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Abstract

 Jitter and transition time is a trade off between performance and 
implementation power and cost. Jitter and transition time linearly scaled 
down from 100G/lane is challenging for massive 200G/lane productions 
given power and cost constraints.

 ran_3dj_elec_01a_231207 proposed to move the standard forward with 
some preliminary parameters. We investigated how to optimize σRJ and 
ADD for broad implementation and reasonable performance.
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https://www.ieee802.org/3/dj/public/adhoc/electrical/23_1207/ran_3dj_elec_01a_231207.pdf


Initial simulation conditions

 COM parameters (detail COM parameters in back up)
 fb : 106.25 GBaud
 Tx FIR : pre 2 taps, post 0 taps
 Rx FFE : pre 6 taps, post 45 taps
 DFE : 1 tap
 No floating taps
 DER0 : 1E-4
 η0 : 4.0E-9
 Tr : 4ps
 σRJ : 10mUI
 ADD : 20mUI
 Package A (case 2: zp=33mm)

 Without MLSE
 Package B (case 4: zp=45mm)

 With MLSE
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KR/CR Channels used for the study
 Selected 26 KR/CR channels from contribution to P802.3dj
 For each data set, selected a few channels with die2die IL ≤ 40dB

 If possible, selected with PKG B
 If not possible with PKG B, selected with PKG A

 With PKG A, all channels have die2die IL ≤ 40dB
 All 26 channels are used for study with PKG A

 With PKG B, only channels 1-9,12,16 have die2die IL ≤ 40dB
 Only those 11 channels are used for study with PKG B
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Sweep Conditions

 Sweep 1 : Sweep only σRJ
 Sweep σRJ from 10 mUI to 20 mUI in 0.5 mUI step
 Fix ADD at 20 mUI

 Sweep 2 : Sweep σRJ and ADD simultaneously with the same ratio
 Sweep σRJ from 10 mUI to 20 mUI in 0.5 mUI step
 Sweep ADD from 20 mUI to 40 mUI in 1.0 mUI step
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Results of Sweep 1&2 w/ PKG A (without MLSE)

 Sweeping only σRJ changes COM only moderately
 Sweeping σRJ and ADD results in larger COM difference
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COM in average COM of each channel



Results of Sweep 1&2 w/ PKG B (with MLSE)

 Sweeping only σRJ changes COM only moderately
 Sweeping σRJ and ADD results in larger COM difference

IEEE P802.3dj Task Force 8

COM in average COM of each channel



Summary of Results of Sweep 1 & 2
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 COM difference for σRJ = 15.0mUI from 10mUI with ADD = 20mUI is 
about 0.18dB



σRJ and ADD vs Calculated JRMS and J3u/J4u

 If we keep ADD 20mUI and compare the cases with 15 mUI and 10 mUI σRJ,
the difference of JRMS is 11.8%, J3u is 30.4% and J4u is 32.5%.

σRJ (mUI) ADD (mUI) JRMS (mUI) JRMS (ratio) J3u (mUI) J3u (ratio) J4u (mUI) J4u (ratio)

10.0 20 22.3607 100.000% 101.810 100.000% 114.385 100.000%

10.5 20 22.5887 101.020% 104.900 103.035% 118.104 103.251%

11.0 20 22.8254 102.078% 107.990 106.071% 121.823 106.503%

11.5 20 23.0705 103.175% 111.080 109.106% 125.542 109.754%

12.0 20 23.3238 104.307% 114.171 112.141% 129.261 113.005%

12.5 20 23.5850 105.475% 117.261 115.177% 132.980 116.257%

13.0 20 23.8537 106.677% 120.351 118.212% 136.699 119.508%

13.5 20 24.1299 107.912% 123.441 121.247% 140.418 122.759%

14.0 20 24.4131 109.179% 126.532 124.282% 144.137 126.010%

14.5 20 24.7032 110.476% 129.622 127.318% 147.856 129.262%

15.0 20 25.0000 111.803% 132.712 130.353% 151.576 132.513%



JRMS and J3u/J4u in 100G spec

 Current jitter specs for 100G/L interfaces:

Interface σRJ (mUI) ADD (mUI) JRMS (mUI) J3u03 (mUI) J3u (mUI) J4u03 (mUI) J4u (mUI)

CR (100G/L) 10 20 23 115 125

KR (100G/L) 10 20 23 106 115

C2C (100G/L) 10 20 23 118 128
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JRMS and J3u/J4u in 200G spec with 15mUI σRJ

 Compared to 100G spec, we can relax JRMS by 11.8% in terms of UI, J3u
by 30.4% and J4u by 32.5%.

Note: The test point insertion loss (TP2 (CR) or TP0d (KR,C2C)) is assumed to be 
the same as 100G spec in this calculation but will certainly go up. For this 
increase of insertion loss, the JRMS , J3u, and J4u specifications shall be relaxed 
further after the test point insertion loss specs are finalized.

Interface σRJ (mUI) ADD (mUI) JRMS (mUI) J3u03 (mUI) J3u (mUI) J4u03 (mUI) J4u (mUI)

CR (200G/L) 15 20 25.7 150 163

KR (200G/L) 15 20 25.7 138 150

C2C (200G/L) 15 20 25.7 156 170
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Measurement Result of 212.5Gbps Instrument
 Measurement results of instrument-grade TX of 212.5Gbps at TP0d 

reported by John Calvin (calvin_3dj_elec_01a_240104) passes our 
proposal for KR (200G/L) spec, without much margin to cover PVT 
variations. It fails KR (100G/L) spec, if simply scaled from P802.3ck 
spec.
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calvin_3dj_elec_01a_240104, slide 5

Measured result 
(212.5Gbps)

KR (100G/L)
802.3ck spec

KR (200G/L)
our proposal

Jrms 19.6 mUI 23 mUI 25.7 mUI

J3u03 112 mUI 106 mUI 138 mUI

J3u 133 mUI 115 mUI 150 mUI



Alternative Option: CDR bandwidth

 If linearly scaling jitter parameters are preferred, an alternative option 
to alleviate implementation challenge due to jitter is to raise CDR 
bandwidth.
 TX jitter measurement is lower with higher-bandwidth CDR. 
 TX implementation cost is relaxed by raising CDR bandwidth from 4MHz to 

a higher value such as 8MHz to keep the same CDR bandwidth to Baud rate 
ratio.

 This is a viable option.
 CDR loop SNR is maintained by keeping CDR bandwidth to Baud rate Ratio.
 CDR circuit can run faster than previous generations.
 4MHz is quite low compared to other recent standards:

 PCIe Gen5 (32Gbps, NRZ) specifies CDR bandwidth of 20MHz.
 PCIe Gen6 (64Gbps, PAM4) specifies CDR bandwidth of 10MHz.
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Summary

 Propose σRJ and ADD to be 15mUI and 20mUI for 200G KR/CR COM 
analysis. The complete proposal with TX jitter parameters is in page 12.
 TX JRMS spec is 25.7mUI. TX J3u spec is 163mUI for CR, and 150mUI for KR. 
 COM difference between 10mUI and 15mUI σRJ is only 0.18dB COM.

 An alternative option to effectively overcome TX jitter challenge is to 
raise CDR bandwidth to 8 MHz. It keeps jitter parameters the same in 
the standard and reduces residual jitters after tracking.
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Back up
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COM parameters for KR/CR channels
(package A w/o MLSE)
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COM parameters for KR/CR channels
(package B w/ MLSE)
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Detail Results of Sweep 1

 With PKG A (without MLSE)

 With PKG B (with MLSE)
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Detail Results of Sweep 2

 With PKG A (without MLSE)

 With PKG B (with MLSE)
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Results of sweep 1 with Av=0.413V, Rd=45ohm

 Average COM difference between σRJ=10mUI and 15mUI
 0.20028dB with PKG A without MLSE
 0.17787dB with PKG B with MLSE

 Detail results with PKG A (without MLSE)

 Detail results with PKG B (with MLSE)
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Additional Sweep Conditions

 Sweep 3 : Sweep only Tr
 Sweep Tr from 4.0ps to 6.0ps in 0.1ps step
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Results of Sweep 3 w/ PKG A (without MLSE)

 Sweeping only Tr degrades COM rather significantly
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Results of Sweep 3 w/ PKG B (with MLSE)

 Sweeping only Tr degrades COM rather significantly
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Summary of Results of Sweep 3
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 More study is needed to determine Tr for 200G KR/CR COM analysis.
 Changing Tr from 4ps to 4.6ps has a minor impact of 0.18dB COM.
 Implementing Tr=4.6ps over PVT might still be a challenge. 



Detail Results of Sweep 3

 With PKG A (without MLSE)

 With PKG B (with MLSE)
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COM parameters for C2M channels (No MLSE, 
host package A, module 8mm package)
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COM parameters for C2M channels (No MLSE, 
host package B, module 8mm package)
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Results of Sweep 1&2 for C2M channels

 Used 26 C2M channels selected in lusted_3dj_02a_2309, slide 12

 Sweeping only σRJ degrades COM only moderately
 Sweeping σRJ and ADD results in larger COM degradation
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