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GENERAL CONCEPTS
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6. OPTICAL AMPLIFIERS – GENERAL CONCEPTS

Generic Optical Amplifier
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6. OPTICAL AMPLIFIERS – GENERAL CONCEPTS

Desirable Characteristics

 OPERATION FREQUENCY
 AMPLIFICATION BANDWIDTH
 GAIN
 SATURATION POWER
 NOISE FACTOR
 SWITCHING SPEED
 DIMENSIONS
 COST
 POWER CONSUMPTION
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6. OPTICAL AMPLIFIERS – GENERAL CONCEPTS

System Applications of Optical Amplifiers
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6. OPTICAL AMPLIFIERS – GENERAL CONCEPTS

Amplifier Gain
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6. OPTICAL AMPLIFIERS – GENERAL CONCEPTS

Gain Coefficient Model
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lorentzian

small-signal gain coeff.

T2: dipole relaxation time 

Psat: saturation power 

FWHM
Maximum Power

Homogeneously broadened 2-level system

Govind P. Agrawal, “Fiber-Optic Communication Systems”, John Wiley & Sons, 3rd edition 2002, Chapter 6.
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6. OPTICAL AMPLIFIERS – GENERAL CONCEPTS
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6. OPTICAL AMPLIFIERS – GENERAL CONCEPTS

Gain Saturation
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6. OPTICAL AMPLIFIERS – GENERAL CONCEPTS

Types of Optical Amplifiers

 Semiconductor Optical Amplifier (SOA)

 Fiber Optical Amplifier

 Doped-Fiber Amplifier

 Erbium-Doped Fiber Amplifier (EDFA)

 Non-Linear Fiber Amplifier

 Raman Amplifier
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SEMICONDUCTOR 
OPTICAL AMPLIFIERS
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6. OPTICAL AMPLIFIERS – SOA

SOA Concept
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6. OPTICAL AMPLIFIERS – SOA

MATERIAL GAIN
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6. OPTICAL AMPLIFIERS – SOA

CAVITY INFLUENCE
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6. OPTICAL AMPLIFIERS – SOA

 Fabry-Perot (FPOA)
 Reflectivity 30%
 BW small (1 nm)
 Gain large (25 dB)
 High Temp. Sensitivity

 Traveling Wave (TWOA)
 Reflectivity 10-4, 10-5

 BW large (40 nm)
 Gain moderate (15 dB)
 Moderate Temp. Sensitivity
 Reduced Noise

Under-threshold Laser

Single-PassTy
pe
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6. OPTICAL AMPLIFIERS – SOA

Rate Equation (single pass)
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6. OPTICAL AMPLIFIERS – SOA
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6. OPTICAL AMPLIFIERS – EDFA

ERBIUM-DOPED FIBER 
AMPLIFIERS
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6. OPTICAL AMPLIFIERS – EDFA

input signal
1530  - 1570 nm

pump signal
980  or 1480 nm

erbium-doped fiber
output signal

1530  - 1570 nm
ED
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Benchtop Laboratory EDFA

Other Dopants (Rare Earth)

Praseodymium  1300 nm
Thulium  1875 nm

Ytterbium  1000 nm

4 µm
2 µm

Mode field

Cladding

Core
Er

doping

∆n ∼ 0.02

https://www.pritel.com/low_power_fa.html
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6. OPTICAL AMPLIFIERS – EDFA

Erbium energy-level diagram

Amplification Mechanism
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6. OPTICAL AMPLIFIERS – EDFA
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6. OPTICAL AMPLIFIERS – EDFA

Conversion Efficiency & Gain
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6. OPTICAL AMPLIFIERS – EDFA

EDFA Architectures – pumping direction
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6. OPTICAL AMPLIFIERS – EDFA
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EDFA Architectures – multistage
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6. OPTICAL AMPLIFIERS – EDFA

SOA

EDFA vs SOA

 Gain   15-20 dB
 Bandwidth  40 nm
 Saturation   8-10 dBm
 Noise  Moderate
 Polarization   Sensitive
 Crosstalk   High
 Switching   Fast
 Integrable  Yes
 Cost  Moderate

 Gain   30-40 dB
 Bandwidth  30 nm
 Saturation   20 dBm
 Noise   Low
 Polarization   Indep.
 Crosstalk   Low
 Switching   Slow
 Integrable  No
 Cost   High

EDFA
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RAMAN AMPLIFIERS
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6. OPTICAL AMPLIFIERS – RAMAN

RAMAN AMPLIFIER
Raman Amplifier Concept

Main Characteristics
1. forward/backward capability

3. 40 THz bandwidth

2. 13 THz frequency shift

4. any frequency window

5. longer fiber lengths (>1Km)

input signal
any spectral range

pump signal
13 THz shift (100 nm)

standard fiber
output signal

any spectral range

> 500 mW (27 dBm)
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6. OPTICAL AMPLIFIERS – RAMAN

Stimulated Raman Scattering (SRS)
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6. OPTICAL AMPLIFIERS – RAMAN

Multiple-Pump Raman Amplifiers
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6. OPTICAL AMPLIFIERS – RAMAN

Distributed Raman Amplification
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6. OPTICAL AMPLIFIERS – RAMAN

Performance Limiting Factors

1. Spontaneous Raman Scattering (noise)

2. Rayleigh Backscattering (multipath interference 
most limiting factor)

3. Polarization Dependent Gain (copolarized pumping 
 high PMD penalty)

4. Pump-Noise Transfer (exponential pump power 
dependence)Ra
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6. OPTICAL AMPLIFIERS – ASE NOISE

ASE
AMPLIFIED SPONTANEOUS EMISSON
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6. OPTICAL AMPLIFIERS – ASE NOISE

Amplified Spontaneous Emission (ASE)

Spontaneous recombination of electron-hole pairs in the active region
is the origin of ASE noise
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E 

N
O

IS
E

Wavelength (μm)
1.48 1.50 1.52 1.54 1.56

0

-10

-20

-30

-40

pump signal

ASE

BO



FIBER-OPTIC COMMUNICATIONS

25 JANUARY 2022 slide 41

telecom
BCN

6. OPTICAL AMPLIFIERS – ASE NOISE

ASE spectrum (2 polarizations)
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6. OPTICAL AMPLIFIERS – ASE NOISE

Photodetection Statistics – signal + ASE

mean

variance
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6. OPTICAL AMPLIFIERS – ASE NOISE
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