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Receiver ArchitecturesReceiver Architectures
Electrical amplificationElectrical amplification

Optical amplificationOptical amplification
Decision CircuitryDecision Circuitry



HighHigh--Performance Optical ReceiversPerformance Optical Receivers

Avalanche PhotodiodeAvalanche Photodiode
Low multiplication noiseLow multiplication noise
High speed + gainHigh speed + gain

PIN PhotodiodePIN Photodiode
High saturation powerHigh saturation power
High speedHigh speed
(High linearity)(High linearity)

Photodetector

Lower noiseLower noise
Higher speedHigher speed Lower costLower cost

Automatic gain controlAutomatic gain control
Integrable Integrable with circuitrywith circuitry



Receiver Characterization ApparatusReceiver Characterization Apparatus

10 GB/s Bit error rate text set10 GB/s Bit error rate text set
50 GHz oscilloscope with electrical and optical inputs50 GHz oscilloscope with electrical and optical inputs
50 GHz network analyzer with electrical and optical inputs50 GHz network analyzer with electrical and optical inputs
LowLow--noise, highnoise, high--speed probe stationspeed probe station



Current SaturationCurrent Saturation
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HighHigh--SaturationSaturation--Current PhotodiodesCurrent Photodiodes

Space ChargeSpace Charge
Device StructureDevice Structure

Structure designStructure design
Layer parametersLayer parameters

ThicknessThickness
DopingDoping
CompositionComposition

Illumination conditionsIllumination conditions
Bias VoltageBias Voltage
Electric field profile

ThermalThermal
Heat sinking Heat sinking 
Layer parametersLayer parameters

ThicknessThickness
CompositionComposition

Bias VoltageBias Voltage
Device geometryDevice geometry

Electric field profile



Space Charge Effect in PIN photodiodeSpace Charge Effect in PIN photodiode
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UniUni--TravelingTraveling--Carrier Photodiodes (UTC)Carrier Photodiodes (UTC)
[H. Ito, et al., Proc. 2001 LEOS Annual [H. Ito, et al., Proc. 2001 LEOS Annual MtgMtg, p. 386] , p. 386] 
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••Absorption in Absorption in undepleted undepleted 
pp--type type InGaAsInGaAs

••Electrons injected into InPElectrons injected into InP
drift regiondrift region

••High electron velocityHigh electron velocity
••Single carrier in drift regionSingle carrier in drift region

••Very high speed Very high speed –– 220 GHz 220 GHz 
(limited by electron diffusion (limited by electron diffusion in in 

absorber layer)absorber layer)
••Very high operating currentVery high operating current

(reduced space charge   (reduced space charge   
effects)effects)

Receivers:Receivers:
Input: Optical amplifier for lowInput: Optical amplifier for low

noise and high signalnoise and high signal
Output: Drive decision circuit Output: Drive decision circuit 

without post amplifierswithout post amplifiers
80 GB/s receiver has been 80 GB/s receiver has been 

demonstrateddemonstrated
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PartiallyPartially--DepletedDepleted--Absorber PhotodiodeAbsorber Photodiode

5x1017~2x1018

SI
InP sub

+ High QE. Absorber thickness = 760nm + High QE. Absorber thickness = 760nm 
+ No + No heterojunctionsheterojunctions
+ Graded doping to accelerate diffusion+ Graded doping to accelerate diffusion
+ Transit time balancing+ Transit time balancing
-- Poor thermal conductivity (InGaAs)
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•• Can achieve better charge balance Can achieve better charge balance 
•• Greater control of position of field minimumGreater control of position of field minimum
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UTCPIN Partially Depleted Absorber (PDA)
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*Q: where the E-field collapses first.
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Schematic Representations of Charge DistributionSchematic Representations of Charge Distribution

•• Greater control of field minimumGreater control of field minimum
•• Better spaceBetter space--charge balancecharge balance

n
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Saturation Current MeasurementSaturation Current Measurement
Small Signal Modulation (SSM)Small Signal Modulation (SSM)
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Saturation Current MeasurementSaturation Current Measurement

Current meter

+-

Power Supply

XYZ
Manipulators Bias Tee

Probe Head

RF Power Meter
50GHz
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Large Signal Modulation (LSM)Large Signal Modulation (LSM)
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HighHigh--Speed PIN PhotodiodesSpeed PIN Photodiodes
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ChargeCharge--Compensated UTCCompensated UTC
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ChargeCharge--Compensated Compensated InGaAsInGaAs//InAlAsInAlAs UTCUTC

450nm

250nm

InP, Semi-Insulating Substrate

InAlAs, p+ 4x1019, 100nm
InGaAs, Contact, p+ 4x1019, 30nm

InAlAs, n, 5x1016, 180nm

InAlAs Buffer, n+, 1x1019, 600nm

InGaAs, un-doped, 20nm
InGaAlAs transition, n, 5x1016, 50nm

InAlAs, n, 5x1017, 5nm

InGaAs, p, 1x1018, 100nm

InGaAs, p, 5x1017, 300nm

InGaAs, p, 2x1018, 50nm

Space charge density = 5x10Space charge density = 5x101616 cmcm--33
DarkDark



CurrentCurrent--Voltage and CapacitanceVoltage and Capacitance--Voltage CharacteristicsVoltage Characteristics

CC--V profile of a 20 V profile of a 20 µµm devicem deviceII--V curve of a 60 V curve of a 60 µµm devicem device
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InGaAsInGaAs/InP/InP ChargeCharge--Compensated UTC Compensated UTC -- 2020µµm Diameterm Diameter
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InGaAsInGaAs/InP/InP ChargeCharge--Compensated UTC Compensated UTC -- 2020µµm Diameterm Diameter
RF Power at 20 GHzRF Power at 20 GHz
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Saturation Current ProgressSaturation Current Progress
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