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The most complex light sensors

These seemingly best-known imaging light sensors measure
colour in the a relatively wide band (400 — 700 nm) as well
as the light intensity within a
e dynamic range of 13 orders of magnitude !
e angular resolution ~ 1* (oculists call it 100 % sight)
e integration time > 30 ms,
threshold value for signals
 5-7 green photons (after few hours adaptation in the darkness)
* 30 photons on average In the dark


http://www.acclaimimages.com/cgi-bin/photobase/comps.pl?do=get_comp&image_number=0449-0612-1900-5804
http://www.sxc.hu/browse.phtml?f=download&id=498274
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Photograph of the 576-pixel imaging camera of MAGIC-L.
In the central part one can see the 396 high resolution pixels
of 0.10° size. Those are surrounded by 180 pixels of 0.20°.




Instrumental/technological improvements

Running target: light sensor improvements. Successfully pushing the
PDE higher up. Shown for several types of PMTs
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e Some 6 years ago we
have launched a QE
Improvement program
with manufacturers
Hamamatsu (Japan),
Photonis (France) and
Electron Tubes
Enterprises (England).
» The results were very
encouraging

 Since about 1.5 years
a new program has
been launched for
CTA,; the results are
shown on the left






PMTs: improve the TTS and the
Collection Efficiency

R9420MOD & R8619MOD
Window Curvature vs TTS and CE
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This sketch shows PC (Plano-Concave) window,
but CC (Concave-Convex) window will be made for CTA experiment.




R8619MOD-100 DC Sensitivity and Data List for Trial Tubes
Date: lul 14.2010

The most recent production of
' PMTs by Hamamatsu Photonics

Already now they came very
close to requested parameters

The <QE> peak is approaching
= 35_ %. The ph.e. collection
efficiency is 95-98 %.
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More improvements requested like
much less variations in the gain
of dynodes

Currently launching a 2-year
development contracts with
Hamamatsu and ETE (England)
Financial support by CTA

HAMAMATSU PHOTONICS K K. Electron Tube Division




Few examples of SIPMs,

still under development
Hamamatsu (MPPC) MPI-HLL (SiMPL)
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PROCEEDINGS OF THE 31 ICRC, LODE 2009

Outlook
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Vacuum chamber with
Cooled SiPM array and
Entrance window

Spherical mirror with
d = 750 mm, f = 1500

SiPM development and application for astroparticle physics
experiments
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Absmaet. A Silicon Photonvultiplier (SiPM, G-AFD)
is a movel solid state photodetector which has an
outstanding photon connting ablity. The device has
excellent features such as high quantum efficiency,
200d charge resolution, fast response (<100 ps), very
compact size, high gain (up to 23 » 108), very low
power consumption with low bias voltages (30-T0V),
immunity to the magnetie field In the last few years,
UV sensitive SIPMs with a p-on-n structure hiave heen
developed by a few companies such as Hamamatsu,
Photonique, Zecotek Photonics Inc., and institutes
such as the MPLHLL (Max-Planck-Tnstitute for
Physics - Max-Planck-Institute Semiconductor Lab-
oratory) as well as the MPI-MEPHI (Mas-Flanck-
Institute for Physies - Moseow Engineering Physics
Institute) for astroparticle physics applications. Here
the current status of the SiPM development in
MPI and HLL, MPI and MEPRI, and the study of
the application to imaging atmospheric Cherenkov
telescopes (TACTs) MAGIC/MAGIC-TI [1] and CTA
[2], and a fuorescence telescope in the space JEM-
EUSO [3] will be reported.

EKeywords: Imaging Cherenkov, Imaging finores-
cence, SIPM

1. INTRODUCTION
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The high PDE of these devices will allow us to lower
the threshold energy of gamima ray detection down to 10
- 20 GeV in case of MAGIC telescopes, and ensure the
detection efficiency of UHECRs above (2-3)x 10V

A 22mmx22m SIPM based
ixel for a telescope
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Detail structure of the camera
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High Optical cross-talk and afterpulsing
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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

It is not easy to measure the PDE, that shall be
disentangled from the X-talk and afterpulsing.

The afterpulsing in PMTs is a ~1% effect (@single ph.e.)
while for current MPPC’s (Hamamatsu) it is a 20-30 %

Often real value of PDE is << than the claimed
(advertised) one. The reason is low applied overvoltage.

For ~100 % Geiger efficiency and a high PDE one needs
to apply overvoltage ~15 %. Most commercially available
devices cannot do this yet

Hamamatsu, Philips, Perkin-Elmer, Zecodec,... and
more companies are working on it.



Prompt OC suppression using Si damaged
by 1on implantation

(Patent pending)

No OC
200 suppression
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A PDE and gain of a 1x1 mm2 SiPM produced by team of

Dolgoshein in cooperation with PElI measured at +20°C
Overvoltage = operational voltage — breakdown voltage

SIPM 1x1 mm? T=+20°C. Overvoltage +15%
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Conclusions

It Is very likely that in a time scale 1-2 years from now
one can buy SiPMs with outstanding characteristics,
probably from several manufacturers.

Their sizes could span initially 1-3-5 mm, but later
perhaps also until 8-10 mm.

SIPM cost will be reduced due to the availability of full
CMOS designs. Several USD per mm?2 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,...).



Optical Crosstalk OC

OC has two components

P. Buzhan, B. Dolgoshein, et al., 2009

FIRST:phe's are induced in high electric field depletion region of

neibouring pixels
>this mechanism is very fast: ~Ins(prompt OC)

SECOND :The same in undepleted region and then the diffusion(or

drift)to high electric field Geiger region of neibouring pixels

>this process is delayed: later than lns

Single Double

p-njunction  p-n junction
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Timing by 9x5mm2 SiPM: signal shape

= Because high SiPM output
capacitance (~160pF)

a special FE electronics has been

developed:

low imput impedance(a few Ohm)
current amplifier+shaper

+shaper
FWHM
2 Bbns




T=-61°C
B no OC suppression
* with OC suppression
O Poisson
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Optical Crosstalk studies
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Results of Optical Crosstalk studies
two separated pixels
pixel size 100mkm,pitch 130mkm
gain 2 x 10*7
recovery time > 1mks
PDE=35%

OPTICAL CROSSTALK:
> prompt (< ~lns.phe in depletion region) ~50%

> delayed(> ~1ns
~B50%
OPTICAL CROSSTALK
SUPPRESSION FACTOR:
> with optical barriers(tranches,8mkm deep) ~9

> with optical barriers + second n-p junction ~4.5
Total: ~40




-»single pixel dark
count rate is lower by
factor of 1.5-2
(~physical limit)
—digital output is
more convenient for
system integration

—-2PDE loss ( filling
factor is less due to
electronics on chip)
—>problems with
Optical Crosstalk and
Afterpulsing have to
be solved

Fabrication cost?

Digital SIPM

PHILIPS
Digital Photon Counting — The Concept

Intrinsically, the SiPM is a digital device: a single cell breaks down or not
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Digital output of
« Number of photons
« Time-stamp

Integrated readout electronics
is the key element to superior

detector performance
L
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Prilips Cyglhial Fhoion Counting, Oolober 27th, 2003




PDE ,SIPM p on n,3x3 mm”"2,
OV/V=12% +0OC suppression

Test-product of PEI

SiPM 3x3 mm®* PonMN (pixel size 100x100 pm, geom. eff. =0,6) T =-50 °C

® Overvoliage Al =4V
Relative overvoltage aU /U _=0,12

systematic bias = 15%

L) | L T T T I T T L T
450 500

Wavelength &, nm




Dark count rate:
SIPM 1x1Tmm”"2, OC=4% AP=1%
room temperature

SiPM 1x1 mm-© FPon M. (pixel size size 100x100 pm} with OC and AP suppr
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The 17/m @ MAGIC IACT project for VHE vy
astrophysics at E~ 25 GeV - 30 TeV

wwwmagic.mppmu.mpg.de

Laser beams of the
Active Mirror Control
system become
visible on foggy night
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