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C-MOS Flat-panel Sensor for Real Time
X-ray Imaging

Keiichi Nakagawa'’, Yukimasa Aoki',
Yasuhito Sasaki'?’, Atsuo Akanuma?
and Seiichirou Mizuno®

Flat-panel, seif-scanning, solid state diagnostic x-ray
imaging devices using complementary metal-oxide-semicon-
ductor (C-MOS)arrays are under investigation. A unit de-
vice with a 5 cm by 5 cm sensor area was developed and
tested. The device consists of a Csl scintillator and C-MOS
detector arrays. The detector arrays are composed of a regular
arrangement of pixels (256 x 256), each of which is made
of a C-MOS photodiode sensor coupled to a C-MOS FET
(field effect transistor). A common FET gate line is con-
nected to all the FET gates along each column. A common
date line is connected to all the FET drains of each row. The
source contact of each FET is connected to that of its corre-
sponding photodiode. A positive gate pulse applied to a gate
turns on all FETs connected to the date lines. The readout
continues column by column. Correlated double sampling
circuits and an offset variance compensation circuit were in-
stalled to reduce noise. A sampling speed of 15 frames per
second and spatial resolution of 2.5 line per mm were
achieved. Noise level and maximum signal were 1.5 mV rms
and 1.8V, respectively. Image quality was considered accept-
able for clinical use. It is also discussed how to fabricate a
large area sensor with the unit device.
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Fig.1 Picture of the detector
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Fig.2 Diagram of the sensor circuit
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Fig.3 Image of a bar phantom taken with the detector
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Fig.5 Image of the hand taken with the detector
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Table
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Specifications of the system

LRI/ E T R COMBEIZEE LS, fE

Image sensor type:
Active area:
Format (pixel count) :

Resolution (pixel size) :

Noise:

Dynamic range
Maximum signal
MTF visible:

MTF X-ray:
Spectral response:
Frame rate:

X-ray conversion coating:

Image sensor borad size:

Required power supply:

Computer

photodiode and C-MOS charge ampilifier

5.12cm x 5.12cm

256 x 256 (65536 pixels)
200um

1.5mV rms noise

1200:1

1.8V

2.5lp/mm

2.5lp/mm

450nm-850nm with peek at 570nm

15 frames/sec max

Csl scintillator  (400um thick)

16.8cm x 11.0cm x 3.4cm

+5V digital
+5V analogue
+/-12V analogue

IERIEOMERINIET 2BETH S, B
KD 1 7 L — 4 (1/30F) TOSZHiE T 0 BEEH:R
WERILFET 5 L 8 x 10°C/kg/sectt FETH
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IBM PC 486 (pentium preferred)
minimun of 16 megabytes of RAM

P requred: YT VLY RS T Y SH AR S DA

T, Fig6 DL, € H—EzEign—

Interface card required:

Framegrabber card
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Fig.6 Four detector units with deviated sensor position are com-
bined to create a wider light-receiving area.
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scintillator

scintillator

scintillator

scintillator

tapered optic

tapered optic

tapered optic

tapered optic

fiber fiber fiber fiber
circuit circuit circuit /
sensor chip sensor chip sensor chip sensor Fig.7 Tapered optic fiber
pads are used to make
space for circuit chips.
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