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Solid-‐state	  technology:	  SPAD	  

3	  October	  15,	  2014	  

internal	  gain	  based	  on	  	  carrier	  mulKplicaKon	  via	  impact	  ionizaKon	  

AVALANCHE	  PHOTODIODE	  
• 	  Gain	  ~100	  
• 	  Timing	  ~	  ns/	  10ph.e.	  
• 	  Bias	  voltage	  ~500V	  
• 	  SensiKvity	  ~10	  ph.	  e.	  
• 	  QE	  ~	  high	  in	  all	  spectrum	  

SPAD	  /	  Geiger-‐mode	  APD	  
• 	  Gain	  ~106	  
• 	  Timing	  ~	  10ps	  /10ph.e.	  
• 	  Bias	  voltage	  <100V	  
• 	  SensiKvity	  ~1	  ph.	  e.	  
• 	  QE	  ~	  medium	  

APD	   PD	  SPAD	  
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INFN	  &	  FBK:	  la	  convenizone	  MEMS	  

•  Convenzione	  per	  a]vità	  di	  R&D	  a	  condizioni	  
favorevoli	  

•  Richieste	  di	  finanziamento	  nelle	  CSN	  e	  verifica	  
accesso	  a	  convenzione	  

•  Sviluppo	  di	  disposiKvi	  a	  semicondu?ore:	  
– Strip	  e	  Pad	  detectors	  
– 3D	  detectors	  
– Bolometri	  
– SiPM	  



FBK Technolgy 
7 

October 15, 2014 

Clean room «Detectors»: 
-  500m2 

-  6’’ wafers 
-  Equipped with: 

•  ion implanter 
•  8 furnaces 
•  wet etching 
•  dry etching 
•  lithography 

•  stepper 
•  mask aligner 

•  Deep RIE 
•  Plasma-enhanced CVD 
•  sputtering 



SiPM Characterization 
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October 15, 2014 

1. IV measurement 2. Dark characterization 

3. Optical characterization 4. Functional charact. 



Main parameters 
9 

October 15, 2014 

•  Gain 
–  Number of electrons per detected photon 

•  Primary Noise 
     - Thermally generated events 

•  Correlated Noise 
–  after-pulse, optical cross-talk 

•  Photo-detection efficiency (PDE) 
–  Number of detected photons over total incident photons 

•  Dynamic range 
–  Linearity of response 

•  Time resolution 
–  Precision in the determination of photon arrival time 



Wish list 
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October 15, 2014 

Parameter Wish Comment 
Gain High Usually not a problem (~1e6) 
Primary Noise Low Hard to reach PMT levels!! 
Correlated Noise Low Good options to reduce it 
PDE High >50% feasible, wavelength? 
Dynamic range High Up to 5-10000/mm2 
Time resolution Low ~100ps FWHM 

  Today, we do not find a device with all the parameters  
    optimized.  
    Trade-off among them (e.g. PDE vs dynamic range)!! 



Other important features 
(at the system level) 
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October 15, 2014 

•  Breakdown voltage uniformity 

•  Temperature stability 

•  Packaging type (dead border region, TSV, custom) 

•  COST!! 
    Solutions to improve performance must be cost-effective. 
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October 15, 2014 

We acquire  
ms-long  
waveforms 

Signal  
filtered 
to reduce 
its length 

 time delay array 
 amplitude array 

Dark measurement 



Dark measurement 
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October 15, 2014 

 primary dark rate (DCR) 
 direct cross-talk 
 delayed correlated components 



Matrici	  custom	  di	  SiPM	  3x3	  mm2	  

~	  25	  mm	  

3	  mm	  



The project: VSiPM"

Vacuum	  Silicon	  PhotoMulKplier	  Tube	  (VSiPMT)	  
Photocathode	  

Focusing	  Ring	  

Focusing	  Grid	  

SiPM	  

A combination of a classical vacuum glass PMT standard envelope hosting a photocatode and a!
 Silicon PhotoMultiplier (SiPM) acting as an electron multiplying detector!

(in the place of the dinodes chain).!

SIPM	  is:	  
•  Compact	  
•  Cheap	  
•  Single	  photon	  capability	  
•  Linear	  	  
•  Low	  voltage	  opera?on	  
	  

	  BUT	  
Small	  sensi?ve	  surface	  

GC	  Barbarino	  et	  al.	  



GM	  Collazuol,	  P	  Sartori	  
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