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Digital Radiography
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Presenter
Presentation Notes
Despite the invention of Computed Tomography in 1973 by Hounsfield, for more than 100 years after Rontgen’s discovery radiological examinations were recorded on film. This is because for CT there was a willingness to accept a loss in spatial resolution for a substantial increase in contrast resolution. New technology was required for the large area and relatively high spatial resolution requirements of radiography, namely CCDs and a-Si TFTs.

X-ray images were first recorded digitally using CR systems with storage phosphors that are read out by a laser scanning system.

Next, for DR there are two methods of converting the x-ray energy to stored electric charge.



Solid-State X-ray Detection
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Presenter
Presentation Notes
Our alternative approach is the direct conversion of x-rays using a photoconductive material. In this case incident x-rays result in photogeneration of electrons and holes within the photoconductor which are collected under applied electric field.

In this case there is insignificant thickness-dependence of spatial resolution because the size of the electron-hole pair cloud is small compared to the thickness and diffusion of charge carriers during transport is insignificant



Amorphous Selenium (a-Se) Photoconductor
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X-ray Attenuation Coefficients for a-Se
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X-ray Interaction Energy Deposition In a-Se
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Cascaded Systems Theory
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X-ray Interaction MTF for a-Se
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Objective

Develop hybrid a-Se/CMOS detectors to achieve a unique combination of
high spatial resolution (=10 pm pixel) and high quantum efficiency for hard
x-rays for X-ray diffraction imaging

_ ””MMu\\\\§§§§§§%h
a-Se Films on ITO-glass CMOS Readout
by Physical Vapor Integrated Circuit (ROIC) IKA
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Deposition of a-Se Films by Thermal Evaporation
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Back-end Processing of CMOS ROIC
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Polyimide Layer Conduction
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LIBRA Readout IC

« 3T active pixel sensor

¢ 7.8 x7.8 um? pixel pitch

« 1000 x 1000 pixel array

« 7.8 x7.8 mm?imaging area
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LIBRA @ University of Waterloo
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Microfocus Spectrum Characterization
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Slanted-Edge Technique
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LIBRA Spatial Resolution
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LIBRA DQE
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LIBRA @ ANL APS Beamline 1-BM
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LIBRA Responsivity @ 21 keV and 63 keV
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LIBRA Spatial Resolution @ 63 keV
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JIMA RT RC-05 Transmission Bar Target @ 21 keV
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50 pm Pinhole Lag @ 63 keV
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Conclusions

« The a-Se/CMOS prototypes demonstrate a remarkable combination of
high spatial resolution and high quantum efficiency for hard x-rays

Factor of 3x DQE improvement despite being relatively unoptimized
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