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ABSTRACT

Purpose: Preliminary studiesof a high quantum efficiency(QE) portal imagerbasedon a fiber-optic
scintillationglass array(FOSGA) within a focusedpolymer-tungstengrid andcoupledto a-Si
photodiodesare presented.These includecharacterization of intrinsic imagingperformanceusingMonte
Carlosimulationsand validationof mechanicalfabricationaccuracyand automatedglassfiber insertion.

Method and Materials: Thescintillator array comprisesof high-density Tb-activatedscintillation glass
(proprietarymaterial composition) fibersdrawninto uniform fiber-optic bundles.Thepolymer-tungsten
grid is constructedusingtomo-lithographic molding (TLM), a patent-pending manufacturing technology
thatcan createprecisely focusedgridsusingcast-molding and stack-lamination. Glassfibersareinserted
using an automatedloadingjig basedon electrostaticalignmentand vaccum gradientsfor precisepixel
loading. MonteCarlo simulations wereusedto model theeffectsof scintillator geometry(thicknessand
fi ll factor) on intrinsic detectorperformanceindicatedby themodulationtransfer function(MTF), and
detectivequantumefficiency(DQE).

Results: Results indicatedthatDQE(0) increasedand MTF decreasedwith scintillator thicknessandfi ll
factor.However,uponcalculating DQE(f) ≈ DQE(0)MTF(f)2, it wasfoundthat theeffect of thickness
andfill factoron DQE(0) wasmore significantthanthat on theMTF. IntrinsicQE = 0.43and DQE(0) =
0.25could beobtainedfor a 5 cmthick scintillator arraywith a fi ll factor≥ 70%.

Conclusions: FOSGA provideshigh QE dueto goodx-ray absorption,scintillation, and fiber-optic
coupling characteristicsof Tb-glassfibers, while the polymer-tungstengrid improvesspatial resolutionby
limiting thespreadof secondary electronsleadingto greater MTF and DQE. Basedon high QE,high
DQE megavoltageimaging in conjunctionwith cost-effectivemethodologiesfor accurate(±3%) mass-
productionof large-field uniform detectorarrays, FOSGA is well suitedfor 2D localizationand
verification imagingaswell asmegavoltagecomputedtomography (MVCT) for imageguidedradiation
therapy(IGRT).


