
AbstractID: 6687 Title: Linear systems analysis for a new Solid State X-ray Image
Intensifier (SSXII) based on electron-multiplying charge-coupled devices (EMCCDs)

Purpose: To objectively evaluate andoptimize performanceof a new SSXII usinglinear-systems analysiswith varying constituent
elements.

Method and Materials: An imagingmoduleof theSSXII consistsof a fluorescentphosphor,a minifying fiber-optic taper (FOT), and
a fiber-optic plate(FOP)coupled directly to thesensorof anEMCCD camera. An arrayof suchmodulesis used to achievethedesired
field-of-view (FOV). Linear-systemsanalysis wasapplied to a module to determinesystemperformancefor variouscombinationsof
componentswhosepropertieswereestimatedusing knownphysical constants andmanufacturerspecifications. A 350µm thick CsI(Tl)
structuredphosphordepositedon anadditional FOP wasconsidered in this analysis;howeverthe phosphormay begrowndirectly on
the FOT for improvedoptical transfer efficiency. New back-thinnedsensors, offering high optical quantum efficiencies(>90%), are
also considered.Various FOT minificationswerestudiedto evaluatethe tradeoffs betweena largerfield-of-view (FOV) per module
andpotential DQE degradation.

Results: Initial calculations indicate elimination of a FOP in the imaging chain could improve the integral DQE by 30-80%,
depending on the FOT minif ication. Use of a back-thinned sensorcould offer additional improvementsof 10-25% over a front-
ill uminatedEMCCD. IncreasingtheFOT minificationfactor from 3:1 to 6:1 would tendto decreasethe integralDQE by ~50%,which
could be more thancompensatedfor by making the above two design improvements. CalculatedMTFs andDQEswill be presented
for various minifications, exposures, and gains. A prototype SSXII (16µm pixels) demonstrated20 lp/mm bar-patternresolution
radiographically andfluoroscopic imagesequenceswith exposuresof <3 µR/frame.

Conclusion: The linear-systemsanalysis indicatescurrentdesignsfor the SSXII will provide high-resolution,low-noise,real-time
imaging. With componentoptimization, anacceptableDQE canbemaintainedwith taper minificationsaslargeas6:1.
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