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IEEE 802.3ck Receiver Input Test First Results

* Near-end host input test and module input test setups
* Overview
« Tx characterization
« Channel characterization

* Methodology
* Results

* Discussion/Recommendations
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Experimental setup — stressed input test

HOST INPUT NEAR-END TEST

Stress signal and equipment calibration

Mated MCB-HCB (vendor B)

MB8045A PG

Cable de-embeded in scope

2 or 3 pre-cursors, 1 post-cursor Skew corrected in scope

53.125Gbaud PAM4 (max 1.8V diff pp)
Inject SJ, RJ

CTLE autotune Internal CDR
4-Tap DFE

40GHZ Butterworth filter

Input Rx referred noise

_ 6dB IL@26.5625GHz

\ 4

7.8 dB IL@26.5625GHz Per eye measurements
< - VEC(le-5 BER)
- EH, EW (le-5 BER)

v
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Rx input test

Stress signal and equipment calibration

804 P Mated MCB-HCB (vendor B)

Cable de-embeded in scpe

2 or 3 pre-cursors, 1 post-cursor Skew corrected in scope  CTLE autotune Internal CDR
53.125Gbaud PAM4 (max 1.8V diff pp) 4-Tap DFE
Inject SJ, RJ . 40GHZ Butterworth filter
17 dB IL@26 SéZSGHz Input Rx referred noise
18.75dB IL@26.5625GHz Per eye measurements

v

. VEC(le-5 BER)
- EH, EW (le-5 BER
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Tx Characterization

Device Device !

package |
_ |
iﬂ SLi<p= |
Package-to- : skin bJ
board interface | |
Id >

Transmitter test fixture '

Figure 163-3—Transmitter test fixture and test points

TPO to TPOv replica trace embedded in
the scope for Tx measurement
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Parameter

S

Transition
time

J4u

Jrms

RLM

SNDR

Reference to

Table 23-13

within spec
within
spec
within spec
within
Spec
> 31dB

Table 23-13. Host-to-Module Electrical Recommendations at TP0a

Parameter Symbol Min. Max. Unit Conditions
Baud Rate 36.0 58.0 Gsym/s
Differential Violtage, pk-pk T_Vdiff 750 - mv See Note 1
DC Commeon Mode Voltage T_Vem -0.3 2.8 \ See Note 2

Differential Termination

Resistance Mismatch T_Rdm B 10 % at 1 MHz
Differential Return Loss T sbp22 Equaton | 4p at TPO
Transition Time: 20% to 80% T tr, T_{f 6.5 - ps With emphasis off
Common-mode return loss T_Scc22 5 - dB
31,
Common Mode Noise, RMS T_Ncm - 12 mv
Uncorrelated Jitter RMS
| | (standard deviation of the T_Jams 0.023 Ulpms See Note 3
probability distribution)
Uncorrelated Jitter (time interval
| |from 0.005% to 99.995% of the T_Ja 0.118 ul See Note 3
probability distribution)
Even-Odd Jitter (EQJ) T_EOJ 0.019 Ul
See Section 17.3.1.6.4
comments 325 : dB for definition

it TP1a. Minimum voltage can be lower for low loss

ng or floating load.
PAM4 Section 17.3.1.7

include 50mul
sinusoidal jitter
@40MHZ



Channel Characterization

HOST INPUT NEAR-END TEST
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COM Output (ver 2.93):

- FOM_ILD: 0.0742
« COM(dB): 6.0293
* ERL22(dB): 13.5598

ERL11(dB): 12.5234



Channel Characterization

MODULE INPUT HIGH-LOSS TEST
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COM Output (ver 2.93):
* FOM_ILD: 0.1816

e COM:3.736dB

« ERL22(dB): 13.2508

« ERL11(dB): 13.2508



Methodology

|.  Signal generation

1. Inject Sinusoidal Jitter 50mUl @ 40MHz to the clean signal

2.  Characterize Tx at TPOv

3.  Run COM(ver 2.93) with excel sheet and s-parameter file of the thru channel
. Take over calculated Tx de-emphasis

4, Digital equalizer optimization
. CTLE autotune
. DFE optimized for each configuration
. Metric: min VEC

. Stress signal calibration
1. Adjust amplitude & inject RJ
. Metric: EH@1e-5 (D1.3 values), EW@1e-5

. Target values: EH following D1.3, EW 190mUI (Host input) (TBD in D1.3)
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Results

STRESSED HOST INPUT, NEAR-END CALIBRATION

-Nn a- _
B8 k-n1000a-80344 O X

e Stresse.d Eye Setting:
KEYSIGHT Under Remote Control WEZ L 0 < ks s AmplltUde 229 mV

« Txtaps: (0.0, 0.05, -0.20, 0.74, -0.01)

1 Histogram (Eye 0/1) - « CTLE:-2dB,-0.5dB

» SJ: 57.4 mUI (for maximum J4u and
maximum Jrms)

DD Histogram (Eye 0/1) . Composite T) Histogram (Eye 0/1) Crc Ere * RJ:5.66 mUl

Jitter/Noise

Stressed Eye Output
—— « Eye Height: 24 mV
T « Eye Width: 190 mUI

Measurement Eye 0/1 Eye 1/2 Eye 2/3

Eye Width (1.0E-5) | 194 mul 204 mUl 186 mul — ° VEC : 8 . 30 d B > 7 . 5d B

Eye Height (1.0E-5 26.2 mV| 26.9 mV 246 mV
ye Height ( )| | F2: DFE[F3]

VEC (1.0E-5) 2.00dB 7.73dB 8.30 dB)|
Eye Skew ' 8 mul| oul oul
TJ (1.0E-5) [ sosmul  7es5mui s15muIl
DI (3 -8) . 710 mul 695 mul 715 mul|
RI (rms) ' 13mull  135mul 125mul
BUJ (B - &) . 30 mLJII 30 mul 35 mUI.

e e

H (w)

B @
Remove s2p . !::
@ o SS~W)- B Nosse/Jtor @ ' @ OFE

H (o)

Remove s2p
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Results

B8 k-n1000a-80344
SESQc =L

Jitter/ Noise

RJ/PJ Histogram (Timing Only)

-73.0 ml our

DDJ Histogram (Eye 0/1)

-450 il

Eye
Src: F2  Rate: Pat. Length:
Measurement Eye 0/1 Eye 1/2

Eye Width (1.0E-5) 76 mul 106 mul

Eye Height (LOE5) [ 142mv]  215mv

VEC (1.0E-5) | 16.6 dB| 13.2dB

Eye Skew -2mul 2 mul|

TJ (1.0E-5) | 915 mul 890 mul

DI (3 -8) 220 mul| 200 muI|
RJ (rms) 12mul 12mul
BUI (& - 8) 45 muUl 50 mUl

NNl fn ol S94A mlll Zan mlil

More (1/2) Detzils... Limits...

CDR
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KEYSIGHT File Setup Measure Tools Apps Help e

156.141.73.48

=
Scale Single Clear

TJ Histogram (Eye 0/1)

73.0 muI | -550 muI ouI

Cyde Eye Composite TJ Histogram (Eye 0/1)

-550 rmlJI

450 miJL
|

PROB TF SP
Eye 2/3

92 mul
21.0mV

13.6 dB)|

-2 mLJI.
910 mul|
810 mLJI.

12 mLJI.

45 mUI.

ong mill

550 mlI

Cydle Eye

S50 kT

Waveform

STRESSED MODULE INPUT, HIGH-LOSS CALIBRATION

Stressed Eye Setting:

« Amplitude: 900 mV

« Txtaps: (-0.01, 0.06, -0.22, 0.68, 0.03)

« CTLE:-5.5dB, -2 dB

« SJ: 57.4 mUI (for maximum J4u and
maximum Jrms)

« RJ: OmuUI

Stressed Eye Output

« Eye Height: 14.2mV

« Eye Width: 76 mUI

« VEC: 16.6 dB > 9.5dB

H (w)

Remove s2p [ @ .
_- @ I Ngmer

- o 152 o 1
(@)

Remove s2p




Looking for the Bottleneck

STRESSED MODULE INPUT, HIGH-LOSS CALIBRATION - ,IDEAL EQUALIZER“#1

E;g_rsors\%bedded channel S4p on DCA o Stressed Eye Setting:

eNBEE U000 : Amplitude: 800 mV
) Tx taps: (0, 0., 0, 1, 0)
RJ/PJ Histogram (Timing Only) T) Histogram (Eye 0/1) N 0 CTL E

SJ: 57.4 mUI

-100 mul oul 100 mI | -490 ml 0 UL 490 T

) - DDJ Histogram {Eye 0/1) Cyde Eye Composite TJ Histogram (Eye 0/1) Cyde Eye St reS S ed Ey e O u t p u t

.. « Eye Height: 113mV

. Eye Width: 138 mUI

=380 muUl oul 380 mUl 8T SRR Do)

fe - Wavetorm « VEC:13dB > 9.5dB

Src: Rate: Pat. Length: PROB TF SP ™

Measurement Eye 0/1 Eye 1/2 Eye 2/3 ¢ 9 ReSIduaI ISI ClOS'ﬂg the eye
Eye Width (1.0E-5) 138 mul 196 mul 176 mul

Eye Height (LOE-5) | 113.0mV|  1505mV|  1285mV Sign

VEC (1.0E-5) [ 13008 1098 12008
Eye Skew ' amul| oul Amul
TJ (1.0E-5) [ esomu|  soomw|  s2omui
DI (3 - ) 680 mul [ix! 640 mul
RJ (rms) ' 23 mul 23 mul| 23 mul
BUJ (3 - &) 15 mul 10 mul

Details... Limits...

More (1/2)
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Looking for the Bottleneck

STRESSED MODULE INPUT, HIGH-LOSS CALIBRATION

De-embedded channel S4p + 4-taps DFE

B8 «-n1000a-80344 - | <

SRS wELO00F
e

[T KEYSIGHT File Setup Measure Tools Apps Help

Graphs

RJ/PJ Histogram (Timing Only) TJ Histogram (Eye 0/1) Cycle Eye

iP.J
ararn
DDJ Histogram 0 UL S0l

SO0 Ul

DDJ Hl':togram (Eye 0/1) Composite T Histogram (Eye 0/1)

Cycle Eye
J Histograrm ﬂ E
0Lur 500 rlJI
® RyPI [}
) 10

Eye Waveform
Src:(E Rate: Pat. Length:
Measurement Eye 0/1 Eye 1/2
Eye Width (1.0E-5) | 130 mul |

: 1465 V] 104 & y 0 v Signals

5;??3:1;5()1,[)55) | 149.5 mV 94.5 m 3.0 mn.-_ F*I;l;lE[Fl] —
Eye Skew
T1 {1.0E-5)
DI (8- 3)
RJ ({rms)
BUJ (& - 5)

PR

k) Details... Limits...

CDR

-
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Stressed Eye Setting:

* Amplitude: 800 mV

« Txtaps: (0,0.0,1,0)
* No CTLE

« SJ:57.4 mUI

Stressed Eye Output
« Eye Height: 150mV
« Eye Width: 130 mUI
« VEC: 10.3 dB > 9.5dB

-> Getting closer to the standard

- ,IDEALEQUALIZER" #2



Looking for the Bottleneck

STRESSED MODULE INPUT, HIGH-LOSS CALIBRATION

De-embedded channel S4p + 5-taps FFE (3 pre)

B k-n1000a-80344

2 ESTRLI00F

Tl KEYSIGHT File Setup Measure Tools Apps Help

RJ/PJ Histogram (Timing Only)

-

DD Histogram (Eye 0/1)

|, |

Src: P9 Rate: Pat. Length: PROB TF SP
Measurement Eye 0/1 Eye 1/2 Eye 2/3

Eye Width (1.0E-5) 136 mul 180 mul 154 mUl

Eye Height (1.0E-5) 163.5 mV/ 177.0mV 175.0 mV

VEC (1.0E-5) I

Eye Skew

TJ (1.0E-5)

D1 (5 -B)

RJ (rms)

BUI (5 - 5)

P

Al ) Detzils... Limits...

” 254 myy
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156.141.73.48
n Si

T Histogram (Eye 0/1) Cycle Eye

L_Im

ol 500 muUL
Composite TJ Histogram (Eye 0/1) Cycle By

500 miJL

:rr! el
our =0
¢ RfP [»/0))

Waveform

Stressed Eye Setting:

* Amplitude: 800 mV

« Txtaps: (0,0.0,1,0)
* No CTLE

« SJ:57.4 mUI

Stressed Eye Output
« Eye Height: 18mV
« Eye Width: 90 mUl
« VEC: 11 dB > 9.5dB

- No improvement vs. DFE

Linear Equalizer

- ,IDEAL EQUALIZER" #3



Discussion/Recomendations

STRESSED INPUT TEST — RESULTS OVERVIEW

. Facts
d  Mismatched with standard requirements even though channel & Tx are compliant
O Injected Sinusoidal Jitter affect
O Eye Width (~50mUI reduction)
d VEC (from 1.5-4dB degradation observed depending on channel)

II. Open questions
d  Any assumptions made for simulation than cannot hold in experiment
O Does COM take refection into consideration?
d  Anything else?
d Do VEC targets includes impact of 50mUl SJ?
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Discussion/Recomendations

STRESSED INPUT TEST — RESULTS OVERVIEW

.  Recommendations
O perform simulation with this same test channel to compare results to empirical data.
0 Host stressed input VEC changed from 7.5dB to 9.5dB to allow acceptable margin.

Draft Amendment to IEEE Std 802.3-2018 IEEE Draft P802.3ck/D1.3
IEEE P802.3ck Task Force name Task Force 1st September 2020
Table 120G—6—Host stressed input parameters 13
14
Parameter Value 13
16
| Far-end ESMW (eve symmetry mask width) TIBD Ul 17
| Far-end eye width TBD UI }g
Applied peak-to-peak sinusoidal jitter Table 120G-7 20
| Far-end eye height 24 mvV 3,1’
| Far-end vertical eye closure I 7.5 dBI 5;
24
0 Module stressed input VEC should be relaxed from 9.5dB to a mean value of 12.5dB
Table 120G-9—Module stressed input parameters :6
31
Parameter Value 32
ESMW (Eye symmetry mask width) BD ur ‘:;
Eye width 8D ur ::2
Applied pk-pk sinusoidal jitter Table 120G-7 37
Eye height 15 mvV ig
VEC (max) f 95dB ! 40
VEC (min) 9.0dB jé
43
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