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Background

* New test method of C2M TP1a EH/VEC had been adopted in 802.3ck D1p4
— Proposed in healey 3ck 02 1020
— EH/VEC specs in D1p4 are not valid any more

* Run COM analysis based on new method in D1p4 to derive new EH/VEC
specs
— Adopt similar analysisas wu 3ck 01a 1119
* Proposals for Table 120G-1
— VEC=12dB for TP1a
— EH =8 mV for TP1a
— M1 (samples_for_C2M) =100
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https://www.ieee802.org/3/ck/public/20_10/healey_3ck_02_1020.pdf
https://www.ieee802.org/3/ck/public/19_11/wu_3ck_01a_1119.pdf

Channel and Analysis

* Channel (crosstalk included) and reference receiver

— Whole-link & TP1a analysis for total nineteen IEEE C2M host-to-module channels

* Sweep host package trace length, z_p1(TX)
— z_p1(TX)=1[5:0.5:1011:1:20 22:2:36]
* Total 19 * 29 = 551 CH+PKG test cases

e COM parameter settings [details in appendix]

— COM 3.1
— Whole link: TX Device/PKG + H2M Channels + RX PKG/Device
C_d [1.2e-4 0.85e-4] nF [TH RX]
Ls [0.12012] nH [TH R¥]
C b [0.3e-4 03e-4 ] nF [TH R¥]
:_pselect [12] test cases to run
2_pITH) [#x ;1.818] mrm [test cases]
z_p (MEXT) [28 ;00] mrn [test cases]
z_p (FEXT) [x ;1.818] mrm [test cases]
z_p (R [28 ;00] mrmn [test cases]
Cp [0.57e-4 0.65e-4] nk [THRX]

— TP1la: TX Device/PKG + H2M Channels
* Set ‘zero’ to related RX PKG & on-die settings
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Impacts to COM, EH & VEC from New Test Method
Adopted by D1p4 — D1p3 vs. D1p4

* Considerations of the following parameter changes from D1p3
to D1p4
— EH/VEC methodology: T_O =25 - 50 mUI
— New parameters: samples_for C2M (Samples/Ul for C2m) = 100
e Observations

— EH & VEC does degrade based on new method

— EH & VEC values are sensitive to ‘samples_for C2M’, shall consider
values larger than 32
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Whole Link Analysis — COM Impact
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. 01a 08_2820_19 channels_TP0Oa_850h 3''850hm C2M_3p0in_850hm_thrul.s4p 139 241
= = ms_08222019.zip  4"850hm C2M_4p0in_850hm_thrul.s4p 139 247
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Since we had considered more
impairments to derive COM, EH
& VEC,
— Set 3 dB as COM threshold is
no longer valid

— Take into account of COM
impact from new method in
D1p4, COM threshold shall be
set as 1.8 dB for the following
analysis



TP1a Analysis — Impact to VEC & VEO (EH)

Tx7_L10
Tx7_L23

lim_3ck_01a_031 T3_L10

. lim_3ck_01_0319_c

2m.zip Tx3_L23

Tx7_Asic

Tx3_Asic

073119 ChSa_2"

lim_3ck_adhoc_O [ Ch5b_3"
1 lim_3ck_adhoc_02 Chse 4"
= _073119.zip =

Chsd_9"

2""1000h

akinwale_3ck_C2M m
_channels_TP0a_103"1000h
Oohms_08222019.zim

p 4'"1000h
akinwale_3ck_ad m
Gl ERD PPN akinwale_3ck_C2M 2''850hm
19 _channels_TP0a_85 3"850hm
ohms_08222019.zi
p
akinwale_3ck_C2M 2"950hm
_channels_TP0a_95 3''950hm
Ohms_08222019.zip  4"950hm

4"850hm

IEECE

112G_16dB_(QSFPDD+module
card)_TX7_L10
112G_16dB_(QSFPDD+module
card)_TX7_L23
112G_16dB_(QSFPDD+module
card)_TX3_L10
112G_16dB_(QSFPDD+module
card)_TX3_L23
112G_16dB_(QSFPDD+module
card)_TX7_Asic
112G_16dB_(QSFPDD+module
card)_TX3_Asic
Channel5a_Smaller_Pad_2inch_trace
Channel5b_Smaller_Pad_3inch_trace
Channel5c_Smaller_Pad_4inch_trace
Channel5d_Smaller_Pad_9inch_trace

C2M_2p0in_1000hm_thrul.s4p
C2M_3p0in_1000hm_thrul.s4p

C2M_4p0in_1000hm_thrul.s4p

C2M_2p0in_850hm_thrul.s4p
C2M_3p0in_850hm_thrul.s4p

C2M_4p0in_850hm_thrul.s4p

C2M_2p0in_950hm_thrul.s4p
C2M_3p0in_950hm_thrul.s4p
C2M_4p0in_950hm_thrul.s4p

D1p4 Dip3
11.32 7.79
12.13 8.64
10.51 7.54
11.69 8.42
12.93 9.10

12.73 9.18
13.12 10.00
13.48 9.81
12.64 9.58
12.69 8.92

11.17 8.31
11.12 8.27

11.73 8.57
12.17 9.17
12.50 9.19

12.60 9.46
11.55 8.56
11.44 8.54
11.88 8.85

1 | | VEC(dB) [ EH(mv) |
]

D1p4 D1p3
11.76 17.65
10.56 15.78
12.24 17.23
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Time Interval and Samples for C2M

* Time interval for eye
analysis
— D1p3: 25 muUl
— D1p4: 50 mUlI

* Samples/Ul for C2M
(take it as M1)
—  M1=[32100]

— VEC & EH difference is
1.46 dB & -2.97 mV
among M1 =32 & 100
under T_O =50 mUl

* We need to specify
M1 clearly

— Propose toset M1 =
100

4 IEEE

T_0 (mul | 25 | 25 | s0 |

p 32 100 32 100
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Summary of Impacts from New Test Method

* Difference of COM, VEC, & » Difference of VEC & EH by
EH (D1p4 — D1p3) different Samples/Ul for
C2M (100-32)

ven e len ___loveee

-1.21 dB 1.46 dB
VEC 3.24 dB EH -2.97 mV
EH -7.32 mV
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TP1a Analysis Observation

e Basedon M1=100

* VEC/EH performance variations
are higher in short channels,
comparing to long ones

* EH values of short and long
channels are separated into two
obvious groups

— We need to set EH (min) spec

carefully to avoid falsely failing
good short channels

 Solutions: do the correlation
to COM

4 IEEE
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EH/VEC vs. COM Correlation — Check Correlation

*  Take COM >= 1.8 dB as pass indicator

*  Correlation of COM and VEC/VEO

—  VEC (dB) is kind of correlated to COM in whole
link analysis, while EH (mV) doesn’t

— VEC:R2=0.73
—  VEO (EH): R2=0.03

TP1a Correlation: VEC vs. COM
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Which is better indicators? VEC vs. EH

— VECis a very good indicator for DUT performance

— EHis NOT strongly correlated to COM, especially
for short channels

Too high of EH threshold risks over-kill
good DUT

TP1a Correlation: VEO vs. COM
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Pass/Fail Analysis — Take False Ratio as Criterion

e Definitions of True/False-Pass/Fail

VEC <= pass threshold
(VEO >= pass threshold)

VEC > pass threshold
(VEO < pass threshold)

COM >=1.8dB True-Pass (TP) False-Fail (FF)
COM<1.8dB False-Pass (FP) True-Fail (TF)
b Fail /Pass Analysis for VEC
0.6 +
—— TF ratio
——FP ratio
0.5 ¢ FF ratio
—+— TP ratio
—O— False ratio
ISl
=
0.3+ 7]
0.2 +
0.1+ False ratio@ VEC = 12 (dB)
0

@lEEE

10 Ll

12
VEC Pass Threshold

13

14 15

Take COM >= 1.8 dB as pass indicator
*  Find VEC & EH thresholds to minimize False ratio
= FP + FF ratios
— VEC=12 dB with 14.70% False ratio

— EH =9 mV with 33.76% False ratio = quite high,
not a good indicator for performance

. Next: Combine two of them

Fail /Pass Analysis for VEO

0.7

k=] False ratio@ VEQ = 9 (mV)
]
ot
——TF ratio Eﬁ_"\
0.2 | —— FP ratio
FF ratio
—#—TP ratio
01} —&— False ratio /K—M/
0 —x———"”ﬁ/
5 10 115
VEO Pass Threshold
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Joint Correlation of VEC/VEO

* VEO-constrained VEC is adopted to conjunctively
combine separate pass/fail decisions

0.7

False ratio (VEO-constrained)

—&— VEO pass threshold = 5 (mV)
—&— VEO pass threshold = 6 (mV)
VEO pass threshold = 7 (mV) | |
—&— VEO pass threshold = 8 (mV)
~— VEQ pass threshold = 9 (mV)
VEQ pass threshold = 10 (mV)
—&— VEO pass threshold = 11 (mV) [
—e&— VEQ pass threshold = 12 (mV) |4
—=&— VEO pass threshold = 13 (mV)
VEO pass threshold = 14 (mV) | &
—&— VEO pass threshold = 15 (mV)

B

— The procedure adopted in D1p4

— Filtering samples that didn’t meet VEO
requirement = [5:15] mV

* Optimal false ratio converges at (with False ratio =
14.7%)
— VEC pass threshold =12 dB
— VEO pass threshold =8 mV | Convergence__\

Q: is EH (min) = 8 mV too small the value? 01 5 i i i i 1s

VEC Pass Threshold
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Increasing EH (min) doesn’t Help, but Hurt

* Increasing EH (min) from 8 mV to 12
mV, for example

— Actually over-kill good DUT (~15% False-
Fail ratio increase)

— No benefits to drop false-passed bad DUT
(nearly the same False-Pass ratio)

* The major indicator shall be VEC
(max) & keep EH (min) low enough to
avoid over-kill good Host DUT

* Analysis also shows -7.32 mV EH
decrease due to new method in D1p4
— EH (min) =15 mV as old method

4 IEEE

P802.3ck

Ratio

Fail/Pass Analysis under Varying VEO Pass Threshold: 8 vs. 12 (mV)
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| False ratio (VEO threshold = 12 mV)
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Summary & Proposals

* New TP1la test method impacts VEC & EH & we need new
thresholds in D1p5 to reflect that
— Impactto VEC& EH=+3.24dB & -7.32 mV

* Based on COM vs. VEC/EH correlation to derive the following
new thresholds for D1p5

spc  |pips b5

VEC 9dB 12 dB
EH 15 mV 8 mV
M1, samples_for_C2M N/A 100
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C2M Host-to-Module Channels for Analysis

® Short Channel
Long Channel

lim_3ck_01a_0319 lim_3ck_01_0319_c2m.zip
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0a_930hms_08222019.zip
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[} []
COM Settings — Whole Link (for COM Value)
Table 93A-1 parameters 0 control Table 33A-3 parameters Floating Tap Control
Parameter Setting Units | InfF i DIAGROSTICS 1 logical Parameter Setting Units M bg 0 012 or 3 groups
[ 53126 GEd DISPLAY_WINDOW 1 logical package_t_gammal_al_ad [00.0009909 0.0002772] M_bF 3 taps per group
f_rmin 0.05 GHz CSY_REFPORT Q logical package _t|_tau 6.41E-03 nsfmm N_t 40 =pan for floating taps
Delta_f 0.0 GHz RESULT_DIR SresultsH00GEL_C2M_hast_{dat package 2 o [875 875 ;925925 | Ohm bmarg 0.2 FE walue for Floating taps
C d [12e-4 0.352-4] nF [TH R SAVE_FIGURES 1 logical ICH 5 FOM_ILD farameters
Ls [0.2 042] nH [TH R Fort Order [iz4] v 1,594 *Fb for T4 [1ze-4 0] nF [T R
Ckhb [0.3e-40.3e-4 ] nF [TRR] RUNTAG C2M_ewal EF 0.534 GHz F_r specilied in first column| [0z nH [TERX]
2_p select [12] [test cases to run, COM_COMTRIEUTIO) [ logical in 1,594 GHz [0:2e-40] nF [T R
z_p[TH) [1216 ;1.5 1.8] mm [test cases] Local Search 2 [ 40 GHz [123) [test cases torun
z_p [MEXT) [28;00] mm [test cazes] Operational A ft 0,600 3 [278] mm [test cazes]
2_p [FEXT] [12 16 :1.818] mm [test cases) WEC Pass threshold B db &_nt 0.600 N [000] mm [test cases]
z_p[Rx) [25;00] mm [test cases] EH_min 15 my [278] mm [test cazes]
Cp [0.57e-4 0.65e-4] nF [THRH] EFRL Pazs threshold 73 dB [oonj mm [test cazes]
R0 50 Ohm DEF_0 0.00001 [00.57e-4] nF [T R
Fid [50 50] Ohm [TH ] T 0.0075 ns
A v 0415 W wpluf= B34 FORCE_TR 1 g Table g2-12
& fe 1415 Y uphub= £34 FMO_type oM Parameter Setting
A_ne 0603 Y EREAD_CRUMES [ logical board_t_gammal_al_ag| [0 3.5206e-0¢ 35309-05]
L 4 SAVE_CONFIGZMAT 1 logical bioard_t|_tau 000673 nzimm
[ 32 SampdU]| PLOT_CM [ logical hoatd Z_c 100 Clhm
samples_for_C2M 100 SampdU|| TDR and ERL options =_bp [TH] 407 mm
T0 50 mlll TOR 1 logical =_bp [MEXT) 407 mm
AC_CM_RMS [ Y [testcases] | [ 0.0235 0.0256] ERL 1 logical 2_bp [FEXT] 407 mm
filter and Eq ERL_DNLY [ logical =_bp [R¥) 407 mm
fr 0yg ‘b TR_TDR oo ns cuo 0 nF
o{0) 054 min [ 200 new 1 [ nF
of-1) [-0.2:0.02:0] [min: step:mas] beta_t [ upodated for D14 Include PCE [ logical
of-2) [0:0.02:0.1] [min:ztep:mar] rha_y g
of-3] 0] [min:step:maz] focture de By time [0 02e-9] |[portl port2]
o) [-0.1:0.02:0] [min: step:mas] TOR_ W _THPKG 1
T_b 4 0] T_be [ 0]
b_max(i) 0.4 s dffel Tukey_window 1
b_rmau(2..M_b) [cs 010 0.11] As/fdfe2 . N_b Receiver testing
b_minj1) [ wsfdffel F_CALIBRATION | [ [ logical
b_min(2..1_kb) [-0.15 - 0.05 - 005 ] s fdfe2, H_b SigmaEBNstep | BOOE03 | W
g OC [13:1:-0] dE | [minstepmaz] Noise,
[ 12.58 GHz sigma_F.J 1]
[ Ea) GHz 5000 1]
i_pZ = GHz eta_D 410E-08 W EiEHE
g OC_HF [30.50] [min-step:mas] SHR_TH 325 4B
|_HP_PZ 1381 GHz F_LM 135
G_Gual [2-9;-2-12-4-13;-6-13] dE ranges
G2_ual [01-2-3] EE] ranges
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Settings — TP1a

Table 93A-1 parameters 1}0 control Table 93A-3 parameters Floating Tap Control
Parameter Setting Units | Information DIAGNOSTICS 1 logical Parameter Setting Units M_bg 0 012 or 3 groups
fb 63125 GEd DISPLAY_WINDOW 0 logical package_tl_gammal_al_ag [00.00033030.0002772] M_bF 3 taps per group
F_min 0.05 GHz C5Y_REPORT 1] logical package tl_tau B.141E-03 nsfmm M F 40 =pan for floating taps
Delta_f 001 GHz RESULT_DIR | hresultsODGEL_C2KA_host_{dat: package 2 o [67.5 875 ;925925 | Ohm bmaig 0z FE value for Floating taps
Cd [1ze-4 0] nF [T R SAYE_FIGURES [ logical ICH & FOM_ILD
L= [0z nH [TERX] Port Order nzz4 fw 0.534 *Fb for TP4-- [12e-410] nF [T Rx]
Cb [0.2e-4 0] nF [T R RUNTAG C2M_ewal i f 1,594 GHz F_r specified in first column| [0:12 0] nH [T R
z_p select [12] [test cazes to run COM_CONTRIEUTICH [ logical in [ GHe [0.5e-40] nF [T Firt]
z_p[TH] [1218; 1.81.8] mm [test cases] Local Search 2 [ 40 GHz [123] [test cases bo run;
2_p [MEXT] [00,00] mm [test cases] Operational a_ft 0,600 v [273] mm [test cases]
z_p [FEXT] [12 16 1818] mm [test cases] VEC Pass threshold 3 db A _nt 0.600 v [000] mm [test cases]
z_p[RH] [00;00] mm [tezt cazes] EH_min 15 i [278] mm [test cases]
Cp [0.87e-4 0] nF [T Rx] ERL Pass threshold 73 dE [000] mm [test cases]
A0 50 Ohm DEF:_0 0.00001 [00.57¢-4] nF [TH R
Fd [5050] Ohm [THFr) T 00075 ns
Avu 0415 v vpluf= B34 FORCE_TR 1 5 Tabk 92-12
A fe 0415 v uphef- 634 PMD_type 2 Parameter Setting
&_ne 0605 v EREAD_CRUMEBS 0 logical board_t_gammal_al_a2| [03.8206e-04 3.5303e-05]
L 4 SAVE_COMFIGZMAT| 1 logical board_tl_tau 0.00573 nsimm
7] 32 SampiUl|] PLOT_CM [0 logical board Z_c 100 Ohm
samples_for_C2M 100 SampiUl TDR and ERL options 2_bp[TX) 407 T
T O A0 mill TOR 1 logiceal z_bp [MEXT] 407 mm
AC_CM_RMS [] W [test cases] |[0.0235 0.0256] EFL 1 logical 2_bp [FEXT] 407 mm
filter and Eq ERL_OMLY [ logical =_bp [Fir) 407 mm
Er 07s hi TR_TOR 0.0 ns cn 1] nF
(0] 054 min [ 300 new 1 [ nF
of-1] [-0.2:0.02:0] [min:step:mar] beta_x [ upodated for 1.4 Include FCE 0 logical
ol-2) [0:0.02:0.1] [min:ztep:max] rtho_% g
ol-3) [0] [min-step-maz] ficture de by time [0 0.2e-3] |[portl port2]
o{1) [-01:0.02:0] [min:stepsmas] TOR_'W_THPKG 1
[ 4 1] T_bx [ Ul
b max(i) 0.4 s Sfffiel Tukey_window 1
b_rmax(2..M_b) [ 000 0.11] asfdfel. N_b Receiver testing
b_min{1] 01 s fdffel FiX_CALIBRATION | [ [ logical
b_min(z..1_b) [-0.15- 0.05 - 0.05] asfdfez. N_b SigmaBBMstep | GO0E0Z | ¥
g OC [-43:4:-0] dE | [minstep:mas] Moise, jitter
fz 1258 GHz sigma_RdJ 0m ul
Epl o GHz A_OD 0.02 Ul
| p2 = GHz eta U 4.10E-03 W 2GHz
g DC_HF [-3:0.5:0] [min:step:max] SME_TH 325 dB
FHP P2 13J|1E GHz F_LM 0.95
G_Gual [2-9;-2-12;-4-12-5-13] :=] ranges
Gz2_Qual [0-2-2-3] dE ranges
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TP1a vs. Whole Link
Correlation

 VEC (dB) is kind of

correlated to COM in whole

link analysis, while the
correlation among EH (mV)
& COM is less significant
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= ChannelSa_smaller_Pad_Zinch_trace

* ChannelSb_Smaller_Pad_3inch_trace
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Pass/Fail Analysis — Take False ratio as criterion

e Definition of True/False-Pass/Fail »  Take COM >= 2 dB as pass indicator

. ) . )
S S Find VEC & EH thresholds to minimize False ratio

(VEO >= pass threshold)  (VEO < pass threshold) = FP + FF ratios
COM >=2 dB True-Pass (TP) False-Fail (FF) — VEC=12 dB with 16.33% False ratio
COM<2dB False-Pass (FP) True-Fail (TF) — EH =10 mV with 46.28% False ratio = quite high
e Fail /Pass Analysis for VEC . Fail /Pass Analysis for VEO
——TF ratio ’ H
——FP ratio
0.5 FF ratio El 0.5
—— TP ratio

False ratio@ VEO = 10 (mV)

—&9— False ratio o
0.4 1 0.4
] o
5 03 5 03 [S—7TF ratio
(-3 o .
——FP ratio
FF ratio
0.2 1 0.2 —#— TP ratio

—&— False ratio
False ratio@ VEC = 12 (d8)
0.1 1 0.1 =
5 ‘ , d/

10 11 12 1L:) 14 a5 5 7 L] 11 13 5
VEC Pass Threshold VEO Pass Threshold
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10 1 12
VEC Pass Threshold

13 14

o False ratio for VEC: VEO threshold = 5 (mV) - False ratio for VEC: VEO threshold = 6 (mV) o False ratio for VEC: VEO threshold = 7 (mV) - False ratio for VEG: VEO threshold = 8 (mV)
L — ———— 1 % e ——t
-
06 06 06 - 06
~ - TF ratio. = TF ratio ~ o TF
- = e e P raio e - Fpratio
.,  Hratla ratia FF at
- / oo - e frotia s g 05 T8 i
7 atio (vED-constrained) TF ratia (VED-constrained e ¥ ratio (VEO-comstrainec) / | TF raia (VEO-canstrainesd)
/ 77 o (VD consira i) i ato (w0 conmansad ¥ rtl (VD _comstiained / 1P o (O—comsrained)
FF ratio (VEQ-constraine  ratie VEO-comssraned) . FF atio (VED comsuained)
04 0.4 | TP ratia (VEO-comtrained) G4 = TF ratia (VEQ-canstrained) & | TP ratia (VEQ-constrained)
2 - fatse ratic ° g Falte ratio ] = false ] / o Falce rarin
F [—e—False ratio (VEO-constrainecy K 3
2
03 03 0.3 ?
02 0.2 0.2
o1 0.1 B
o 4 - _
9 10 12 14 15 15 10 1 12 1 14 15 10 1 12 14 15
VEC Pass Threshold VEC Fass Threshold VEC Pass Threshold
o o False ratio for VEC: VEO threshold = 11 (mV) o False ratio for VEC: VEO threshold = 12 (mV)
0.6 06
= TF ratio (VEO-comstramed)
"4 %7 o » - FP ratia (VED -constrained)
F FF ratso. ¥ ratio (VEO-constramed)
G / » TP tio o5 TP rtlo (VEO-comstraned)
—— TF ratio (VEO~constramed)
“ £ ratia (VEO-costramed)
~ FF raa (VEO-constrained)
04 TP ratio (VEO-constrained) ‘
e 0 fae ratio ]
& 2
03 .
02

12 13 14 15
VEC Pass Threshold

False ratio for VEC: VEO threshold = 13 (mV)

T o
7P ratio

10 1

12
VEC Pass Threshold

False ratio for VEC: VEO threshold = 14 (mV)

T ratio
¥ satio
FF ratio

* TP ratio
T ratio (VEO-constrained)
x -~ FP ratlo VEQ -canstrained)

~— FF ratio (VEO-constrained)
TP ratio (VEO-constrained)
- False ratio

False ratio for VEC: VEO threshold = 15 (mV)

07

TF o
PP atio
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