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Designing Optical Fibers for WDM Applications
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Different Fiber Types

Dispersion
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Nonlinear Dispersive Fiber 1.0 Properties
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(For specific fiber vendor information, please contact Optiwave Corporation)

Fiber Parameters

Core Radius: 4.07 um
R.1. of Core : 1.45204
R.I. Of Cladding :  1.44681
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MFD : 8.8 um at 1310 nm
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Zero Dispersion Slope : 0.08 ps/lkm-nm”2 at 1313 nm

Zero Dispersion Wavelength : 1313 nm
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Calculatec_(Fiber CAD) VVeneleor™

MFD : 88umat1310nm -\ —————— 88um<MFD< 9.6 um at 1310 nm
L it 9.6um< MFD< 11.2 um at 1550 nm
Zero Dispersion Wavelength : 1313 nm - ——————————__ 1302 nm < Zero Dispersion Wavelength < 1322 nm

Zero Dispersion Slope : 0.08 ps/lkm-nm”~2 at 1313nm ——— Zero Dispersion Slope < 0.092 ps/km-nm”2

*The data of SMF were taken from the public-domain specifications at the vendor's web-site (for vendor information, please contact Optiwave Corporation)
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Simulation Parameters to Design an Optical Systems Using this Fiber (at 1550 nm)

Dispersion Effective Area
76 um”2

Group Delay
4897570 ps/km 16.3 ps/ km-nm
Dispersion Slope
0.069 ps/km-nm”2
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Why DCE ?

(a) To Compensate Positive Dispersion of

—
SMF (+D) NZDSF

(b) To Compensate Negative Dispersion of

y
(-D) NZDSF

Dispersion Compensation Equation

DI +Dl_=0

D, = Dispersion coefficient of (+) dispersion fiber
I _ Length of (+) dispersion fiber

D_ Dispersion coefficient of (-) dispersion fiber
I

Length of (-) dispersion fiber
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Fiber Parameters

Core Radius : 0.7748 um
R.l. of Core : 1.47866
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Standard . "CF_(contd)

Simulation Parameters to Design an Optical Systems Using this Fiber at 1550 nm

Group Delay Dispersion Effective Area

Dispersion Slope
~0.24 ps/km-nm~2 (constant)
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Pzeudo-Random BINRZ Pulse Generator 1.0 :

Bit rate = Bit rate Bitsfs
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~F_ (cont

)

Standarao
n(core) |n(clad) | Radius | Group Delayl] GVD GVD Slope Aeff Petermann-2 (MFD)

um) | (ps/km) | (ps/km-nm) | (pS/km-nm"2)} - (UM*2) (um)

1.46694 144402 | 1.10 NA -50 NA NA 6.0

Reference 1.47188 [1.44402 | 0.92 NA\ -65 NA NA 6.0
1.47866 [1.44402 | 0.775 NA -80 o NA NA 6.0

\\
1 Eiber 1 Fiber 2 Fiber 3
1.46694 [1.44402 | 1.10 4917850 -53 0.07 31 6.0
. M

Fiber CAD| 147188 [1.44402 | 0.92 4915340 -67 / 0.26 34 6.18

1.47866 [1.44402 | 0.7748 4914080 -81 0.24 31 6.0

NA : Not Available
Reference : M.Basu, Ramanand Tewari & H.N.Acharya, Optics Communications, VVol.174 (2000), 119-125
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Why Higher Negative DCF ?

Dispersion Compensation Equation

D,I_+D.l_=0

or, |_ :(D+|+/—D_)

|

. (Therefore | —, ||_ to be small, D _ Should be LARGE

Example: At 1550 nm for a SMF* : Dispersion coefficient ~ 17 ps/km-nm

> Total dispersion ~ 1700 ps/nm for 100 km of SMF
IF, for a DCF , Dispersion coefficient ~ -17 ps/km-nm—— Requires 100 km of DCF

<& ]

Increases system cost N

* For specific fiber vendor information, please contact Optiwave Corporation
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ATIVE DCF

Electronics Letters, VVol. 6, No.2, Sept. 2000

Fiber Parameters

First Core Radius/R.I.: 1.34 um /1.469

Fiber CAD

Fiber Parameters

First Core Radius/R.I.: 1.34 um /1.4685

Second Core Width / R.1. : 6.6um/1.451 Second Core Width / R.1. : 6.6um/1.451
Distance between the cores:  9.36 um Distance between the cores:  9.36 um
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Co A

VE DCF (contd)
LaRliched B is

Electronics Letters, VVol. 6, No.2, Sept. 2000
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"HIGHEST NEC . I\VE DCF (contd)

Simulation Parameters to Design an Optical Systems Using this Fiber

At 1557 nm (~192.54 Thz)

Dispersion ~ - 1630 ps/nm-km Group Delay ~ 4930770 ps/ km
Dispersion Slope ~ -95.4 ps /nm”~2-km Aeff ~ 55.5 umn2
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Why Broadband DCF ?

Compensation of Dispersion

Entire C—band or/and EntireL -band

Complete Dispersion and Slope Compensation

Sget = (=Dyes / Dy ) XSy

w

def  : Dispersion slope of dispersion compensation fiber

: Dispersion of the dispersion compensation fiber

iolie

. Dispersion of the transmission fiber

w

. Dispersion slope of the transmission fiber



(% Optiwave

S

DCF for Broac' nd Applications

Fiber Parameters

Core Radius/R.l.: 1 um /1.4775
Width of Depressed Cladding/R.l.: 1.8um/1.4375
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DCEF for Broadba pplications (contd)

Simulation Parameters for Designing Optical Systems Using this Fiber

Ip Delay : 4946140 to 4927090 ps/km from 1530 to 1625 nm

Dispersion : -213 to -186 ps/km-nm from 1530 to 1625 nm
Dispersion Slope : -0.28 ps/km-nm”2 (constant)

Effective Area : 47.5 to 72.5um”2 from 1530 to 1625 nm
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Pzeudo-Random BiNRZ Pulse Generator 1.0
Bit rate = Bit rate Bitsis
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Why (+D) NZDSF with Large Effective Area ?

A
Dispersion
+D NZDSF
DSF
>
— \
1550 nm
< P < >

C-Band L-Band

DSF : # Only for single wavelength transmission at 1550 nm — For DWDM application - NOT SUITABLE
# Nonlinear phenomena like Four Wave Mixing (FWM), is dominant when dispersion is ZERO

(+D) NZDSF and # Dispersion is finite (2-10 ps / km-nm) in C and L-bands

# FWM is greatly reduced enabling less channel spacing
# Cross Phase modulation (XPM) can be reduced by taking large effective

Area
# Smaller dispersion slope to provide broad transmission window



MNon Zero Dispersion Shifted Fibe: v Large Effective Area (+D NZDSF|
Fiber Parameters
First Core Width /R.I.: 1.15 um /1.4571
Second Core Width /R.I. : 3.2 um/ 1.4461
Third Core Width /R.I.: 1.6 um/ 1.4455
Fourth Core Width/R.I : 1.5 um/ 1.4436
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NonZero Dis ot Larg

Simulation Parameters to Design an Optical Systems Using this Fiber

Group Delay Dispersion

Dispersion Slope
0.086 ps/km-nm”2 (constant)
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Effective Area
71.4 um”nN2

TRl TG
Pforrmarm I {Far Pl e Effacive drmg

i
fild

1y
ffi2

MI
[] 0 !
i 1] !

\ ,;

1] [

1]
i.! “"I““|'“'I“"|"“I““|“"I"“"“'I““|'“'I""|“"I““|"“I““|"“I““|“II

LI D Ot T T T R E IR

Ssalanth )




(% Optiwave

<D

NonZero Dispersion Shifeo " with Large Effective Are

enu.u..l Tison

23 (Cont]
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Vendor® Calculatec_Fiber CAD)
9.2 um< MFD < 10.00 um at 1550 nm MFD : 9.68 um at 1550 nm
Dispersion Dispersion

255 to 10.86 ps/km-nm
20 to 11.2ps/km-nm

over the range
1530 to 1625 nm 1530 to 1625 nm

over the range

Effective Area Effective Area

71.4 um”2 at 1550 nm

72 um”™N2 at 1550 nm

* The data of the fiber were taken from the public-domain specifications at the vendor’s website. For vendor specific information, please contact Optiwave Corporation.
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Why (-D) NZDSE ?

A
Dispersion
+D NZDSF
H
— [ ] I
~1620 nm
< P < >

C-Band L-Band

# Dispersion (-1 to -10 ps / km-nm) in L and C-bands

Low Negative
i Low Megartive Dispersion of MewmoCor Fiber D|SperS|0n
Dlrectly Compresses the Oprical Pulse

Modulated

— Greater distances can
be attained without

Cost Dispersion

Compensation

LOW + chirp MNegative dispersion fiber
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Ive_ DD ersion Flber

Negative Di- Hersion Fib
for Metropo iz a‘a\e%hl\gt\vvgk
(=D I ZDSF)
\ \\
Fiber Parameters
First Core Width /R.Il.: 1.15 um /1.458
Second Core Width /RL.I. : 0.6 um [/ 1.4439
Third Core Width /R.Il.: 4.0 um [/ 1.4445
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Negative Disy on Fiber (contd)

—_—

Simulation Parameters to Design an Optical Systems Using this Fiber At 1550 nm
Group Delay Dispersion Effective Area
489079 ps/km -7.9 ps/km-nm 91 um”N2

Dispersion Slope
0.128 ps/km-nm”2 (constant)
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WNegative Disy

on Fiber (contd)

Conirison
* -
Veander Lalculatec_Fiber CAD)
7.60um< MFD < 8.60 um at 1550 nm MFD : 10.5 um at 1550 nm
Dispersion Dispersion

-10.6 to -1.0ps/km-nm
-10.0 to -1.0ps/km-nm

over the range
1530 to 1605 nm 1530 to 1605 nm

over the range

* The data of the fiber were taken from the public-domain specifications at the vendor’s website. For vendor specific information, please contact Optiwave Corporation.
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Conclusion

¢ Commercial fiber data sheets give the values of group delay, GVD Slope and Effective

Area only at One wavelength. Therefore it is not possible to simulate a WDM optical
system which require these data at several wavelengths.

However, an understanding can be developed by simulating these data for a fiber close

to the commercially available fiber by using commercially available software such as
Fiber CAD.




