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Purpose

Specifications for 40GBASE-T
—PHY-channel insertion loss budget
*Host loss budget
v'PCB- trace length and material
v'"Magnetics/MDI
"L ink segment insertion loss
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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 ————

Modeling to optimize PHY and PHY-channel performance

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)
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802.3bj - Channel loss budget

*100GBASE-CR4 channel loss budget
— 5 m cable assembly
— 4" host trace - ~1.5924 @ 12.89 GHz

TP4

TPl 27 48 dB

|
1 1
1 |
|
» : — I =
: Cable assembly :
117 N : : "~1.174dB
=l I
|
6.81 dB : , 6.81dB
.HH_:l" I ' . I L . -.l._ -
Transpt [ g : * T : e R.e-:e:t_'..'e
function > | ol 7 : N function
[ ik i
! “18748 } ;
o - I1 o =
TPO 1037dB  7py . 1037 dB 55
(™
' 2248dB + (2 x 1037 - (2 x4.11) =35 dB '
1.17 dB4 1.37dB
* iiidas T

Mated cable assembly
and test pomt test fwhure

NOTE—The connector insertion loss 15 1.07 dB for the mated test fixture. The host connector 1s
allocated 0.62 4B of additional margin.

Figure 92A-2—35 dB channel insertion loss budget at 12.8906 GHz
4
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802.3bj - Host loss budgets

Host loss budget IL proposal

Host loss budget includes

«Chip/ball mounting loss (via),
) . A,
*MDI receptacle mounting loss (via). s ™
‘MO receptacle A a
*Plug connector edge contacts Y A
TPO ]
or via's
TP5 7 |
/ ) I
|
|
- Pl I T D -
Tx/Rxfunction| Y ~ :
ackage '
packag® o ol | !
L 1L |
|
Mote: recommend 0.62 dB «—— Host PCB ——+ — =
host connector loss margin allowance
1.07 dB + 0.62 dB = 1.60 dB . Host loss budget -
Host loss Host loss
budget - budget -
Reference Host PCB Mated Connector 1289 GHz 14 GHz
7.3 dB 14 GHz [PCB+2 via's)
(2 wia's[0.5 dB] + host trace[5.8 dB])
(47 N400-13 or shightly worse material
CE-28GVSR Nov11 {up to 1.7dBiin) at 14GHz 12 dB @ 14 GHz 85d8 8.50 dB
£.26 dB @ 12.89 GHz {1.59 d&in)
68dB @ 14.00 GHz (1.7 dBlin} 1.07 dB @ 12.89 GHz
{2 via's[0.45 dB] @ 12.89 GHz 120dB @ 14.00 GHz
Diminico_01_0312 pdf {2 via's[0.50 dB] @ 14.00 GHz 0.62 dB @ 12.88 GHz* 85d8 8.50 dB
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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 5
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802.3bj — Host PCB losses

Problem Brought to Light

® Inconsistent loss numbers used in discussions
. Imprm*ed FR4:

38.2dB loss for 40in and 2 connectors (beukema_01_1111)

1.04dB/in w/ o surface roughness (kipp_01_1111, originally goergen_01_0911)
® Megtron6:

0.9dB/in ( ghjas.i_ﬂ 1 1111

0.65-0.68dB/in (kipp_01_1111)

30.2dB for 1m and 2 connectors (meghelli_01_0911, originally patel_01_0911)

* Consensus group formed with goal:
L (.

Create acceptable loss parameters (dB/length) for 802.3bj Task Force to

use in discussions in order to avoid miscommunication due to varied
assmnptim]s .

Proposal for Defining Material  Elizabeth Kochuparambil Cisco

Loss Joel Goergen
26-Jan 12

http://www.ieee802.org/3/bj/public/jan12/kochuparambil 0la 0112.pdf
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802.3bj — Host PCB losses

What Do We Know?

* Definition of Improved FR-4 Slide from goergen_01_0511:

® Variation exists in manv

forms within the PCB

* Design spem.ﬁcs -

Trace width, stackup, etc

e Surface l‘ouglmess —
Manufacturer, pl‘E—lﬂlll

adhesion treatment, etc.

¢ | amination —
“Football effect”, temp.,

pressure, book size, etc.

e (Circuit tolerances —
Line width control,
dielectric thickness, trace

cross section, etc.

Proposal for Defining Material
Loss
26-Jan 12

Definition: “Improved FR-4"
as defined by IEEE P802.3ap

» Improved FR-4 (Mid Resolution Signal Integrity):
100Mhz: Dk = 3.60; Df = .0092
1Ghz: Dk =3.60; Df<.0092
2Ghz: Dk=3.50; Df<.0115
5Ghz: Dk=3.50; Df<.0115
10Ghz: Dk <340; Df< 0125
20Ghz: Dk =3.20; Df=.0140

« Temperature and Humidity Tolerance
(0-70degC, 10-90% non-condensing):
Dk:+/- .04
Df: +/- .001
» Resin Tolerance (standard +/-2%):
Dk:+/- .02
Df. +/- .0005

ol I s e I

Elizabeth Kochuparambil Cisco
Joel Goergen

http://www.ieee802.org/3/bj/public/jan12/kochuparambil 0la 0112.pdf
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802.3bj — Host PCB losses

»
~
Meg6_LowSR — Wide 0.0951 04159 0.4433 0.7562 08127 % &
g
Megé_LowSR — Narrow 0.1466 0.5849 0.6205 1.0152 1.0847 ; -
Wl
Megé_HighSR —Wide 0.1175 0.5960 0.6367 1.0891 11688 Z 5
(=]
Megé_HighSR — Narrow 0.1856 0.8971 0.9557 1.5924 1.7020 E" ~
ImpFR4_LowSR — Wide 0.1202 0.6096 0.6541 1.1772 1.2734 g S
-
ImpFR4_LowSR — Narrow 0.1717 0.7794 0.8323 1.4410 15512 £ ﬁ
ImpFR4_HighSR —Wide 0.1427 0.7904 0.8484 1.5158 16367 £ 3
-
ImpFR+_HighSR — Narrow 0.2106 1.0930 1.1692 2.0283 21813 &
\\__ *using Algebraic Model v2.02a — see backup slides for values entered in Model _.//I
Proposal for Defining Elizabeth Cisco
Material Loss Kochuparambil

26-Jan 12

Joel Goergen

http://www.ieee802.org/3/bj/public/janl12/kochuparambil O0la 0112.pdf
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802.3ap — ~~Host PCB losses

»
~
Meg6_LowSR — Wide 0.0951 04159 0.4433 0.7562 08127 % &
g
Megé_LowSR — Narrow 0.1466 0.5849 0.6205 1.0152 1.0847 ; -
Wl
Megé_HighSR —Wide 0.1175 0.5960 0.6367 1.0891 11688 Z 5
(=]
Megé_HighSR — Narrow 0.1856 0.8971 0.9557 1.5924 1.7020 E" ~
ImpFR4_LowSR — Wide 0.1202 0.6096 0.6541 1.1772 1.2734 g 2
-
ImpFR4_LowSR — Narrow 0.1717 0.7794 0.8323 1.4410 15512 ﬁ
ImpFR4_HighSR —Wide 0.1427 0.7904 0.8484 1.5158 16367 £ 3
-
ImpFR+_HighSR — Narrow 0.2106 1.0930 1.1692 2.0283 21813 &
\\__ *using Algebraic Model v2.02a — see backup slides for values entered in Model _.//I
Proposal for Defining Elizabeth Cisco
Material Loss Kochuparambil

26-Jan 12

Joel Goergen

http://www.ieee802.org/3/bj/public/janl12/kochuparambil O0la 0112.pdf
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802.3bg — Host PCB losses

Amax(f)-802.3ap (dB/in) 802.3ap
PCBuptoatleastl m

0 500 1000 1500 2000

O | | |
Amax(f)-

\\ MHz 802.3ap dB/in

0.1 1000 6.7164 | 0.1706

\\ 2000 10.7082 0.2721

0.2 — Amax(f)-802.3ap 6500 29.0969 | 0.7392
(dB/in)

7000 31.2668 | 0.7944

0.3 - 12890 55.8973 1.4202
14000 59.8078 1.5195

0.4

AN <4, () = 20logge) % (b Jf+ byf+ b;}"a + bf} where f1s expressed in Hz

by 2.00 % 107
By 1.10 x 10710
bs 320% 1070
by ~120x 10730
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802.3bg — Host PCB losses

Amax(f)-802.3ap (dB/in) 802.3ap
PCBuptoatleastl m
0 500 1000 1500 2000
0 | | | Amax(f)-
MHz 802.3ap dB/in
0.1 1000 6.7164 | 0.1706
2000 10.7082 | 0.2721
| —— Amax(f)-802.3ap 6500 29.0969 | 0.7392
0.2 ey
(dB/in) 7000 | 31.2668 | 0.7944
0.3 12890 | 55.8973 | 1.4202
' 14000 | 59.8078 | 1.5195
0.4

AN <4, () = 20logge) % (b Jf+ byf+ b;}"a + bf} where f1s expressed in Hz

by 2.00 % 107
By 1.10 x 10710
bs 320% 1070
by ~120x 10730
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802.3bg — Host PCB losses

0 500
0 |

MHz
1000

1500

2000

o.?N

IS

= 22 \

Improved FR4 - Insertion Loss

—— FR4_LowSR-narrow-4inx2
—— FR4_LowSR-narrow-5inx2
FR4_LowSR-narrow-6inx2
FR4 LowSR-narrow-7inx2
—— FR4_LowSR-narrow-8inx2
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Amax(f)-
MHz 802.3ap dB/in
1000 6.7164 0.1706
2000 10.7082 0.2721
6500 29.0969 0.7392
7000 31.2668 0.7944
12890 55.8973 1.4202
14000 59.8078 1.5195
12




802.3bg — Host PCB losses

Improved FR4 - Insertion Loss
MHz
1.43*(Amax(f)-
0 500 1000 1500 2000 MHz 802.3ap) dB/in
0 ‘ ‘ ‘ 1000 9.6045 0.2440
1 - 2000 15.3127 0.3890
6500 41.6085 1.0571
2 — FR4_HighSR-narrow-4inx2 7000 44.7115 1.1360
3 — FR4_HighSR-narrow-5inx2 12890 79.9331 2.0308
4 - FR4_HighSR-narrow-7inx2
—— FR4_HighSR-narrow-8inx2
5 |
6 |
7

13
e 302.3Db0 PHY-Channel INSErtion LOSS s



Category 8 (d0.7) — Channel Insertion Loss

schematic representation of a backbone channel test configuration

Backbone Channel under test ——»

Test I I I I Test

Legend
Cables and cords
Equipmentcord............................A,C
Backbone cabling.............................. B

Connecting hardware
Interconnect .. eeeeeeeenameeeennnn G

Channel insertion loss = 2*connectmg hardware IL+ Cable IL +ILDcham,e,

Cable (100m) = 1<f<2000 (TBD) = 1.8*sqrt(f)+0.005*f+(0.25/sqrt(f)) (TBD)
Connecting Hardware=

1<f<500 (TBD) 0.02*sqrt(f) (TBD)

500<f<2000 (TBD) 0.008*sqrt(f)+0.00029*f+0.5*10*(-6)*f*2 (TBD)

Patch cord cable = 1.2*(cable IL) (TBD)

ILD,,.,.., =0.0324 *sqrt(f,,,) (TBD) »
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Category 8 (d0.7) — Channel IL — 30m — 3m-24m-3m

Category 8 -30m

F[MHz] Channel IL
1 0.7
Category 8 - 30 meter Channel Insertion Loss 4 13
8 1.8
0 500 1000 1500 2000 " >0
0 | | | 16 2.6
S 20 2.9
101 T oons 25 3.2
15 1 Channel IL 31.25 3.6
20 1 62.5 5.1
25 100 6.5
- \ 200 9.3
35 . 250 10.4
0 300 11.5
400 13.3
500 15.0
600 16.6
1000 22.4
1500 29.1

2000 35:6 ¢

\J
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MDI (Medium Dependent Interface)

) 40GBASE-T PHY-Channel

v

I ¢ 40GBASE-T Link segment  —

|
MDI, 4 balanced twisted pairs I MDI

_______ e ——
X RX
Function | |P€B]|Mag I -* Mag I {PCB] Function

—_——— e ——— —

Category 8 (d0.7) Connecting Hardware IL =
1<f<500 (TBD) 0.02*sqrt(f) (TBD)
500<f<2000 (TBD) 0.008*sqrt(f)+0.00029*f+0.5*10"(-6)*f*2 (TBD)

Category 8 (d0.7) connecting hardware IL
0 500 1000 1500 2000

0 ‘ ‘ ‘ Not including magnetic’s
0.5 -

1
1.5 -

2] ot 2 607
25 \ hardware IL

3
3.5
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Transformer and CM choke

Transformer and CM choke

0 1000 2000 3000
O | |

10 - —— SDD11-Transformer
and CM Choke

15 =
20
25 -
30 — SDD12-Transformer
35 - f and CM Choke
\

dB

40
45 -
50

MHz

Source: http://www.ieee802.orqg/3/ba/public/channelmodeling/index.html
Pulse _NGBase-T_Magnetic.54P Thuyen Dinh, Pulse Electronics
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Example: 40GBASE-T PHY-channel insertion loss

Example - 40GBASE-T PHY-channel
FR4 HighSR-narrow-8inx2
MHz Interpolation
0 500 1000 1500 2000
| | | 2*Category 8 (d0.7)
g N o ] connecting hardware IL
10 - L\_\—\_L —— 2*SDD12-Transformer
;g | and CM Choke
25 —— Category 8 -30m
0 gg | Channel IL
©
40 Example-40GBASE-T
45 PHY-channel insertion
90 - loss
55 — 2*FR4_HighSR-
gg | narrow-38in
70
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~Summary

Specifications for 40GBASE-T
—PHY-channel insertion loss budget
*Host loss budget
v'PCB- trace length and material
v'"Magnetics/MDI
"L ink segment insertion loss

19
e 302.3Db0 PHY-Channel INSErtion LOSS s



