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What LLL sensor can we dream 
about ?

– Nearly 100 % QE and photon detection efficiency (PDE)
– Could be made in very large and in very small sizes
– Few ps fast (in air and in many materials the light speed is 

usually 20-30 cm/ns;  in 5 ps it will make 1-1.5 mm)
– Signal amplification x106

– Noiseless amplification: F-factor - 1.001
– Few % amplitude resolution
– No fatigue, no degradation in lifetime
– Low power consumption
– Operation at ambient temperatures
– No danger to expose to light
– Insensitive to magnetic fields
– No vacuum, no HV, lightweight,...
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Perkin-Elmer

Few examples of SiPMs, 
still under development

SiPMs with ~ 50-60% PDE and low cross-talk 
(< 1%) could be anticipated within 1-2 years 

Miyamoto, TIPP-09
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ILC: Potential Consumer of (5-200)x106 SiPMs
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A 22mmx22mm SiPM based
pixel for a telescope

4-SiPMs of
5x5 mm²,
includes
cooling,
signal
shaping

The same
as on the
left but
4-times
larger

Air shower measurements

by using a 256 ch. matrix of 3x3mm²

Hamamatsu MPPCs in the focus

of a 60cm F/2.5 mirror from the

roof of the MPI building



FACT = First G-APD Cherenkov Telescope
for TeV Gamma Astronomy

Goal:
Crab-observations in the coming period
Test the technology (CTA, AGIS, 
MAGIC, ...) 
Will be operated for the DWARF-
projects physics program ! 

Ready availability
HEGRA-3 Telescope-Mount (La Palma):
8.5 m2 mirror of good reflectivity 
Microcontroller-based Drive system 
Experience with  36 Pixel-Test camera 
M0

TU Dortmund, EPF Lausanne, U Würzburg, ETH Zürich
Photomontage
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2010: 1440-Pixel G-
APD-Kamera

DAQ in Kamera integriert

Produced in Zurich

In fall 2010 will be installed in the
Focus of the 4.2m HEGRA 3 
telescope in La Palma

38 cm

Größe eines
MAGIC Pixels
3 cm

Lichteinfall

Detail structure of the camera

Größe eines
CT3 Pixels
2 cm
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Why the light emission from Si avalanches is 
so important

• First observation of the light emission from reversed-biased 
Si p-n junction in 1955 (Newman)

• Revived interest about the effect in recent years because of: 
• Cross-talk in SiPMs (GAPD, MPPC, micro-channel APD,...) 

spoils the amplitude resolution
• The light emission is proportional to the number of e- in the 

avalanche. This puts a limit to the maximum gain under 
which one can operate the SiPMs

• If no measures are taken against the cross-talk, then the F-
factor is worse than in classical PMTs 

• As a consequence one encounters major problems in self-
trigger schemes when measuring very low light level signals



7-8 September 2010 R. Mirzoyan: SiPMs for CTA SST, 
SST meeting, Liverpool

17

Cross-Talk
Ingargiola NDIP-08
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Ingargiola NDIP-08
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Cross-Talk
Ingargiola NDIP-08
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Current status of SiPM and the 
prospects

• Currently there is a lot of enthusiasm about the new devices but the 
deep understanding is not simple, it comes only slowly

• One of the main problems of SiPMs is the low PDE, that is not easy 
to measure. It shall be disentangled from the cross-talk and 
afterpulsing.

• The afterpulsing in PMTs is a ~1% effect on single ph.e. level, while 
for example, for currently existing MPPC’s from Hamamatsu it is a 
20-30 % effect. This shall strongly manifest itself in self-trigger mode 

• Usually the real value of PDE is much lower than the claimed 
(advertised) one. The reason is the low applied overvoltage. 

• For ~100 % Geiger efficiency and a high PDE one needs to apply an 
overvoltage that is 15-20 % higher than the breakdown one. The 
commercially available devices cannot do this yet (because of their 
design they do not quench above an applied overvoltage of 2.5 %). 

• Already during this year some type of SiPMs with good UV response 
and a low cross-talk level could become available.

• Hamamatsu, Philips, Perkin-Elmer and some other companies are 
working on it.
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P. Buzhan, B. Dolgoshein, et al., 2009 
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A filled in trench
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The cross-talk effect (optical coupling: OC) has a major impact in 
self-trigger schemes, it can prohibit obtaining a low threshold setting
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(Patent pending)
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Test-product of PEI, to become soon commercial product
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Conclusions
• In a time scale 1-2 years from now one can buy SiPMs

with outstanding characteristics, probably from several 
manufacturers. 

• Their sizes could span 1-10 mm.
• SiPM cost will be reduced due to the availability of full 

CMOS designs. Several USD per mm² is not unrealistic.
• They could offer PDE of 60-65 %, x-talk < 1% and low 

temperature and voltage dependences.
• These devices are going to substitute classical PMTs

and APD in many applications, including those in physics 
instrumentation in, for example, nuclear medicine (time-
of-flight PET,…). 

• Realistic candidates for SST telescopes, especially for 2-
optical element designs
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