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802.3ck C2C Assumptions and Investigations

Observations
*  802.3ck C2C s similar to LR where end-to-end link performance is evaluated.
*  802.3ck C2C differs from LR where C2C link is shorter and simpler, e.g. up to 1 connector

. 3 sets of C2C channels were contributed and studied:
— 100G C2C-S Channel Estimate: http://www.ieee802.org/3/ck/public/19 07/lim 3ck 04 0719.pdf [1]

— Examples of C2C Channels With Impairments 10dB 16dB 18dB 20dB Test Cases:
http://www.ieee802.org/3/ck/public/adhoc/julyl0 19/rabinovich 3ck adhoc 0la 071019.pdf [2]

— Channel Models for 100 Gb/s, 200Gb/s, 400 Gb/s C2C AUI:
http://www.ieee802.org/3/ck/public/19 05/gore 3ck 0la 0519.pdf [3]

Investigation in this study
. Investigate C2C reference TX and RX architectures
. Investigate 2 die termination resistance
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106Gbps C2C COM Reference RX Scheme

* Use current trending LR reference RX as a *  RX(cont.)
Starting pOint with DER_O = le-5 — DFE Configuration
° TX e 4~12 fixed post-taps
DFE f.: Fixed Taps: Tap 1 £0.85, others<0.2
—  T_r=6.16ps, A_DD = 0.02Ul, sigma_RJ = 0.01Ul ep coelFixed faps: fap 4 0,85, ofhers <
_ TXEQ * Package/TX/RX Capacitance and Termination
« 2 or3 pre-taps + 1 post-tap —  Length: [13/7,31/13, 13/11, 31/29]mm (TX/RX)
—  RLM=0.95, SNR,=33dB T-line + 1.8mm PTH

* T-line/PTH parameters: a1=0.0009909, a2=

* RX 0.0002772, tau=6.14e-3 ns/mm, Zc;.,,.=87.5Q,
— RXinput referred noise (eta_0): 8.2e-9 V2/GHz ZCp7y=92.5Q
— Equalization — Rd: 45 or 50 Ohms
« CTLE

— f z=f pl1=21.25GHz
— f_p2=53.125 GHz
— f_HP_PZ: 0.664 GHz
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802.3ck C2C COM Configuration
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VLR 1/0 control Table 93A-3 parameters
parameters
Parameter Setting Units Information DIAGNOSTICS 0 logical Parameter Setting Units
fb 53.125 GBd DISPLAY_WINDOW 0 logical package_tl_gamma0_al_a2 [0 0.0009909 0.0002772]
f_min 0.05 GHz CSV_REPORT 1 logical package_tl_tau 6.141E-03 ns/mm
Delta_f 0.01 GHz RESULT_DIR L;etse“}‘\ts\loer"—KR— package_Z_c [87.587.5 ;92,5925 ] ohm
C_d [1.2e-41.2e-4] nF [TX RX] SAVE_FIGURES 1 logical
Ls [0.12,0.12] nH [TXRX] Port Order [1324] Table 92-12 parameters 52d8.at
Cb [0.3e-40.3¢-4] nF [TXRX] RUNTAG KR_eval_ Parameter Setting
z_p select [1,2,3,4] [test cases to run] COM CONTRIBUTION 0 logical board_tl_gamma0_al_a2 [0 0.000599 0.0001022] 1.286 dB/in or 0.0506 dB/mm at 100 ohms
z_p (TX) [13311331; 1.81.81.81.8]] mm [test cases] Operational board_tl_tau 6.200E-03 ns/mm
z_p (NEXT) [7131112; 1.81.81,81,8] mm [test cases] COM Pass threshold 3 dB board_Z_c 90 Ohm
z_p (FEXT) [13311331; 1.81.81.81.8]] mm [test cases] ERL Pass threshold 10 dB z_bp (TX) 102.7 mm
z_p (RX) [7131129; 1.81.81.81.8] mm [test cases] DER_O 1.00E-05 z_bp (NEXT) 102.7 mm
Cp [0.87e-40.87e-4] nF [TX RX] T_r 6.16E-03 ns z_bp (FEXT) 102.7 mm
R_O 50 Ohm FORCE_TR 1 logical z_bp (RX) 102.7 mm
R_d [5050] Ohm [TX RX] Include PCB 0 logical
A_v 0.413 \ vp/vf=.694 TDR and ERL options
A_fe 0.413 Vv vp/vf=.694 TDR 0 logical Floating Tap Control
A_ne 0.608 \ ERL 0 logical N_bg L] 012or3groups
L 4 ERL_ONLY 0 logical N_bf 3 taps per group
M 32 TR_TDR 0.01 ns N_f 40 Ul span for floating taps
filter and Eq N 3000 bmaxg 0.2 max DFE value for floating taps
fr 0.75 *fb beta_x 2.53E+09
c(0) 0.54 min rho_x 0.25
c(-1) [-0.34:0.02:0] [min:step:max] fixture delay time 0 s
o2) 0:0.02:0.12] [min:step:max] TDR_W_TXPKG 0 COM v2.7 is used in this study,
c(-3) [-0.06:0.02: 0] [min:step:max] N_bx 24 ul
c(1) [-0.2:0.05:0] [min:step:max] Receiver testing
N_b 4 ul RX_CALIBRATION 0 logical
b_max(1) 0.85 Sigma BBN step 5.00E-03 Vv
b_max(2..N_b) 0.2 Noise, jitter
g_DC [-20:1:0] dB [min:step:max] sigma_RJ 0.01 ul
fz 21.25 GHz A_DD 0.02 ul
f_pl 21.25 GHz eta_0 8.20E-09 VA2/GHz
fp2 53.125 GHz SNR_TX 33 dB
g_DC_HP [-6:1:0] [min:step:max] R_LM 0.95
f_HP_PZ 0.6640625 GHz




802.3ck C2C Channels*

» IL (dB)

1 Channell\Asic_Mezz_Retimer_L10_Thru.s4p 16.56

2 Channel2\Asic_Mezz_Retimer_L23 Thru.s4p 16.88
lim_3ck_04_0719.pdf

3 Channel3\Asic_Mezz_Deep_Retimer_L10_Thru.s4p 17.37

4  Channel4\Asic_Mezz_Deep_Retimer_L23 Thru.s4p 17.77

5 Impaired_C2C_20dB_P1 _to_P2\Impaired_C2C_20dB_P1_to_P2_thru_ExtPEC.s4p**  rabinovich_3ck_adhoc_01a_071019.pdf 19.52

6 gore 3ck 02 0519 PCB\C2C PCB_SYSVIA 20dB_thru.s4p 20.08
gore_3ck 01a_0519.pd

7 gore 3ck 02 0519 Cabled\C2C_CA CONN_SYSVIA 20dB_thru.s4p 19.86

Notes:

* *:All channel data are from IEEE 802.3ck Task Force Tools & Channels page: http://www.ieee802.orq/3/ck/public/tools/index.htm|
»  **:4 FEXT configuration is used in this study
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COM Analysis Results
w/ Rd = 50 ohms, DFE Tap Length 4 to12, and w/o TX Pre-Tap 3

Rd =[50, 50] ohms, no TX Pre-Tap 3,
13, 7Jmm (TX/RX)

Package Length =

Rd =[50, 50] ohms, no TX Pre-Tap 3,
Package Length = [31, 13]mm (TX/RX)

Rd =[50, 50] ohms, no TX Pre-Tap 3,
Package Length = [13, 11]Jmm (TX/RX)

Rd =[50, 50] ohms, no TX Pre-Tap 3,
Package Length = [31, 29]mm (TX/RX)

Chid 4 6 8 10 12 |Chid| 4 6 8 10 12 | chid 4 6 8 10 12 |Chid| 4 6 8 10 12
1 2.72 | 353 | 443 | 534 | 6.27 1 3.19 | 344 | 3.76 | 459 | 5.21 1 407 | 43 | 49 | 508 | 63 1 4.69 | 478 | 496 | 5.04 | 5.22
2 2.78 | 3.45 | 4.18 | 543 | 6.57 2 3.27 | 354 | 375 | 4.8 5.7 2 469 | 496 | 543 | 544 | 6.6 2 518 | 516 | 5.29 | 54 | 5.55
3 2.44 | 334 | 4.06 | 5.03 | 5.75 3 2.89 | 3.21 | 3.47 | 431 | 4.68 3 354 | 3.7 | 451 | 46 | 559 3 4.14 | 432 | 445 | 464 | 4.78
4 2.73 | 3.44 | 407 | 5.23 | 6.13 4 3.09 | 341 | 358 | 456 | 5.1 4 434 | 462 | 5.08 | 5.05 | 6.04 4 4.66 | 472 | 473 | 494 | 5.05
5 3.06 | 3.9 | 443 | 543 | 6.01 5 3.27 | 3.32 | 3.62 | 463 | 4.94 5 4.19 | 429 | 5.17 | 531 | 5.95 5 455 | 457 | 475 | 494 | 4.99
6 3.09 1 419 | 458 | 56 | 649 6 4.08 | 436 | 447 | 519 | 5.75 6 4.73 | 5.18 | 558 | 5.58 | 6.43 6 494 | 521 | 5.26 | 5.38 | 5.48
7 331 | 405 | 4.29 | 535 | 5.99 7 3.81 1389|396 | 479 | 542 7 496 | 504 | 53 | 534 | 5.99 7 476 | 479 | 49 | 5.04 | 5.16

= Observations

= Short package lengths (e.g. 7, 13mm) limits COM performance when DFE tap length <6

= A-tap DFE failed 3dB COM with [13/7, 31/13]mm (TX/RX) packages

= Need 6-tap DFE to pass 3dB COM for the test channels
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COM Analysis Results
w/ Rd = 50 ohms, DFE Tap Length 4 to12,and w/ TX Pre-Tap 3

Rd =[50, 50] ohms, Rd =[50, 50] ohms, Rd =[50, 50] ohms, Rd =[50, 50] ohms,
Package Length = [13, 7Jmm (TX/RX) Package Length = [31, 13]mm (TX/RX) Package Length = [13, 11]Jmm (TX/RX) Package Length = [31, 29]mm (TX/RX)
Chid 4 6 8 10 12 Chid 4 6 8 10 12 | Chid 4 6 8 10 12 | Chid 4 6 8 10 12
1 2.72 | 3.53 | 4.43 5.4 6.32 1 3.19 | 3.41 | 3.76 | 4.73 | 5.35 1 4,14 1 439 | 491 | 5.11 | 6.31 1 473 | 484 | 494 | 5.02 | 5.26
2 2.78 | 3.45 | 4.18 | 5.57 | 6.73 2 3.27 | 3.54 | 3.75 | 494 | 5.92 2 479 | 5.08 | 5.43 | 5.44 | 6.67 2 5.18 | 5.27 | 5.35 | 5.43 | 5.61
3 2.44 | 334 | 4.06 | 5.03 | 5.75 3 2.89 | 3.21 | 3.47 | 435 | 4.84 3 3.54 | 3.73 | 451 | 457 | 5.59 3 418 | 434 | 45 | 4.64 | 4.75
4 2.73 | 3.44 | 4.07 | 5.23 | 6.13 4 3.09 | 3.41 | 3.58 | 461 | 5.35 4 434 | 4.62 | 5.08 | 5.05 | 6.04 4 467 | 4.73 | 4.76 | 491 | 5.05
5 3.06 3.9 443 | 5.68 | 6.36 5 3.27 | 3.32 | 3.65 | 5.07 | 5.47 5 452 | 461 | 535 | 548 | 6.2 5 464 | 464 | 4.79 | 5.07 | 5.18
6 3.09 | 419 | 458 | 5.65 | 6.54 6 41 | 436 | 451 | 54 | 593 6 494 | 5.34 | 5.61 | 5.66 | 6.56 6 501 | 526 | 5.26 | 543 | 5.6
7 3.31 | 4.05 | 4.29 5.5 6.13 7 3.82 | 3.89 | 396 | 497 | 5.61 7 5.04 | 5.13 | 5.32 | 5.38 | 6.09 7 484 | 4.87 | 491 | 5.05 | 5.27

= Observations

= TX pre-tap 3 improves COM by ~0.06dB (mean, std.=0.09dB)

Test Channels 5 and 6 seen >0.2dB COM improvement with pre-tap 3 and
13/11mm TX/RX packages
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CH5: Impaired C2C 20dB_P1 to P2 thru ExtPEC.sdp
with 13/11 TX/RX Packages

v: 0] FR: Sdd21

| — Impaired_C2C_20dB_F1_to_P2_thru_ExtPEC séplLoss] |

500 :
~ Channel Only w/ 13/11mm TX/RX Packages w/o TX pre3 w/ 13/11mm TX/RX Packages w/ TX pre3
_ T (et Case 1 Case 1
g \ 0.12 T T r r . T r r T T 0.12 r T T r T r
T oo
E = — Equalized end-to-end PR — Equalized end-to-end PR
;El \ o1k Unequalized end-to-end PR | | o1b Unequalized end-to-end PR | |
2500 - ~—© Cursor (sample point) : ~—5 Cursor (sample point)
X Pre cursors X Pre cursors
-30.00— 008 O Post cursors B 0.08 O Post cursors
: —© DFE-canceled cursors : —© DFE-canceled cursors
2500
0.06 [ 0.06 [
4000 2 E
000 500 .00 500 2000 2300 WM B KW S0 B0 Q [
Frequency (GHz) 0.04 [ 0.04
0.02 0.02 -
0 0 §0©
Amp
i_C2C_200B_P1_to_F2_thru_ExtPEC sdplLoss] 0.02 | | | ] | | | ! | | 002 | | ] ! | | ] | |
24 245 25 255 26 265 27 275 28 285 24 245 25 255 26 265 27 275 28

; ; seconds %107 seconds 107
Channel Only
5 5 COM =4.52dB

: COM = 4.19dB
E TX FIR=[0.0400 -0.2000 0.7600 0] TX FIR=[-0.0200 0.0800 -0.2400 0.6600 0]
CTLE=[-15, -3]dB CTLE=[-15, -3]dB
j \m DFE=[0.2758 -0.0782 -0.0254 -0.0127] DFE=[0.1726 -0.0843 -0.0081 -0.0148]
== e TX pre-tap 3 improves COM by ~0.33dB
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COM Analysis Results
w/ Rd = 45 ohms, DFE Tap Length 4 to12,and w/o TX Pre-Tap 3

Rd = [45, 45] ohms, no TX Pre-Tap 3,
13, 7Jmm (TX/RX)

Package Length =

Rd = [45, 45] ohms, no TX Pre-Tap 3,
Package Length = [31, 13]mm (TX/RX)

Rd = [45, 45] ohms, no TX Pre-Tap 3,
Package Length = [13, 11]Jmm (TX/RX)

Rd = [45, 45] ohms, no TX Pre-Tap 3,
Package Length = [31, 29]mm (TX/RX)

Chid 4 6 8 10 12 |Chid| 4 6 8 10 12 | Chid 4 6 8 10 12 | Chid| 4 6 8 10 12
1 3.26 | 413 | 4.86 | 5.66 | 6.39 1 3.44 | 3.74 | 4.05 | 4.85 | 5.29 1 425 | 45 | 534 | 553 | 642 1 479 | 49 |5.07 518|542
2 336 | 412 | 473 | 59 | 6.78 2 3.68 | 394 | 417 | 5.2 | 5.78 2 482 | 51 | 581|586 | 6.7 2 53 | 537|542 | 555 | 575
3 2.95 | 3.81 | 443 | 5.27 | 5.74 3 3.1 | 343 | 3.73 | 457 | 4.82 3 3.66 4 49 | 497 | 56 3 4.17 | 439 | 454 | 473 | 4.87
4 3.19 | 3.98 | 4.46 | 5.58 | 6.12 4 3.43 | 3.73 | 3.84 | 485 | 5.24 4 454 | 484 | 553 | 554 | 6.11 4 476 | 484 | 49 | 5.08 | 5.24
5 3.45 | 421 | 458 | 551 | 5.87 5 3.44 | 3.53 | 3.86 | 4.75 | 4.82 5 4.17 | 439 | 534 | 545 | 5.93 5 4.66 | 467 | 476 | 5.02 | 5.1
6 354 | 464 | 494 | 588 | 6.57 6 4.25 | 455 | 463 | 538 | 5.76 6 49 | 535|588 | 592 | 648 6 485|513 | 522 | 54 | 561
7 3.84 | 447 | 461 | 56 | 6.06 7 404 | 4.08 1 419 | 499 | 54 7 51 | 518 | 5.6 | 5.63 | 6.02 8 478 | 481 | 4.84 | 5.07 | 5.24

= Observations

= Short package length (e.g. 7, 13mm) limits COM performance when DFE tap length < 6

= A4-tap DFE failed 3dB COM threshold with 13/7mm (TX/RX) packages and marginal with
31/13mm packages
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COM Analysis Results

w/ Rd = 45 ohms, DFE Tap Length 4 to12,and w/ TX Pre-Tap 3

Rd = [45, 45] ohms, Rd = [45, 45] ohms, Rd = [45, 45] ohms, Rd = [45, 45] ohms,
Package Length = [13, 7Jmm (TX/RX) Package Length = [31, 13Jmm (TX/RX) Package Length = [13, 11Jmm (TX/RX) Package Length = [31, 29]mm (TX/RX)
Chid | 4 6 8 10 | 12 |chid| 4 6 8 | 10 | 12 [chid| 4 6 8 | 10 | 12 [chid| 4 6 8 | 10 | 12
1 [3.26|413 486 566|631 | 1 |344|374|405 501|543 | 1 |425|452 534 (553|642 | 1 |4.85]4.96 507|518 534
2 | 336|412 473 |58 | 678 2 |3.68 394|417 (538|606 | 2 |4.82|527 581|586 |675| 2 [538]543 545|556 | 5.75
3 |295[381 443|527 572 | 3 | 31 [343[373 (454481 | 3 [366| 4 | 49 |502[567| 3 [421]441 457 476|491
4 [319 398|446 | 558|617 | 4 [343[373[384| 49 | 53 | 4 |454|482|553[554 613 | 4 |476|4.87 | 49 [5.08]5.27
5 | 345 (421|458 578|638 | 5 [349 358|386 522537 | 5 |458|466553| 57 [625| 5 |466|4.61|4.84 504|513
6 | 354|464 |494 |58 | 663]| 6 |429|455 463|555 (59| 6 | 51 | 55 |588|597|654| 6 [502]527]| 53 |543|5.65
7 | 384|447 | 461 | 57 | 621 ]| 7 |404|4.08 419|518 566 | 7 [519]|527| 56 | 566|614 | 8 |478|481| 49 |5.07 524
= Observations SO it g prss - e, s 321440, Sra=0. 104020
|
-
= TX pre-tap 3 improves COM by ~0.05dB (mean, std.=0.11dB)
= Test Channels 5 and 6 seen >0.2dB COM improvement with pre-tap 3 and
13/11mm TX/RX packages
>
Y 4
= Compared to Rd=50, Rd=45 improves COM by ~0.2dB (mean, std. =0.17dB) ?
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Summary and Conclusions

* With the C2C test channels, we found reference TX/RX with the following configuration
can pass 3dB COM threshold
— LR transmitter (3 pre-taps and 1 post-tap)
— LR-like receiver with LR CTLE and 6-tap DFE
— Rd =50 ohms (TX and RX)

e Rd =45 ohms improves COM performance, but still needs 6 DFE taps
— Improve COM especially with short TX/RX packages
— RX with 4-tap DFE still failed or was marginal for 3dB COM with short packages (13/7mm and 31/13mm)

* TXpre-tap 3 improves COM
— COM improvement varies from 0 to 0.4dB which depend on channels and packages

* Recommendations
— Baseline TX with 3 pre-taps and 1 post-tap
— Baseline RX with LR CTLE, 6-tap DFE with Rd = 50 ohms
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Summary and Conclusions (cont.)

* Next Steps
— Short package lengths and combinations

» Does C2C has short or extra short package length requirements (e.g. retimer/CDR)?

— Need more C2C channels
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