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Objective of presentationObjective of presentation

Find penalty of using low cost (performance) Find penalty of using low cost (performance) 
opticsoptics
Can EDC help on this?Can EDC help on this?

Simulation pathSimulation path
Low performance options consideredLow performance options considered
Simulation results/discussionSimulation results/discussion

OutlineOutline
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EDC simulation pathEDC simulation path

Random data Laser Rate 
equations

Convolute on 
random data 

sequence

Calculate optimal 
tap coefficients 

using mmse

Apply EDC filter 
to data sequence Do BER estimate save

BER vs. SNR 

add noise

fiber impulse 
response

laser diode 
parameters

Package/driver
Low Pass filter 

Receiver 7.5 GHz
Low Pass filter 

4, 8 and 20 GHz
bandwidth considered

4 different lasers
considered

CamMMF1p0f42020iCamMMF1p0f42020i
((Pie_LPie_L =5.2 =5.2 Pie_DPie_D 3.3)3.3)
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Laser Rate equationsLaser Rate equations

Solve rateSolve rate--equations using equations using matlabmatlab
Initial input data from Initial input data from CartledgeCartledge: : 
J. Lightwave tech. vol 15, no. 5 1997 p J. Lightwave tech. vol 15, no. 5 1997 p 
852 gives852 gives
laser with threshold current of 16.6 laser with threshold current of 16.6 
mA and mA and 
Relax. freq. of 11 GHz at a biascurrent Relax. freq. of 11 GHz at a biascurrent 
of 70 mAof 70 mA
Parameters modified to give 3 other Parameters modified to give 3 other 
lasers with approx. same Ilasers with approx. same Ithth and and 6, 14 6, 14 
and 18 GHz and 18 GHz Relax. freq. Relax. freq. 
IIbiasbias= 70 = 70 mAmA; ; IImodmod = 100 = 100 mAppmApp
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EyediagramsEyediagrams –– 4 GHz package4 GHz package

6 GHz6 GHz

14 GHz14 GHz

11 GHz11 GHz

18 GHz18 GHz

laser
output

filtered
output

laser
output

filtered
output
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EyediagramsEyediagrams –– 8 GHz package8 GHz package

6 GHz6 GHz

14 GHz14 GHz

11 GHz11 GHz

18 GHz18 GHz

laser
output

filtered
output

laser
output

filtered
output
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EyediagramsEyediagrams –– 20 GHz package20 GHz package

6 GHz6 GHz

14 GHz14 GHz

11 GHz11 GHz

18 GHz18 GHz

laser
output

filtered
output

laser
output

filtered
output
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Relative PenaltyRelative Penalty
Back to Back Back to Back –– no EDCno EDC

2.42.43.13.15.85.8GoodGood
(BW 11 GHz)(BW 11 GHz)

0 0 (reference)(reference)0.50.52.22.2PerfectPerfect
(BW 18 GHz)(BW 18 GHz)

0.90.91.21.23.13.1BetterBetter
(BW 14 GHz)(BW 14 GHz)

3.03.03.63.67.17.1BadBad
(BW 6 GHz)(BW 6 GHz)

PerfectPerfect
(20 GHz BW)(20 GHz BW)

GoodGood
(8 GHz BW)(8 GHz BW)

BadBad
(4 GHz BW)(4 GHz BW)

PackagePackage
LaserLaser

Penalty at BER=10^Penalty at BER=10^--99

all numbers in all numbers in dBodBo
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Relative PenaltyRelative Penalty
Back to Back Back to Back –– with EDCwith EDC
5 FF only5 FF only

1.11.11.61.64.34.3GoodGood
(BW 11 GHz)(BW 11 GHz)

~~ 00~ ~ 001.11.1PerfectPerfect
(BW 18 GHz)(BW 18 GHz)

~~ 000.40.42.62.6BetterBetter
(BW 14 GHz)(BW 14 GHz)

2.62.63.73.77.37.3BadBad
(BW 6 GHz)(BW 6 GHz)

PerfectPerfect
(20 GHz BW)(20 GHz BW)

GoodGood
(8 GHz BW)(8 GHz BW)

BadBad
(4 GHz BW)(4 GHz BW)

PackagePackage
LaserLaser

Penalty at BER=10^Penalty at BER=10^--99

all numbers in all numbers in dBodBo
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ObservationsObservations

5 tap FFE can do some compensation5 tap FFE can do some compensation
FFE seems to handle a bad package better than a FFE seems to handle a bad package better than a 
bad laser bad laser 

Note! Note! 
large steplarge step--size (2 size (2 dBodBo) in input signal to noise ratio ) in input signal to noise ratio 
may give some inaccuracy in the numbersmay give some inaccuracy in the numbers
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0.60.60.80.81.71.7GoodGood
(BW 11 GHz)(BW 11 GHz)

~ ~ 00~ ~ 000.50.5PerfectPerfect
(BW 18 GHz)(BW 18 GHz)

~ ~ 000.30.30.90.9BetterBetter
(BW 14 GHz)(BW 14 GHz)

0.80.81.01.01.91.9BadBad
(BW 6 GHz)(BW 6 GHz)

PerfectPerfect
(20 GHz BW)(20 GHz BW)

GoodGood
(8 GHz BW)(8 GHz BW)

BadBad
(4 GHz BW)(4 GHz BW)

PackagePackage
LaserLaser

Penalty at BER=10^Penalty at BER=10^--99

Relative PenaltyRelative Penalty
Back to Back Back to Back –– with EDCwith EDC
5 FF + 2 FB5 FF + 2 FB

all numbers in all numbers in dBodBo



Jesper Hanberg - Martin Løbel 12

ObservationsObservations

5+2 tap DFE compensates very fine5+2 tap DFE compensates very fine
DFE is needed to handle a bad laser DFE is needed to handle a bad laser 
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3.43.43.63.64.54.5GoodGood
(BW 11 GHz)(BW 11 GHz)

2.52.5
8.2 8.2 (no EDC)(no EDC)

2.62.6
9.7 9.7 (no EDC)(no EDC)

3.23.2PerfectPerfect
(BW 18 GHz)(BW 18 GHz)

2.92.93.03.03.73.7BetterBetter
(BW 14 GHz)(BW 14 GHz)

3.63.63.83.84.74.7BadBad
(BW 6 GHz)(BW 6 GHz)

PerfectPerfect
(20 GHz BW)(20 GHz BW)

GoodGood
(8 GHz BW)(8 GHz BW)

BadBad
(4 GHz BW)(4 GHz BW)

PackagePackage
LaserLaser

Penalty at BER=10^Penalty at BER=10^--99 CamMMF1p0f42020i (CamMMF1p0f42020i (Pie_LPie_L =5.2 =5.2 Pie_DPie_D 3.3)3.3)

Relative PenaltyRelative Penalty
after 300m fiber  after 300m fiber  –– with EDCwith EDC
5 FF + 2 FB5 FF + 2 FB

all numbers in all numbers in dBodBo
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ObservationsObservations

5+2 tap DFE is able to compensate ALL (within link 5+2 tap DFE is able to compensate ALL (within link 
budget) investigated combinations of packages and budget) investigated combinations of packages and 
lasers even after 300 m of lasers even after 300 m of ““badbad”” fiber.fiber.
The penalty of the fiber and of the laser seems to add The penalty of the fiber and of the laser seems to add 
up. With DFE the penalty difference between BTB up. With DFE the penalty difference between BTB 
and fiber is around 2.8 dB for all combinationsand fiber is around 2.8 dB for all combinations
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11.111.111.511.513.813.8GoodGood
(BW 11 GHz)(BW 11 GHz)

7.67.68.48.411.011.0PerfectPerfect
(BW 18 GHz)(BW 18 GHz)

9.29.29.89.812.212.2BetterBetter
(BW 14 GHz)(BW 14 GHz)

12.012.012.612.615.215.2BadBad
(BW 6 GHz)(BW 6 GHz)

PerfectPerfect
(20 GHz BW)(20 GHz BW)

GoodGood
(8 GHz BW)(8 GHz BW)

BadBad
(4 GHz BW)(4 GHz BW)

PackagePackage
LaserLaser

Penalty at BER=10^Penalty at BER=10^--99 CamMMF1p0f42020i (CamMMF1p0f42020i (Pie_LPie_L =5.2 =5.2 Pie_DPie_D 3.3)3.3)

Relative PenaltyRelative Penalty
after 300m fiber  after 300m fiber  –– with EDCwith EDC
5 FF only5 FF only

all numbers in all numbers in dBodBo
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ObservationsObservations

5 tap FFE only is NOT able to compensate ANY 5 tap FFE only is NOT able to compensate ANY 
(within link budget) of the investigated combinations (within link budget) of the investigated combinations 
of packages and lasersof packages and lasers
The penalty of the fiber and of the laser seems to add The penalty of the fiber and of the laser seems to add 
up. With FFE the penalty difference between BTB and up. With FFE the penalty difference between BTB and 
fiber is around 8 dB for all combinationsfiber is around 8 dB for all combinations
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ConclusionConclusion

Approximate penalty of relaxing transmitter specs is Approximate penalty of relaxing transmitter specs is 
given by given by ““Back to back Back to back –– with EDCwith EDC”” values (slide 11)values (slide 11)
–– 0 to 1.9 dB0 to 1.9 dB

Question: any room in link budget?Question: any room in link budget?
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BackupBackup
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Laser parametersLaser parameters

Mirror loss                        [cm-1]

internal loss                     [cm-1]

Auger recombination coefficient   [cm^6/s]

Radiative recombination rate  [cm^3/s]

Nonradiative recombination rate   [1/s]

Carrier density of transparancy [1/cm^3]

Gain compression coefficient  []

gain compression factor           [cm^3]

Diffential gain coeffienct [cm^2]

Group Velocity                    [cm/s]

group refractive index            []

effective refractive index        []

gain slope constant               [cm^3/s)

Confinement factor                []

active layer thickness            [cm]

active layer width                [cm]

cavity length                     [cm]

Spontanous emission factor      []

3e+93e+9

1.33e1.33e--1515

1e1e--55

18 GHz18 GHz14 GHz14 GHz11 GHz11 GHz6 GHz6 GHzparameterparameter

155155
2020

3e3e--2929
1e1e--1010
1e+81e+8

1.07e+181.07e+18
7.4e7.4e--77

1.48e1.48e--1717
2.13e2.13e--1616

7.5e+97.5e+9
44

3.43.4
1.6e1.6e--66

0.240.24
8e8e--66

0.00010.0001
0.0250.025

1.71.7

1.27e+91.27e+9

4e4e--1616

3e3e--66

4848
2525

4e+84e+8

2.96e2.96e--77

1e1e--55
0.00020.0002

a_mira_mir
a_inta_int
C_AugerC_Auger
BrrBrr
AnrAnr
NTNT
eps_nleps_nl
epsilonepsilon
sig_gsig_g
vgvg
nn
neffneff
g0g0
GammaGamma
dd
ww
LL
nspnsp

Cartledge laser

values not shown are common for all lasers


