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New Models for PAM-N,

— ISl and Jitter penalties for multilevel signal
— Eye skew penalties as a Deterministic Jitter

— Noise models
* RIN, MPN, and other penalties for multi-level signals

Link Model Spreadsheets
— Current spreadsheet structure and limitation

— VBA functions to support more complex models

— Proposed link model spreadsheet for FC-PI-7 and 802.3cm PAM4
applications

— Proof of concept

e Discussion and Summary



Background H\NBUIT

* Link model spreadsheets have been used in IEEE and Fibre Channel as
illustrative examples of optical links reaches and power budgets.

* Recent IEEE and Fibre Channel PMDs have not adopted link model
spreadsheets

— PI-7 64GFC-SW-SW, IEEE 802.3cd ...

* Implementation equalized PMA-4 eyes and penalties in a
spreadsheet, i.e, Excel spreadsheet, could be challenging.

— Simplicity of script based programs such as Python or Matlab are difficult to
translate to a spreadsheet.

— Slow computation and graphic response of spreadsheet.
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Background mnu"

* Previous work for 1Gbps and 10Gbps using NRZ link models

— Del Hanson, David Cunningham, Piers Dawe and David Dolfi (for 10G)

* Prior works for equalized channels :
— D. Cunningham proposed a 3-tap equalizer for PI-6 (12-044v1, 12-123v0)
* However, required several sheets (one per link length) and valid only for NRZ
— PAM-4 power budget penalties require more sophisticated equations than NRZ
— Equalization taps need to be efficiently computed for each length in one sheet

* In Fibre Channel, PAM-4 has been modeled using additional software packages
— For Python languages 16-013 v0, 16-012v0
— For Matlab 15-263v0

— An Excel VBA was proposed in T11-2016-065v0
* Fully implemented PI-6P (32GFC NRZ)



Objective PANDUIT

* Discuss the benefits of having a link model spreadsheet as a guidance
during the standardization process of new PMDs

e TDECQ suitable for production test, however,

— Based on assumptions that might not represent actual channels
* Proxy for PDFs, Bessel-Thomson filter representing MMF and receiver,
* Thresholds from OMAs (sensitive to small variations).
e Sampling points and effects of eye skew

* Alink model spreadsheet can be easy to use and share
— Real-time results enable collaboration among participants

— Enable relative comparison of PMD solutions

* Comparing penalties due to data rate differences, wavelengths
(Pimpinella_NGMMF_02_0118), reaches

* Compare additional power budget penalties between MMF PMD from IEEE
802.3cd vs Fibre ChannelPI-7

» Compare penalties between modulation formats (PAM vs NRZ)



New Penalties for Optical PAM-4 anIT

* Modeling based on multi-mode rate equation is accurate to predict VCSEL
performance.
— However, it is computational demanding and impractical for a spread-sheet link
model.

* Gaussian approximation for multi-level channels use analytical expressions
— They could be easily implemented in link models.
— However, Gaussian models need additional consideration to represent real channels.

Measured VCSEL Gaussian Approx

Modeled VCSEL Worst RIN



PANDUIT

The Gaussian Channel

* The response to a rectangular pulse of duration equal to T, is given by,

[2t+T,] [-2t +T,]
h,(t,T,,T,)=0.5[erf(k T—) + erf(k T—)]

r r

where T, is the symbol period, and T, is the 10-90% overall system rise time which comprises the
laser, fiber, and the photo-receiver response.

* For PAM-M where M=4, the worst case bottom eye represented by E,, shows the
combined effect of ISI and Jitter degradation.

E.(J,T.,T,)= h(05JT,T,T)-(M-)L-h,(0.5] T, T,T)]
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ISI-Jitter Penalties for equalization of PAM-4: Equalizer PanpDuit

example with 3 tap
* The response for an equalized channel is given by,

he (. T, 7)) =coh (t, T, T)) +Ch,(t =T, T, T)) +Cc h, (t+T,,T,,T))
* For simplicity, only 3 taps are shown here h 2h%—h?+c?
C=L ¢=cy=—( 3

h, W—M+&%

— where, h,=h,(0,T,Tps) and h; = h (Toans T Toans)-
The worst eye height is given by,
ES(T,,T) =W,(0,T,,T,)-W,(0,T,, T,)
~h(0,T,,T,)+2(M =D[h, (2T, T, T))=h (T, T, T ))])

‘ The worst eye width is given by L sequences:

3:3hdt+ T,T..T) 3h,{t ]
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From “Investigation of 60Gbps PAM-4 using and 850 nm VVCSEL and MMF, “IEEE, Journal of Lightwave Tech, Vol. 34, Issue 16, pp. 3825-3836 (2046)




EEEEE - 5
Eye skew as deterministic jitter mn""

* Eye skew penalties can be incorporated as an additional of deterministic jitter.

AT
P, ;= 10log10(Eq(J + (T—),Tr, Tp),

p

Eye skew dependence on transmitted symbol

N\

See t11-2016-327v0



Noise Penalties (work in progress) PANDUIT

* Rescale RIN and signal dependent noise due to multilevel symbols
* Higher level signals have more penalties

S
ANo =10log, ( — Sw"'\/sw T Srin ook )
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From “Investigation of 60Gbps PAM-4 using and 850 nm VCSEL and MMEF, “IEEE, Journal of Lightwave Tech, Vol. 34, Issue 16, pp. 3825-3836 (2016) .




PANDUIT
Link Model Spreadsheet
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Limitations of Link Model Spreadsheet

* Asignificant portion of the worksheet is used for intermediary computations

Mostly Input parameters
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Modified Spreadsheet PANDUIT

* VBA code example for:

— Handling all power budget penalties and equalization up to 5 taps.
— Fully implemented in VBA for OOK or PAM4
— Dispersion Module and Equalizer module for 3 taps shown as an example.

Sub Dispersion Module ()

L. = Reach

D1 = 0.25 * D slope * lambda ¢ * (1 - (lambda z / lambda c) ~ 4)
D2 = 0.7 * D slope * Spectral Width

D= (D1 ~ 2+ D2~ 2) ~ 0.5 "ps/mm lm

BWcd = 0.187 * 10 ~ 6 / (L * Spectral Width * D)

Ts = Ts 20 80 * 1.518 '%ps converted to 10%-90%

BWmc = Sgr(l / ((1 / BWme * L) ~ 2 + (1 / BWed) ~ 2))
Tr = c2 * 10 ~ 3 / BWrec

Te = (Ts ~ 2 + 10 ~ & * (¢l / BWmc) ~ 2) ~ 0.5

TC (Te ~ 2 + Tr ~ 2) ~ 0.5

End Sub
Sub Compute Taps()

bl =0: b2 =20
arg = 2.563 / 2/ (2 ~ 0.5) * (Teff / Tc)
If EQ flag = 1 Then

hd = (0.5 * (WorksheetFunction.Erf(arg * (1)) - WorksheetFunction.Erf(arg * -1)))
hl = (0.5 * (WorksheetFunction.Erflarg * (3)) - WorksheetFunction.Erf(arg * 1)))
bl =hl / ho * (2 * hl ~ 2 - h0 ~ 2) / (hO ~ 2 - hl ~ 2)
hz =10

End If

T 0000005 4 —
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Modified Spreadsheet PANDUIT

* VBA code example for 5 tap equalizer:
— Handles all power budget penalties and equalization up to 5 taps.
— Fully implemented in VBA

Sub Compute Taps()

bl =0:b2=20
arg = 2.563 / 2/ (2 ~ 0.5) * (Teff / Tc)
If EQ flag = 1 Then
h0 = (0.5 * (WorksheetFunction.Erf(arg * (1)) - WorksheetFunction.Erf(arg * -1)))

hl = (0.5 * (WorksheetFunction.Erf(arg * (3)) - WorksheetFunction.Erf({arg * 1))
bl=hl /h0*(2*hl*»2-h0"2)/ (h0"2-hl"2)
b2 =10

End If
'55%%%%50 taps

If EQ flag = 2 Then
h0 = (0.5 * (WorksheetFunction.Erf(arg * (1)) - WorksheetFunction.Erf(arg * -1)))
hl = (0.5 * (WorksheetFunction.Erf(arg * (3)) - WorksheetFunction.Erf(arg * 1)))
h? = (0.5 * (WorksheetFunction.Erf(arg * (5)) - WorksheetFunction.Erf(arg * 3)))
deno=h0*5+2*h0*4*h2-3*h0"3*hl1*2+h0"3*+h2"2-2+h0"2*hl"*2*h2-2+h0"2%h2"34+2+h0*hl"*~44+9*h0*

b2=-(h0"4#*#h2-h0"3*h1*2+2*h0"3*h2"2-5*h0"2*h1"2*h2+3*h0*h1~4+2*h0*h1"2*h2"2-4*h0*h2"14
bl=-(h0"4#*hl1-2*h0"2#*h1"3-3*h0"2*h1*h2"2+8*h0*hl*3*h2+2*h0*hl*h2"3-2%*h1"5-6*%h1"3*h2"2

End If
End Sub
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Modified Spreadsheet PANDUIT

* No equations in the results cells. VBA module updates results when an input is

changed Two new Inputs for Equalization Type
and Signal Levels
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14347 13 0005 23957 3E6GY 3666 4244 402 0 178 4% 0 0724 00365 037 0809932 AGTasMY T 7 T4TEZ -1 E&2 ——r e - — —=
14528 -4 0005 229987 35200 3926 <301 427 0 1739 419 0 0754 0037 03 08 04543459 B261 125 T.80845 15 537 O o o)

Plots

\

Most of the results. Each cell Mostly Input parameters. Any change

contains a value not a function triggers a recalculation of the results
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Examples

* To be shown during presentation

H ©-c s Link_Model VBA v3.xlsm - Excel Chart Tools Jose Castro Ea) — X
Home Insert Pagelayout Formulas Data Review View Developer Add-ins Help  PowerPivot Team  Design Format  Q Tell me what you want to do |£? Share
Chart 2 - Je N
A 2] c o E F s Insert Function|, K L il ] o F o] R ] T u v W b v z an AR aC A0 AE aF AG AH al Al aK AL AM L
1 |Spreadsheet by Del Hanson, David Cunningham, Piers Dawe, uavu wom Agient Technologies Rev. 3213 This file 10GEPBud3_1_16a.xls of 17-0ct-01 Equalizer 2 (0) No Equalizer, (1) FFE 3 Taps, (2) FFE 5 Taps testerfarg 1c” 1.088 (|
2 |Basics  Input= Bold Ts(20-80)  19.0 ps Case: 350nmseria newMMF Attenuation= 3.5 dBikm| Modelformat rev3.1.162 of 31-0ct-01 M 2 testerfarg 2¢” 0.740
3 Q= 36973 Ts(10-90) 288 ps Target “argetreach 0100 km |Fiber at” 850 nm MomSens Ok4A -11.00 dBm Margin”™ 0.00 dBat pJ+&TP4eye (ps 8 Bi=  2.563 no units ERF arg= 1.72 no units testISIDJ)" 0581
4 Base Rate= 28900.0 MBd RIN{OMA)} -133.0 dBHz |and L_stat=  0.01 km C_ati= 1.00 Fveier Refl Rx -12 dB Answer! EYE TILT DJ {ps) 0 D2 0.0396 ps/(nm.km) ERF= 0.99 no units3t ISHDJ,RN2dB) ™ 0.581
5 | Transmitter RIN at MinER -1426 dB/MHz |graph L_int 0.003 km Attenuation= 3.62 dBikm| Rec_BW= 19000 MHz |est RxBW 21} Geomean R 00631 linear units ISL_TP4_Rx"  0.94 no units
& | Wavelength Uc 840 nm RIN_Coef=  0.70 Power BudgetP= 10.90 dB at” 840 nm c_m 329 nzhH: Spec extinction ratio 1.99 linear units vrin(2m test) 0.00110 rel. variance into test Rx
7 | RM3 Width, Uw 0.55 nm TP4eye+EyeSkew 8.0'psinc. DCD Corneclionsete 150 dB [Disp. min. Uo= 1316 nm T_m(10-90) 173 ps Test Source ER= Spec ext ratio penalty 3.01 linear units Vmn 4 0E-03 (varianceRIN test 131(DJ) 1
& Tx pwr OWA= -0.10 dBm DCO_DJ= 173 ps TP3 \ Pwr.Bud.-Conn Loss 94 dB Disp. S 0.1028 psinm*2*km TP4Eye 7 ps Test Tx 6.5 dB Test Source ER pen. 1.98 dB T_test_m(10-90) 15.2 ps EdBI 05
9 | Min. Ext Ratio= 3.00 dB Effect. DJ=  0.19 (Ul) exDCD C1= 480 ns.MHz  Disp. D1= -108.41 psAnm.km) Opening [=Txe{TestERper  1.98 dBo Met Ext R pen Per 2.81 dBo TestTc " 326 ps 05" 0.28
10 [Warst"awe. TxPwr 1.68 dBm MPN k{OMA) 041 Reflection Moise Factor 0 no units S Baseling wander SO 0.012 fraction of 12 epe Testerfarg1b”  1.09
11 |Ext. ratio penalty 4.79 dBo Txeye height 49.7% Effective Rate 30421 MBd [not inuse] 10 VE.CP "#### dBo Min. Tx power OMA= 977 uwW Testerfarg2p” 0.74
12 |TxmaskX1= 03Ul Refl Tx 12 dB Th_eff= 33 ps BWm= 4400 MHz"km F_BLW[nolS] 000 dB Stressed| ‘Waorst ave launch pwr 14723 uW Testclosedeye” 058
13 X2= 04 Ul ModalMoizePen 0121 dB Effective RecEye 021 Ul Eff. BWm=_ 44E+03 MHz"km P_BLW 0.00 dB R sems]
14 Y1= 0.25 Txmasktop” 0.2 Ul Pisi P_Dul Preflection Pcross Ptotal LFPPen ObAg,
15 L Patt ChiL |D1L D2L BWed  effEwn  Te Tc  central central central Beta SDmpn Pmpn Prin central central central - Margin central
16 | (km) | (dB) (dB) |ps/nm psinm_ (MHz) (MHz) (ps) (ps) J=0.dE (dB) (dB} (dB) (dB) (dB) (dB) (dB) (dB) (dBm) Q
17 | 0002 0007 15072 -0.22 BE-05 1568095 2E+06 28844 33643 119 14 0195 0.69 0 -0.011 9E-06 0 00548705 00071754 1575 226 158768 783 -1787__ ° + ‘
18 0.01 0036 15362 -1.08 4E-04 313619 4E+05 28903 33692 1195 14 0195 069 0 -0.057 0.0002 0 0.0546953 0.0071855 1609 23 157269 7.79 -1.816 Povear pangilize ve. disangs.
13 | 0.0153 0055 15554 -166 BE-04 205059 3E+05 28985 33763 1.202 14 0195 0.69 0 -0.087 00005 0 00544576 00072004 1635 232 157968 776 -1.835 -
20| 0.0206 0075 15746 -2.22 BE-04 152320 2E+05 201 33863 1212 1.4 0195 069 0 -0.117  0.001 0 00541329 0.0072234 1664 235 158062 774 -1.854
21| 00259 0094 15938 -281 0001 121171 2E+05 29249 33991 1225 15 0195 0.69 0 -0.147 00015 0 00537333 0.0072563 1696 239 160256 7.7 -1.873
22| 00312 013 16129 -338 0001 100595 1E+05 29431 34147 1242 15 0195 0.69 0 -0.178 0.0022 0 00532727 0.0073012 1731 242 16185 767 -1.891
23| 00365 0132 16321 -395 0001 859923 1E+05 29645 34332 1261 15 0195 0.69 0 -0.208 0003 0 00527664 00073607 177 246 16375 763 -1.91
24 0.0418 0151 16513 -4.53 0002 75091.9 1E+05 20.891 34544 1283 15 0195 069 0 -0.238 0.0039 0 0.0522301 0.0074374 1811 25 16598 759 -1.920
25| 0.0471 017 16705 51 0002 G66644 03500 30168 34784 1309 15 0195 069 0 -0.262 00049 0 0.0516789 0.00753241 1855 255 1.68483 754 -1.948  —
26| 00524 019 16897 -568 0002 599048 84045 30474 3505 1337 16 0195 0.69 0 -0.298 0006 0 00511276 0.0076539 1903 26 171325 75 -1.967 EREE e —
27| 00576 0209 17082 -6.25 0002 544032 76327 2081 35242 1369 16 0194 0.69 0 -0.228 00072 0 0.0505894 0.0077997 1954 265 174491 745 -1.988 Pt
26| 00629 0228 1728 -6.82 0002 498273 69907 31174 3566 1404 16 0194 07 0 -0.358 00085 0 00500763 0.0079746 2008 27 177985 739 -2.006 .
23| 00682 0247 17472 74 0003 459514 64483 31565 36.002 1442 17 0194 07 0 -0.389 0.0099 0 0049599 0.0081814 2065 276 1.81813 733 -2.025 A o e i AN B
30| 00735 0266 17664 -797 0003 426522 59340 31982 36369 1483 17 0194 07 0 -0.419 00114 0 00491668 00084232 2126 283 1.85978 727 -2.045 Time, (U1} = —— e —— e ——
3100788 0286 17855 -8.55 0003 397875 55821 32424 36.758 1.527 18 0194 07 0 -0.449 00129 0 0.0487874 0.0087028 219 289 1.90487 721 -2.065 —— R = — -
3z | 0.0841 0305 182047 912 0003 372834 52308 223891 237171 1575 18 0194 07 0 -0.479 007145 0.01 0.048468 0.000023 2258 296 1.95345 744 2085 © O
33| 00894 0324 18239 -969 0004 350758 49211 33381 37605 1625 19 0194 071 0 -0509 00162 001 00482143 00093868 2329 304 200557 707 -2.108 [ |
34| 0.0947 0342 182421 102 0004 331151 46460 22893 38.06 1679 19 0193 071 0 -0529 00179 001 00480317 0.0097969 2404 311 2.06127 72127
35 01 0362 18623 -10.8 0004 313619 44000 34426 38535 1737 2 0193 071 0 -057 00196 001 00479248 00102562 2483 32 212062 692 -2148
3601053 0381 18214 114 0004 20785 41788 24979 39.03 1797 2 0193 072 0 -0.6 00214 001 00478982 0.0107675 2565 328 218368 683 -217
37 0111 | 0.40 190 |-120 000 28359 39787 36 40 1.86 019 0 -063 002 002 0.05 0.01 | 27 ‘ 23 67 -22
36
33 | TP4 Eye Width Extension: J Petrilla Avago Technologies Jitter
40| Reach Peye TPARL U= 0410 3.81 ps for BER=E-12 ## 118 146 -3.00 0.00 0.00 0.00 0.00 -0.51 -008 -323 -425 -323 583
41 m dB TP1RJrms, Ul= 0.0082 0.28 ps #1119 147 204 0.00 0.24 -0.02 -0.01 -0.51 -007 -2.69 -5631 3855 6.29
42| B3 -298 TP1RI@BER), Ul= 0062 213 ps #% 119 148 -305 0.00 0.24 -002 -0.02 -051 -007 -376 -539 -362 636
43 TP1DJ, U= 0110 3.81 ps #F 120 -1.48 -2.08 0.00 0.24 -0.02 -0.03 -0.52 -0.08 -2384 -547 -369  6.44
44 BER= LI1EM TP3DJwolS, U= 0.240 8.30 ps #1122 148 -308 0.00 024 -003 -0.04 -052 -0.09 -382 -656 -378 6.52
45 TP3.5DJisi, U= 0.039 135 ps #1123 -1.49 -3.09 0.00 0.24 -0.03 -0.05 -0.09 401 -567 -387 6.61
46 DJatTP4 Ul= 0319 11.04 ps #1125 149 311 0.00 0.24 -004 -0.06 -010 411 -578 -397 671
47 | Qjit@BER=E-12| RJ{linknoise), U= 0.769 26.6 ps ### 127 -1.50 -3.13 0.00 0.24 -0.04 -0.08 -012 422 -591 408 6.82 L
48 | 6.7385 CumRJ(TP4), U= 0771 26.7 ps TP4T)Target ### 130 -151 -215 0.00 0.24 -0.04 -0.10 -013 435 -6.05 421 6.95
45 | Qf{@dJdn) k{DJ} TP4TJN@BER), U= 1090 377 ps 0780 ### 132 151 -318 0.00 0.24 -005 -012 -015 -448 -620 -434 708 -
=nl2.06537 .85 TP4.12 Ul=_ 0R91 " 230 ns ### 135 152 321 000 024 -N0A -014 017 4R -F37 449 72
| Notes | BaseOM4(1)  BaseOM4 vba | Sheetl | BaseOMA4(lc) | OM4(2) | OM3(1) | 10GbE Notes | 85052000 | (¥ Pl ] ’

] ——F——+ 50%
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Examples

* To be shown during presentation

PANDUIT

H ©-c s Link_Model VBA v3.xlsm - Excel Jose Castro &) — x
Home Insert Pagelayout Formulas Data Review View  Developer  Add-ins Help Power Pivot ~ Team Q Tell me what you want to do \_,»@ Share
G5 = | fe || =64-2*C11 A
A B c o E F G H | o K L ul M [u] P Q R 3 T u u W X hd Z Al AE AC AE AG AH Al A ' AR AL AN
1 | Spreadsheet by Del Hanson, David Cunningham, Piers Dawe, David Dolfi_Agilent Technologies Rev. 3213 This file 10GEPBud3_1_16axls of 47-0ct-01 Equalizer 2 {0) No Equalizer, (1) FFE 3 Taps, (2) FFE 5 Taps testerfarg 1c 1.088 [
2 |Basics  Input= Ts(20-80) 19.0 ps Case: 350nm seria__newMMF i 3.5 dB/km)| Modelformat rev5.1.162 of 31-Oct-01 4 test erfarg 2c” 0.740
3 Q= 3.6973 Ts(10-90) 288 ps Target ‘argetreach 0.100 km |Fiber at” 850 nm MormSens OMa -11.00 dBm Margin® 0.00 dBat PJ+&TP4eye (ps 8 B1=  2.563 nounits ERF arg= 1.72 no units testISI(DJ)" 0.581
4 Base Rate= 28900.0 MBd RIN(OMA) 133.0 dBHz  |and L_stat=  0.01 km Catt= 100 Beceiver ReflRx A2dB  |Answer! "0.1 km [EYE TILT DJ {ps) 0 D2" 0.0396 psinm.km} ERF=  0.00 nounitsstISIDJRN2AB)”  0.581
5] Transmitter RIN at MinER| -142.6_dBIHz graph 0.003 km Attenuation= 3.62 dBikm)| Rec_BW= 10,000 MHz |est FxBWw 21675 hHz GeomeanR 0.0631 linear units ISI_TP4_Rx"  0.94 no units
& | Wavelength Uc 840 nm RIN_Coef=  0.70 Power Budi 10.90 dB at” 840 nm o 329 neMHz Spec extinction ratio 1.99 linear units Vrin(2m test) 0.00110 rel. variance into test Rx
T | RMS Width, Uw 0.55 nm TP4eye+EyeSkew 8.0 psine DCD  Conmectionsete 150 dB  |Disp. min. Uo= 1316 nm T_m(10-80) 173 ps Test Source ER= Spec ext. ratio penalty 3.01 linear units Vmn 4.0E-03 (variance RIN test I1SI(DJ)
3 Tx pwr OMA= -0.10 dBm DCD_DJ= 173 psTP3 ‘ Prur.Bud.-Corn Loss 9.4 dB Disp. So= 0.1028 ps/nm*2*km TP4Eve " 7ps Test Tx 6.5 dB TestSource ER pen, 1.98 dB T_test_n(10-90) 15.2 ps EdB I
9 | Min. Ext Ratio= 3.00 dB Effect. DJ=  0.18 (Ul)exDCD Ci1= 480 nsMHz  Disp. D1= -108.41 ps/inm.km) Opening [=Tz et TestERper  1.98 dBo Net Ext R pen Per 2.81 dBo TestTc " 326 ps
10 worst"awe, TxPwr 1.68 dBm MPN k{OMA) 01 Reflection MoiseFactor 0 no units RS Baseline wander SD 0.012 fraction of ¥2 eye Testerfarg1b”  1.09
11 | Ex. ratio penalty 479 dBo Tx eye height 49.7% Effective Rate 30421 MBd (ot in use| 10 VECP "#### dBo Min. Tx power OMA= 977 uW Testerfarg2b” 074
12 |TxmaskX1= 03U Refl Tx -12 dB To_eff= 33 ps BWm= 4400 MHzkm F_BLW(nalSl) 0.00 dB Stressed| Worst ave launch pwr _ 1472.3 uW Testclosedeye”  0.58
13 X2= 0.4 Ul ModalMoisePen  0.121 dB Effective RecEye  0.21 UI Eff BWm=_ 44E+03 MHz*km P_Bl 0.00 dB ‘F\x sens|
4 Y1= 0.25 Txmasktop” 0.2 Ul Pisi PDJ Preflection Peross Ptatal LP Pen O
15 Patt ChiL |D1L D2L Bwed  effBWm  Te Tc  central certral central Beta SDmpn Pmpn Prin central central central - Margin central
6| (km) | (dB)  (dB) |psinm psinm_ (MHz) (MHZ) (ps)  (ps) J=0.dE (dB) (dB) (dB) (dB) (dB) (dB) (dB) (dB) (dBm)|
17 0002 0.007 15072 -0.22 8E-05 1568095 2E+06 28844 33.643 1196 14 1729 069 0 -0.011 9E-06 0 0113075 0.020314 3187 388 318025 144 -1.852 B
8 001 0036 15362 -108 4E-04 313619 4E+05 28903 33693 1201 14 1734 069 0 -0.057 0.0002 0 01129413 00203862 3226 391 318371 14 -1881° 09 o disfange
19 0.0153 0055 15554 -1.66 GE-04 205059 3E+05 28985 33.762 1209 14 174 069 0 -0.087 0.0005 0 0112766 0.0204889 2258 395 3.20291 137 -19
20 00206 0075 15746 -223 BE-04 152320 2E+05 201 33863 1219 14 1748 069 0 -0117 0001 0 01125393 00206383 3296 399 322165 133 1919
2100259 0.094 15938 -2.81 0001 121171 2E+05 20249 33.991 1233 15 1759 069 0 -0.147 0.0015 0 01122818  0.020838 334 403 3.24593 129 -1.938
2200312 0113 16129 -338 0001 100595 1E+05 20431 34147 1249 15 1772 069 0 -017& 00022 0 01120182 00210926 3389 408 327577 124 10957 —
2300365 0132 16321 -395 0001 859923 1E+05 29645 34332 1269 15 1787 069 0 -0208 0003 0 01117755 00214076 3443 413 331118 119 -1976 i _ e
24 0.0418 0151 16513 -4.53 0002 75091.9 1E+05 29.891 34.544 1292 15 1805 069 0 -0.23%8 0.0039 0 0111582 0.0217891 3503 42 3.35218 113 -1.996 H -
25 0.0471 017 16705 -51 0002 66644 93500 30168 34784 1318 15 1825 069 0 -026& 00049 0 0111486 00222438 3569 428 3389877 106 -2015 :
26 0.0524 019 16897 -5.68 0002 059904.8 84045 30474 3505 1343 16 1846 069 0 -0.298 0.006 0 01114552 0.022779 3641 433 345096 099 -2.035 _‘_’_._*
2700576 0209 17088 -625 0002 544033 76327 3081 35342 138 16 187 069 0 -0328 00072 0 01115764 00234028 3718 441 350876 081 -2055 1
28| 0.0629 0228 1728 -6.82 0.002 49827.3 69907 31174 3566 1416 1.6 1896 07 0 -0.358 0.0085 0 0111855 0.0241239 38 45 35722 083 2075
23| 00682 0247 17472 74 0003 450614 64483 21565 36.002 1456 17 1924 07 0 -0.389 00099 0 01123152 00240514 3888 459 364127 074 -2006 4 o - P o "
30 0.0735 0266 17664 -7.97 0.003 426522 59840 31.982 36.369 1498 1.7 1954 07 0 -0.419 0.0114 0 01129804 0.0258957 32982 468 371602 065 -2118 Time, (UL} —= —— ——=
31|00788 0286 17855 -855 0003 397875 55821 32424 36758 1544 17 1985 07 0 -0.449 00129 0 01138734 00269678 4082 478 379646 055 -2139 — e — — —
3200841 0305 18047 -9.12 0003 372834 52308 32891 37171 1584 18 2018 07 0 -0479 00145 001 01150173 00281801 4187 489 388263 044 -2161
3300894 0324 18239 -9.69 0004 35075.8 49211 33381 37.605 1647 18 2052 071 0 -0.509 0.0162 001 01164354 0.0295463 4299 5 39746 033 -2184 L |
34| 00947 0343 18431 -103 0004 331151 46460 33893 3806 1704 19 2088 071 0 -0538 00179 001 01181529 00310817 4416 512 407242 021 -2208
35 01 0362 18623 -10.8 0.004 31361.9 44000 24426 38.535 1765 19 2126 071 0 057 0.0196 001 01201968 0.0328041 4538 525 41762 009 -2.232
36 01063 0381 18814 114 0004 20785 41788 234979 3003 1829 2 2164 072 0 -06 00214 001 01225972 00347332 4667 538 428605 -004 -2256
37 0111 | 040 190 |-120 0.00 28359 39,787 36 40 1.90 220 0 -0.63 002 002 012 0.04 | 48 ‘ 4.4 -2 -23
38
33 |IP4 Eve Width Extension: ] Pelrilla Avago Technologies Jitter
40 | Reach Peye 0110 3.81 ps for BER=E-12 #% 118 007 -3.00 0.00 0.00 0.00 0.00 -0.45 -0.04 -1.62 -2.64 162 -0.55|
@1 m dB 00082 0.28 ps ## 118 007 -304 0.00 024 -002 -0.01 -045 -006 -208 -370 -193  -010
4z 63 -1.18 0.062 213 ps ## 119 007 -3.05 0.00 0.24 -0.02 -0.02 -0.45 -0.06 -214 -3.76 -1.99  -0.03
43 0110 381 ps ### 120 007 -306 0.00 024 -003 -0.03 -046 -007 -220 -384 -206 003
44 BER e 0.240 8.30 ps ## 121 008 -2.08 0.00 0.24 -0.03 -0.04 -0.46 -0.07 -2.28 -3.92 -213 010
45 TP3.5 DJisi, Ul 0.039 1.35 ps ### 122 009 -309 0.00 024 -003 -0.05 -047 -008 -235 -401 221 018
45 DJatTP4, Ul 0319 11.04 ps ## 124 070 211 0.00 0.24 -0.04 -0.06 -0.48 -0.09 -244 -411 -230 027
47 |QJit@BER=E-12 RJ(link noise), Ul 0.769 266 ps #w% 126 011 -313 0.00 024 -004 -0.08 -049 -010 -253 -421 -239 036 [
45 | 6.7385 Cum RJ(TP4), Ul 0771 267 ps TP4TJTarget #% 129 012 -315 0.00 024 -004 -0.10 -051 -012 -263 -433 -249 048
43 |Q(@Jn) KiDJ) TP4 TI@BER), U 1.090 37.7 ps T80 ## 131 0714 318 0.00 0.24 -0.05 -0.12 -0.52 013 274 -4.46 -261 057 -
_anld = 39 ns ## 134 015 -321 000 024 -0 05 =014 -N54 -N15 -28A 461 -2 naa
| Notes | BaseOM4(1) | BaseOM4 vba | Sheetl | BaseOMA4(1c) | OM4(2) | OM3(1) | 10GbE Notes | 85052000 | (& ; ’

M ——f——+ 50%

9:44 PM
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Summary and Conclusions H\NBUIT

e Discussed the benefits of having a link model spreadsheet as a
guidance during the standardization process of new PMDs

— Sharing and collaboration
— Real-time results (click and see)

— Enable relative comparison of PMD solutions
* Comparing allowable reaches and penalties due to:
— data rates, wavelengths, BER, modulation formats ..

* Develop models for equalized PAM-4 channels
— Presented models for ISl, Jitter and Power dependent noise
— New functions for Multi-level signals (VBA or dlls)
— Still more work to do...

* |Invite collaboration to develop a shared model
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QUESTIONS
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BACKUP
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PANDUIT
TDECQ modeling presented in fiber channel in 2017

Sensitivity to thresholds...
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