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Topics:
• Introduction to Optical Amplifier – types and applications

E bi d d fib lifi (EDFA)

Topics:  

• Erbium-doped fiber amplifier (EDFA)

• External pumping and amplifier gain 

• Power-conversion efficiency and gain profile



EE16.468/16.568 Lecture 6Optical Amplifier

Some basic conceptsSome basic concepts 
• Power in dBm
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Introduction to optical amplifier A li iIntroduction to optical amplifier Applications:
• in-line amplifier
• input –25 to -20dBm dBm
• output ~ 0 to 5dBm

• Preamplifier

output  0 to 5dBm
• Gain ~ 20dB
• Noise figure <4dB

Preamplifier

P (b ) lifi

• input –35 to -30dBm dBm
• output ~ -15 to -10dBm
• Gain ~ 20dB, Noise figure <5dB

• Power (booster) amplifier
• input –5 to -0dBm dBm
• output ~ 10 to 20dBm
• Gain ~ 15dB, Noise figure <4dB

• LAN-booster
Ga 5d , No se gu e d

• input -25 to -20dBm dBm
• output ~ 5 to 15dBmp
• Gain ~ 30dBm, Noise figure <4dB
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Types of Optical AmplifiersTypes of Optical Amplifiers 
• Erbium doped fiber amplifier
• Raman amplifierp
• Semiconductor amplifier

• Erbium doped fiber amplifier
Active gain medium needed

• Raman amplifier• Raman amplifier
Fiber nonlinearity
Filter needed
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Erbium doped fiber amplifierErbium doped fiber amplifier
• Optical pumping, 980nm or 1480nm laser

• Pump band is narrow so thePump band is narrow, so the 
pumping laser has to be narrow

• Population inversion 
between the metastable band 
and the ground band

• pump band lifetime ~1us 
metastable lifetme ~10ms. 

• Multi-channel amplification

• cross-talk issues
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Amplifier architecture
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Power conversion efficiencyPower conversion efficiency
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Consider an EDFA being pumped at 980nm with a 30-mW pump. If the gain at 1550nm is 
20dB, then what’s the maximum input power? 
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Einstein’s A and B coefficientsEinstein s A and B coefficients
Assuming a two-level system:

N Spontaneous emission rate:
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Einstein’s A and B coefficientsEinstein s A and B coefficients
Assuming a two-level system:
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Photon energy densityPhoton energy density
Assuming a blackbody cavity:
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Photon energy densityPhoton energy density

# of modes between k to k+dk per volume
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Photon energy densityPhoton energy density
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For a two level amplifierFor a two-level amplifier
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Noise PowerNoise Power
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Amplified spontaneous noiseAmplified spontaneous noise 
Noise Power spectral density:  
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Total amplifier gainTotal amplifier gain
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Amplifier ExampleAmplifier Example
For an optical amplifier, when the input signal is 2.0mW, the output signal is 40mW. When the 
input is –28dBm, the output power is -10dBm.  What’s the maximum power can be extracted 
from the amplifier? 
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Receiver noiseReceiver noise 
Total photo-detector current:  
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Receiver noiseReceiver noise 
Total photo-detector current:  
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Gain and Noise FigureGain and Noise Figure 
Total photo-detector current:  
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A lifi S N i fi (NF)Amplifier System Noise figure (NF)
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