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212Gbps physical layer measurement validation
Objectives:

Priority: 1

EOEPNERVECEREIERNSNS00E A1 on PRBS13Qs

Core validation framework around an extension of clause 120G to 212G:
TP1a electrical validation. Taking into account current proposed (pick one) reference equalization strategies.
Jitter (4 measurements), VEC, ,

Priority: 2

Are clause 162 techniques viable at 212Gbps?

Goal: Collect above measurements with preliminary channels in mind.
212G, (HH-HL) Channel

If work-arounds are needed, document and discuss.
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Channel configurations used in this study:

Closest attainable physical proxies for:
CR/TP2 targeting (HH-HL) 22.35dB
C2M/TP1a targeting (HL-HL) ~33dB

Reference: https://www.ieee802.0rg/3/dj/public/23 11/diminico_3dj 01 2311.pdf pg9

v 2
MB0O67A-004
IS| Channel Board
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To L1
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TPOd Conditions:

seem  O0GHz 4BT

gznm Direct Measurement from outputs of generator’s remote head

MEMEY  Explicit clocking (no CDR, results in slightly higher Jitter values)
| Instrument grade TX with 700mV SE/ 1.4V Differential

7 TAP FFE (3 Pre)
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& om0 e _ . Approximate CR Channel:
Instrument Grade Host Loss
(M8067A-004-Trace 1) and
1mm based OSFP MTF

Assembly
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CR (TP2) Measurements, after 22dB channel used
|n p reV| Ous s | | d e T NoI™ | KEYSIGHT File Setup Measure Tools Apps Help ) futo B Gogle  Clear

Pattern Acquisition (100°%%)
Waveform

Conditions:
* 80GHz4BT
* Explicit clocking (no CDR) i — A—

* |Instrument grade TX (M8050) with
700mV SE/ 1.4V Differential

* NoTXFFE

Leveraging TP2/Clause 162 methods for
802.3djseemsreasonable.

Will likely want to revisit EOJ to leverage ' Output Jtter e
higher PLL frequency (e.g. 8+MHz) to —— T — -
eliminate pattern harmonic contributions TPp— wl Tow Output Jitter Histogram (All) Cyce Edge
from the measurement. ST e a—

Note: EOJ is high here (20mUI should be R

2x lower) and is a measurement T T T BT

aberratlon from the Strong 1’St (3'2M HZ) F:g:: L1 - 1-4:‘: r:1l:-:ll- — 156 mIJI- 1";’ rr':I_II.

and z’nd (6'4M HZ) pattern harmonlc that From LO - — 161 rnUI- 1;2 mIJI- 1;[! rr'||:II.

equivalent time instruments are uniquely @ims(al) | 2i7mul ' ' |

sensitive to. Qceoi(a) | 20mul

e oo et

More (1/2) —~ T i
(1, Details... Limits... [+]-] -140 mul 70 milt 140 I
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Channels (C2M) ): Instrument Grade Host Loss (M8067A-
004-Trace 2) and 1mm based Wilder OSFP MTF Assembly

-24.5015 dB
-16.7305 dB

[ COM r4.10 results - — x| 10.000 dB/div C2M Channel (30dB)
0.000 Sobal
v | A w '.JM"i]H e
20000 | %ur i\§ ”‘ ‘ H “

‘ |
-30.000

-40.000

Instrument based EH/VEC operations
here are very challenging. The high loss
(and associated RX EQ) introduces some
non-linear behavior.

60 Tap RX FFE+ 8 Tap DFE needed to get
anything useful here.

5 66.004 77.003 88.002 99.001 110 GHz 10.999 GHz/div

confié_com ieee8023 93a=df 200G_PAM4 RXFFE_C2M 12-18-2023 TDMODE_zero
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Single Clear

TP1A (30dB,
RXFFE(16/60) + DFE
(8)+ VEC@1E-4

Conditions:
« 80GHz 4BT
* Explicit clocking (no CDR)

* Instrument grade TX with 700mV SE/
1.4V Differential

* No TX FFE
* No RXCTLE

* No Input Referred Noise

Signals
| F4: DFE[F1] e |

* t. via Mueller-Muller

Optimize at a point (t;). Windowing [ curent] st
around this point causes worse VEC dué g :?:Zg e
to “canted” behavior of DFE outputs. = ' : '

17.9dB 43

Recommend revisiting methods in clause N
120E.4.3 (Vertical eye closure) or re- ® Annotztions  SEE
write to operate with MLSE.. )
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VEC revision (Proposed)

Abandonthe Mueller-Mullerfor t,

= Perform a best fit t, based on
:.:’;/: optimization of EH/VEC.

* i o

> — Continue Minimum EH criteria?

"...\\.‘ Just focus on VEC.




What If: We apply Clause 162 to TP27?
Jnu at 30+ dB is less of a headache than VEC
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Jitte r,“ Noise
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Wish List: Remove Rn effects from Jitter. If we want to keep it reference the fastest edge.
We already account for Rn in the Sigma-n calculation in SNDR, no need to account for it twice.
RSS average the Jnu composite in math. Don’t “Combine” the histograms (120D.3.1.8.1) just do math on individual Jnu scalars for the 12 edges and “do the right thing”
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Summary

* TP2 measurement techniques from clause 162 with “adjusted” limits
is effective and suitable to scale forward to 212.5Gbps with “minor”
changes.

* TP1a measurement techniques from clause 120G needs a very strong
reference receiver implementation to extract meaningful EH
measurements which are a precursor to VEC.

* Noise from this deep (60 tap RX FFE) is an issue and can be handled with
averaging.

* Additional dialogs around other equalization methods would be appropriate
here.

* C2M and CR, instrument grade Host Channel and 212.5Gbps MTF
S4P’s are available from this exercise that pass COM.



Backup-Notes

Work from previous contributions related to channel loss profiles and
COM tables.



212.5 Gb/s Measurement
with 30dB channel

“C2M channel condition” with a new channel

1 10.000 dB/ -30.000 dB

1M8042A PG

[ no Tx de-emphasis

iy, s | dM8067A-005-Trace 2
29dB @53.125GHz

(AN1000A+N1046A Sampling scope

- M" f

O Explicit Clock
. Case 1:Z p=(31:1:1:0.5, 20:1:105, 29:1:1:05, 31:1:1:0.5) (TX, RX,
NEXT, FEXT) ey (A SIRC: 80GHz 4t order Bessel
: COM =3.440 4B (pass)
! DER = 4.661e-05 at COM threshoki

W Inputreferred noise 6e-9V%/GHz

| PASS .. ERL = 14,899 dB (17.721 dB, 14899 dB)

[ ox_|




C2M measurement with - '

i E | waveform

15 taps FFE to open the eye @ R ——

* large noise enhancement (no Tx de-emphasis)

The measured noise margin i3 much smaller than the intrinsic channel noise.
Left [

INTNNsIC Cnannal noisa: LU My rms

* Eyes still closed at 1e-5 probability but
VEC/EH measurement possible at 1e-4
probability

* DDIJ/ISI-J main contributor to TJ Jitter
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11 plsjur
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12-edge Jitter measurement with 30dB channel

Jitter measurements (Jnu, Jrms, EOJ) possible after 30dB channel

(potential negative impact of CDR and Tx de-emphasis to be investigated)

S— : Asto [ Run le | cle V2] ‘ .
:. ¥y KE\V(SIGHT Hlé Setup MeasuTe lools Apps Help ol S 'single | Clear v X 1 '[-'!l.lu]l.lt ]lttEr

Waveform

; c: 2T} Rate: Pat. Length:

ntrinsic RN Removed:

Measurement To LD To LL
@ 13u (Al 215 mul
13u (RO3/F30) = 96mul
From L3 " 100mull  128mul] 250 mul|
——— R, From L2 - 103mul] 208 mul| 170 muil
i ' e 7 From L1 | 210mul | 17smull 115mul
| From LO . _ 245 mUI_ 116 rnLJI_ 92 mLII.
vt ter & ‘ | @ IJrms (All) 28 mul

Src (0 Rate: Pat. Length: Output Jitter Histogram (All) I

Intrinsic RN Removed: ] rrﬂs {RD:"}{F:'[])

Measurement Toto| Tou| Tor2| Tol3 ot

© J3u (All) 210 mul -

J3u (RO3/F30) 93 mul Frﬂrﬂ I_3 1740 E:_'i."-1- |T|L” "-1--1 |T|L”

From L3 96 mUI 129 mul 255 mul

From L2 106 mul 200 mul 170 mul | FrD“-I Lz E :"2 ||1L|I| E:E[] I‘l-ILJI E-II'[] |‘|'|L.||
From L1 215mul 185 mul 116 mul | | |

From LO 232mull 118 mul 89 mul \ _ ] L” o ] L” 11 o L]l In'line With jitter
_ / = 33.0nm 28 1 19.2 ;
" From L1 | S-S . A M measurement reported in

oo Gt 1] , o=  From LO s05mull 190mul 152 mul TP EETIYSIY

- -

) | @ EQT (ANl . 46mul | | | channel

January 03, 2024 IEEE 802.3dj Task Force : Report on 212.5Gbps TP2 and TP1a phy capabilities 16



212Gbps CR Channel Configurations

Reference : https://www.ieee802.org/3/dj/public/23_11/diminico_3dj 01 2311.pdf pg9

Passive Copper Channels

TP2 (HH-HL) 22.35dB worst loss (validate)

January 03, 2024

IEEE P802.3dj Annex xxxA (informative)

Flexible host architectures and cable assemblies HN-HN depicted
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Informative annex with inclusion of flexible host architectures and cable assemblies IL dB @53.125 GHz
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Figure XXXA—4—Die-to-die insertion loss at 53125 GHz

Cable
+2 *connectors L)

Cable Assem Link Configurations IL) TROd-TP2 IL (dB] | TP3-TP5d IL (dB (B} TP1-TP4 IL [dB] MTF IL [dB] |Die-to-die IL {dB)
CA-A HH-HMN 2235 17.35 12 18.3 9 40
CA-B HH-HL 22.35 12.35 17 23.3 ] 40
CA-B - depicted HM-HN 17.35 17.35 17 233 9 40
Ca-C HE-HL 17.35 12.35 22 28.3 k] 40
CA-D HIL-HL 12.35 12.35 27 333 8 40

9
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Channel loss summary references

(Prior contributions)
https://www.ieee802.org/3/dj/public/23 11/tracy_3dj 0la 2311.pdf

Proposed CR die-to-die Informative Annex - Insertion Loss @53.125 GHz, page 1

* Flexible host architectures and cable assemblies

Link Configurations IL (TX to RX)
Insertion Loss
Device Package Host-Low Host-Mominal Host-High Cable Assembly Cahble +
+ Host PCB 6.5d8 115 dB 16.5dB 2*Connectors
Host -Low 6.5 dB CA-ABLCD CA-ABLC CA-AB CA-A 12 dB
Host-Nominal 11.5 dB CA-AB,C CA-AB CA-A s 1748
st 22dB
st-High 16.5 dB CA-AB CA-A not supported CA-C
. cAD 17dB
Proposed baseline content
connector + MCB via is 2. 9=0-(2.7+3.4) - -
connector is 2.45; it was 2 in earlier version; 1 thought thals what you asked... Fost-High Hest-Low Host-Nominal Host-Low
On Tuesday, November 14, 2023 at 06-06:47 PM EST, cdimi0749@ a0l com <cdimiBdT49@ a0l com> wrote: TPOY 223548 2 L] S TPid TPOd 17.35.dB TP2 T3 12,36 ¢B TP5d
_ ] T g = ] =
= o = 2 & BB z s Hil= ] &
233 dB=1T+(Z'0 451221 | pevce || & %’ g wee | = 25, 27 || cevee Deice || 85, % = hos o 212, 28 || oo
wel || B2 9 |F[|| 2B RE || e we) || Z2° 8 |E E[2 2% || (s
TP1 L | St L | Rl ¥
TP4 = = —— — le— e
23 S e »= — 15 dE 14dB 3408 Lrt 6508
o CABs17de = — o CAc=224d8 -
o] (] n
s o= I <  » —Lnbl: assermibly able asseibly
MCE 8 Cable assembly 8 MCB = L T
= — —> = » == — =
I 12 68
MAX IL=40-(16.5+6.5)=17 d&
5 e
= MAX IL =40-{11.5+6.5)=22 dB
274dB I \Paddle | Wire Termmatlon/a 2748 { +6:5)
NOTE—The 16.5 dB and 6.5 dB ILdd NOTE—The 11.5 dB and 6.5 dB ILdd
includes allowance for BGA and connector footprint vias. includes allowance for BGA and connector footprint vias. *Host Losses predicated on MTF IL assumptions
On Tuesday, Movember 14, 2023 at 04:48:47 PM EST, Rick Rabinovich <iick rabingvichi@keysight com> wrobe: : 2
https://www.ieee802.org/3/df/ public/
12 adhoc/electrical/22_0502/
Note: Module compliance board (MCB) is not shown and is the subject of a separate proposal diminico_3df_01_220502.pHBslide 7
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COM table for CR (Slide 6

config_com_ieee8023 93a=df 200G_PAM4 RXFFE_CAKR_ 10-05-2023 60 60taps

Table 93A-1 parameters 1/0 control Table 93A-3 parameters SAVE _CONFIGZMAT | 1 |
Parameter Setting Units| Information DIAGNOSTICS 1 logical Parameter Setting Units Information Receiver testing
fh 106.25 GBd DISPLAY_WINDOW 1 logical | |package_tl_gamman_al a2 [0 0.0008455 0.000340225] RX_CALIBRATION | 0 [ logical
f_min 0.05 GHz CSV_REPORT 1 logical package_tl_tau 0.00644805 ns/mm Sigma BBN step 1 5.00E-03 | Vi
Delta_f 0.01 GHz RESULT_DIR Nresults\KRCR_1_[date}\ package 7 c [92 92 ; 70 70; 80 80; 100 100] Chm ICM parameters
C_d [0.4e-4 0.9e-4 11e-4;04e-4 08e-4 11e-d4][ nF [T RX] SAVE_FIGURES 0 logical z_p select [3] [test cases to run] fv 0.278 Fb
s [0.130.150.14;0.13 0.150.14] nH [T RX] Port Order [1324] 2p(TX) [9253141;11 11;1111;0505 0505 ]| mm [test cases] ff 0.278 Fb
C_b [0.3e-4 0.3e-4] nF [T RX] RUNTAG CRKR_eval_ z_p (NEXT) [7 2227938;11 11; 111 1;0505 05 05 ]| mm [test cases] fn 0.278 Fb
RO 50 Ohm COM_CONTRIBUTION 1 logical z_p (FEXT) [9253141;11 11; 111 1;0505 05 05 ]| mm [test cases] £2 61.625 GHz
R d [ 50 50] Ohm [TX RX] 2 p(R¥) [7222939:11 11;1111;0505 05 05 ]| mm [test cases] Aft 0.450 v
A v 0.413 \'i vpivf= TDR and ERL options Cp [D.5e-4 0.5e-4] nF [T¥ R¥] A_nt 0.450 \'i
A fe 0.413 v vpivf= TDR 1 logical
A_ne 0.45 v ERL 1 logical Filter: Rx FFE Parameter Setting
L 4 ERL_ONLY 0 ns fie_pre_tap_len 6 Ul board_tl_gamma0_al_al p.44084=-4 3.6036e- 1.4 dhb/in @ 53.125G
M 32 TR_TDR 0.01 ffe_post_tap_len 60 Ul hoard_tl_tau 5.790E-03 ns,/mm
filter and Eq N 5000 logical ffe_tap_step_size 0 board_Z ¢ 100 Ohm
fr 0.58 *h TDR_Butterworth 1 ffe_main_cursor_min 1 z_bp (TX) 32 mm
c{0) 0.54 min beta_x 0 ffe_pre_tapl_max 1 z_bp [NEXT) 32 mm
cf-1) [-0.4:0.02:0] [min:step:max] rho_x 0.618 i st_tapl_max 1 z_bp (FEXT) 32 mm
cf-2) [ 0:02:01] [min:step:max] TDR_W_TXPKG 0 ul ffe_tapn_max 1 z_bp (RX) 32 mm
cf-3) 1] [min:step:max] N_bx 20 co [D.2e-4 0] nF
cf-4) 1] [min:step:max] fixture delay time [o0O] Operational C1 [D.2e-4 0] nF
cf1) 1] [min:step:max] Tukey_Window 1 ERL Pass threshold 10 dB Include PCB 0 logical
N_b 1 Ul Moise, jitter COM Pass threshold 3 db Seletions (rectangle, gaussian,dual_rayleigh,triangle
b_max{1) 0.75 Az jdffel sigma_RJ 0.01 Ul DER_O 1.00E-04 Histogram_Window_W e'lght| gaussian | selection
b_max(2..N_b 0.3 As/dfe2 .N_b A DD 0.02 W2 /GHz Tr 0.00400 ns ar 0.02 | ul
b_min(1) 1] As/dffel eta_0 6.00E-09 dB FORCE_TR 1 logical
b_min{2..N_b) -0.15 5 As/dfe2 .N_b SNR_TX 33 PMD_type C2C Floating Tap Control
g DC [-15:1-3] dB |[min:stepimax] R_LM 0.95 EW 1 N_bg 0 012or3groups
fz 25.16 GHz MLSE 0 logical M_bf 4 taps per group
f pl 40.00 GHz |henart5'|_3df_013_221]2.4 dB,5.8dB,7dB,9.1dB ts_anchor 1 N_f ] Ul span for floating taps
f_p2 56.00 GHz | mli_3df_02_220316 | sample_adjustment [-212] bmaxg 0.2 max DFE value for floating taps
g DC_HP [-5:1:0] [min:step:max] healey_3dj_01_2309 slide & rounded up Local Search 2 B_float RSS_MAX 0.2 rss tail tap limit
£ HP_PZ 1.328125 GHz [ lim_3dj_pa 2300 | N_tail_start 61 (U1) start of tail taps limit
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COM table for C2M (Slide 8

config_com_ieee8023 93a=df 200G_PAM4 RXFFE_C2M 12-18-2023 TDMODE_zero

Table 93A-1 parameters 1/0 control Table 93A—3 parameters SAVE_CONFIGZMAT 0
Parameter Setting Units Information DIAGNOSTICS 1 logical Parameter Setting Units Information Receiver testing
fhb 106.25 GBd DISPLAY_WINDOW 1 logical package_tl_gammal_al_al [Se-4 0.00065 0.0003] R¥_CALIBRATION 0 logical
f_min 0.05 GHz CSV_REPORT 1] logical package_tl_tau 0.006141 ns/mm Sigma BBN step 1 5.00E-03 W
Delta_f 0.01 GHz RESULT_DIR Aresults\C2M_{date}\ package 7 c [92 92 ; 70 70; 20 80; 100 100] Ohm ICN parameters
c.d [0.d4e-4 0.9e-4 11e-4;04e-4 09e-d4 11e-d4]| nF [T¥ RBX] SAVE_FIGURES 1] logical z_p select [1] [test cases to run] v 0.588 Fb
Ls [0.130.150.14;0130.150.14] nH [TX R¥] Port Order [1324] z_p (TX) [8243045;11 11;1111;0505 0505 ] mm [test cases] £f 0.278 Fb
Cb [0.3e-4 03e4] nE [TX RX] RUNTAG M TP1a_COMTD_MODE z_p (NEXT) [8888,0000;0 000 ;0 000 ] mm [test cases] fn 0.278 Fb
RO 50 Ohm COM_CONTRIBUTION 0 [1ogical z_p (FEXT) [8243045;11 11;111 105050505 ] mm [test cases] [ 51.625 GHz
R_d [ 45 45] Ohm [T% BX] Operational 7_p (RX) [8888;0000:0 000 ;0 000 ] mm [test cases] Aft 0.450 v
Av 0.386 W vp/vi= ERL Pass threshold 10 dB Cp [0.4e-4 0.4e-4] nF [T% RX] A_nt 0.450 W
A fe 0.386 v vpvi= COM Pass threshold 3 db Floating Tap Control
A _ne 0.6 v VEC Pass threshold 12 my 0 012or3groups Parameter Setting
L 4 DER_O 2 50E-05 4 taps per group board_tl_gamma0_al_al|[0 6.44084e-4 3.6036e-05]|1.4 db/in @ 53.125G
M 32 Tr 4.00E-03 ns 50 Ul span for floating taps board_tl_tau 5.790E-03 ns/mm
filter and Eq FORCE_TR 1 logical 0.2 max DFE value for floating tap board_Z c 100 Ohm
fr 058 *h Min_VEO_Test 0 my B_float_RSS_MAX 0.1 rss tail tap limit z_bp(TX) 32 mm
c(0) 0.55 min PMD_type C2M N_tail_start 51 (U1} start of tail taps limit z_hp [NEXT) 32 mm
cf-1) [-0.4:0.02:0] [min:step:max] EH_min -100 Value Filter: Rx FFE z_bp (FEXT) 32 mm
cf-2) [ 0:02:01] [min:step:max] EH_max 1000 Value ffe_pre_tap_len 6 ul z_bp [RX) 32 mm
c(-3) 0 [min:step:max] TO 50 mUl ffe_post_tap_len 50 Ul [olls] [0.2e-4 0] nf
cf-4) o [min:step:max] samples_for_C2M 100 amples/Ul ffe_tap_step o C 1 [D.2e-40] nf
c(1) [-0.2:0.050] [min:step:max] EW 1 ffe_main_cursor_min 0.7 Include PCB 0 logical
N_b 1 ul MLSE 0 fi _tapl_max 0.7 Seletions (rectangle, gaussian,dual_rayleigh,triangle
b_max(1) 075 TDMODE 1] ost_tapl_max 07 Histngram_W'mdDw_We'lgl‘i gaussian selection
b_max(2..N_b) 1 TDR and ERL options tapn_max 0.7 Qr 0.02 | ul
b_min{1) o g TDR 1 logical backoff o
b_min{2..N_b) -0.15 5 As/dfe2 N_b ERL 1 logical
g DC [-15:1-3] dB [min:step:max] ERL_OMNLY 1] ns
fz 25.16 GHz TR_TDR 0.01
f pl 40.00 GHz N 1000 logical
f p2 56.00 GHz TDR_Butterworth 1
g DC_HP [-5:1:0] [min-step:max] heta_x 1]
£ HP_PZ 1328125 GHz rho_x 0.618
Butterworth 1 logical]l includein fr TDR_W_TXPKG 1] Ul
Local Search 2 MN_bx 20
Force Peak Sample 1 fixture delay time [oo]
sor Minus Precursog| o Tukey_Window 1
sample_adjustment [-16:16] Noise, jitter ul
sigma_RJ 0.01221875 Ul minutes_3cwdfdj_2309_unapproved
A_DD 0.0286875 Ul benartsi_3dj_01_2311
eta_0 0.00E+00 VA2 /GHZ mli_3df_02_220316
SNR_TX 34 dB
B_LM 098 dc24 pg dea work
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