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* Derivation of the zero-frequency Detective Quantum
Efficiency (DQE) for photon counting pixel detectors

* Dependency of the DQE on discriminator threshold
energy

* Dependency of the DQE on x-ray photon energy

e Conclusion
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The Problem: Multiple Counts

3 IWoRID 2006 Pisa 06.07.2006 Jirgen Durst



Detection Efficiency

N. = number of incident x-ray photons

m

= number of detected x-ray photons

true

number of counts produced by N, detected x-ray photons

meas true

detection efficiency: ¢
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Cluster size of detected photons

* A photon may be detected in more than one pixel:

Cluster size = number of triggered pixels = multiplicity

* \We measure a flat field and obtain

N,: number of photons which are counted in 1 pixel
N,: number of photons which are counted in 2 pixels
N,: number of photons which are counted in 3 pixels
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Photons and Counts

* Number of detected photons:

N, = N, +N,+N +... = ;Ni
* Number of measured counts:
N .. =1N+2N,+3-N+... = iiN,-
* Variances: -
Uzzvl. = N,
oy = Zile-
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Detective Quantum Efficiency (DQE)

e Definiton:

* DQE for zero spatial frequency (/=0):

SNR = = N eas _ N +2N,+3N;... — ZiNi
out oy VN, +4N,+9N;... VD i’N,
SNRm — = = \/ in
O-Nin
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Averaged Multiplicity <m> and DQE

We define:
* Averaged multiplicity:
Z I, Nmeas

l —

<m> B ZN, Ntrue

* Averaged guadratic multiplicity:

<m2> — Zile- — Zile-
ZNZ' Ntrue

SNR _ Z lNz _ <m>Ntrue
ONXEN, V)N,

<m>2Ntrue _ (m) L — _ <m>2
(m*) N, (m*) N, (m?*)

mn

DQOFE &
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Setup for Monte-Carlo simulations

with ROSI

* Setup of geometry:

sensor material: Si
sensor thickness: 700 pum

modelled with
ASIC / bump bonds

sensor voltage: 250 V

x-ray photons

S\

bump bonds 25x25x25 um? PbSn
Medipix2 ASIC 700 ym Si

Silver Glue 7.0 um Ag
Ground Plate 17.5 um Cu

variable discriminator threshold setting
no discriminator threshold noise

e Diffusion model: on / off

* Extraction of N, for each threshold setting
and calculation of efficiency, multiplicity and DQE

IWOoRID 2006 Pisa

06.07.2006

Jurgen Durst



10

Discriminator Threshold Dependency:

100 keV monoenergetic
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Multiplicity factor

<m>2/<m?2>
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- multiplicity noise decreases DQE up to 25%
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Optimization of Threshold

by means of the DQE
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Conclusion

* Novel method to determine the zero-frequency DQE of
a photon counting pixel detector

* DQE mainly depends on the detection efficiency for Si
e Multiplicity factor decreases the DQE up to 25%

* Detection efficiency Is approximately constant for low
thresholds

* Multiplicity factor influences the DQE for low thresholds
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The End
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Setup for Monte-Carlo simulations

with ROSI

* Setup of geometry:

Sensor material: GaAs
Sensor thickness: 700 um

modelled with
ASIC / bump bonds

sensor voltage: 250 V

x-ray photons

S

bump bonds 25x25x25 uym?® PbSn
Medipix2 ASIC 700 uym Si

Silver Glue 7.0 um Ag
Ground Plate 17.5 um Cu

variable discriminator threshold setting
no discriminator threshold noise

e Diffusion model: on / off

* Extraction of N, for each threshold setting
and calculation of efficiency, multiplicity and DQE
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Discriminator Threshold Dependency:

40 keV monoenergetic
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