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ABSTRACT

In order to satisfy the requirements of dynamic X-ray imaging with high frame rate and low image lag,
minimizing parasitic capacitance in photodiode and overlapped electrodes in pixels is critically required. This
study presents duoPIX™ dynamic X-ray imaging sensor composing of readout thin film transistor, reset thin film

transistor and photodiode in a pixel. Furthermore, dynamic X-ray detector using duoPIX™

imaging sensor was

manufactured and evaluated its X-ray imaging performances such as frame rate, sensitivity, noise, MTF and image
lag. duoPIX™ dynamic X-ray detector has 150 x 150 mm?® imaging area, 73 um pixel pitch, 2048 x 2048 matrix
resolution(4.2M pixels) and maximum 50 frames per second. By means of comparison with conventional dynamic
X-ray detector, duoPIX™ dynamic X-ray detector showed overall better performances than conventional dynamic

X-ray detector as shown in the previous study.

Keywords: Dynamic X-ray Detector, Dynamic X-ray Imaging Sensor, Thin Film Transistor, Automated X-ray Inspection,

Non-destructive Testing

I. INTRODUCTION
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II. MATERIAL AND METHODS

2 [

-

T 9_

(Dark offset) 2.2 Q1+ L ET}o] 9 =9 7o}

E AstA7]= 22 524 % 9l (Dynamic range)E

A Hrh w3 B AT A ALHFE A

AAl ol = gle o

2} A 9 (Image lag)?} “H/d(Ghost image) 23
o] #t}.

duoPIX™)& %

obs whhE W) ~E o) A=
4

n &
ot
bt
—
o,

Readout IC Pads

Readout Gate Pads

E—
[—

. 141 inopesy

Bias V¥

Fig. 1. Circuit diagrams of duoPIX™ X-ray imaging
Sensor.
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Fig. 2. Pixel diagram of conventional X-ray imaging
sensor showing residual parasitic capacitance left behind
in photodiode right after readout IC scrubbing.
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Fig. 3. Pixel diagram of duoPIX™ X-ray imaging sensor
showing no residual parasitic capacitance left behind in
photodiode right after individual pixel reset through reset
TFT.
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Table 1. Parameter extraction of duoPIX™ dynamic X-ray

Imaging Sensor; mechanical, electrical and noise performance

Parameter Unit T%ragleut:d E)sﬁﬁt:d
Mechanical
Imaging area mm? 150 x 150
Pixel pitch um 73
Pixel matrix Lines 2048 x 2048
Resolution Mpixels 4.2
TFT active layer - In-Ga-Zn-Ox
Max. frame rate fps 50
Readout - Dual readout
Electrical
TFT ON R MQ < 1.7 1.5
Data line R kQ <038 0.7
Data line C pF < 30 27
Gate line R kQ < 6.0 5.6
Gate line C pF < 100 95
Bias line R kQ < 1.0 0.9
Bias line C pF < 45 42
Reset line R kQ < 0.9 0.8
Reset line C pF < 37 35
TFT ON time usec < 1.10 1.05
Pixel RC time usec < 0.20 0.16
Photodiode C pF 0.50 0.47
TFT mobility em?/Vs > 15 18
Noise performance
TFT trap noise e- < 150 124
TFT shot noise e- < 100 72
PD shot noise e- < 200 155
Total pixel noise e- < 400 374
Total line noise e- < 375 320
Total noise e- < 600 493
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Fig. 4. Photograph of duoPIXx™ dynamic X-ray imaging
sensor module for 150 x 150 mm?® imaging.
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Conventional pixel driving scheme

TFT{ra}=0MN H TFT{ro)=0FF g TFT{ray=0N

E
1l oy
141 inopey
141 Inopey

apopmoyd
apopioyy

apesmeyy

Vbias v Vbias S Whias

(1) global reset (2) X-ray window time (3) readout

Fig. 5. Conventional pixel driving scheme with readout
TFT driving.
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Fig. 6. duoPIX™ pixel driving scheme with readout TFT
and reset TFT driving.
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Fig. 7. Photograph of X-ray shielding image test
cabinet to acquire dark and bright images of a dynamic
X-ray detector.

Table 2. Evaluation conditions for image performance
comparison

Evaluation conditions for each parameter

MTF Sensitivity Image Lag
(%) (LSB/uGy) (%)
RQAS RQAS RQAS
X-ray 70 kV 70 kV 70 kV
exposure
160 mA  25/50/80/160 mA 160 mA

Area Tungsten edge 1000x1000 ROI =~ Tungsten edge

III. RESULT
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Table 3. Imaging performance comparison of duoPIXx™
and conventional dynamic X-ray detectors

Sensitivity and Total noise

Pixel size, um 73 ~80
Frame rate (1x1), fps 35/50 15
Sensitivity, LSB/uGy 3275 3270
Total noise, LSB 6.8 24.3
MTF (Modulation Transfer Function)
X-ragerllrsr(l)arging duoPrx™ C[())rr:)v;l?cttiogal
1.0 lp/mm, % 71 72
2.0 Ip/mm, % 57 48
3.0 lp/mm, % 44 33
5.0 lp/mm, % 23 17
6.0 lp/mm, % 17 -
7.0 lp/mm, % 10 -
Image Lag
X-ragerllrsrgging duoPIXx™  Conventional A
1°" lag frame 0.43 1.35
2" lag frame 033 045
31 lag frame 0.27 0.30
4t lag frame 0.24 0.26
h lag frame 0.21 0.22
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Fig. 9. X-ray images of cylindrical battery for
comparison of (a) conventional and (b) duoPIX™ X-ray
image sensors at 90 kV, 3 mA and SDD 100 cm.
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IV. DISCUSSION
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