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Agenda

– Electo-optical front ends
– State-of-the-art transimpedance amplifiers (TIAs)
– Theoretical performance limits
– TIA design for bathymetric lidar applications
– Example measurements
– Detectors
– Opto-mechanical integration
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Radiometric Simulator
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Carr, D. and Tuell, G., “Estimating field-of-view loss in Bathymetric Lidar: Application to Large-Scale Simulations,” Applied Optics, Vol. 53, Issue 21, pp.
4716 – 4721, 2014.



Desired Receiver Characteristics
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• High dynamic range
• High sensitivity 
• All pieces of  the receive chain must be designed in 

tandem to accomplish these requirements!

• High bandwidth 
• Low noise



Detector
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• Photomultiplier tubes (PMTs) typically used 
for sensitivity and high gain

• Adds dark current and after pulsing
• Bandlimited
• Typically current limited (Dynamic range)

– Linearity concerns (or advantages)
– High currents affect noise performance and 

lifetime
– Can operate linear or logarithmically

• Time gate detectors to increase resolution



Photomultiplier Noise
• For high SNR, we need…

– High quantum efficiency η
– Low noise factor Γ
– Low bandwidth B
– Low dark current
– High PMT current gain G

• Design for
– Afterpulses
– Impedance mismatch
– Electromagnetic Interference (EMI)

• Dependent on choice of  PMT, 
resolution, and gain

• PMTs vary unit to unit
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Shot noise contribution

Kingston, R.H., “Detection of Optical and Infrared Radiation,” Springer-Verlag, New York, NY, 1978.



Sensitivity Vs Range Resolution For 
Bathymetric Lidar
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Only shot noise considered Assumes signal limited case
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Amplifier
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– Fills full-scale range of  ADC
• Transimpedance or Voltage amplifiers

– Noise contribution from amplifier and feedback 
resistor

– Bandlimited (AC or DC coupled)
– Operate linear or logarithmically
– Non-linear effects
– Minimum distance between PMT and TIA

• Decreases susceptibility to EMI
• Improves impedance matching



State-of-the-art TIA Noise Performance
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State-of-the-art TIA Gain
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TIA Theoretical Maximums

12

Iin

Av0

IPMT CD RD

TIA with Parasitic

Cin

PMT Model

Av0

IPMT

CD
RD

Cin

Combined Model

• Bandwidth limited by parasitics
– R9880u-20 has 9 pF output capacitance
– Telecommunications photodiodes have ~100 fF

• Can increase BW by
– Decreasing Rf

• Reduces ZT

– Decreasing CD, Cin

• CD fixed by sensor
• Cin fixed by technology/layout

– Increasing Avo

• Avo fixed by op-amp



Digitizer
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– Bandlimited
• Actual bandwidth
• Sampling rate

– Adds noise  ENOB
• Quantization and thermal

– Non-linear effects (intentional and 
unintentional)

– Can stack channels to increase resolution
– Data processing architecture



GTRI Research in EO Receivers

• Custom-developed PMT bias-ing boards
• Green, single photon-sensitive SiPM array
• Integrated transimpedance amplifier
• Opto-mechanical housing
• Integration with real-time computing system
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GTRI PMT Bias Board

• Hamamatsu R9880 PMT
• Active or passive PMT 

biasing
• Integration with TIA on 

same board
– Increases bandwidth
– Reduces EMI susceptibility

• Tightly coupled with 
opto-mechanical design
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Opto-mechanical Design
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• Enclosure contains PMT and TIA
• Environmentally regulated to decrease noise and 

increase lifetime



Integration with Real-time Data System

• Receivers mounted 
immediately adjacent 
to ADC in data 
system

• 4 channel system 
shown

• Minimizes EMI
• Small form factor
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Low Light, Green Array Detection
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• Silicon Photomultiplier
– 300 ps risetime
– 30 V bias
– 1E6 gain

• 532nm single-photon 
sensitive

• 8x8 array of  1mm pixels
– 540 micro-cells/pixel

• High Resolution image
• Alternative to PMTs
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Application of  SiPM Array
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• Gate SiPM array using sea 
floor return from PMT on 
previous pulse

• High resolution sea floor 
imagery!

Actual SHOALS Waveform



Transimpedance Amplifiers

• Bandwidth match PMT to 
TIA to ADC

• Ensure linearity (or 
compensate)

• Max PMT output current 
should fill ADC full-scale 
range
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TIA Amplifier Comparison
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• Licel R9880u PMT
• Identical optical path, detector, 

and ADC



DC-coupled, Differential TIA
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Cascode TIA with differential inputs

Source follower

Secondary 
gain stage

50 Ω Output Buffer

LaFevre, K. “Design of a Modified Cherry-Hooper Transimpedance Amplifier with DC Offset Cancellation,” Masters Thesis, Arizona State 
University, August 2011.



Conclusions

• Receiver architectures have a large variety of  
parameters

• All pieces of  the receive chain must be designed 
in tandem to accomplish these requirements

• Tradeoffs must be carefully weighed
• Measurement and modeling of  individual 

components into a system-level model is critical 
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QUESTIONS?
chris.valenta@gtri.gatech.edu
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