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~~~~~~~~~~~~~~ Electrons
Path A --+ Ty (P) 1--p --
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Path B > |ﬁ >
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Fig. 1. Block diagram describing the cascade model to assess the signal and noise transfer in the indirect-detection CMOS digital
radiography detector. Path A describes the correlated optical signal and noise transfer and path B describes the uncorrelated direct
x-ray absorption process. A detailed description of each stage is summarized in Table 1.
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Table 1. Detailed descriptions of each physical process shown in Fig. 1.

Stage Description Symbol Process

0 Incident x-ray 9o Uniform distribution
Aq Quantum absorption in screen @ sn Binomial selection
A, Quantum amplification in screen B sen Binomial selection
As Quantum scattering in screen Tsen(p) Stochastic relocation
Ay Quantum transmission in FOP K Binomial selection
As Quantum conversion in photodiode Vi Binomial selection

B: Quantum absorption in photodiode @ p Binomial selection
B, Quantum amplification in photodiode B pa Binomial selection

6 Aperture integration Toper(P) Deterministic blurring
7 Sampling I Deterministic process
8 Additive electronic readout noise 0 aid Deterministic process
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Fig. 2. (a) Photograph of RadEyel00EV™ CMOS photodiode
array and Shad-O-Box 1024 electronic board. (b) A sketch
describes the main radiation interactions in the detector.
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Table 2. Summary of the physical parameters used in the cascaded model analysis.

Parameters Description Values
a Pixel aperture 0.0885 mm
d Pixel pitch 0.096 mm
% Incident x-ray fluence 1.56x10° mm >
@ gen X-ray absorption efficiency in the scintillator 0.5997 (MC)
B sen Secondary quanta amplification gain in the scintillator 927 (MC)
@ p X-ray absorption efficiency in the photodiode 0.000107 (MC)
B pa Secondary quanta amplification gain in the photodiode 2529 (MC)
K Fiber-optic plate transparency 0.5331
7 Quantum conversion efficiency in photodiode 0.55 @ 545 nm
Isen Statistical Swank noise factor in the scintillator 0.685 (MC)
Ia Statistical Swank noise factor in the photodiode 0.5703 (MC)
Tsen(P) MTF of the scintillator (1+0.11759p%)""
Taper(P) MTF due to the aperture integration fsinc(ap)
11 Sampling process 2 Suznld)
0 wid Additive electronic readout noise 730 e

Values were computed for the CMOS photodiode array in conjunction with the Min-R2190TM screen for the imaging condition of
W/Al mammography x-ray quality. The values estimated from the Monte Carlo simulations are marked by “(MC)".
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Fig. 3. A sketch describes the Monte Carlo geometry in this
study. Solid and dotted lines describe x-ray and light photon
transports, respectively. MCNPX™ and DETECT2000™ code
were used to simulate the behavior of each information carrier.
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Signal and Noise Analysis of Indirect-Conversion Digital Radiography
Detectors Using Linear-systems Transfer Theory

Seungman Yun*, Chang Hwy Lim*, Jong Chul Han* Okla Joe*, Jung-Min Kim™, Ho Kyung Kim*

*School of Mechanical Engineerig, Pusan National University, Busan,
TDepartment of Radiologic Science, Korea University, Seoul, Korea

For the use of Indirect-conversion CMOS (complementary metal—oxide—semiconductor) detectors for digital x-ray
radiography and their better designs, we have theoretically evaluated the spatial-frequency—dependent detective
quantum efficiency (DQE) using the cascaded linear-systems transfer theory. In order to validate the developed
model, the DQE was experimentally determined by the measured modulation—transfer function (MTF) and
noise—power spectrum, and the estimated incident x—ray fluence under the mammography beam quality of W/AI.
From the comparison between the theoretical and experimental DQEs, the overall tendencies were well agreed.
Based on the developed model, we have investigated the DQEs values with respect to various design parameters
of the CMOS x-ray detector such as phosphor quantum efficiency, Swank noise, photodiode quantum efficiency
and the MTF of various scintillator screens. This theoretical approach is very useful tool for the understanding
of the developed imaging systems as well as helpful for the better design or optimization for new development.

Key Words: Digital radiography, X-ray detector, Linear—systems transfer theory, MTF, NPS, DQE
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