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Introduction

* There are complex relationships between the AUI C2M channel
characteristics, the AUl C2M BER target, AUl C2M TX/RX complexity,
the optical PMD BER target, etc.

 Many AUI C2M channels are available for study via the 3dj TF website
as well as through other industry groups

e Over 100 channels with various assumptions and differing levels of maturity
and complexity




Goals

* The goals of this contribution are to:
 Form several “classes” of reference equalizers for comparison purposes

e Selectively reduce the number of AUI C2M channels for analysis in order to
focus baseline proposal development efforts

e Provide a relative comparison using COM with these reduced channels

e Start discussions in the Task Force on which contributed AUI C2M channels
should pass versus which should fail

e Discuss the ones that fall in the middle

* Not debating the C2M specification parameters at this time, including
the reference receiver model, package parameters and COM, etc.

e Please look for the high-level trends, not at the minutiae



Classes of Reference Equalizers

e Various contributions look at different reference equalizers

* Propose different classes for the relative comparison of performance
for direction finding purposes
e Taken from https://www.ieee802.org/3/dj/public/23 03/li 3dj 01a 2303.pdf
(Mild) e Class I: 802.3ck C2M-like
e Class II: 802.3ck C2M-like + Floating Taps
l e Class Ill: 802.3ck CR-like
(spicy!) ® Class IV: 802.3ck CR-like + MLSE

 Note: these classes are starting points, not specific
recommendations. We had to start with something ©



https://www.ieee802.org/3/dj/public/23_03/li_3dj_01a_2303.pdf

Reference EQ Highlights — By Class

Exploratory of
802.3dj High Loss AUI C2M

Exploratory of
802.3dj Medium Loss AUI C2M

e Class I/1I/11/VI

Parameter 802.3ck C2M

802.3ck CR

802.3ck KR

802.3ck C2M-like

802.3ck C2M-like

802.3ck CR-like

802.3ck CR-like

+ FLT + MLSE
DER_O 1E-5 1E-4 1E-4 1E-5/5E-5/1E-4 1E-5/5E-5/1E-4 1E-5/5E-5/1E-4 1E-5/5E-5/1E-4
SNR_TX 32.5 32.5 33 32.5 32.5 33 33
R_ LM 0.95 0.95 0.95 0.95 0.95 0.95 0.95
L-(re)n('ngISh 4 (2 pre) 5 (3 pre) 5 (3 pre) 5(3 pre) 5 (3 pre) 6 (4 pre) 6 (4 pre)
eta_ 0 4.10E-08 9E-09 8.2E-09 2.05E-08 2.05E-08 4.1E-09 4.1E-09
N b 4 12 12 8 8 24 24
N_bg 0 3 3 0 3 6 6
N_bf - 3 3 3 3 3 3
N _f - 40 40 80 80 80 80
MLSE 0 0 0 0 0 0 1
(Mild) (Spicy!)

Note: these classes are starting points,

o _ https://www.ieee802.org/3/dj/public/23 03/li 3dj 01a 2303.pdf
not specific recommendations.

IEEE P802.3dj Task Force, May 2023
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Reducing the # of Channels

e Across the inventory of AUl C2M channels available, we attempted to
reduce the total number of channels down to ~10-15 unique,
representative channels

e Decrease analysis time
e Assess the outliers
e Eliminate obviously bad channels

e Channel parameters that we used include: Fit IL, ERL, ICN, ICR



802.3dj C2M Channel Contributions

Contribution Channel List Host Type

akinwale_3df 01_2209 (21x) C2M_PCB_850hms_10~30dB_202208016_v2_thrul CONV PCB Extreme impedance
akinwale_3df 02 2209 (21x) C2M_PCB_93ohms_10~30dB_202208016_v2_thrul CONvpc  COMNErs

akinwale_3df 032209 (21x) C2M_PCB_1000hms_10~30dB_202208016_v2_thrul CONV PCB (not included at this time)
rabinovich_3df_01_2209 (3x) Rabinovich_C2M_200G_Ortho_[19, 67, 93]mil_092122_Thru.s4p  CONV PCB

rabinovich_3dj_02_230116 (1x) Rabinovich_C2M_200G_Ortho_135mil_011723_Thru.s4p

rabinovich_3df_02_ 2209 (3x) Rabinovich_C2M_200G_Paral_[19, 67, 93]mil_092122 Thru.s4p CONV PCB

rabinovich_3dj_03_230116 (1x) Rabinovich_C2M_200G_Paral_135mil_011723_Thru.s4p
TE_224G_C2M_Conventional_[5,7,13]inHst_100622_THRU.s4p CONV PCB
tracy_3df_02_2211 TE_224G_C2M_NCC_100622_THRU.s4p NCC

TE_224G_C2M_CPC_CPB_091622_THRU_mod.s4p CPC Technology still stabilizing
(not included at this time)

https://www.ieee802.org/3/df/public/tools/index.html
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[ ]
EXpanded I_ISt Of Chan ’]e|S| FitIL(dB) | <=16 | 16<X<=28 | >28 Max | Q3 | Med | Q1 MIN
ERL | 19.19 | 13.46 | 12.79 | 12.02 | 10.29
Challenge |Channel IL(dB) | FitIL({dB) |[FOM_ILD (dB) &l ICN (mV) | ICR (dB)
(DER 0= 1E-5)
Reflection |akinwale_3df 02_2209/C2M_PCB_93chms_10dB 8.77 10.35 0.53 11.33 2.55 26.96
Reflection a_k Saved to U: Drive 2209!C2M_PCB_930hms_11dB 9.61 11.22 0.52 11.56 2.32 27.72
Reflection |akmware sur vz 2209/C2M_PCB_93chms_12dB 10.45 12.07 0.52 11.80 211 27.11
Reflection |akinwale 3df 02_2209/C2M_PCB_93ohms_13dB 11.31 12.92 0.52 12.02 1.93 27.58
Reflection |akinwale 3df 02_2209/C2M_PCB_93ohms_14dB 12.17 13.83 0.55 11.48 1.91 26.96
Reflection |akinwale_3df_02_2209/C2M_PCB_33ohms_15dB 13.03 14.67 0.56 11.68 1.76 27.07
Reflection |akinwale_3df 02_2209/C2M_PCB_93chms_16dB 14.73 16.33 0.57 12.03 1.50 26.75
Reflection |akinwale_3df 02_2209/C2M_PCB_93chms_17dB 15.55 17.16 0.58 12.18 1.40 26.63
akinwale_3df 02_2209/C2M_PCB_93ohms_18dB 16.42 17.98 0.59 12.33 1.30 26.28
akinwale_3df 02_2209/C2M_PCB_93ohms_19dB 17.24 18.80 0.60 12.46 1.22 26.20
akinwale_3df 02 2209/C2M_PCB 93chms_20dB 18.11 19.62 0.61 12.59 1.15 25.65
akinwale_3df 02_2209/C2M_PCB_93ohms_21dB 19.80 21.25 0.64 12.80 1.04 24.85
akinwale_3df 02_2209/C2M_PCB_93ohms_22dB 20.63 22.06 0.65 12.89 0.99 24.66
akinwale_3df 02_2209/C2M_PCB_93ohms_23dB 21.49 22.87 0.66 12.98 0.95 23.87
akinwale_3df 02_2209/C2M_PCB_93ohms_24dB 22.33 23.68 0.68 13.06 0.92 23.57
akinwale_3df 02_2209/C2M_PCB_93ohms_25dB 24.02 25.29 0.70 13.21 0.86 22.29
akinwale_3df 02_2209/C2M_PCB_93chms_26dB 24.87 26.09 0.72 13.27 0.84 21.46
akinwale_3df 02_2209/C2M_PCB_93ohms_27dB 25.71 26.89 0.73 13.33 0.83 20.89
akinwale_3df 02_2209/C2M_PCB_93ohms_28dB 26.56 27.70 0.74 13.38 0.81 20.06
IL, Xtalk |akinwale_3df 02_2209/C2M_PCB_93chms_29dB 28.25 29.30 0.76 13.49 0.79 18.57
IL, Xtalk akinWa|e_3df_DZ_ZZDB!CZM_PCB_BBOhms_3DdB 29.10 30.11 0.78 13.53 0.78 17.83
Rabinovich_C2M_200G_Crtho_19mil_092122 12.38 13.57 0.70 18.06 1.79 28.68
RabinGvich_CZM_ZDOG_Or‘thO_G?mi|_092122 14.70 14.87 0.69 17.50 2.71 27.00
Rabin0Vich_C2M_200(3_Or‘th0_93mi|_092122 14.17 14.81 0.95 15.36 2.83 24.90
Xtalk RabinClvich_CZM_ZODG_Or'th0_135mi|_011?23 13.35 14.99 0.96 15.20 3.39 2224
RabinClvich_CZM_ZODG_Paral_leil_OBZlZZ 12.27 13.16 0.47 18.30 2.35 26.93
Rabinovich_C2M_200G_Paral_67mil_092122 13.32 13.91 0.50 17.90 2.87 26.79
Xtalk Rabinovich_C2M_200G_Paral_93mil_092122 13.44 14.12 0.67 14.98 3.17 24.32
Xtalk RabinClvich_CZM_ZDOG_Para|_135mi|_011?23 12.93 14.44 0.49 15.51 3.78 22.23
tracy_3df_02_2211_C2M_CONV_Sp4dB_HOST 10.26 10.64 0.55 18.76 1.58 45.15
tracy_3df_02_2211_C2M_CONV_7p6dB_HOST 12.36 12.79 0.56 18.94 1.24 46.47
tracy_3df 02 2211 C2M_CONV_14dB_HOST 18.78 19.18 0.62 19.19 0.64 49.12
tracy_3df 022211 C2M_NCC_HOST 10.43 11.09 0.41 15.27 2.28 23.52
* This presentation does not intend to propose any channel specifications
* Therelative ERL, ICN, and ICR are compared under largely channel commonality: Package loss is ~7dB per 30mm, ~9dB total for 30mm+8mm.
° OSFP connector (poss|b|y from the same contributor) Source: https://www.ieee802.org/3/df/public/22_11/benartsi_3df_01a_2211.pdf
IEEE P802.3dj Task Force, May 2023 9

* Host type: CONV PCB (except one is NCC)



https://www.ieee802.org/3/df/public/22_11/benartsi_3df_01a_2211.pdf

Relative COM Comparison with Proposed

Channels

e The assumed AUI C2M BER targets
were 1E-5, 2E-5, 5E-5, 8E-5

e Much less interest in 1E-4

e Of course, the reported COM
results will change depending on
the channel, Cd, Cp, host and
module package trace lengths,
reference receiver model
architecture & settings, etc.

* One package scenario: 30mm +
8mm (~9 dB IL)

https://www.ieee802.org/3/di/public/adhoc/electrical/23 0420/straw_polls 3df elec_adhoc 230420.pdf



https://www.ieee802.org/3/dj/public/adhoc/electrical/23_0420/straw_polls_3df_elec_adhoc_230420.pdf

A Relative C

1SON

O I . D a Fit IL (dB) <=16 16 < X<=28 > 28 Max Q3 Med Q1 MIN
COM (dB) >=35 |2.5<=X<35| <25 ERL | 19.19 | 13.46 | 12.79 | 12.02 | 10.29
Challenge |Channel IL(dB) | FitiL(dB) [Fom 1LD (B ERL 1o (V) | 1R (dB) COM (DER_0 = 1E-5, 30mm/8mm) | COM (DER_0 = 5E-5, 30mm/8mm) | COM (DER_0 = 1E-4, 30mm/8mm)
{DER_0=1E-5) 1 I n v 1 I n v 1 I n v - )
Reflection |akinwale_3df 02_2209/C2M_PCB_93chms_10dB 8.77 10.35 0.53 11.33 2,55 26.96 M ed I U m LOSS AU I
Reflection [ak . ' . 2208/C2M_PCB_930hms_11dB 9.61 11.22 0.52 11.56 2.32 27.72 .
Reflection |akinware_sur_uz 2209/C2M_PCB_93chms_12dB 10.45 12.07 0.52 11.80 2.11 27.11 C2 M Ca n d |d ates
Reflection |akinwale_3df_02_2209/C2M_PCB_93chms_13dB 1131 12.92 0.52 12.02 1.93 27.58
Reflection |akinwale_3df_02_2209/C2M_PCB_93chms_14dB 12.17 13.83 0.55 11.48 1.91 26.96 _
Reflection |akinwale_3df_02_2209/C2M_PCB_93chms_15dB 13.03 14.67 0.56 11.68 1.76 27.07 - ——————
Reflection |akinwale_3df 02_2209/C2M_PCB_93chms_16dB 14.73 16.33 0.57 12.03 1.50 26.75 These Channe|S need
Reflection |akinwale_3df_02_2209/C2M_PCB_93chms_17dB 15.55 17.16 0.58 12.18 1.40 26.63
akinwale_3df _02_2209/C2M_PCB_930hms_18dB 16.42 17.98 0.59 12.33 1.30 26.28 : :
akinwale_3df_02_2209/C2M_PCB_93chms_19dB 17.24 18.80 0.60 12.46 1.22 26.20 more equa l Ization
akinwale_3df 02_2209/C2M_PCB_93chms_20dB 18.11 19.62 0.61 12.59 115 25.65 (CIaSS Il or bette r-)
akinwale_3df_02_2209/C2M_PCB_930hms_21dB 19.80 21.25 0.64 12.80 1.04 24,85 —
akinwale_3df 02_2209/C2M_PCB_93chms_22dB 20.63 22.06 0.65 12.89 0.99 24.66 than the others
akinwale_3df _02_2209/C2M_PCB_930hms_23dB 21.49 22.87 0.66 12.98 0.95 23.87
akinwale_3df_02_2209/C2M_PCB_930hms_24dB 22.33 23.68 0.68 13.06 0.92 23.57
akinwale_3df_02_2209/C2M_PCB_930hms_25dB 2402 | 25.29 0.70 13.21 086 | 2229 H |gh LOSS AU |
akinwale_3df 02 2209/C2M_PCB_930hms_26dB 24.87 26.09 0.72 13.27 0.84 21.46
akinwale_3df_02_2209/C2M_PCB_93chms_27dB 25.71 26.89 0.73 13.33 0.83 20.89 Cz M Ca n d |d ates
akinwale_3df _02_2209/C2M_PCB_930hms_28dB 26.56 27.70 0.74 13.38 0.81 20.06
IL, Xtalk |akinwale_3df 02_2209/C2M_PCB_930hms_29dB 28.25 29.30 0.76 13.49 0.79 18.57
IL, Xtalk |akinwale_3df 02_2209/C2M_PCB_93ohms_30dB 29.10 30.11 0.78 13.53 0.78 17.83 —
Rabinovich_C2M_200G_Ortho_19mil_092122 12.38 13.57 0.70 18.06 1.79 28.68 S mEmm——_———————
Rabinovich_C2M_200G_Ortho_67mil_092122 14.70 14.87 0.69 17.50 271 27.00
Rabinovich_C2M_200G_Ortho_93mil_092122 14.17 14.81 0.95 15.36 2.83 24.30 T h ese C h anne | S
Xtalk  |Rabinovich_C2M_200G_Ortho_135mil_011723 13.35 14.99 0.96 15.20 3.39 22.24 .
Rabinovich_C2M_200G_Paral_19mil_092122 1227 | 13.16 0.47 18.30 2.35 26.93 | COou Id work with a
Rabinovich_C2M_200G_Paral_67mil_092122 13.32 13.91 0.50 17.90 2.87 26.79 . .
Xtalk  |Rabinovich_C2M_200G_Paral_93mil_092122 13.44 14.12 0.67 14.98 3.17 24.32 M ed lum comp l eXltV
Xtalk  |Rabinovich_C2M_200G_Paral_135mil_011723 12.93 14.44 0.49 15.51 3.78 22.23 .
tracy_3df 02_2211_C2M_CONV_5p4dB_HOST 10.26 10.64 0.55 18.76 1.58 45.15 E qua l lzer (C l ass I-ll )
tracy_3df 02_2211_C2M_CONV_7p6dB_HOST 12.36 12.79 0.56 18.94 1.24 46.47
tracy_3df 02_2211_C2M_CONV_14dB_HOST 18.78 19.18 0.62 19.19 0.64 49.12
tracy_3df 02_2211_C2M_NCC_HOST 10.43 11.09 0.41 15.27 2.28 28.52 _ Med | um LOSS AUl

* This presentation does not intend to propose any channel specifications

* Therelative ERL, ICN, and ICR are compared under largely channel commonality:
e OSFP connector (possibly from the same contributor)
* Host type: CONV PCB (except one is NCC)

Package loss is ~7dB per 30mm, ~9dB total for 30mm+8mm.
Source: https://www.ieee802.org/3/df/public/22_11/benartsi_3df_0la_2211.pdf

C2M Candidates



https://www.ieee802.org/3/df/public/22_11/benartsi_3df_01a_2211.pdf

[ ] [ ]
A Relative Comparison — Focus on Class |
| |
. ERL COM (DER_0 = 1E-5, 30mm/8mm) | COM (DER_0 = 5E-5, 30mm/8mm) | COM (DER_0 = 1E-4, 30mm/8mm)
Challenge |Channel IL(dB) | FitIL({dB) |[FOM_ILD (dB) ICN (mV)| ICR (dB)
(DER_0=1E-5)
Reflection |akinwale_3df_02_2209/C2M_PCB_930hms_10dB 8.77 10.35 0.53 11.33 255 | 2696
Reflection |ak . _ .~ . 2208/C2M_PCB_930hms_11dB 9.61 11.22 0.52 11.56 232 | 27.72
Reflection |akmware sui—uz 2209/C2M_PCB_930hms_12dB 10.45 12.07 0.52 11.80 211 | 2711
Reflection |akinwale_3df_02_2209/C2M_PCB_93chms_13dB 1131 | 1282 0.52 12.02 1.93 27.58
Reflection |akinwale_3df_02_2209/C2M_PCB_930hms_14dB 1217 | 13.83 0.55 11.48 191 | 2696
Reflection |akinwale_3df_02_2209/C2M_PCB_930hms_15dB 13.03 14.67 0.56 11.68 1.76 27.07 Cla SS | EQ |S not
Reflection |akinwale_3df_02_2209/C2M_PCB_930hms_16dB 14.73 16.33 0.57 12.03 150 | 2675
Reflection |akinwale_3df 02_2209/C2M_PCB_93chms_17dB 15.55 17.16 0.58 12.18 1.40 26.63 St ro n g e n O u g h
akinwale_3df 02_2209/C2M_PCB_93c0hms_18dB 16.42 17.98 0.59 12.33 130 | 26.28
akinwale_3df_02_2209/C2M_PCB_93c0hms_19dB 17.24 | 18.80 0.60 12.46 122 | 28.20 to pa ss most Of th e
akinwale_3df_02_2209/C2M_PCB_93chms_20dB 18.11 19.62 0.61 12.59 115 25.65
akinwale_3df 02_2209/C2M_PCB_93c0hms_21dB 19.80 21.25 0.64 12.80 104 | 24585 . I bI h I
akinwale_3df 02_2209/C2M_PCB_93chms_22dB 20.63 22.06 0.65 12.89 099 | 2466 avallable channels,
akinwale_3df 02_2209/C2M_PCB_93chms_23dB 21.49 22.87 0.66 12.98 095 | 23.87
akinwale_3df 02_2209/C2M_PCB_93chms_24dB 22.33 23.68 0.68 13.06 092 | 23.57 rega rd IeSS Of t h e
akinwale_3df_02_2209/C2M_PCB_930hms_25dB 24.02 25.29 0.70 13.21 0.86 | 22.29
akinwale_3df 02_2209/C2M_PCB_93chms_26dB 2487 | 26.09 0.72 13.27 084 | 2148 B E R ta rget
akinwale_3df 02_2209/C2M_PCB_93chms_27dB 25.71 26.89 0.73 13.33 0.83 20.89
akinwale_3df 02_2209/C2M_PCB_930hms_28dB 26.56 27.70 0.74 13.38 0.81 | 20.06
IL, xtalk |akinwale_3df 02_2209/C2M_PCB_93chms_29dB 28.25 29.30 0.76 13.49 079 | 1857
IL, Xtalk |akinwale_3df 02_2209/C2M_PCB_93c0hms_30dB 29.10 | 3011 0.78 13.53 078 | 17.83
Rabinovich_C2M_200G_Ortho_19mil_092122 1238 | 13.57 0.70 18.06 1.79 28.68
Rabinovich_C2M_200G_Ortho_67mil_092122 1470 | 14.87 0.69 17.50 271 | 27.00
Rabinovich_C2M_200G_Ortho_93mil_092122 1417 | 1481 0.95 15.36 2.83 24.90
xtalk  |Rabinovich_C2M_200G_Ortho_135mil_011723 13.35 14.99 0.96 15.20 339 | 2224
Rabinovich_C2M_200G_Paral_19mil_092122 1227 | 1316 0.47 18.30 235 | 26.93
Rabinovich_C2M_200G_Paral_67mil_092122 1332 | 13m 0.50 17.90 287 | 2679
Xtalk  |Rabinovich_C2M_200G_Paral_93mil_092122 1244 | 1412 0.67 14.98 317 | 2132
xtalk  |Rabinovich_C2M_200G_Paral_135mil_011723 12.93 14.44 0.49 15.51 378 | 2223
tracy_3df_02 2211 C2M_CONV_5p4dB_HOST 10.26 | 10.64 0.55 18.76 158 | 4515
tracy_3df_02 2211 C2M_CONV_7p6dB_HOST 1236 | 12.79 0.56 18.94 124 | 4647
tracy_3df_02_2211_C2M_CONV_14dB_HOST 18.78 19.18 0.62 19.19 0.64 | 4912
tracy_3df_02_2211_C2M_NCC_HOST 10.43 11.09 0.41 15.27 228 | 2852

* This presentation does not intend to propose any channel specifications
* Therelative ERL, ICN, and ICR are compared under largely channel commonality: Package loss is ~7dB per 30mm, ~9dB total for 30mm+8mm.
e OSFP connector (possibly from the same contributor) Source: https://www.ieee802.org/3/df/public/22_11/benartsi_3df_0la_2211.pdf
* Host type: CONV PCB (except one is NCC) IEEE P802.3dj Task Force, May 2023 12
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[ ] [ ]
A Relative Comparison — Focus on Class ||
| |
PR — IL(dB) | FitIL(dB) | FoM_ILD (dB) ERL icn (mv) | 1cr (dp) | | COM (DER 0=1€5, 30mm/8mm) | COM (DER_0 = 5€-5, 30mm/8mm) | COM (DER_0 = 1E-4, 30mm/8mm) |
{DER 0=1E-5) I I m [ v [ I m [ v | I m | v |
Reflection |akinwale_3df 02_2209/C2M_PCB_93ohms_10dB 8.77 10.35 0.53 11.33 255 | 26.96
Reflection [ak . _ .\ " 2203/C2M_PCB_530hms_11dB 9.61 11.22 0.52 11.56 232 | 27.72
Reflection |akinware_sur_uz_2209/C2M_PCB_93ohms_12dB 1045 | 12.07 0.52 11.80 211 | 2711
Reflection |akinwale_3df 02_2209/C2M_PCB_93chms_13dB 1131 | 1292 0.52 12.02 193 | 2758
Reflection |akinwale_3df_02_2209/C2M_PCB_93ohms_14dB 1217 | 13.83 0.55 11.48 191 | 2696
Reflection |akinwale_3df_02_2209/C2M_PCB_930hms_15dB 13.03 14.67 0.56 11.68 1.76 27.07 Cla SS | | EQ |S o k fo r
Reflection |akinwale_3df 02_2209/C2M_PCB_93ohms_16dB 1473 | 16.33 0.57 12.03 150 | 26.75
Reflection |akinwale_3df 02_2209/C2M_PCB_93ohms_17dB 1555 | 17.16 0.58 12.18 140 | 26.63 d _|
akinwale_3df 02_2208/C2M_PCB_930hms_18dB 1642 | 17.98 0.59 12.33 130 | 2628 SOme medium-1oss
akinwale_3df_02_2209/C2M_PCB_930hms_19dB 1724 | 18.80 0.60 12.46 122 | 26.20 AUl ¢ h anne I S
akinwale_3df_02_2209/C2M_PCB_930hms_20dB 1811 | 19.62 0.61 12.59 115 | 25.65 .
akinwale_3df_02_2208/C2M_PCB_930hms_21dB 19.80 | 21.25 0.64 12.80 1.04 | 2485 CIaSS Il EQ iS not
akinwale_3df 02_2208/C2M_PCB_930hms_22dB 2063 | 22.06 0.65 12.89 099 | 2466 >t
akinwale_3df _02_2208/C2M_PCB_930hms_23dB 2149 | 2287 0.66 12.98 035 | 23.87
akinwale_3df 02_2208/C2M_PCB_930hms_24dB 2233 | 23.68 0.68 13.06 032 | 2357 st rong enough for
akinwale_3df_02_2209/C2M_PCB_930hms_25dB 2402 | 25.29 0.70 13.21 086 | 2229 .
akinwale_3df 02 2208/C2M_PCB_930hms _26dB 2487 | 26.09 0.72 13.27 081 | 2146 h |g h er- I oss AUI
akinwale_3df 02_2208/C2M_PCB_930hms_27dB 2571 | 26.89 0.73 13.33 083 | 2039
akinwale_3df_02_2208/C2M_PCB_930hms_28dB 2656 | 27.70 0.74 13.38 081 | 2006 C h anne I S
IL, Xtalk |akinwale_3df 02_2209/C2M_PCB_93chms_29dB 2825 | 29.30 0.76 13.49 079 | 1857
IL, Xtalk |akinwale_3df 02_2209/C2M_PCB_93ohms_30dB 2910 | 3011 0.78 13.53 078 | 1733
Rabinovich_C2M_200G_Ortho_19mil_092122 1238 | 13.57 0.70 18.06 179 | 2868
Rabinovich_C2M_200G_Ortho_67mil_092122 1470 | 14.87 0.69 17.50 271 | 27.00
Rabinovich_C2M_200G_Ortho_93mil_092122 1417 | 1481 0.95 15.36 283 | 2490
Xtalk  |Rabinovich_C2M_200G_Ortho_135mil_011723 13.35 | 14.99 0.96 15.20 339 | 2274
Rabinovich_C2M_200G_paral_19mil_092122 1227 | 13.16 0.47 18.30 235 | 26.93
Rabinovich_C2M_200G_paral_67mil_092122 13.32 | 1391 0.50 17.90 287 | 26.79
Xtalk  |Rabinovich_C2M_200G_Paral_93mil_092122 13.44 | 1412 0.67 14.98 317 | 2432
Xtalk  |Rabinovich_C2M_200G_Paral_135mil_011723 1293 | 14 0.49 15.51 378 | 2223
tracy_3df 02_2211_C2M_CONV_5p4dB_HOST 1026 | 10.64 0.55 18.76 158 | 4515
tracy_3df 02_2211_C2M_CONV_7p6dB_HOST 1236 | 12.79 0.56 18.94 124 | 647
tracy_3df 02_2211_C2M_CONV_14d8_HOST 1873 | 19.18 0.62 19.19 064 | 2912
tracy_3df_02_2211_C2M_NCC_HOST 1043 | 11.09 0.41 15.27 208 | 2852

* This presentation does not intend to propose any channel specifications
* Therelative ERL, ICN, and ICR are compared under largely channel commonality: Package loss is ~7dB per 30mm, ~9dB total for 30mm+8mm.
e OSFP connector (possibly from the same contributor) Source: https://www.ieee802.org/3/df/public/22_11/benartsi_3df_0la_2211.pdf
* Host type: CONV PCB (except one is NCC) IEEE P802.3dj Task Force, May 2023 13


https://www.ieee802.org/3/df/public/22_11/benartsi_3df_01a_2211.pdf

A Relative C

O

M

0d

rison — Focus on Class ||

Challenge |Channel IL(dB) | FitIL({dB) |[FOM_ILD (dB) &l ICN (mV)| ICR (dB)
(DER_0=1E-5)

Reflection |akinwale_3df 02 2209/C2M_PCB_93ohms_10dB 8.77 10.35 0.53 11.33 2.55 26.96
Reflection a_k Saved to U: Drive 2209/C2M_PCB_93chms_11dB 9.61 11.22 0.52 11.56 2.32 27.72
Reflection |akinware sur_uz 2209/C2M_PCB_93ohms_12dB 10.45 12.07 0.52 11.80 211 27.11
Reflection |akinwale_3df_02_2209/C2M_PCB_93chms_13dB 11.31 12.92 0.52 12.02 1.93 27.58
Reflection |akinwale_3df_02_2209/C2M_PCB_93chms_14dB 12.17 13.83 0.55 11.48 1.91 26.96
Reflection |akinwale_3df_02_2209/C2M_PCB_930hms_15dB 13.03 14.67 0.56 11.68 1.76 27.07
Reflection |akinwale_3df 02 2209/C2M_PCB_93ohms_16dB 14.73 16.33 0.57 12.03 1.50 26.75
Reflection |akinwale_3df 02 2209/C2M_PCB_93ohms_17dB 15.55 17.16 0.58 12.18 1.40 26.63
akinwale_3df 02_2208/c2M_PCB_93chms_18dB 16.42 17.98 0.59 12.33 1.30 26.28
akinwale_3df_02_2209/C2M_PCB_93chms_19dB 17.24 18.80 0.60 12.46 1.22 26.20
akinwale_3df_02_2209/C2M_PCB_93chms_20dB 18.11 19.62 0.61 12.59 1.15 25.65
akinwale_3df 02_2208/C2M_PCB_93chms_21dB 19.80 21.25 0.64 12.80 1.04 24.85
akinwale_3df 02_2208/C2M_PCB_93chms_22dB 20.63 22.06 0.65 12.89 0.99 24.66
akinwale_3df 02_2208/C2M_PCB_93chms_23dB 21.49 22.87 0.66 12.98 0.95 23.87
akinwale_3df_02_2209/C2M_PCB_93chms_24dB 22.33 23.68 0.68 13.06 0.92 23.57
akinwale_3df_02_2209/C2M_PCB_93chms_25dB 24.02 25.29 0.70 13.21 0.86 22.29
akinwale_3df 02 2209/C2M_PCB_93chms_26dB 24.87 26.09 0.72 13.27 0.84 21.46
akinwale_3df 02_2208/C2M_PCB_93chms_27dB 25.71 26.89 0.73 13.33 0.83 20.89
akinwale_3df 02_2208/C2M_PCB_93chms_28dB 26.56 27.70 0.74 13.38 0.81 20.06
IL, Xtalk |akinwale_3df 02_2209/C2M_PCB_93ohms_29dB 28.25 29.30 0.76 13.49 0.79 18.57
IL, Xtalk |akinwale_3df_02_2209/C2M_PCB_93chms_30dB 29.10 30.11 0.78 13.53 0.78 17.83
Rabinovich_C2M_200G_Ortho_19mil_092122 12.38 13.57 0.70 18.06 1.79 28.68
Rabinovich_C2M_200G_Crtho_67mil_092122 14.70 14.87 0.69 17.50 2.71 27.00
Rabinovich_C2M_200G_0Ortho_93mil_092122 14.17 14.81 0.95 15.36 2.83 24.90
Xtalk Rabinovich_C2M_200G_0Ortho_135mil_011723 13.35 14.99 0.96 15.20 3.39 22.24
Rabinovich_C2M_200G_Paral_19mil_092122 12.27 13.16 0.47 18.30 2.35 26.93
Rabinovich_C2M_200G_Paral_67mil_092122 13.32 13.91 0.50 17.90 2.87 26.79
Xtalk Rabinovich_C2M_200G_Paral_93mil_092122 13.44 14.12 0.67 14.98 NI 24.32
Xtalk Rabinovich_C2M_200G_Paral_135mil_011723 12.93 14.44 0.49 15.51 3.78 22.23
tracy_3df 02 2211 C2M_CONV_5padB_HOST 10.26 10.64 0.55 18.76 1.58 45.15
tracy_3df 02 2211 C2M_CONV_7p6dB_HOST 12.36 12.79 0.56 18.94 1.24 46.47
tracy_3df_02_2211_ C2M_CONV_14dB_HOST 18.78 19.18 0.62 19.19 0.64 49.12
tracy_3df_02_2211_C2M_NCC_HOST 10.43 11.09 0.41 15.27 2.28 28.52

COM (DER_0=1E-5, 30mm/8mm) | COM (DER_0 = 5E-5, 30mm/8mm) | COM (DER_0 = 1E-4, 30mm/8mm) |

v

v

v

* This presentation does not intend to propose any channel specifications

* Therelative ERL, ICN, and ICR are compared under largely channel commonality:
e OSFP connector (possibly from the same contributor)
* Host type: CONV PCB (except one is NCC)

Package loss is ~7dB per 30mm, ~9dB total for 30mm+8mm.

Class Il EQ covers
most of the
available channels,
regardless of BER
target

Source: https://www.ieee802.org/3/df/public/22_11/benartsi_3df_0la_2211.pdf
IEEE P802.3dj Task Force, May 2023
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A Relative C

O

M

0d

rison — Focus on Class |V

Challenge |Channel IL(dB) | FitIL({dB) |[FOM_ILD (dB) &l ICN (mV)| ICR (dB)
(DER_0=1E-5)

Reflection |akinwale_3df 02 2209/C2M_PCB_93ohms_10dB 8.77 10.35 0.53 11.33 2.55 26.96
Reflection a_k Saved to U: Drive 2209/C2M_PCB_93chms_11dB 9.61 11.22 0.52 11.56 2.32 27.72
Reflection |akinware sur_uz 2209/C2M_PCB_93ohms_12dB 10.45 12.07 0.52 11.80 211 27.11
Reflection |akinwale_3df_02_2209/C2M_PCB_93chms_13dB 11.31 12.92 0.52 12.02 1.93 27.58
Reflection |akinwale_3df_02_2209/C2M_PCB_93chms_14dB 12.17 13.83 0.55 11.48 1.91 26.96
Reflection |akinwale_3df_02_2209/C2M_PCB_930hms_15dB 13.03 14.67 0.56 11.68 1.76 27.07
Reflection |akinwale_3df 02 2209/C2M_PCB_93ohms_16dB 14.73 16.33 0.57 12.03 1.50 26.75
Reflection |akinwale_3df 02 2209/C2M_PCB_93ohms_17dB 15.55 17.16 0.58 12.18 1.40 26.63
akinwale_3df 02_2208/c2M_PCB_93chms_18dB 16.42 17.98 0.59 12.33 1.30 26.28
akinwale_3df_02_2209/C2M_PCB_93chms_19dB 17.24 18.80 0.60 12.46 1.22 26.20
akinwale_3df_02_2209/C2M_PCB_93chms_20dB 18.11 19.62 0.61 12.59 1.15 25.65
akinwale_3df 02_2208/C2M_PCB_93chms_21dB 19.80 21.25 0.64 12.80 1.04 24.85
akinwale_3df 02_2208/C2M_PCB_93chms_22dB 20.63 22.06 0.65 12.89 0.99 24.66
akinwale_3df 02_2208/C2M_PCB_93chms_23dB 21.49 22.87 0.66 12.98 0.95 23.87
akinwale_3df_02_2209/C2M_PCB_93chms_24dB 22.33 23.68 0.68 13.06 0.92 23.57
akinwale_3df_02_2209/C2M_PCB_93chms_25dB 24.02 25.29 0.70 13.21 0.86 22.29
akinwale_3df 02 2209/C2M_PCB_93chms_26dB 24.87 26.09 0.72 13.27 0.84 21.46
akinwale_3df 02_2208/C2M_PCB_93chms_27dB 25.71 26.89 0.73 13.33 0.83 20.89
akinwale_3df 02_2208/C2M_PCB_93chms_28dB 26.56 27.70 0.74 13.38 0.81 20.06
IL, Xtalk |akinwale_3df 02_2209/C2M_PCB_93ohms_29dB 28.25 29.30 0.76 13.49 0.79 18.57
IL, Xtalk |akinwale_3df_02_2209/C2M_PCB_93chms_30dB 29.10 30.11 0.78 13.53 0.78 17.83
Rabinovich_C2M_200G_Ortho_19mil_092122 12.38 13.57 0.70 18.06 1.79 28.68
Rabinovich_C2M_200G_Crtho_67mil_092122 14.70 14.87 0.69 17.50 2.71 27.00
Rabinovich_C2M_200G_0Ortho_93mil_092122 14.17 14.81 0.95 15.36 2.83 24.90
Xtalk Rabinovich_C2M_200G_0Ortho_135mil_011723 13.35 14.99 0.96 15.20 3.39 22.24
Rabinovich_C2M_200G_Paral_19mil_092122 12.27 13.16 0.47 18.30 2.35 26.93
Rabinovich_C2M_200G_Paral_67mil_092122 13.32 13.91 0.50 17.90 2.87 26.79
Xtalk Rabinovich_C2M_200G_Paral_93mil_092122 13.44 14.12 0.67 14.98 NI 24.32
Xtalk Rabinovich_C2M_200G_Paral_135mil_011723 12.93 14.44 0.49 15.51 3.78 22.23
tracy_3df 02 2211 C2M_CONV_5padB_HOST 10.26 10.64 0.55 18.76 1.58 45.15
tracy_3df 02 2211 C2M_CONV_7p6dB_HOST 12.36 12.79 0.56 18.94 1.24 46.47
tracy_3df_02_2211_ C2M_CONV_14dB_HOST 18.78 19.18 0.62 19.19 0.64 49.12
tracy_3df_02_2211_C2M_NCC_HOST 10.43 11.09 0.41 15.27 2.28 28.52

COM (DER_0 = 1E-5, 30mm/8mm)

COM (DER_0 = 5E-5, 30mm/8mm)

COM (DER_0 = 1E-4, 30mm/8mm)

v

v

v

* This presentation does not intend to propose any channel specifications

* Therelative ERL, ICN, and ICR are compared under largely channel commonality:
e OSFP connector (possibly from the same contributor)
* Host type: CONV PCB (except one is NCC)

IEEE P802.3dj Task Force, May 2023

Package loss is ~7dB per 30mm, ~9dB total for 30mm+8mm.

Class IV EQ make
nearly every
channel pass

Source: https://www.ieee802.org/3/df/public/22_11/benartsi_3df_0la_2211.pdf
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Summary

e Established several “classes” of reference equalizers for relative
comparison purposes

e “Mild” (Class 1) to “spicy” (Class IV)

 Selectively reduced the number of AUI C2M channels for analysis in order
to focus baseline proposal development efforts

* Provided a relative comparison using COM with these reduced channels

e Class | EQ is not strong enough to pass most of the available channels, regardless of
the BER target

e Class Il EQ is ok for some medium-loss AUl channels. Class Il EQ is not strong enough
for higher-loss AUI channels

e Class lll EQ covers most of the available channels, regardless of BER target
e Class IV EQ make nearly every channel pass




Thanks!
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COM Reference Sheets for Class I/II/111/1V

*ERL and ICN parameters
** Make changes of Class I/1l/Ill/VI based on parameters listed in slide 6

IEEE P802.3dj Task Force, May 2023
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AUl C2M Loss Reminder

Medium Loss AUI C2M High Loss AUI C2M
Targets ~22 dB IL die-die e Targets ~36 dB IL die-die
NPO and constrained loss FPP * Primarily FPP
The COM reference transmitter and receiver models and * Reference receiver and transmitter models leveraged from
parameters are an evolution from 3ck, scaled to the higher 3ck backplane and copper cable, scaled appropriately

signaling rate

https://www.ieee802.org/3/df/public/22 11/lusted 3df 02 2211.pdf
https://www.ieee802.org/3/df/public/22 11/lusted 3df 03a 2211.pdf

IEEE P802.3dj Task Force, May 2023 20


https://www.ieee802.org/3/df/public/22_11/lusted_3df_02_2211.pdf
https://www.ieee802.org/3/df/public/22_11/lusted_3df_03a_2211.pdf

C2M Channel Summaries (1/3)

e TPO to TP1a IL range from

10.35dB to 29.56dB in
two different model
variants

e Host PCB length
e Host PCB impedance

Contribution: akinwale 3df elec 01 220921

Channel: akinwale_3df 01 2209, akinwale_3df 02 2209,

akinwale_3df 03 2209

IEEE P802.3dj Task Force, May 2023
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https://www.ieee802.org/3/df/public/adhoc/electrical/22_0921/akinwale_3df_elec_01_220921.pdf
https://www.ieee802.org/3/df/public/tools/c2m/akinwale_3df_01_2209.zip
https://www.ieee802.org/3/df/public/tools/c2m/akinwale_3df_02_2209.zip
https://www.ieee802.org/3/df/public/tools/c2m/akinwale_3df_03_2209.zip

C2M Channel Summaries (2/3)

e TPO to TP1a IL range from 10.64dB to
14.99dB in two different model
variants

e ASIC breakout topology
* Vialength

Contribution: rabinovich_3df elec_01b 220921,
rabinovich_3dj 01 230116

Channel: rabinovich_3df 01 2209, rabinovich_3df 02 2209,
rabinovich_3dj 02 230116, rabinovich_3dj 03 230116

200G PAM4 C2M Via Length Effect Study

Structure View & Insertion Losses

OSFP TP1a

Host PCB

e IL PCB+Conn

* Full Structure:
+ Two adjacent channels

» Matching segmentation meshing (i.e., common minimum element size)
+ Connector integrated with PCB

+ HCB is ideal transmission line with IL = 4 dB @ Nyquist

+« NEXT is evaluated at the ASIC model for more realistic results T U “
* Vias =19/67/93 mil long
+ Blind Vias o
+ Frequency Sweep Range = 10 MHz to 120 GHz

38
ERE
i

IL @ Nyquist (53.125 GHz)

Reflections Effect
Parallel Breakout Orthogonal Breakout

IL pcB+conn = 8.24/9.32/10.31 dB IL pcB+conn = 8.34/10.69/10.14 dB
IL HeB =4dB + ILHCB =4dB
IL TPO-to-TP1a = 12.27/13.32/13.44 dB IL TPO-to-TP1a = 12.38/14.69/14.17 dB

KEYSIGHT ‘

TECHNOLOGIES

Page 5

IEEE P802.3dj Task Force, May 2023
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https://www.ieee802.org/3/df/public/adhoc/electrical/22_0921/rabinovich_3df_elec_01b_220921.pdf
https://www.ieee802.org/3/dj/public/23_01/23_0116/rabinovich_3dj_01_230116.pdf
https://www.ieee802.org/3/df/public/tools/c2m/rabinovich_3df_01_2209.zip
https://www.ieee802.org/3/df/public/tools/c2m/rabinovich_3df_02_2209.zip
https://www.ieee802.org/3/dj/public/tools/c2m/rabinovich_3dj_02_230116.zip
https://www.ieee802.org/3/dj/public/tools/c2m/rabinovich_3dj_03_230116.zip

C2M Channel Summaries (3/3)

e TPO to TP1a IL range from
7.54dB to 19.18dB in two
different model variants

* Host type
 Host PCB length

Contribution: tracy 3df 02 2211
Channel: tracy_3df 02 2211 sparameters

Conventional Host

—
0
o

I
Connector + !

SMT footprint and breakout _J

+ Host Traces -

+ Module Traces H

Does NOT i
i

I

1

i

I

I

include package

!

Packaged ASIC

oo

+ OSFP SMT 200G Connector

* Host Footprint and via transition, 1mm via with ~5mil stub included

* Host Traces, 5" or 77 or 13" long [5.8mil wide], ~1.08dB/in loss at 53.125GHz
* Module Traces, 2" long [5.8mil wide], ~1.08dB/in loss at 53.125GHz

* BGA footprint + breakout

IEEE P802.3dj Task Force, May 2023
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https://www.ieee802.org/3/df/public/22_11/tracy_3df_02_2211.pdf
https://www.ieee802.org/3/df/public/tools/c2m/tracy_3df_02_2211_sparameters.zip

Coarse Selection via Impedance Corner

e TP1a-die (host) TDR

 Impedance mismatch among MCB-Conn-HCB in akinwale_3df 01 2209
(850hm) and are greater than 10%

akinwale_3df_01_2209/C2M_PCB_850hms_13dB

akinwale_3df_02°2209/C2M_PCB_930hms_13dB Rabinovich_C2M_200G_Ortho_19mil_092122

IEEE P802.3dj Task Force, May 2023




Two AUl C2M Host Losses

https://www.ieee802.org/3/df/public/22 10/motions 3df 221004.pdf

IEEE P802.3dj Task Force, May 2023
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https://www.ieee802.org/3/df/public/22_10/motions_3df_221004.pdf
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