Lect. 19: Optical Pumping and Amplifiers

Optical Amplifier
E2
I:)in - > I:)out =G I:)in
AN\~ AN\~
E, AVAV. 2

Which process is useful for optical amplifier?

How can we make stimulated emission dominant over absorption?
Pump carriers into N, so that N, > N, = Population Inversion
Optical pumping and electrical pumping are possible

Two energy—level system is not practical

=» Materials having multi energy levels are often used
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Lect. 19: Optical Pumping and Amplifiers

Optical Pumping: Consider Er
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Lect. 19: Optical Pumping and Amplifiers

Energy levels in Er

A —Pump light is absorbed at &5
generating carriers
1.27 eV — Es
T "T--._ Non-radiative decay : .
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stimulated emission > absorption
for 1550nm light

Er can be easily added to core of Silica fiber

= EDF (Er-Doped Fiber)
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Lect. 19: Optical Pumping and Amplifiers

EDFA: Er—-Doped Fiber Amplifier

Er3+-d0ped
fiber (10 - 20 m)

Optical Wavelength-selective Optical
. . isolator i .
Signal in i coupler Splice splice isolator Signal out
el AL e

A =1550 nm r '( 7 ] A =1550ni

Pump Taser diode Termination
A =980 nm

EDFA compensates fiber loss for long distance optical fiber communication

=» One of the key components
that make long distance optical fiber communication possible
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Gain saturation due to limited carriers at E,
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What about spontaneous emission?

pump

out —
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Amplified Spontaneous Emission

(ASE)

=» Noises in EDFA
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Other optical gain materials

— Crystals doped with impurities: Ruby doped with Cr (Al,05:Cr3*)
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Energy levels of chromium ions in ruby

— (Gases, Semiconductors, ...
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Rate Equations for 3-level systems
Assume 73, is very small sothatN; =0 7,,= 7
N+ N, =N, 7= 7

sz = R—&—WN2 +WN,
dt T
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Homework:
- Determine the expression for N, — N, at the steady-state

- Determine R required for transparency (N, =N,)
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