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FlatFlat--panel Imagers for Xpanel Imagers for X--raysrays

aSe + TFT  : medical, PX (Mar)aSe + TFT  : medical, PX (Mar)

Scintillator + TFTScintillator + TFT

Scintillator + MOS photodiode matrixScintillator + MOS photodiode matrix

11～～5 million pixels5 million pixels



Advantages over other Area Advantages over other Area 
DetectorsDetectors

LowLow--cost  (10,000cost  (10,000--30,000US$)30,000US$)
Small and light  (< 3cm thick, 1Small and light  (< 3cm thick, 1--3 kg)3 kg)
Fast readout (2Fast readout (2--3 frames/sec)3 frames/sec)

DisadvantagesDisadvantages
High readout noise (multiplexor switching noise)High readout noise (multiplexor switching noise)

Low gain (no amplification)Low gain (no amplification)



ShadShad--oo--BoxBox™™

RadRad--icon Imaging Corp.icon Imaging Corp.

10 lp/mm10 lp/mmResolutionResolution
Kodak MinKodak Min--RRScintillatorScintillator

4000:14000:1Dynamic Dynamic 
rangerange

12 bits12 bitsAD converterAD converter

2.7 /sec2.7 /secFrame rateFrame rate
4848××4848µµmmSize of pixelsSize of pixels

10241024××10241024Number of Number of 
pixelspixels

Weight 1.26kg



C7942C7942
HamamatsuHamamatsu Photonics K.K.Photonics K.K.

8 lp/mm8 lp/mmResolutionResolution
Columnar CsIColumnar CsIScintillatorScintillator

12 bits12 bitsAD converterAD converter
2000:12000:1Dynamic rangeDynamic range
2.0 /sec2.0 /secFrame rateFrame rate
5050××5050µµmmSize of pixelsSize of pixels

22402240××23682368Number of Number of 
pixelspixels

Weight 2.27kg



Flipped Flipped scintillatorscintillator plateplate
for low energy xfor low energy x--raysrays

C7942

plastic plate for pressing

plastic sponge for cushion

0.5mm glass plate (substrate 
of CsI)

0.15mm columnar CsI:Tl crystal
MOS image sensor

X-rays plastic

carbon plate

carbon plate

Window
0.5mm Al



Collagen : diffraction patternsCollagen : diffraction patterns
Shad-o-Box (2 sec) X-ray image intensifer + CCD (0.5 sec)
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Quality of diffraction imagesQuality of diffraction images

Quantum 4RShad-o-Box (5 sec)

BL38B1
E=18keV
Lysozyme



Medical imagingMedical imaging

Mouse : Shado-o-Box BL20B2  E=30keV  
l=7m  
Exposure=0.2sec



ResolutionResolution
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Image correctionsImage corrections

DefectsDefects
Broken linesBroken lines
Hot pixelsHot pixels

Dark current subtractionDark current subtraction
Flatfield responseFlatfield response

nonnon--uniformity in sensitivityuniformity in sensitivity



Radiation damageRadiation damage

Shad-o-Box



ComparisonComparison

CCD (4, cooled)CCD (4, cooled)MOS (8)MOS (8)MOS (2)MOS (2)DeviceDevice

161612121212ADC (bits)ADC (bits)

ca. 610,000ca. 610,000ca. 25,000ca. 25,000ca. 10,000ca. 10,000Price (US$)Price (US$)
GdGd22OO22S:TbS:TbCsI:Na  (150 CsI:Na  (150 µµm)m)GdGd22OO22S:TbS:TbScintillatorScintillator

8 @12keV8 @12keV800@20keV800@20keV250@20keV250@20keVConversion gainConversion gain
(e(e--/x/x--ray photon)ray photon)

270,000270,0002,200,0002,200,0002,000,0002,000,000WellWell--depth (edepth (e--))

7@1MHz7@1MHz11001100500500Readout noise (eReadout noise (e--))
0.0150.0155900590040004000Dark curr. (eDark curr. (e--/sec)/sec)

110.44  0.44  0.440.44Readout time (sec)Readout time (sec)
515150504848Pixel size (Pixel size (µµm)m)

210210××210210120120××12012049.349.3××49.249.2Area (mm)Area (mm)
40964096××4096409622402240××2368236810241024××10241024Number of pixelsNumber of pixels

ADSC ADSC 
Quantum 210Quantum 210

Hamamatsu Hamamatsu 
C7942C7942

RadRad--icon icon 
ShadShad--oo--Box 1024Box 1024



FutureFuture

Lower readout noise Lower readout noise 
(now 150e(now 150e-- : : RadEye@0.5MHzRadEye@0.5MHz))

Larger area Larger area 
Tiling (Tiling (RadEye8RadEye8 : 98.4 square): 98.4 square)
Larger wafer (Larger wafer (ca.ca. 20 cm square)20 cm square)

There is a driving force from the medical field There is a driving force from the medical field 
for improvement.for improvement.
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