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T
w

o basic effects of chrom
atic dispersion

C
hrom

atic dispersion is caused by the different 
propagation velocities of light com

ponents having 
different colours.

It leads to tw
o different effects:

pulse spread, resulting in IS
I;

M
ode P

artition N
oise (M

P
N

)

�



�

P
ulse broadening

T
he value of the IS

I-caused chrom
atic dispersion 

penalty (in dB
) can be estim

ated as follow
s[1]:

       α
IS

I= 5 log [ 1 + 2 π
( B

 D
 L σ )   ]

w
here B

 is B
aud rate, D

 is fiber chrom
atic dispersion 

coefficient, L is link length and
σ

is the R
M

S
 spectral 

w
idth of laser

2
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M
ode partition noise

P
artitioning of laser pow

er betw
een laser m

odes does 
not change the total transm

itted pow
er and does not cause 

additional noise at the laser output. 

H
ow

ever, different laser m
odes travel at different velocities 

in the M
M

F.

A
s a result, pow

er fluctuations betw
een m

odes lead to M
P

N
at the fiber output.
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M
ode partition noise penalty

T
he pow

er penalty in dB
 due to M

P
N

 can be estim
ated as [1]:

                 α
m

p
n =

 5 log [ 1 / ( 1 -  Q
a σ

m
p

n
 ) ]

w
here 1

A is the desired argum
ent of 

                 B
E

R
(Q

) =
 [ Q

 ( 2 π
)    ]  exp( - Q

 / 2 )

and                σ
m

p
n  =

 (k / 2)[ 1 - exp{ - (π
B

 D
 L σ )  } ]

σ
m

p
n

  is the M
P

N
 variance and the other term

s as previously defined.

            

1/2
 -1
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 2
 2
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P
enalties: Long W

avelength Lasers

N
ear 1300nm

 D
 is approxim

ately zero so D
 is estim

ated using:

           
D

 =
 S

 ( λ
0- λ

d)

w
here S

 is the dispersion slope, λ
0 is the source m

ean 

w
avelength and λ

d is the M
M

F
 zero dispersion w

avelength.
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P
enalties: Long W

avelength Lasers, S
M

F, 
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1

1250
1300

1350
1400

0

0.5 1

1.5

D
ispersion m

inim
um

 1300 nm
D

ispersion m
inim

um
 1320 nm

M
PN

 Penalty SM
F, 3 km

, 6 nm
 rm

s

C
entre W

avelength (nm
)

Optical Power Penalty (dB)

1250
1300

1350
1400

0

0.1

0.2

D
ispersion m

inim
um

 1300 nm
D

ispersion m
inim

um
 1320 nm

M
PN

 Penalty SM
F, 3 km

, 4 nm
 rm

s

C
entre W

avelength (nm
)

Optical Power Penalty (dB)

B
.

1.25
10

9

S
.

0.102
10

12

L
3

λd
1300

�



�

P
enalties: Long W

avelength Lasers, 62M
M

F, 
k=

1
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dditional effect of other noise term
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P
enalties: Long W

avelength Lasers, 
S

M
F, k=

1
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B
it rate increased to 1.4 G

b/s and a 
B
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floor at 10-12 observed. 
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P
enalties: S
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E
xperim

ental results
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W
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 IS
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300m
500m

700m
1km

-21
-20

-19
-18

-17
-16

-15
1E

-11

1E
-10

1E
-9

1E
-8

1E
-7

1E
-6

R
eceived

 P
o

w
er (d

B
m

)

BER

B
E

R
 m

easu
rem

en
t  

L
aser a1km

0km
0.5km

��



�

E
xperim

ental P
enalties: S
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avelength Lasers 
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S
u

m
m

ary
6 lasers from

 different m
anufacturers for M

M
F

 data 
com

m
unication at G

b/s rates w
ere tested:

    lasers w
ere all edge em

itters (F
abry-P

erot)

   all exhibited penalties due to M
P

N
 and chrom

atic 
dispersion induce IS

I 

P
relim

in
ary R

eco
m

m
en

d
atio

n
s:

M
P

N
 m

ust be taken into account in specifications 

LW
L m

axim
um

 R
M

S
 w

idth of 4nm
 for 3km

 S
M

F links

S
W

L m
axim

um
 R

M
S

 w
idth < 2nm

 for 500m
 links  
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