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Purpose: To measure theimpactof thermalandmultiplication-excessnoiseandtheinstrumentation-noiseequivalentexposure (INEE) of a new
solid-statex-ray imageintensif ier (SSXII) basedon electron-multiplying CCDs(EMCCDs).Method and Materials: The SSXII consistsof a
350µm thick CsI(Tl) phosphor grownon a fiber-optic plateopticallycoupledto a Peltier cooledEMCCD camerawith a fiber-optic inputwindow
via a 4:1 minifying fiber-optic taper. TheEMCCD providessignalmultipli cationgain prior to theread-out electronics,therebyeliminatingthis
primary noisesource, effectively allowing for instrumentation-noisefree operation evenat very low x-ray exposures.Two additionalpotential
noisesources,thermal andmultiplication-excessnoise, wereinvestigated.Thermal noisewasdeterminedusing a linear fit of dark-signalvariance
versusintegrationtime at a constant readoutrate. Multiplication-excessnoisewasdetermined usingsignal variancenormalized to gain versus
signalplots. The gradient of a linearfit to this dataat 1x gain ascompared to highergain values(up to 14x) wasused to determinethe excess
noisefactor (ENF). Overall noise-performancewasthendetermined using the INEE. Results: Thermalnoise wasmeasured to be < 2% of the
maximal signal(12-bits) with an EMCCD gainof 275x andanintegration time of 30 ms,andis consideredanupperboundunder typical clinical
operating conditions,indicating thermalnoisehasa negligible impacton overall imagequality. TheENF wasunity for therangeof gainstested,
suggesting the inherent excessnoise of the electronic-multiplication processhas lit tle effect when imaging secondaryquantafrom an x-ray
converting phosphor.An INEE of < 0.2µR further demonstratesthe SSXII’s capability to operate instrumentation-noise free at very low x-ray
exposures.Conclusion: The SSXII providesquantum-noise-limited performancewell belowtypical fluoroscopicexposurelevelswith negligible
thermaland multiplication-excess-noise.
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