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1. Basic physical effects

— linear and nonlinear effects
= group velocity dispersion (GVD):

D = (16 ps/nm.km) at 1.55 xm = basic limitation with SMF !

Externally Modulated DFB lasers

RZ, duty cycle = 0.5

How does reduce the dispersion length L increasing B in SMF?

B=25Gb/s =T, =400 ps = Ty = 200 ps =L, =693 km
B=10 Gb/s =T; =100 ps = Ty = 50ps =Ly= 40km
B=40 Gb/s =Ty = 25ps = Ty =12.5ps =Ly= 2.5km
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= Group velocity dispersion (GVD):
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= linear losses = periodic amplification

= Signal Power X
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G.P.Agrawal, "Nonlinear Fiber optics", third edition, Academic Press, 2001.
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1. Basic physical effects

= linear and nonlinear effects
= self-phase modulation

=] Sampled signal spectrum X
Left Button and Drag to Select Zoom Region. Press Control Key and Let

Power (W)

IZI.EIIDD‘I EI.DIIZIDS EI.DIIZIDS IZI.EIIDDT EI.DIIZIDQ

1.549e-006 1.55e-006 1.551e-006
Wavelength (m)

Pulse spectrum at0, 1, 2, 5and 10 km



Pzeudo-Random BiMRE Pulse Genergtor 1.0
Bit rate = Bit rate Bitsis

| & Optivave

1. Basic physical effects

= GVD compensation: DCF

Optical Time Domain “dsualizer 1.0

s amma
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Optical Spectrum Analyzer 1.0
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Dpcr =-80 (ps/nm. km) 0 D/ 0 A =0.08 (ps/nm2 .km) Jpr = 5.24 (1 / km. W),

e = 0.5 (dB /km), Lycg = 2 km
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1. Basic physical effects

= GVD compensation:

nonlinear compensation — optical solitons

B=40Gb/s =Ly=2.5km, y=1.36 (1/km.W) =P ~305 mW

Foerer [[m %]

The soliton shape evolution Temporal evolution for the
after 50 km propagation in SMF third-order soliton
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2. Single channel transmission at 10 Gb/s in SMF

I (% Optiwave

— RZ versus NRZ transmission

¢ transmission over 100 km lossless SMF at 10 Gb/s

= BER Analyzer 1.0 = BER Analyzer 1.0
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¢ transmission over SMF at 10 Gb/s. Periodic amplification
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RZ, duty ratio =0.5; 8 loops x25 km; Gain =5 dB; NF =6 dBm
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4 Dl Click On Ohjects to open properties. Mowve Ohbjects with Mouse Ot
/ \ RZ, 200 km SMF Time (bit period)
12 / \ a 0.s 1
J / \
/ E
/ \ =
104 / o3
/ \\ -
O g \ 5
3 / \ = "3
B -
= \ I}
6 \ = 2
/ =
/ \ e ES
4 / \ = E
// \ =L
4 / \
J // Al E
Ve 2
2 -
T T T T T T T A
60 70 80 90 100 110 120 u} a5 1
. it [ V\/J Time (bit period)
input power [m

max Q factor as a function from P

P=387.5mW



| g

Pzeudo-Random BiMRE Pulse Genergtor 1.0
Bit rate = Bit rate Bitsis

pll %*%3 "_‘L

NRZ, 4 loops x25 km, Gain=5dB, NF =6 dBm

Ty

| (/‘:I Optiwave
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RZ-modulation format is superior compared to conventional NRZ
= for L, = 25 km at 10 Gb/s the maximum transmiision length for RZ
(duty cycle = 0.5) ~ 200 km, whereas for NRZ ~ 100 km, or the

K. Ennser and K. Petermann, IEEE Photon. Technol. Lett., vol. 8, pp.443-445, 1996.
M.l. Hayee and A.E. Willner, IEEE Photon. Technol. Lett., vol. 11, pp.991-993, 1999.



Pzeudo-Random BiNRZ Pulse Generator 1.0
Bit rate = Bit rate Bits/s fete e

I (6, Optiwave e

3. Single channel transmission at 40 Gb/s in SMF

— RZ versus NRZ transmission

NRZ at 40 Gb/s over 250 km
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3.

Single channel transmission at 40 Gb/s in SMF

— RZ versus NRZ transmission

RZ at 40 Gb/s over 500 km

T E: o T T S S B = BER Amalyzer 1.0
L il 3 .::::::...::::::..:::::::..:::::::El ] Dol il o e e 0 [0t isies AR vl ieiwes [
o B B g g
e e B
| Bapen Sabn 704
|_ : | 65- RZ S00kmSVF c
TS = ] -
a-ll | _[_ y T &
EZ dgs e 1 0 TN - — 4 6.04
L - Fasiraar Drwasey D
[ s ik [ . 1 E
| Al o 5 5
i L % ] i
— T T @© 50 T =
= |} £ ] :
[ ——— ._!,_: - P g 1 454
[rey [
i iimn 1o wip o £
-
O Lo | — T 35
[ o TS k= = .
B ey i T e
S 0 2 4 6 8 10
input poner [mA]



‘ O t,. W a V e Peuds-Fandom BINRZ Pulse Genemtu:i 10 - N |
' - . EE . . _

3. Single channel transmission at 40 Gb/s in SMF

= Influence of the noise and SPM on the transmission

1 n
36
34
324
30 \

26 ] —SPM=0

max Q

input power [mW]

RZ at 40 Gb/s over 500 km, NF=0and SFM =0

= at low power levels , the performance is hampered by ASE
at high power levels, the transmission distance is reduced due to SPM

D. Breuer and K. Petermann, IEEE Photon. Technol. Lett., vol. 9, pp.398-400, 1997.
M.l. Hayee and A.E. Willner, IEEE Photon. Technol. Lett., vol. 11, pp.991-993, 1999.
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3. Single channel transmission at 40 Gb/s in SMF

= dispersion compensation schemes
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RZ at 40 Gb/s over 500 km in SMF

= post-compensation scheme is superior compared to pre-
compenstaion scheme in dispersion compensated systems at 40 Gb/s

C.M. Weinert, R. Ludvig, W. Papier, H.G. Weber, D. Breuer, K. Petermann and F. Kuppers,
Journal of Lightwave Technology, vol. 17, pp.2276-2284, 1999.
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4.  WDM transmission at 4 x40 Gb/s in SMF — Example

A; =1548.8 um, AA, = -1.2 nm, Dgye( A, ) = 15.904 (ps/nm.km)
Dpce( Ay ) =-79.748 (ps/nm.km)

A, =1549.6 tm, AA, = -0.4 nm, Dgye( A, ) = 15.968 (ps/nm.km)
Dpce( A, ) =-79.916 (ps/nm.km)

A3 =1550.4 tm, Ay = 0.4 nm, Dgy,e( A5 ) = 16.032 (ps/nm.km)
Dpce( A3 ) = -80.084 (ps/nm.km)

Ay =1551.2 um, AA, = 1.2 nm, Dgy,( A, ) = 16.096 (ps/nm.km)
Dpce( A, ) =-80.252 (ps/nm.km)
0Dgye/0 A =0.08 (ps/nm?2.km) 0Dpe/0 A =-0.21 (ps/nm?.km)
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5. Conclusions:

For upgrading the existing standard-fiber network at 1.55 tm at 40 Gb/s
single channel with dispersion managed systems

= RZ- modulation format is superior compared to conventional NRZ —
modulation format

— at low power levels, the performance is mainly hampered by the
accumulated amplifier noise at higher input powers, the transmission
distance is significantly reduced by nonlinear self-phase modulation.

= post-compensation scheme is superior compared to pre-
compensation scheme



