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INTRODUCTION 
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A.Spinelli, M.Ghioni, S.Covaand L.M.Davis, IEEE 
J.Quantum Electron. QE-34, 817 (1998) 
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Tracking: Reconstructing charged particles trajectory taking several position 
measurements (sometimes also time ) as particle passes through the detector.  
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Why Avalanche Photodiodes (geiger) for tracking? 
 
For measuring particle hit is not necessary  a signal proportional to the charge (APD-
lineal, SiPM). Usually time measurement is not needed (APD with TDC). 
 
ω tŜǊŦƻǊƳŀƴŎŜΥ 
ς Very high gain in the sensor (Single-photon sensitivity for light) 
ς Fast response (fits in single BX for some future colliders) 
 
ω Implementation: 
ς Intrinsically digital sensor: simple readout 
ς Possible in CMOS technology: simple design, detection in ~1-2 m (thinning) 
 
Questions to answer:  
SPADs detect all particles? (sensitivity) 
Noise? (design, technology) 
Can cover >90% detection area? (fill factor, design) 
Χ 
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Introduction to avalanche photodiode concept 

A. Arbat, PhD, Towards a forward tracker detector based on Geiger mode avalanche photodiodes 
for future linear colliders, 2010. 
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Introduction to avalanche photodiode concept 

e-h pair generation due to: 
ü External interaction:  

üPhoton absoption.  
PDE = QE z P01 z  ʁ  
üMinimum Ionizing Particle 

üNoise: 
ü Dark counts: Thermal release of charge, tunnel effect 
ü Afterpulses 
ü Cross-talk 

Avalanche generation: 
üGeiger mode: High E 

ü Electrons and holes  
ü Self sustained 

1) cross-talk from a recombination-generated photon 
2) Electron afterpulsing 
3) Band to band tunneling 
4) Trap-assisted thermal generation 
5) Trap-assisted tunneling 
6) Hole afterpulsing 

C.Piemonte NIM A 568, (2006) 224 

Fishburn, PhD 2012. 
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ω ƛƴ ŘŜŘƛŎŀǘŜŘ ǘŜŎƘƴƻƭƻƎȅ 0.1~1Hz/˃ m2 

ω ƛƴ /ah{ SPADs 1~10Hz/˃ m2 
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R.Haitz, J.Appl.Phys. 35, 1370 (1964), J.Appl.Phys. 36, 3123 (1965) 
 

Implementation of avalanche photodiodes 
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