmetric #3 (1m-24m-5m) — Data center configuration #2

. “Z-Axis” Improvements/Relaxations on A, B, C (reference grimwood_01_0513_40GEBT.pdf); “What if” scenarios
—  |lmprovements
= 2,4, 6d8improved RL
= 2 4dBimproved PSMEXT [A,C)
= Coupling attenuation [Example: Class I/Class 11— Contributions show that cabling “far exceeds™ cwrrent specification)

— Relaxations
= Bandwidth (1.6GHz vs. 2.0GHzZ)
= Others TBD

Source: http://www.ieee802.org/3/bg/public/channelmodeling/index.html

Potential Path Forward for Channel Modeling Ad Hoc - updated during meeting -

zimmerman_02_ 0513 40GBTah.pdf 31
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