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Diagnostic large-area X-ray detector using a TFT array
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A direct-conversion flat-panel X-ray detector with a large detection area of 17" x 17" has
been developed to achieve the practical use of a diagnostic digital X-ray imaging system
for the next generation. The detector consists of a thin film transistor (TFT) array that
functions as a two-dimensional readout circuit and an X-ray conversion film (amorphous
selenium). Key point of the development is the noise reduction in the signal readout path.
Design optimization of the TFT array, the readout LSIs, and the X-ray conversion film
allows the detector to achieve good image quality and high detection efficiency. The detector
can be used for radiography and fluoroscopy, with the improvement of diagnostic capability
and the reduction of radiation dose. It is expected that the detector will be applied to a
variety of X-ray diagnostic systems.
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Fig. 1 Principle of X-ray detection;
(a) direct conversion, (b) indirect conversion.
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Fig.2 Scheme of adirect-conversion flat-panel X-ray
detector.
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Fig. 3 Signal readout pass of aflat-panel X-ray detector.

2 -3 ESHHMHULLSI

fEaga it LRI OWTIE, 7 & FICHTET 5 2
T OKBLRAEP RO SNL Z Ens, FHzl
128ch D%/ 4 XA CMOS-LSI % BAFs L 72, R4 12, #
DIEFTEEAM L LSIOHEARER 2 /Rd 8, $7-R5
2, ZOEREIY 4 IV 7 RRT, BRI T v 7
(CSA), 2 BOfEsHETRME MA1, MA2 (MA: Main
Amplifier), KO > 7V A=)V FElEg (SH) 75
WENDL, Y TR — I FENTAZ 5L, iz
4y NOADIVN—F =TTV I NVEFTL
LToAthINns,

CSA & 1 Bt H ORI MA1 OI21E, CSA
FOTFT 7 LA ICKRKT S/ 4 X e shRWICkHRET
HBH—=INAT A NVY —PHFREINTWVWDE, F72,
MAL, MA2ZAHBE 2 B> 7V » 7 (CDS: Correlated
Double Sampling) D& % He7- L, T/ A4 XL
M HINS,ZOFHBEAFE SNIAL Y, 4 AEFEAL L
LSI¢, EdL7AZTFT 7 VA ZHWAZ & T, 75 v
MSAIVXHET AT 75D M=%V 4 X%, XiiE
P b D % VB R RE T b EH Y 2 EHRAE 5
WL2SHREZR L ARWICHIZ A Z EDSHRE L 2 o 72,

e SW1

Cs =
R G

A = MAI

4 fEEFAHLLSIOTOY VK
Fig. 4 Block diagram of the readout channel.
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Fig.5 Timing diagram of the readout sequence.
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Tablel. Specification of alarge-areaflat-panel X-ray detector.

Description Specification Units

Active area size (Pixel array format) | 18X18 (3072X3072) | inch

Detective area size (Pixel array format) | 17X17 (2880%2880) | inch

Pixel pitch 0.15 mm
X-ray conversion film amorphous Se

Film thickness 1 mm
Electric field 10 V/pm
Readout rate 30 fps
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Fig. 6 External view of alarge-areaflat-panel X-ray detector
with peripheral electronics.
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Table2. DQE comparison between various X-ray imaging

systems.
X-ray imaging system DQE (@0 lp/mm)
Film/Screen 0.15~0.2
CR (Computed Radiography) 0.2~0.25
LL-TV (Image Intensifier TV) 0.5~0.6
Direct conversion flat-panel detector 0.5~0.8
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Fig. 7 Image of aresolution test pattern taken by (a) flat-
panel X-ray detector, (b) I.1.-TV.
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Fig. 8 Image of agrid test pattern taken by (a) flat-panel X- 10 BhEIRREA (BOERS)
ray detector, (b) I.1.-TV. Fig. 10 Example image of fluoroscopy.
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Fig. 11 Shimadzu'sdigital table system with a 17-inch

square flat-panel X-ray detector.
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