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Optical Amplifier

Pin Pout = G Pin

Which process is useful for optical amplifier?

How can we make stimulated emission dominant over absorption?
Pump carriers into N2 so that N2 > N1

Optical Pumping and Electrical Pumping are possible
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E2
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Optical Pumping: Consider Er
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Energy levels in Er

Pump light is absorbed at E3

carriers at E3 are rapidly transferred to E2 

(N2 builds up) 

If N2>N1 (population inversion),
stimulated emission > absorption

for 1550nm light

Er can be easily added to core of 
Silica fiber: EDF (Er-doped Fiber)
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EDFA: Er-doped Fiber Amplifier

Compensates fiber loss: Long distance optical fiber communication
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Gain in EDFA

Gain saturation due to limited carrier numbers at E2

Pin Pout = G Pin
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pump
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Noises in EDFA

Pin= 0 Pout =?

E1

E2

E3

pump

Amplified Spontaneous Emission
(ASE)
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Other materials where optical pumping is possible: Optical gain materials

- Crystals doped with impurities:  Ruby doped with Cr (Al2O3:Cr3+)
- Gases: Ar, N, mixture of He and Ne
- Semiconductors


