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SPAD
Single Photon Avalanche Diode
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Avalanche Photodiode(APD)

Avalanche effect

http://en.wikipedia.org/wiki/Impact_ionization
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Geiger-mode APDs(single photon avalanche diode)
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Geiger-mode APDs(single photon avalanche diode)
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Operating Conditions and Performance

Single-photon counting resolution

Dark count

The intensity of the signal is obtained by counting (photon counting) 
the number of output pulses within a measurement time slot, 
while the time-dependent waveform of the signal is obtained by measuring the 
time distribution of the output pulses (photon timing).

photon-generated carriers, thermally-generated carriers (through generation-
recombination processes within the semiconductor) can also fire the avalanche 
process. 
Therefore, it is possible to observe output pulses when the SPAD is in complete 
darkness. 
The resulting average number of counts per second is called dark count rate 
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Operating Conditions and Performance

Proc. of SPIE Vol. 7222 72221G-4
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Operating Conditions and Performance

PDE(Photon Detection Efficiency)

geom GeigerPDE QE    

QE

geom

Geiger

quantum efficiency, function of the incident photon wavelength

geometrical factor (fill factor) indicating which fraction of the device 
is sensitive to photons

probability to trigger a Geiger discharge

Probability of photon absorption and avalanche triggering
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Operating Conditions and Performance

InP multiplication regions of 700, 900, 1200, 2000nm

InGaAs absorption layer of 1um

IEEE JOURNAL OF QUANTUM ELECTRONICS, VOL. 44, NO. 12, DECEMBER 2008
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Operating Conditions and Performance
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Operating Conditions and Performance

SPQE versus applied voltage for several widths of the multiplication region. 
The maximum achievable value of the SPQE curve is determined by the 
quantum efficiency, which in this case is 0.5.
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Catalog spec
Perkin-Elmer
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Perkin-Elmer
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Catalog spec

PicoQuant
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Catalog spec

PicoQuant
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Avalanche Photodiode(APD)

Linear operation below breakdown voltage (      )

output charge ∝ number of e-h pairs ∝number of incident photons

bdV

http://www.olson-technology.com/mr_fiber/glossary-a.htm
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Operating Conditions and Performance

G-APD response

(1 ) (1 )in
APA N PDE g P       

inN

g



number of incident photons

gain

cross-talk probability

APP the after-pulse probability

g, PDE,   , and       are all increasing with APP biasV

implying a complex dependence of the G-APD response on the bias voltage
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