








Characterization of hybrid pixel detectors

Applications for dosimetry in mixed radiation fields
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Abstract—High quantum efficiency is important in X-ray
imaging applications, This means using high-Z sensor materials,
Unfortunately many of these materials suffer from defects that
cause non-ideal charge transport, In order o increase the under-
standing of these defects, we have mapped the 3D response of a
number of defects in two 1 mm thick CdTe sensors wtt]l dll'f:rtnl

Most of the detector development work concernes single pad
detectors or detectors with large pixels [21], [22], [23] where a
main problem was the difference in charge collection between
electrons and holes. However, recently, CdTe detectors with
pixel sizes down to 55 x 55 pwm® have been fabricated and

pixel sizes (55um and 1104m) using a
at 79 keV. The sensors were bump bonded to Tlmcpu read out
chips. Data was collected In photon g s well e il

hreshold mode, The ti hreshold mode is a very powerful

on pi readout chips [24]. With that pixel size
the small plxel effect largely makes the device a single carrier
device and the resoluunn approaches the resolution of other

tood to kuvestigate charge transport propertles and fi
in pixellated detectors since the signal from the charge that
each photon deposits In each pixel can be anslyzed. Results
show distorted electrical field around the defects, indications of
exenss benkage carvent and large &fferences In behavior hetween
electron collection and hole collection mode. The experiments

In this project several defects on pixellated CdTe detectors
with pixel sizes of 55 x 55 pm? and 110 x 110 pm?® have
been probed with a monoenergetic microbeam. The results

were carried out on the Extreme Conditi Beamline 115 at
Diamond Light Source.

L INTRODUCTION

N order to achieve high quantum efficiency in hard X-ray

imaging, there is a need to use high-Z detector materials.
GaAs has sometimes been proposed as a medium-Z material
[11, [2], [3] but Cadmium Telluride {(CdTe) and Cadmium Zinc
Telluride {CZT) are the two main candidates that have been
investigated since the early 1970s. However, despite recent
progress [4], [5], these materials suffer from defects such as
twins, sub-grain boundaries, dislocations and inclusions that
cause non-ideal charge transport [6], [7], [B].

CdTe detectors are mainly made from crystals grown using
methods as the Modified Bridgman method [9] or the Travel-
ling Heater Method [10] but also some attempts to grow poly-
crystalline layers have been made [11]. The grown crystals are
characterized using destructive and non destructive methods

are P to similar made on small pixel
d and to results obtained using other characterization
methods.

1I. MEASUREMENT SETUP

The measurments were carried out at the [15 Extreme
Conditions Beamline at Diamond Light Source [25]. For the
measurements we used two different types of CdTe sensors
bump-bonded to Timepix readout chips. The sensors had pixel
sizes of 55 x 55 pm? and 110 x 110 pm? The thickness
of both sensors was 1 mm The Fitpix [26] USB2 readout
system and the Pixelman [27] software from The Institute of
Experimental and Applied Physics (IEAP) of Czech Technical
University in Prague were used to control the chip.

A, Timepix

The Timepix [2¥] chip is developed by the Medipix2 [29]
collaboration and is a hybrid pixel ASIC with single photon
processing capability. The chip can be operated in either
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Other Activities

Talks

* Medipix introduction at the Swiss
radioprotection course

* Medipix overview, SMU Dallas

* Mid Time Seminar

Workshops
* Semiconductor Materials Simulation
Workshop, Didcot UK

Courses Seminars

* French level 1, CERN * Particle Therapy using Proton and lon

* Higher Education and Flexible learning * Introduction to Physics at CERN
(15ECTS) Mid Sweden University * Various seminars in PH-ESE

* Semiconductor Devices (15ECTS), Mid
Sweden University
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Experimental Activities

* Characterization of CdTe Sensors at Diamond Light
Source (Measurements in May 2012 and March 2013)

e Characterization of Medipix3RX — Counter Upsets
* Characterization of Medipix3RX - High flux conditions

* Proton Measurements with Timepix Measurement in
Bern

* Noise performance of Timepix cooled by LiN

* Count Rate Linearity and Energy response of
Medipix3RX under high flux conditions at the ANKA
synchrotron in Karlsruhe



Conferences and Presentations

* |EEE NSS/RTSD Conference Anaheim (oral presentation)

* Various meetings and workshops
— Medipix meeting 19-20 September 2012 CERN
— Medipix meeting 29-29 November 2012, CERN, (Oral Presentation)
— Medipix meeting 30-31 January 2013, CERN, (Oral Presentation)
— Detector Material Simulations Workshop 22 March, Didcot UK
— Medipix meeting 5-6 June 2013 Freiburg, GE, (Oral Presentation)

 Planned

— iWOoRID 2013 Paris, (Poster)
— NSS Seoul, (abstract submitted)
— Medipix Meetings



Training Courses and Seminars

* Particle Therapy using Proton and lon Beams -
From Basic Principles to Daily Operations and
Future Concepts

* Seminar - Introduction to Physics at CERN
* French level 1
* Seminars at The 1st ARDENT Workshop

* Higher Education and Flexible Learning
(15ECTS)



Planned Activities

 iWORID Conference June 2013

 Medipix3RX characterization measurements
at Diamond Light Source, July 2013

e Abstract submitted to IEEE NSS Seoul

* Pre-study for a radiation monitor system using
hybrid pixel detectors

* Characterization of Timepix3



