
ARTICLE IN PRESS

Nuclear Instruments and Methods in Physics Research A 607 (2009) 162–165
Contents lists available at ScienceDirect
Nuclear Instruments and Methods in
Physics Research A
0168-90

doi:10.1

� Corr

E-m
journal homepage: www.elsevier.com/locate/nima
Measurement of the properties of a flat-panel gas X-ray detector
Min-seok Yun b, Sung-ho Cho b, Kyung-min Oh b, Min-woo Kim a, Suk-hee Jung a,
Gi-won Jang c, Seung-uk Heo b, Chul Kwon a, Sang-Hee Nam a,�

a Medical Image Science, Inje University, Gimhae 621-749, Republic of Korea
b Biomedical Engineering, Inje University, Gimhae 621-749, Republic of Korea
c KIAMI (Korea Institute for Accreditation Medical Image), Korea
a r t i c l e i n f o

Available online 26 March 2009

Keywords:

X-ray conversion

Flat-panel X-ray detector

Gas detector

DR
02/$ - see front matter & 2009 Elsevier B.V. A

016/j.nima.2009.03.174

esponding author. Tel.: +82 55 320 3296; fax:

ail address: nsh@bme.inje.ac.kr (S.-H. Nam).
a b s t r a c t

Recently, large-area image detectors were investigated for X-ray imaging in medical diagnostic and

other applications. In this paper, a new flat-panel gas detector for diagnostic X-ray imaging is proposed,

and its characteristics are investigated. Research on flat-panel gas detectors is scarce, because of the

difficulties of injecting gas against atmospheric pressure. So almost all gas detectors are designed as a

chamber. We made a flat-panel sample by display technique (e.g. plasma display panel, field emission

display, etc.). Transparent electrodes, dielectric layer, and MgO protection layer were formed in the front

glass. Additionally, X-ray phosphor layer and address electrodes were formed in the rear glass. Dark

current, X-ray sensitivity, and linearity as a function of electric field were measured to investigate the

electrical properties. From the results, the stabilized dark current density and significant X-ray

sensitivity were obtained. A good linearity as a function of exposure dose could be realized in a wide

diagnostic energy range. These results mean that the passive matrix-addressed flat-panel gas detector

can be used for digital X-ray imaging.

& 2009 Elsevier B.V. All rights reserved.
1. Introduction

Films and screens are used to acquire conventional radio-
graphic images by capturing the pattern of X-rays transmitted
through a patient. Recently, however, as the problems of films and
screen-based medical imaging systems have become recognized,
digital radiography (DR) technology has been developed to make
up for the problems [1]. There are several DR systems such as
computed radiography (CR), flat-panel detectors, and CCD- or
CMOS-based systems. It is expected that DR-based flat panels will
be useful as they provide images of good quality with low dose
[2,3]. In this paper, a new flat-panel gas detector for diagnostic
X-ray imaging is proposed, and its characteristics are investigated.
We also verified the possibilities of using the flat-panel gas
detector as an X-ray detector by investigating dark current,
sensitivity, and linearity.
2. Experimental method

2.1. Fabrication of the gas X-ray detector

For the experiment, the detector was manufactured with
transparent electrodes, dielectric layer, and MgO protection layer
ll rights reserved.

+82 55 325 7931.
in the front glass. X-ray phosphor layer and address electrodes
were formed in the rear glass. Then the mixed gas (Xe+Ne) was
injected between front and rear glass. Silver electrodes were
formed by screen-print equipment. Then the electrodes were
annealed at temperatures below 500 1C. After that the dielectric
layer was deposited on the electrode layer. It was annealed at
550 1C. The CsI phosphor layer was deposited on the dielectric
layer. Then we injected the mixed gas, 90% Xe+10% Ne, between
the front glass and rear glass. The manufacture processing is
shown in Fig. 1 and a picture of the manufactured sample is
shown in Fig. 2.

2.2. Electrical properties

Fig. 3 shows a block diagram of the setup to measure dark
current linearity and X-ray sensitivity as a function of electric
field, and dependence of linearity properties on X-ray exposure
dose.

The experimental setup consisted of a power supply (EG&G
558H, USA) for voltage application and an electrometer (Keithley
6517A, USA). The X-ray generator unit was a Shimadzu TR-500-
125 (Japan), and the radiation dose was monitored using Ion
Chamber 2060 (Radical Cooperation, USA).

For evaluation of the electrical properties of the manufactured
detector, we performed I–V measurements. We obtained a low
dark current and significant sensitivity to X-rays. After that
we tested the linearity of the detector dependence on X-ray dose.
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Fig. 1. Manufacturing processing of a front and a rear panel.

Fig. 2. Manufactured sample with 90% Xe+10% Ne.
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Fig. 3. Block diagram for the measurements of dark current and X-ray sensitivity.
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Fig. 4. Dark current as a function of applied voltage.
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The measurement of linearity was carried out at the same voltage
by a variation of X-ray dose.
3. Results

3.1. The dark current and sensitivity

The dark current and sensitivity of the detector dependence on
applied voltage are shown in Figs. 4 and 5. We obtained a dark
current of 0.09 nA/cm2 and a sensitivity of 0.15 nC/mR cm2 at
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Fig. 5. X-ray sensitivity as a function of applied voltage.
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Fig. 6. Sensitivity in dependence on dose as a test of linearity.

Fig. 7. Relative collected charge in each
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300 V. The result of the very low dark current is impressive. We
obtained a signal-to-noise ratio (SNR) of 52 at that voltage.

3.2. Linearity property

Linearity is very important for a radiation detector because this
defines its dynamic range. We measured the linearity by changing
the X-ray dose (current in the tube and kVp) at fixed voltage. Fig. 6
shows results of this measurement. We defined 1.0 as the value of
saturation sensitivity. It shows a linear increment of sensitivity
with X-ray dose.

3.3. Variation of the collected charge in the flat-panel gas detector

We carried out measurements to investigate the influence of
cross-talk. The flat-panel gas detector sample is composed of 8
vertical stripes and 9 horizontal stripes as shown in Fig. 2. There
are 72 pixels in this panel. We measured the sensitivity in all
pixels. As shown in Fig. 7, the spread in sensitivity is 75%. In this
study, pixel pitch is large with about 1 cm. In the future we will
make a sample with reduced pixel pitch and try to reduce the
amount of cross-talk.
4. Conclusions

In this contribution we confirmed a possible use of flat-panel
gas detector as X-ray detector. The dark current and sensitivity
permit sufficient possibility for using the radiation detector. Also
the linearity property is a promising result. Through more
research, we are aiming to reduce the amount of cross-talk.

We plan to develop a panel with better performance by
changing the filling gas to one with higher atomic number for
better response to X-rays, changing the material of the phosphor
pixel of the flat-panel gas detector.
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layer, adding a photoconductive layer to obtain more signals, and
changing the structure of the electrodes to reduce cross-talk.
Acknowledgments

This research was financially supported by the Ministry of
Knowledge Economy(MKE) and Korea Industrial Technology
Foundation (KOTEF) through the Human Resource Training Project
for Strategic Technology.

References

[1] D.J. Dowsett, R.E. Johnston, P.A. Kenny, The Physics of Diagnostic Imaging,
second ed., Hodder Arnold, London, 2005.

[2] J.A. Rowlands, S.O. Kasap, Physics Today 50 (1997).
[3] B. Polischuk, Z. Shukri, A. Legros, H. Rougeot, SPIE Proc. 3336 (1998).


	Measurement of the properties of a flat-panel gas X-ray detector
	Introduction
	Experimental method
	Fabrication of the gas X-ray detector
	Electrical properties

	Results
	The dark current and sensitivity
	Linearity property
	Variation of the collected charge in the flat-panel gas detector

	Conclusions
	Acknowledgments
	References




