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Objective and Motivation

New 106/112 Gbps VSR channels and packages became available in recent months
= Several channels have more insertion loss and crosstalk than previous studies VSR channels

= Arecent VSR study was presented in OIF CEl

— “106.25 Gb/s Per Lane VSR Studies: Typical TX FFE + RX CTLE/FFE vs. Longer TX FFE + RX CTLE” by
Mike Li, Hsinho Wu, Masashi Shimanouchi, Adee Ran, October 30, 2018

— EH, EW, and VEC were worse than expected w/ existing TP1a spec. RX (simulated at BER =107)

Insertion Loss Simulation Results @ BER = 1e-5
. Configure 1: Typical TX FFE + RX
Channel Description (dB) %TLE/FF)I;p(4 post-tap)
26.56 GH

@ * TEAmV) | _EW (U) ] VEC (dB)
CH1 Lim 100GEL C2M 10dB 10.02 + TX Pkg 10.09 0.13 10.26
CH2 Lim 100GEL C2M 12dB 12.11 + TX Pkg 9.55 0.12 10.69
CH3 Lim 100GEL C2M 14dB 13.95 + TX Pkg 5.54 0.11 11.94
CH4 Tracy 100GEL 06 0118 RX6 14.58 + TX Pkg 8.21 0.14 10.01
CH5 Tracy 100GEL 06 0118 RX5 14.56 + TX Pkg 9.8 0.18 7.49
CH6 Tracy 100GEL 02 0118 TX6 16.09 +TX Pkg 6.35 0.12 10.67 Note: Simulation configurations are similar
CH7 Tracy 100GEL 02 0118 TX5 16.45 + TX Pkg 5.81 0.13 11.28 to this study but not identical.

= Need to consider improving Ref EQ to accommodate these more difficult channels
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106.25 Gb/s VSR TP1la Link Simulations

Link & Device Configurations

*Data Rate: 106.25 Gbps, PAM-4 * RLM (level mismatch): 0.95
*Test Pattern: * TXtermination: 55 ohms
= QPRBS13-CEl: TP1a simulations * TX Capacitance: 100 fF (RL~=8dB @ Die)
*TX Die o itter:
«  VOD: 750 mV-pp = BUJ: 0.04 Ul-pp, DCD: 0.019 Ul-pp, RJ: 0.01
.« 20%-80% Rise/Fall Time: 6 ps Ul-rms
e TXFIR: * Noise:

= RN: ~8.89mV-rms (TX SNR=32.5dB)

=  Common Mode Noise: 12mV-rms

— Configuration 1
» 4 taps, 2 pre-taps and 1 post-tap

— Range: Pre-tap 1 and post-tap 1: 0 to -0.20 TX Package
other taps: +/- 0.1 * Package model (Typ., IL=3.03 dB @ 26.5625 GHz)
— Step size: 0.02 * Package crosstalk is < -60 dB (by design)

HCB PCB
TPO
[} Host PCB Trace Trace

I i
Host-to-Module

Transmit function =TPOa TP1a

' Ref
Module-to-Host  [# — RX
Receive function

Host Channel
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106.25 Gb/s VSR TP1l1a Link Simulations

Link & Device Configuration (cont.)
TP1la Reference RX

— Die Termination: 50 ohms * FFE:
— Capacitance: 0 fF = 8 Taps: 2 pre-taps, 5 post-taps
— AFE Filter and CTLE = Range: First 2 post-cursors: +/-0.3 others:
— Parameter scaled from IEEE 802.3cd ref. +-0.1 _
CTLE = Step size: 0.01
. « CDR
(D T isasszie(L) +(L) +zeasae (L) ) = Optimal phase based EH and PAM symbol
)+ TRV SNDR
VB * Noise:
Hm(f):G( Vg W) = Input noise: 8.2e-9 V2/GHz
a Ly aLyas Ly = Jitter: None
fZP fpl fp2

— Baud: 53.125 Gsym/s RX Package: None

— fpl/fp2/fz1/fz2/fzp=Baud+2.5/1.0/
2.5/80/ 80

— Opc:0to-15dB
— Opcy:0to-4dB
— G: 1.0 (constant)
Equalization Optimization: SNDR maximization
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106.25 Gb/s TX Package Model

Channel Wiewer: [0] FR: Sdd21
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Test C

nannel Summary

Insertion Loss
Channel Description (dB) ICN (mV-rms)*
@ 26.56 GHz
CH1 Lim_100GEL_C2M 10dB + Tx Pkg 10.02 + TX Pkg 3.90
CH2 Lim_100GEL_C2M 12dB + Tx Pkg 12.11 + TX Pkg 3.48
CH3 Lim_100GEL_C2M 14dB + Tx Pkg 13.95 + TX Pkg 3.16
CH4 Lim_100GEL_C2M 16dB + Tx Pkg 15.89 + TX Pkg 2.88
CH5 Tracy 100GEL_06_ 0118 RX6 + Tx Pkg 14.58 + TX Pkg 0.92
CH6 Tracy 100GEL_06_0118 RX5 + Tx Pkg 14.56 + TX Pkg 1.09
CH7 Tracy 100GEL_02_0118 TX6 + Tx Pkg 16.09 +TX Pkg 0.99
CHS8 Tracy_100GEL_02_0118 TX5 + Tx Pkg 16.45 + TX Pkg 1.00

$IEEE

*: Channel files’ fmax is less than fbaud. ICN results are informative.
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Channel Characteristics

CH1-CH4: Lim_100GEL_C2M 10/12/14/16dB

Amplitude [dB|

]| — 100GEL_C2M_10dB_thru sdp[Loss]
— 100GEL_C2M_10dB_NF5.s4p[FEXT]
= 100GEL_C2M_12dE_thru.s4p[Loss)

100GEL_C2M_12dB_NFS s4p[FEXT]
—— 100GEL_C2M_14dB_thru s4plLoss]

—— 100GEL_C2M_14dE_NFS sp[FEXT]
7| — 100GEL_C2M_16dB_thru.sdplLoss]
—— 100GEL_C2M_16dE_NFS splFEXT]

=

Frequency (GHz)

Amplitude [mv]

—— 100GEL_C2M_10dB_thru.s4p[Loss]
100GEL_C2M_10dB_thru.s4p[Less]
Cursor Amp

» 100GEL_C2M_10dB_thru.s4p[Loss]
Cursor
100GEL_C2M_12dB_thru.s4p[Loss]
100GEL_C2M_12dB_thru.s4p[Loss]
Cursor Amp

. 100GEL_C2M_12dB_thru.s4p[Loss]
Curser

—— 100GEL_C2M_14dB:_thru s4p[Loss]

mmm 100GEL_C2M_14dB: thru.s4p[Loss]
Cursor Amp

. 100GEL_C2M_14dB_thrusdp|Loss]
Cursor
100GEL_C2M_16dB._thru.s4p[Loss]

mmm 00GEL_C2M_16dB:_thru.s4p[Loss]
Cursor Amp

. 100GEL_C2M_16dB_thru.s4p[Loss]
Cursor

‘h_l:u,. .

e

el

Time ()

Channel IL (dB) ILD (dB) RL (dB) ICN* (mV-rms, PAMA4)
Lim_100GEL_C2M 10dB 10.02 +0.3/-2 9.88 3.90
Lim_100GEL_C2M 12dB 12.11 +0.3/-2 9.33 3.48
Lim_100GEL_C2M 14dB 13.95 +0.3/-2 9.44 3.16
Lim_100GEL_C2M 16dB 15.89 +0.3/-2 9.21 2.88

& IEEE

*: Channel files’ f,,,, is less than fbaud. ICN results are informative.
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Channel Characteristics

CHb5- CH8 Trcy_lOOGE

Ampltude [dB |

& IEEE

_C2M 10/12/14/16dB

—— RXE_thru: 54;:[\_055] . —— RXp_thru.s4p[Loss]
— RXE_FS.s4plFEXT] =0 6 thrusp{Loss] Cursor
—— RX5_thrus4p[Loss] Amp
RX5_F5.s4p[FEXT] = RX6_thru.s4p[Less] Cursor
—— TX6_thru s4p|Loss] 375.00 FXE_thru.s4p[Loss]
—— TX6_FS.s4p[FEXT] - E{X5_thru sdp[Loss] Cursor
: 125 thru.adplLoss] . a;g thru s4p[Loss] Cursor
THETS eI ET 32510 — TG thrusdplLoss]
\-‘\b\ - TXS thru.s4p|Loss] Cursor
W 275,00 g %g t:ru sjp[toss] Curser
= - sz_:h[d :AEEL:z} Cursor
g 225.00 — ’ HT}‘(mfbin'm.t sdp[Loss] Cursor
{w 125.00
Ty !J 1
[ 75.00— o
- _. ] | W H\- F Mﬁ-m
Frequency (GHz) k ‘ Timek(kUIJ
Channel IL (dB) ILD (dB) RL (dB) ICN* (mV-rms, PAMA4)
Tracy 100GEL_06_0118 RX6 14.58 +1.2/-2.3 16.25 0.92
Tracy 100GEL_06_0118 RX5 14.56 +1.2/-2.3 19.72 1.09
Tracy 100GEL_02_0118 TX6 16.09 +1.2/-2.3 24.18 0.99
Tracy 100GEL_02_ 0118 TX5 16.45 +1.2/-2.3 17.86 1.00

*: Channel files’ f,,,, is less than fbaud. ICN results are informative.
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CH4 Lim_100GEL_C2M _16dB TPla Simulation
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RX FFE output

EH=5.15mV EW=0.12 Ul BER=1e-5
EH=3.09mV EW=0.08Ul BER=1e-6

Results

BER EW (Ul) EH (V)
1011 0.8010 | 0.0188
1021 03370 | 0.0136
103 | 02290 | 0.0102
10™41 0.1670 | 0.0073
105 | 0.1200 | 0.0052
106 | 0.0820 | 0.0031
1071 00498 | 0.0014
108 | 0.0146 | 0.0000
1091 0.0000 | 0.0000
107-10  9.0000 | 0.0000
10%-111 9.0000 | 0.0000
107121 9.0000 | 0.0000
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TPla Simulation

Results Summary

Simulation Results
Insertion Loss
Channel Description (dB) BER 10° BER 106
@ 26.56 GHz
EH (mV) EW (Ul) | VEC (dB) EH (mV) EW (UI) VEC (dB)
CH1 Lim_100GEL_C2M 10dB 10.02 + TX Pkg 10.58 0.14 7.82 7.77 0.11 9.51
CH2 Lim_100GEL_C2M 12dB 12.11 + TX Pkg 8.60 0.13 8.26 6.20 0.10 10.57
CH3 Lim_100GEL_C2M 14dB 13.95 + TX Pkg 5.80 0.13 9.10 3.51 0.08 11.50
CH4 Lim_100GEL_C2M 16dB 15.89 + TX Pkg 5.15 0.12 9.19 3.09 0.08 11.90
CH4s Lim_100GEL_C2M 16dB w/ 1/3 XTLK | 15.89 + TX Pkg 7.25 0.14 6.76 5.60 0.11 8.55
CH5 Tracy_ 100GEL_06 0118 RX6 14.58 + TX Pkg 10.30 0.17 6.64 8.41 0.13 8.00
CH6 Tracy_100GEL_06_0118 RX5 14.56 + TX Pkg 7.64 0.16 6.62 6.01 0.13 7.77
CH7 Tracy_100GEL_02 0118 TX6 16.09 +TX Pkg 6.51 0.13 7.59 4.75 0.09 9.40
CHS8 Tracy_100GEL_02_0118 TX5 16.45 + TX Pkg 6.36 0.13 8.35 4.33 0.10 10.32
|
<€ IEEE P802.3ck

11



106.25 Gb/s VSR Whole Link Simulation

Link & Device Configurations

*Data Rate: 106.25 Gbps, PAM-4
*Test Pattern:
* QPRBS31
*TX Die
* VOD: 750 mV-pp
*  20%-80% Rise/Fall Time: 6 ps
« TXFIR:
— Configuration 1
» 4 taps, 2 pre-taps and 1 post-tap
— Range: Pre-tap 1 and post-tap 1: 0 to -0.20
other taps: +/- 0.1
— Step size: 0.02

P802.3ck

$IEEE

* RLM (level mismatch): 0.95

* TXtermination: 55 ohms

* TX Capacitance: 100 fF (RL~=8dB @ Die)
* litter:

= BUJ: 0.04 Ul-pp, DCD: 0.019 Ul-pp, RIJ:
0.01 Ul-rms

* Noise:
= RN: 1ImV-rms
= Common Mode Noise: 12mV-rms
TX Package
* IL=3.03dB @ 26.5625 GHz
* Package crosstalk is < -60 dB (by design)
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106.25 Gb/s VSR Whole Link Simulation

Link & Device Configuration (cont.)

RX
— Die Termination: 45 ohms * FFE:
— Capacitance: 100 fF = 8 Taps: 2 pre-taps, 5 post-taps
— AFE Filter and CTLE » Range: First 2 post-cursors: +/-0.3

Parameter scaled from IEEE 802.3cd ref. others: +/-0.1

CTLE = Step size: 0.01
) - CDR
()= 1—3414:14-(ﬁ)_+(ﬁ)a+;.: ﬁlsl:ﬁ-(ﬁ—[ﬁ:l-} . gﬁ%rgal phase based EH and PAM SymbOI
g2 g * Noise:
2 S o, S
i (f),G(w - zz) e Oﬂle) = RN:4 mV-rms
T wy alag . Jitter:
R s :

« DJ: 0.05 Ul-pp

Baud: 53.125 Gsym/s * RJ:0.01Ul-rms

fpl/fp2 / f21 /22 / fzp = Baud + 2.5/ 1.0 / RX Package
2.5/80/80 ~ IL=2.4 dB @ 26.5625 GHz
Opc: O to -16 dB — Package crosstalk is < -60 dB (by design)

DC Gain from CTLE+VGA : up to 25dB

Equalization Optimization: SNDR maximization

@lEEE P802.3ck
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106.25 Gb/s Module & RX Package Model

Channel iewer: [3] FR: Sdd21

—— Module_Conn_PCE sdp[Loss]
-6 56 — R¥_Pkg.s4p[Laoss]
473

\

N\

Amplitude [dB|

&
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CH4s Lim_100GEL_C2M_16dB Whole Link Simulation

Results

™
tratn ! l
2 r |2
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Custom Transmitter

Module/Connector/PCB + RX
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RX_Pkg.s4
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BER EW (Ul) EH (V)

1011 07940 | 0.1040

1021 03110 | 0.0750

1031 0.1990 | 0.0552

10™41 0.1360 | 0.0402

1051 0.0898 | 0.0266

1076 | 0.0508 | 0.0150

1071 0.0117 | 0.0048

10%-8 | 0.0000 | 0.0000

RX FFE output 10*9 | 0000 | 0.0000
EH=26.60mV EW=0.09U| BER=1e-5 [MPRYeems

EH=15.01mV EW=0.05UI BER=1e-6 0.0000 | 0.0000

10%-111 9.0000 | 0.0000

107121 9.0000 | 0.0000

$IEEE
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Summary and Conclusion

What takes to accommodate the new 16 dB C2M VSR channel (i.e.,
Lim_100GEL_C2M 16dB)

= Enhance the receiver equalizer

= Extend RX FFE to 8 taps: 2-pre-taps + 5 post-taps with step size 0.01
= Improve the channel

Reduce the channel crosstalk ICN from ~3.5 mV-rms to ~1 mV-rms
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