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Avalanche Photodiode and Operating Modes

Photodiode
'Vbias

« Incident Light

1E-06
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= 1E-09 |-

Different working regimes
for reverse biased diode

— IMPACT IONIZATION ON
— IMPACT IONIZATION OFF

GM-APD
S 1E-10 ¥
% e |, M §< photodiode _
1 Current -§Ej ; | - .
e L Vo, '
Photodiode APD G-APD

0 <V <Vppp Varp <V < Vpp * V> Vgp
G=1 G =M (10 - 100) « G =10°-107
Operate at high light level Linear mode « (Geiger mode
(hundreds of photons) >20 photons detection  Single photon detection
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|-V characteristic for a reverse biased SPAD with 10um diameter and ~25V

breakdown Voltage, In dark (F. Zappa et al. / Sensors and Actuators A 140 (2007) 103-112)
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quench recovery

fast quenching
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If R, is high enough the internal current is so low that
statistical fluctuations may quench the avalanche

proper quenching
F{q ~ hundreds kO
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(and fluctuating)
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Passive Quenching G-APD
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* ON condition: avalanche triggered, switch closed, C discharges to Vg with a time constant R,.C,
(discharge time), at the same time the external current asymptotic grows to (Vbias-Vbd)/(Rg+Rd)
* OFF condition: avalanche quenched, switch open, capacitance charged until no current flowing.

From Vgp to Vgi,s With time constant RyCp (recovery time) _
Standard output signal
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Analog SiPM Digital SiPM
4 i N\ N é
\_ J \L J \_ .
[ Analog Silicon Photomultiplier Detector \ ( Digital Silicon Photomultiplier Detector \
bl Readout ASIC ?V;m %"“ Detector + Readout
%% % Discriminator HTDCl—-P Time H Eledmni;ima;;i Elemm:cs — — -
ShaperH | HADCI—-P Energy . Nemm{% B |y Energy

\ SiPM J \
4 - discrete, limited integration NI - fully integrated )

- analog signals to be digitized - fully digital signals

» dedicated ASIC needed * no ASIC needed

* not scalable » fully scalable
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The dSIPM
Takes
Advantage
of the
Binary
Nature

Analog SiPM Digital SiPM

g;lkl ——o —
& NMeo__[____ V__
Vi Individual 5
ph-epulses 0§ Breakdown é
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SiPMpulses & Meta-stabl Quen-
= < Il ching
3 \an
o | »—»o—TRG
t 0 6
+ Signal: analog sum of individual Time
pulse amplitudes « Signal: digital sum of trigger bins & digital time
- amplitudes depend on gain stamp from TDC
« gains depend on temperature » amplitudes are not relevant
« temperature drifts: 2-8%/K * no gain dependency, reduced temp. drift: 0.33%/K

“Therefore, while the APD is a linear amplifier for the input optical signal with limited
gain, the SPAD is a trigger device so the gain concept is meaningless.”  (source: Wikjpedia)
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