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Abstract Research using hybrid pixel detectors in medical physics is on the
rise. Timepix detectors have arrays of 256 x 256 pixels with a resolution of
55 pm. Here, and by using Timepix counts instead of Hounsfield units, we
present a calibration curve of a Timepix detector analog to those used for
CT calibration. Experimentation consisted of the characterization of electron
density in 10 different kinds of tissue equivalent samples from a CIRS 062M
phantom (lung, 3 kinds of bones, fat, breast, muscle, water and air). Radiation
of the detector was performed using an orthodontic X-ray machine at 70 KeV
and .06 second of tube current with a purpose-built aluminum collimator.
Data acquisition was performed at 1 frame per second and taking 3 frames per
phantom. We were able to find a curve whose behavior was similar to others
already published. This will lead to the verification of the usage of Timepix for
identification of different tissues in an organ.
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1. INTRODUCTION

Hybrid pixel detectors are getting started to be used in medical research in
the last few years [1] [2], they have important advantages to be use in the
field. Timepix is a hybrid pixel detector developed by CERN collaboration for
particle detections [3].

It has a good sensitivity [4] and good resolution for medical imaging,
having this in mind we have decided to find a calibration curve analog to the
one used for CT calibration. The idea is to find the correspondence Timepix
counts to each value of tissue in Hounsfield Units already known. Hounsfield
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Grados Luyando, M.C. Units go from -1000 to 1000 depending of the level of brightness in the x-ray
de Celis Alonso,B.  plaque, where -1000 is air or less density, and 1000 correspond to bone of
Moreno Barbosa, E. higher density, passing through 0 which is water. Using the detector in ToT
Martinez Herndndez,  pde, we have radiated the samples using the minimum tube current 0.06 sec,
xéll*ﬁéndez Lopez.1M 3 times each one, having 3 diffgrent ‘matrixes Qf 65,536 numbers..Once the
Tejeda Mufioz G,. “" data has been collected, an algorithm in C4+ give us a characteristic number

’ for each sample, this number give the counts number analog to the CT number
in HU. We where able to find a curve with the same behavior as in CT [5], with
the advantage of less time of exposure and therefore less dose.

2. MATERIALS AND METHODS
2.1 The Detector

Timepix device is a hybrid detector with an arrangement of 256 x 256 pixels
with a resolution of 55 pm, its dimensions are 14.08 mm x 14.08 mm. Made
by 2 main parts, the detection, which is an ionization chamber, bump-bonded
to a CMOS electronic layer, part 2, Fig. 1, each matrix pixel is connected
to his respective preamplifier, discriminator and digital counter integrated on
the read out chip. Timepix operates in 3 different modes: 1) Single particle
counting, 2) Time over Threshold and 3) Arrival time mode [3].

Single particle counting: It counts an event for each particle over
threshold, Time over Threshold: this mode counts the time or clocks while
the energy remains above the threshold, giving a number proportional to that
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Figure 1: a) View of a sensor bump-bonded to a read our chip. Adapted [10], and b)
detection diagram [11]
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energy, Arrival mode: Counts the time between the trigger and an event over
the threshold.

In other works, the performance of this detector has been studied for
X-rays [6] [7], heavy charged particles [8], ultra cold neutrons [9], cosmic
radiation and with electron optics.

2.2 Imaging System

An orthodontic x-ray source GNATUS with 70 KeV, 7 mA and .06 sec of
tube current, with a Tungsten target tube and a .8 x .8 mm emission spot [12],
after a purpose-built aluminum collimator made of 2 plaques of 3 mm each
Fig. 2 for 99% attenuation of the beam, and an aperture of 3 x 3 cm. The
distance from the detector to the tube is 5 cm. Between these, the equivalent
tissue samples CIRS, electron density phantom model 062M [13] (lung inhale,
lung exhale, 3 bones, fat, breast, muscle, water and air) are placed for being
radiated.

2.3 Data Acquisition

The device is connected to the interface FITPix, which has a serial readout
speed around 100 frames per second in single layer [14]. Images have been
obtained with software PixetPro. Each sample has been radiated 3 times at
the lowest current tube 0.06 sec; To T mode, 1 frame per second and with
threshold at 10. To T mode allows the detector to measure directly the energy

X-ray source

Phantom Tissue

Timepix detector

Figure 2: Picture of the imaging system, the x-ray source, the collimator and the
detector.
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in each pixel, using a defined threshold, the amount of energy depose in the
pixel works as a capacitor and the time of discharge until it get to the threshold
defined is the count of that pixel. Bias voltage used for this experiment was
100 V. The three shots are consecutive and the data acquired has been saved
separately in different files.

2.4 Data Analysis

A C++ algorithm has been write for the data analysis, the algorithm makes
an average from the 3 matrixes data, make a fit and measure FWHM. Each
FWHM is characteristic from the material, this value is saved and used to
make a graphic vs mass density and relative electronic density with software
Origin Pro 8. For our purposes the energy absorbed by the detector is not of our
consideration, nevertheless the proper energy calculations can be found at [15].

3. RESULTS

The first part of the results are the single curves founded of each phantom
tissue, Fig. 2 — Fig. 11, with the proper fit and calculation of them FWHM,
the axis graphics are ToT Vs Number of events, followed by the graphic
of all together being normalized to the maximum value. Table 1 show the
correspondence values founded for each phantom tissue, and finally the analog
to CT with the same behavior.

Table 1: Correspondence between mass density, RED and counts founded in the
characterization.

Tissue Mass density Relative Electronic FWHM
(g/ce) Density (ua)
Air 0 0 1341
Lung Inhale 02 0.19 1280
Lung Exhale 0.5 0.489 1126
Adipose 0.96 0.949 1084
Breast 0.99 0976 953
Muscle 1.06 1.043 915
Water 1 1 842
Bone3 1.16 1.117 644
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Figure 3: Characteristic curve of lung inhale.

Figure 4: Analog curves to CT with mass density and relative electronic density

(RED).
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Figure 5: Characteristic curve of adipose.
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Figure 6: Characteristic curve of breast.
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Figure 7: Characteristic curve of muscle.
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Figure 9: Characteristic curve of bone 1.
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Figure 11: Characteristic curve of bone 3.
1.6
———— lunge FWHM: 1126.35
———— lungi FWHM: 1189.87
1.4 bone FWHM: 311.89
5 bone2 FWHM: 0.56
bone3 FWHM: 863.86
12 muscle FWHM: 944.35

breast FWHM: 954.07
adipose FWHM: 1084.86
water FWHM: 865.58

-

=2
o33

=
»

I-II|II'I|III|||||||1|III|!|||III

Normalized number of events
o
"]

g A 2
; SN
0.2 NS
,I[,f b kY
| )
oliiau J_.»"’:IJ \Ii“-mhh{_.l.-".llj“l‘\tﬂ-._llllll‘]fl;l

0 1000 2000 3000 4000 5000 6000 7000 8000
ToT (ns)

Figure 12: Characteristic curves of all tissues together and normalized to the max. value.
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Figure 4: Analog curves to CT with mass density and relative electronic density

(RED).
Bone2 1.53 1.456 412
Bonel 1.82 1.695 341
CONCLUSIONS

We founded a relation between counts and HU, the analog graph behaves
as the one already known for CT [5] , with this result we were able to find
the correspondence of Timepix counts to each tissue. This will lead to the
verification of the usage of Timepix for identification of different tissues in an
organ. And the possibility to calculate treatment planning using the data of the
pixel detector improving the resolution of the images.
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