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Motivation — Timepix
applications

» Radiation field characterization and
dosimetry in
* Space application
* Nuclear and particle physics experiment
* Hadron therapy

* Imaging
e X-rays
* Neutrons
* Alphas
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Timepix2 — improved capabilities
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256 x 256 pixels Improvements (among others):
Pixel pitch 55 um * ToT is not cut by the shutter signal
Frame-based readout scheme e Simultaneous ToT and ToA s
Silicon sensor of 300 um er frame

Additional feedback capacitance

path (adaptive gain mode)
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C
- Event | | Counters
>—| l—‘> Select (28 bits)
DiscOut
Trim
A V.| DAC
...... -
5 K |G
J \ ) 53
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7 6 2001 Wong et al., “Introducing Timepix2, a frame-based pixel detector readout ASIC

measuring energy deposition and arrival time”, Radiation Measurements 1331, 2020.



Calibrations with photons



Frequency (per 0.025 keV)

Energy calibration with photons:

Per-pixel ToT calibration results
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control

Calibration XRF from Cu, Cd, and gammas from
241 Am with single pixel clusters
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Energy calibration with photons:

Per-pixel ToT calibration results -
homogeniety —

Homogeniety
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Determination of the pixels’
high energy behavior



Measurement at Van-de-Graaff:

Measurement setup

Il E A P
0.0200 Raw energy spectra * Tunable source of monoenergetic
m p: 0.5 MeV protons in the range from 500 keV
I p: 1 MeV _
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Determination of nominal energies:

Energy losses in the dead material at the
backside contact
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Methodology:

Strategy for the high energy calibration

o)

Problem: Deposited energy of protons and alphas does not stay in a single pixel

Strategy: Examples:

p: 1 MeV

1. Start with low energy
protons and search for
clusters few pixels are in the
“uncalibrated” (E > 150 keV)
energy region

y (pixels)

2. Assign the missing energy to
the latter pixels to create a
global calibration curve

27.6.2021

p: 500 keV
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e > Plot (E _E__)/2vs<E. >
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keV)

Expected energy (

Calibration correction curves determination:

Global energy correction function

Protons at Van-de-Graalff

» Different per-pixel energy depositions achieved by

f_ Second order polynomial fit: s varying the bias voltage.
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Calibrated pixel energy response:

Comparison with design simulation I

Corrected pixel response

saturation
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* Energy measurement up to ~2.2 MeV in each pixel.
* The per-pixel saturation level is 3.3 MeV (916 ke")
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Design simulation predicts saturation at 950 ke
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Reasonable agreement considering assumptions

made in the simulation.
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Results



Normalized counts
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m - 5.5 MeV alphas

6500

Application: 250 [T TR
o - 6000
Spatially resolved Ql-Pa rticle energy 10Ss
5500
— s
- - Row number: 175 2
IN thin layers 2l
] = =
= o
> - 4500 &
10D &
5500 3]
< E
E 4000
< 5000 1 04
fo)]
E o=232um 3500
o 4500 -
e
§ 0 T T — - T 3000
| 2 4000 0 50 100 150 200 250
X (pixels)
3500
3000 T T T T T T
0 2000 4000 6000 8000 10000 12000 14000
Pixel x (um) 0 -
> 2000 -
iV
(o]
o
$ 1500
et
©
a.
1000 A
500 4
0 T T T T T T
27.6.2021 0 1000 2000 3000 4000 5000 6000 7000 8000

Energy (keV)



Application:

Subpixel spatial resolution

5.5 MeV a-particle |

Entries 18
Mean x 216.5
Meany 175.4
RMS x 0.5502
1600 RMSy 0.5373
1400 > T
1200
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0
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Spatial resolution determined
from a 2D Gaussian fit to
individual tracks.

- Resolution defined as the
error on the mean value
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Conclusion

* The Timepix2 per pixel energy response has been studied in the range
from 5 keV up to approximately 3.6 MeV to extend the calibration
done with photons using a global correction function

* The following resolutions o were achieved:
e 1.6 keV for X-rays at 60 keV (1.4 keV for single pixel clusters)
e ~55 keV for 2 MeV protons
» ~220 keV for 5.5 MeV alpha particles

Thank you very much!
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Energy calibration with photons:

THL scan results

fix) = Aexp(-Bx) + C — Fit ) o= 0O= o=
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HL scan results — setting 2
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