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Objective

* Demonstrate an alternative method of PMD specification for
EFM to possibly enable:

— longer reach

— lower cost
— fewer PMDs
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Background

* Point-point system is
defined using worst case
scenarios from EFM link
budget spread sheet

« System can be dispersion
limited for transmission at
20km

/\/

Statistical design to
combat worst case?

Example: Bi- directional P2P PMD proposed

/\/
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Description ONU/OLT Module Unit

Transmitter Type Bi-directional, 1 fibre
Signaling speed 1.25 GEd
Link length (range) 0.5 to 10,000 m
Power Budget 10 dB
Wavelength (range) 1270 to 1360 nm
Trisal Ttall {Max, 20%-80% responss time) 0.26 ns
RMS spectral width (max) 2.4 nm
Average launch power (min) -9 dBm
Average launch power (max) -4 dBm
Extinction ratio (min) 9 dB
RIN (max) 120 dB/Hz
Receiver sensitivity (min) -19 dBm
Return loss of ODN (min) 20 dB
Return Loss of module {min) 18 dB
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Major Power Penalties Under Worst Case
Assumption - Output from Link Budget Model

Power penalties vs. distance
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Statistical Implementations to the Link Budget
Model

« Assume statistical distribution of major parameters that
affect dispersion and leave the other link variables as
worst case as defined in the link budget model

* Loss due to fiber and connector, etc. can be implemented
later using the same principle
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Statistically Defined Parameters

« Single mode fiber: Corning SMF-28™ 20km as one
segment

— dispersion slope
— zero dispersion wavelength
» Laser distribution assumption
— central wavelength defined in two ways, see later
— spectral width
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Statistical Inputs and Assumptions for Lasers
with Inexplicit Temperature Assumptions

5 « .............IIZZIZIZIIZZIZIZI ZIZIZIIZIZIIZ............ B

1,270.00 1,292.50 1,315.00 1,337.50 1,360.09 26 1.53 1.80 2.07 2.34
Logistical Distribution Normal Distribution
Mean 1315nm Mean 1.8nm

Scale 5.0nm Stdev 0.18nm
~ 0.06% wavelength fell outside the
specified 1270 - 1360nm range
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Advantages of Statistical Overlay on Link
Model

* Link model widely accepted as a tool

« Combining worst case parameters and statistical
parameters to form a reasonably worst case scenario

 In an output friendly fashion - examine multiple output
distributions (forecast) simultaneously - see next page
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Spreadsheet Inputs and Outputs - Example

Spreadsheet by Del Hanson, David Cunningham, Piers Dawe, David Dolfi Agilent Technolo| Rev. 0.0 This file EFM_PBud0_0_1xls
Baslcs Input= Bold T=(20-80) 260 ps  [Case 250nm serial SMF Aftenuation= 0.4 dB/km Modelfarmat rev3.1.16a
= 7.04 T=(10-90) 395 ps Targefarget reach 14 km  |Fiber at 1310 nm RomSenz OMA =190 dBmM
Base Rate= RIMIOMAY  -120 deiHz | andf L_star= 10 km C_att= 027 Seceive Refl Ry 27 dB
Transmitier FIM at mMinER  -136.0 dBMH#A araph L_inc= 1 km Attenuation= .40 dBfkm Rec_Bvw= 1000 MHz
Mavelength L RIN_Coef= D.70 Fower BudgetP=  11.0 dB c_re o 320 nzhaHz
Jw (see notesy Det Jitter 69 psinc.DCD  Connections ete 2.0 dB isp. min. Ug T_rf10-90) 329.0 ps
T it OMA= DCh_Dd= 65 p=s TP3 PwiBud-Connloss 9 db Disp. S8 0093 J=inm®2*km TP4Ee 200 ps
Min. Ext Ratio= Effect. D= 0.00 UL ex DZD 1= 480 ns.MHz Disp. D1 Lsi(AmLKImM) Opening [=Txeye]
"t arst"ave TaPwr -3'] dBrm MPR K{OA) 0.5 Fieflection MNoize factor - LB no Units PNS Easzeline wander SO O fraction of 12 eye
. ratio penalty 2.0 dEI[In'p@jnt hE@lS@[G% Effective Rate 1361 MBd | PolMD DGDma: 15 ps at thget 14km
Temas X1= 02z 2 dbB Th_ef= T35 ps BWm= 1E+06 pHzkm Pﬁlubé% 0.00 de
1314 ¥2= 0.375 LI Mu:udalNu:-lseF'e-n I] u] 5| Effective Rec Eye  0.27 LI Eff. BiwWim= 3985 0.00 dB
= 0.2 Tx masktop n2a 1l Fisi FEye F_DOJ FP_DJ |Preflection Forozs | Protal <Protal]l  Total
L Fatt ChiC JOTL DZL BWed eewm Te  TC  central comers central comers|central Beta  SDmpn Pmpn Prin central | central cormers| Dispersion
(k) | (dB) (dB)  |psinmasine (HD (MHZ)  (psd (ps) J=0de {(dBY  (dB)  (dB) | (dB) (dBy  (dB)  {dB) | {dB) {dB)
0002 | 000 200 |0.00 0.00 GE+0Y #9395 514 062 036 0.00 0.00 -1E-05  0.00  0.00 0.00 | 062 0.98
10000 ( 398 598 | -85 117 12169 31111 397 516 063 036 0.00 000 (013 -0.07 O0.00 O0.00 0146 00D | 49 53
1050 418 618 | -89 1.23 11,590 29630 397 516 0E3 036 000 Q00012 -00F 000 OQOO0QO0 016 Q00| 51 5.5
1100 438 638 | -9.3 129 11,063 28283 397 516 063 036 000 OQO0O(0Q11 -007F OQOO0O0 Q000 Q16 Q0O | 53 46
11580 458 6488 | -9.7 135 10582 270583 393 516 063 036 000 OQO0O(0Q11 -00F OQOO0O0 ©OO0O0 Q16 QOO | 545 48
1200( 478 678 |-101 141 10141 25926 398 516 064 036 000 QOOf 01 -00O8 OO0 QOO0 046 00O &7 GO
1250 ( 498 698 |-106 146 9735 24889 398 517 064 036 O0.00 OO0 (01 -0.08B8 O0.00 O0.00 016 000 | 59 6.2
1300 a18 Y18 |-11.0 1482 9361 23932 399 517 064 036 000 QOOf 071 -008 00O ©QOO0QOO0 016 000 | 6.1 .4
1350 538 Y38 |-114 1488 9014 23045 399 517 064 036 000 Q0O (0QO% -009 OQO0OO0 O©OO0O0 0Q16 00O | 63 GA
1400( 558 Y458 |-11.8 164 B E92 22222 399 517 064 036 000 QOO (0QO% -009 OQOO ©OO0OO0 046 00O | 65 GBE
1450 578 778 |-123 170 8,392 21486 399 73 000 000 000 OQOO(0QOY -009 oOQO0OO0 Q000 011 000 60 BO
100 | 597 797 (127 1.76 8113 20,741 400 E!I].ﬁal 0.36 000 000|008 -010 000 000 015 O0.00 | 69 7.2
1450 617 817 [-131 1.82 7881 20072 400 518 065 036 000 QOO (008 -010 000 000 0148 000 ?1 74
16.00( 6.3¥y 837 |-134 187 TEOE 19444 400 518 065 036 000 OQOOJfo0o0Y -010 000 000 045 000 76
16.50 | 657 857 |-140 192 7 RQguktgor 519 0es 036 000 oocfResylts oo ooo ”'@é%blt%a 7.8
1700 677 877 |-144 1899 71583 18301 401 519 065 036 000 Q0O (007 -011 000 0.00 a.0
1750 | 6.97 897 (148 2.05 @l:* C‘af@“@m 519 065 036 0.00 ll@la r@ﬁ” at]bnl] l]l] 0.00 631 é E 5 8.2
1800 747 917 [-152 211 BTE1 17,284 519 0.65 0.00 oo 0.00 I ltb n a4
1850 737 937 (-186 217 BATE 16817 0.00 o000 IZI.EIE -EI.1 2 oo o01a 0. IIIEI ) 2.6
1900 7A7  9.4a7 (-161 223 6408 16,374 000 000|005 -012 0145 000 | &84 a
1950 777 977 [-1648 229 6241 15954 0.00 000|005 -013 ) 8 000 86 4
20000 | 797 997 |-16.9 234 6,085 15556 0.00 D000 005 -D13 00D ops o000 ( B8 9
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System Reliability Assumption

- Total dispersion penalty less than 2 dB
— total dispersion is defined as Pisi + Pmpn,;
— small MPN penalty;
(2dB total dispersion is a stringent criteria - build guard band in
reliability);
« ~99% Reliability requirement assumed - 99% of chance for
success transmission or 99% of link does not exceed 2dB
total dispersion penalty
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Monte Carlo Simulation Results - 100,000 Trials

Forecast: Disi+Dmpn
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Reliability: ~99.86% when k=0.5

1 IEEE EFM May 20 2002 CORNING



More Scenarios with Explicit Temperature
Assumptions

» Adding temperature assumptions
— Uniform distribution across -40 - +85°C See next page

« Using a laser with 1298x5nm at 0°C and spectral width of
1.8£0.18nm (according info from one supplier)

« Assuming laser-temperature variation See next page
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Temperatures

Temperature
variation of laser

Assumed
temperature
distribution
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Central Wavelength Changes Due to Adding
Temperature Impact
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Probability
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Frequency Comparison
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Simulation Results - 10,000 trials
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Forecast: Dmpn

Forecast: Disi+Dmpn

dB
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Conclusion - 20km Transmission
Feasible Statistically
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Lasers and following property will allow 20km transmission, assuming
k = 0.5 and at least 99% success rate:

— Central wavelength of 131525 nm (logistical) and spectral width of
1.8+£0.18 nm (normal), covering 1270-1360nm for extended
temperature assumption

— Central wavelength of 129815 (normal at 0°C) and spectral width 1.8%
0.18 nm (normal) under uniform temperature assumption from -40 -
+85°C

The current G.652 fiber as specified should support the above laser
specs.
Assumed total dispersion penalty should provide design guard banding

— Using MPN of 2dB would produce a lot looser requirements
The case applies to P2ZMP since same dispersion issue present
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