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Optical receivers

Optical receivers
� p–i–n diodes
� Avalanche diodes
� Receiver design
� Receiver noise

• Shot noise
Thermal noise• Thermal noise

� Signal-to-noise ratio
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Optical receivers

Optical receivers
� The purpose of a traditional receiver for OOK is:

• Convert the optical signal into an electrical signal
• Recover the data by:

− Doing clock recovery
− Performing decisions on the obtained signal

� In state-of-the-art coherent receivers, additional functionality � In state-of-the-art coherent receivers, additional functionality 
is performed in digital signal processing (DSP)

• Electronic dispersion compensation (EDC)
• Adaptive equalization
• Phase synchronization

� This lecture is about OOK systems
• Necessary to know about...
• ...and still common
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Optical receivers

Photodetectors 
� The most critical component is the photodetector

• Converts the optical signal to an electrical current

� We want these components to have:
• High sensitivity
• Fast response time
• Low noise• Low noise
• High reliability
• Size compatible with fibers

� This means that semiconductor materials are exclusively used
• Photons are absorbed and generate electron–hole (e–h) pairs
• This produces a photo-current.

� Basic requirement: The detector material bandgap energy 
(Eg) < the photon energy (hν)
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Optical receivers

Photodiodes 

� Light-emitting diode (LED): 
• Based on spontaneous emission 

� Laser:
• Based on stimulated emission 
• Highly coherent light • Highly coherent light 
• Bandwidth
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Optical receivers

p–i–n diodes 

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

p–i–n diodes, performances

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Examples of p –i–n diodes  

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Photodetector Avalanche photodiodes (APDs) 

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

APD multiplication factor  

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Receiver design 

� The digital receiver consists of three parts:
• Front end (photo-detector, trans-impedance amplifier)
• Linear channel (amplifier, low-pass filter)
• Data recovery (clock recovery, decision circuit)
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Optical receivers

Receiver front-ends  
Transimpedance front-end

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Linear channel  
� The linear channel consists of:

• A high-gain amplifier with automatic gain control
− Const. average output voltage irrespective of the input (within limits)

• A low-pass filter with bandwidth chosen to:
− Reject noise outside signal bandwidth
− Avoid introducing inter-symbol-interference (ISI)

� The best situation is when the filter (and not other 
components) limits
� the overall bandwidth of the receiver
� The output voltage spectrum is given by Hout(ω) = HT(ω)Hp(ω)

• Hp(ω) - photocurrent spectrum
• HT(ω) - total transfer funct of the front end and the linear channel

� Normally, HT(ω) is dominated by the filter transfer function
• HT(ω) ≈ Hf(ω)
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Optical receivers

Data recovery  

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Eye diagrams  

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Eye diagram interpretation  

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Receiver noise  
� The detected photo current in the receiver will contain noise
� There are two fundamental sources of noise

• Shot noise due to field and charge quantization
• Thermal noise due to thermal motion of charges

� The total current, signal + noise, can be written

� In addition, there can also be optical noise in Pin
• Comes from lasers and optical amplifiers
• Will be treated later in the course

� Remember
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Optical receivers

Shot noise  

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Thermal noise  

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Photodetec Signal-to -noise ratio (SNR) 

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Noise in p –i–n receivers  

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Noise in APD receivers   

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Noise in APD receivers   

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� The SNR is increased by an APD in the thermal-noise limit
� The SNR is decreased by an APD in the shot-noise limit
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Optical receivers

The APD vs the p –i–n 

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Bit error rate  

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

BER calculation

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

BER calculation

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Optimal decision threshold

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

The Q value

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Minimum average received power

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Minimum average received power

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Optimum sensitivity in APD receivers

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Quantum limit of photo detection

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers

34Fiber Optical Communications – AWT   A.F.Paun



Optical receivers

Receiver characterization
� The most critical component is the photodetector

• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability
• Size compatible with fibers
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Optical receivers

Sensitivity degradation

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Extinction ratio (ER)

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Extinction ratio (ER), power penalty

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Intensity noise (RIN)

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Intensity noise (RIN), power penalty

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Timing jitter   

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Timing jitter, power penalty

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Receiver performance

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Loss-limited lightwave systems

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Dispersion -limited lightwave systems

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Dispersion -limited lightwave systems

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

System design

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Further sources of power penalty

� The most critical component is the photodetector
• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability

Size compatible with fibers• Size compatible with fibers
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Optical receivers

Power penalties in multi-mode fiber
� The most critical component is the photodetector

• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability
• Size compatible with fibers
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Optical receivers

Power penalty due to pulse broadening
� The most critical component is the photodetector

• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability
• Size compatible with fibers
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Optical receivers

Power penalty due to pulse broadening
� The most critical component is the photodetector

• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability
• Size compatible with fibers
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Optical receivers

Power penalty due to chirp
� The most critical component is the photodetector

• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability
• Size compatible with fibers
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Optical receivers

Power penalty due to chirp
� The most critical component is the photodetector

• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability
• Size compatible with fibers
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Optical receivers

Eye-closure penalty
� The most critical component is the photodetector

• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability
• Size compatible with fibers
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Optical receivers

Forward error correction (FEC)
� The most critical component is the photodetector

• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability
• Size compatible with fibers
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Optical receivers

Optimum FEC
� The most critical component is the photodetector

• Converts the optical signal to an electrical current

� We want these components to have:
• High reliability
• Size compatible with fibers
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