
A few exemplary illustrations of 
collaborative research projects based 

on SiPM

Massimo Caccia, Uni. Insubria & INFN , SiPM matching event, February 16-17th , 2011



Starting from the sensors: 

FBK & INFN (1/3)

Supported by the Trento local governament

The MEMS Project [2004-2012]:

1.access to FBK micro-technology capabilities by INFN researchers

for R&D purposes

2.Three specific development lines :

1. Silicon 3D detectors (for new tracking systems)

2. Kinetic inductance detectors (for CMB experiments)

3.3. SiliconSilicon PhotomultipliersPhotomultipliers



FBK & INFN (2/3)

From prototypes to large areas sensors

20092009
8x8 array of SiPMs

1.5x1.5mm pitch; 50x50mm2 cell20062006
1x1mm2

40x40mm2 cell

20072007

4x4mm2

50x50mm2 cell

Large area array for pre-clinical PET systems

First prototype

First large area device



FBK & INFN (3/3)



Again on sensors:

MEPHI & MPI & Excelitas (1/2)
Developing UV sensitive SiPMs with extremely high PDE
[B. Dolgoshein, R. Mirzoyan et al.]

• 2003: MEPhI – MPI for Physics start collaborating on SiPM development:

Main Goal: to push the parameters of SiPM to the Limit: 
– maximum PDE 60 – 70 %
– Both blue green and UV sensitivity types 
– Extremely low X-talk @ full applied overvoltage: X-talk < (1-2) % 
– Very low dark rate: < 400 kHz/mm2 @ room temperature

[Some major results of studies reflected in one granted patent and in four 

pending patent applications]

• 2003: proposal for using SiPM in astro-particle physics experiments (MAGIC & 

EUSO)

• 2009: cooperating with Excelitas (former PEI) on SiPM development and 

production



MEPHI & MPI & Excelitas (2/2):
Recent results



Moving to a higher degree of complexity:

JOINT ASIC DEVELOPMENT

 AGH-Poland & FORIMTECH [Geneve]

 INFN-Pisa & IDEAS GammaMedica

 Heidelberg & PHILIPS

Specifically addressed by W. Kucevicz in his talk…



 Funded by the EC under the Sixth Framework Program (Co-operative research)

 Start-time Oct 2006; End-time: Jan 2009

 Main objectives: Silicon Photo Multipliers development and optimization for three 
well defined applications: Dosimetry in Mammography, Radon Monitoring, illicit 
traffic of radioactive material (homeland security)

 Consortium composition: 4 Small and Medium Enterprises + 3 R&D performers

SensL (IE)

PTW (DE)

Plch SMM (CZ)

ForimTech (CH)

UNICO (IT) (Leading organization)

AGH (PL)

ITEP (RU) 

RAPSODI
RAdiation Protection with Silicon 
Optoelectronic Devices and Instruments

http://www.rapsodiproject.eu



Flashing one of the applications: 

measurement of the indoor Radon 

concentration [a real counting experiment!]

 74 Bq/m3

EPA figures



measurement of the indoor Radon 

concentration: the US map



measurement of the indoor Radon 

concentration: the Switzerland map



The RADON decay chain

Th
e

 r
a

d
o

n
 p

ro
g

e
n

y



measurement of the indoor Radon 

concentration: classes of instruments

A brief survey of the state-of-the-art:

Good for mapping

/surveying

 Reasonably Good for RT monitoring

 In general for professionals 



Exemplary illustrations of market products

 



Brief about the AlphaGuard and the Sarad 
Indoor Air Monitor

Sensitivity: 3 counts/hour @ 1 Bq/m3

Sensitivity: 0.003 counts/hour @ 1 Bq/m3



The RADIM7 - an innovative approach

 

 Yet based on the 

detection of the 

Radon alpha-emitting 

progeny

 replace the 

detector with a high 

sensitive scintillator + 

SiPM system  get to a 

system with top class 
performance and 

middle class price



The detecting system (qualified with 241Am)

 

The scintillating unit & 

fiber light conveying 

bundles

6 p.e. threshold, 200 ns integration time

6 p.e.

8 p.e.

Exemplary 

illustration 

spectrum



source activity (single pinhole) 
as of the ORTEC System: 

(25  5) Hz

 source activity as of Jirka’s tile: 

(24  7) Hz

241Am efficiency 



Chamber & electronics

 

The tile was mounted with the AGH electronics: 
 

 
 
 

Complete chamber: 

 
 
 



At the heart of the problem:
kill the DCR and fix the stability!

Main figures from a 

non-trivial exercise:

 dark counts

reduced from 

1 000 000 per second 

to 

1 per hour

 stabilized in the 

3-40 C 

temperature range



Technical Characteristics of the 
RADIM7

Mission Accomplished!



A comparison with other instruments of the 

RADIM family 

Comparison of Radim7 with Radim5B and Radim3A
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R5B

R7

R3A

The Sputnik-like 

RADIM3A:

- 0.8 counts/h/Bq/m3

- logs also environmental 

parameter

- 10’ time window

The RADIM5b:
- 0.3 counts/h/Bq/m3

- small volume Þ hourly sampling

- no environmental parameter recorded



Preliminary results from an ongoing collaboration

with a Bank group
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… and the best is hopefully yet to come: RADICAL [an INTERREG 

project, 3 years long] just started!

hours



Life beyond RAPSODI: a start-up kit, developed 

with CAEN-Viareggio



The General Purpose Amplifier

[data and figures refer to the final product] 

2 channel mother & daughter architecture

 every channel features a 2 stage amplification 
[500 MHz bandwidth, tunable gain up to ~ 50 db]

 active feedback control on Vbias for Gain 
stabilization (0.1 oC)

A 3 plot qualification:

  



Recording the signal: QDC vs Digitization

The V792N QDC

The 720 desktop Digitizer

16 channels

 VME 6U format

 12 bits

 0  400 pC range

 granularity: 100 
fC/count

2 channels

 stand-alone

 250 Ms/s, 12 bits (up to 5 Gs/s)

 -1  +1V range

Featuring the Digital Pulse processor



The FAST LED, an essential tool for sensor testing

… and for your advertisement 

multi-photon peak spectrum 

(something like the LHC Media 

Event)

Reference LED:

 peak = 420 nm

 peak current 120 mA

 luminous intensity = 9500 mcd @20mA

 30o half-view angle

 ~ 5 ns

Single Photon Timing spectrum 



The Cosmic (ray) Tile

> 0.5 ph

> 1.5 ph

> 2.5 ph

0.5 ph

1.5 ph

2.5 ph
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 100 x 100 x 10 mm3 plastic scintillator tile

 wls fiber => 2 channels in coincidence

 Single channel Dark Count Rate

Count rate in coincidence 



The Gamma Ray Spectrometer

Two basic configurations, oriented to EduApplications:

 6 x 6 mm2 SiPM

 1 CsI crystal, 6 x 6 x 30 mm3
 3 x 3 mm2 SiPM

 3 crystals 3 x 3 x 15 mm3 [LYSO, 

BGO, CsI]

137Cs 
[662KeV]

60Co

[1.17MeV]

60Co

[1.33MeV]

FWHM 
[%] 10 6.6 5.8

 30 KeV line 

from Ba decay

no source



Conclusions

do not be afraid 

to look out there…

And join the

SEHep* project!

* Search for exrtra High energy physics applications


