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Functional concept

Transceliver (transponder)
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TX optical signal _
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Recelver generic ’

Detector
(pin, Avalanche  pre_gmp Amplifier
MSM,...) (iTAPD) (transimpedance (2nd stage)

amplifier, FET.)

Example




Equivalent circuit (generic model)
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Photocurrent Johnson Amp Amp noise
(net) noise impedance
Capacitance Amp
Resistance Net shot capacitance
equivalence NOISE
(diode, load)

« Specific design needs specific circuit model

« Many models can approximated with generic model
with appropriated reduction and equivalent values

* Noise simulation results can be modeled with generic



Some pre-amp configurations

Voltage amplifier

I : | Can be design

for low or high
Input impedance

Transimpedance amplifier

Photodiode Feedback
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Integrated FET (or bipolar transistors)

 FET is used as 15t element of
the preamp stage

« Can use multiple FETs

« Canbe FET -
transimpedance combo

 Variation in circuit designs,
but all based on the same
iIdea: low-noise FET is
directly integrated with
photodetector: PIN or APD

« MESFET, JFET, HEMT

* More complex optimization can be done for (with trade-off):
» Speed, sensitivity, frequency response (flatness)
* Noise

FET preamp concept




Basic Response and Noise

Key concepts

* Impulse response, frequency response
(sometimes, S-parameters, rare)
* Three approaches:
« Simulating realistic physical model,
« Constructing basic model, and fit with empirical
parameters (e. g. Norton circuit)
« Strictly empirical (measurements) and constructing
parametrized model
» Usually semi-empirical (approach 2) is most
practical

* Noise is usually the most important considerations

 Ultimate figure of merit: receiver sensitivity vs. BER
given bit rate




Noise
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Detector

(pin, Avalanche — prg_ amp Amplifier

MSM,...) (it APD) (transimpedance (2" stage)
amplifier, FET.)

Avalanche Electronic noise
excess noise (inc. thermal noise,

transistor noise,
amplifier noise




Noise considerations




APD: Gain-Bandwidth Product Limit

Gain—bandwidth
product (140 GHz)
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Some Representative Noise Data

Fquivalent input _
noise current (A?) L GaAs

Si MOSFET

Bit rate (Ghit s')




| Some Receiver Performance Data
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