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 The detector in a space lidar plays a key role in the instrument characteristics and performance, 

especially in direct detection lidar. The sensitivity of the detector is usually the limiting factor when 

determining the laser power and the receiver aperture size, which in turn determines the instrument 

complexity and cost. The availability of a suitable detector is often a deciding factor in the choice of 

lidar wavelengths. A direct detection lidar can achieve the highest receiver performance, or the quantum 

limit, when its detector can detect signals at the single photon level.  

 Most space lidar developed to date operate at visible or near-IR wavelengths because of the 

availability of rugged high sensitivity photodetectors. Recently lidar wavelengths are extending further 

into the infrared due to need for scientific observations at those wavelengths, the increased availability 

of lasers, and the low solar background light during daytime measurements. Ideally the detector should 

be operated in linear photon counting mode where the output is linear to the incident optical signal 

power and at single photon resolution. They have to have high photoelectron multiplication gain to 

override electronics noise from the preamplifier or the read-out integrated circuit (ROIC). They have to 

operate continuously without prior knowledge of the signal arrival time. There should be no dead-time 

and afterpulsing upon each photon detection to preserve the temporal profile of the signal. 

 Conventional silicon avalanche photodiodes (APD) can have relatively high quantum efficiency 

and high gains to 1064 nm wavelength. InGaAs APDs have high quantum efficiencies from 0.9 to 1.7 

μm but the APD gain is still too low to overcome the preamplifier noise or the excess noise from 

randomness of the APD gain becomes overwhelming.   InGaAs photomultiplier tubes (PMT) can count 

single photons up to 1.6-μm wavelength, but with a few percent quantum efficiency and limited 

dynamic range. Geiger mode InGaAs APDs can count single photons with relatively high quantum 

efficiency up to 1.6-μm wavelength, but suffer from non-linear effects, such as afterpulsing, and can 

only be operated in a gated mode, which makes them difficult to use in lidar.  



 NASA Goddard Space Flight Center (GSFC) has been working with industry to develop 

photodetectors for future space lidar. We have successfully space-qualified silicon APDs, both linear 

mode and single photon Geiger mode devices. We have been working with several industrial partners to 

develop both linear and Geiger mode InGaAs APDs for operating to 1.7 um. We have also studied the 

potential use of InGaAs PMT and hybrid PMTs for space lidar.  

 Recently, we have collaborated with DRS Technologies and successfully developed HgCdTe 

electron-initiated avalanche photodiode (e-APD) with a near 90% quantum efficiency and single photon 

sensitivity for the CO2 lidar at 1.57-μm wavelength in the NASA’s planned Active Sensing of CO2 

Emission of Days, Nights, and Seasons (ASCENDS) mission. We are also developing a linear mode 

photon counting HgCdTe e-APD focal plane array (FPA) for use in future space lidar for swath-

mapping of surface topography and trace gas measurements from 0.4 to 4.3-μm wavelength. These new 

detectors can also be used in future passive spectrometers in space to achieve quantum limited 

performance. In this paper, we will first give a brief overview and comparison of photodetectors used in 

the past and current space lidar. We will describe various activities at NASA GSFC in the development 

of advanced photodetectors. Finally we will describe our recent results of the linear mode single photon 

counting HgCdTe e-APD array detector. 
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Space Lidar Developed at NASA GSFC 

MESSENGER/MLA  
 Mercury 
(2004-present) Nd;YAG laser,  
33+ million shots 

MGS/MOLA – Mars 
(1996 -2000) 
Nd:YAG laser, 670 Mshots 

LRO/LOLA – Moon 
(2009-present) 
Nd;YAG laser,  

ICESat/GLAS – Earth 
(2003-2009) 
Nd:YAG laser 
~2 billion shots 
Nd:YAG laser 
~2 billion shots
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•  Advanced photodetectors  will greatly benefit future space lidar.  

•  Capabilities needed: 

–  Higher quantum efficiency from visible to MWIR 

–  Linear mode photon counting  

–  Continuous operation with no dead-time, after pulsing, 
and other nonlinear effects 

•  Considerable improvements are still needed in present NIR 
photodetectors: InGaAs APDs, SPADS, PMTs, and IPDs. 

•  New HgCdTe e-APD arrays (by DRS) have been developed as  
nearly ideal photodetectors for space lidar from 0.4 to 4.0 um. 


