Fiber Optic Communications
Lecture 8

e Optical amplifier principles
e Optical amplifier hardware




Recap: Optical Amplifiers
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Stimulated Emission

In lasers, recall that stimulated emission dominates
performance
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Optical Amplifiers

Also operate using stimulated emission, and see a reverse Beer’s
law:

dP _ P
dz Y
This yields
P(z) = Py, eIt

Difference from lasers: lack of feedback

SOA
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Gailn Saturation

Also operate using stimulated emission, and see a reverse Beer’s

law:
dP goP

dz _ 1+P/P,

This yields
P(z) = Py, eIt
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Gailn Saturation
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Amplifier Noise

Noise increases with gain and amplification, according to:
N
S(v) = (G — UWZ hv

SNR given by:
G P;
4SspAf
Thus, SNR is degraded by 3 dB, even for an ideal amplifier with
full inversion

SNR =
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Fiber Optic Communications
Lecture 8

e Optical amplifier hardware




Raman Amplifiers
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Raman Amplifiers
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Raman Amplifiers: Saturation
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Raman Amplifiers: Gain Spectrum

11.3
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Erbium-Doped Fiber Amplifiers
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Erbium-Doped Fiber Amplifiers
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Erbium-Doped Fiber Amplifiers
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Erbium-Doped Fiber Amplifier

[ECL Sat Tone EDFA Long-Period
[ EDF Grating Filter EDF
[ Notch Fikar | 14m ¢ 15m
3dB M DM
—> —>
ECL Probe
Laser Diode Lazar Diode
1 R0 nm 1480 nm
| TEST SETUP 75 mW Max 75 mW Max

1/24/2019 ECE 695 - Peter Bermel - Purdue University 16



Erbium-Doped Fiber Amplifier
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Recelver Sensitivity
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Accumulated Dispersion & Nonlinearity

e Must solve NL Schrodinger equation:

oA B %A
dz = 2 Jt?

X
= i7|APPA - A

 Noise added according to:
ADLIl{rj — ‘\f""-ﬁfqin{f} _|_HH{:F}
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