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1. Introduction

* Increasing interest in Si-based pixelated detectors in High Energy Physics

» Started collaboration between GDR-IMB (engineering oriented) and GAE-UCM
(physics oriented)

 Made way in SIPM characterization and development of radiation detectors
» Aiming to increase Spanish participation in this technology
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1. Introduction

Geiger mode: SiPM Linear mode: APD
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1. Introduction

Some applications in HEP

TOF PET-MR,
GE Global Research Center

Particle tracking, ’ AL - ™
CMS and ATLAS = A]LAS
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2. Experimental characterization (UCM)

Measurements in coincident
with pulsed illumination
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2. Experimental characterization (UCM)
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2. Experimental characterization (UCM)

Results on correlated noise in SiPMs
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2. Experimental characterization (UCM)
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3. Reverse engineering (IMB)

Physical Characterization and Design & CAD services:
» Characterization of micro technologies
» Physical analysis and edition of integrated circuits
 Circuit analysis, modeling and simulation
 EDA & CAD development, management and training
Applications:
 Failure diagnosis for integrated electronic components

o IC full design extraction (bottom-up): analog and
digital ASIC

* |C security study (top-down): Smartcard, FPGA and
Microcontroller

 Technological & CAD research and Industrial support
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3. Reverse engineering (IMB)

Equipment for Physical Characterization:
» Focused lon Beam (FIB)
» 2 Atomic Force Microscopes (AFM)
» 3 Scanning Electron Microscopes (SEM)

« Automatic polishing machine with multi-
sample head

« Automatic polishing machine with two
heads suitable for micro-sections

e Diamond saw

» Optical microscopes (micro-measurement,
dark field and interferential constant)

* Photo microscope
* Plasma equipment for layer removal

* Probe system with submicron needles
and laser cutting facility

 Die attach. Wedge and ball bonding
facilities.




3. Reverse engineering (IMB)

Hamamatsu SiPM » Decapsulation and die recovery

S13360-3025CS » Surface value of geometrical
parameters




3. Reverse engineering (IMB)

» Grinding and lapping
metallographic processes to
make cross-sections

» Optical microscope images
« SEM images

 Internal structure: well depth, layers,
optical barriers...
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4. Modeling and MC simulations (UCM)

Correlated noise in SIPMs:
* Physical processes
 Mathematical models
e MC simulations

Geometrical hypotheses

of crosstalk

Theoretical P(k)

"

Experimental Py(k)

MPPC S10362-11-100C
69.8 V, ~25°C
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4. Modeling and MC simulations (UCM)

Correlated noise in SiPMs:
* Physical processes
 Mathematical models

e MC simulations MC simulation
of crosstalk

MC evaluation
of noise
components
design
iImprovements

Model fitting for afterpulsing
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5. Development of Si detectors (IMB)

Objectives of the Radiation Detectors Group:

» Tracking detectors for LHC and ILC
* Medical imaging and nuclear applications

Technological developments:

» 3D technology detectors

2D position microstrip sensors

* Low gain avalanche detectors (LGAD)
* 6 inch technological process

Silicon microdosimeters for hadrontherapy
Ultra-thin neutron sensors

Embedded pitch adapters

Low resistance strip sensors
Micro-channel cooling

Automated layout generation

Flip-chip packaging

ICTS’ main Clean room at IMB
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5. Development of Si detectors (IMB)

Low Gain Avalanche Diodes (LGADSs):

* Replacement of PiN diodes as tracking detectors
* Internal gain and proportional response

» Better sensitivity and signal/noise than PiN diodes
» Good radiation resistance (on progress)

/ Improved edge termination

\

High signal to noise ratio

300000

) ] ]
g 250000 = -
E r -
£ 200000 J
% 150000 *Sr most probable charge before irradiation B
‘S 100000+ —=—W8_E10 i
\ i ] —s—W8_H11
50000 1 - -
3 ] PiN —4—2328-10 -
= 04
) ¥ T L] ¥
0 100 200 300 400 500 600
Bias Voltage [V]
4000 . :
} ] . 1 ENC
« Evaluated pad diode: 5x5 mm? active area o e
. . % | e "
° 2 2000
Pixelated prototypes already available g ™ e
1000 4 ® WB_H11
] 4 232810
0 T L] T T T
0 100 200 300 400 500 600

Bias Voltage [V]

14



6. Conclusions and future plans

Summary:

» Detailed characterization of response of pixelated Si-based detectors
* Deep knowledge of devices through reverse engineering

« Mathematical models and MC simulations of the electrical response
* Development of new Si detectors in the clean room of IMB

First article fruit of the collaboration
GAE-UCM and GDR-IMB
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6. Conclusions and future plans

Future plans:

« To continue activities of modeling and characterization of SiPMs
» To progress on development of Low Gain Avalanche Diodes

» Application to Nuclear Medicine (e.g., PET)

» Application to Cherenkov Telescopes (CTA)

» To extend the collaboration to other research groups and technology
companies
* Development of SIPM-like detectors (made in Spain)

2015 call of the National
Programme for Research Aimed
at the Challenges of Society.
Modality 3.
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