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The Evaluation of the Thick Polycrystalline HgO and PbO Films Derived
by Particle Sedimentation Method for the Mammographic Application
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Abstract

In this study, the morphology and the x-ray quantum efficient of mercury oxide (HgO) and lead oxide
(PbO) sensors derived by particle sedimentation method were discussed. In the pursuit of this purpose, we
investigated the electrical characteristics and the x-ray quantum efficiency of various thicknesses of HgO and
PbO films in mammographic x-ray energy. We have therefore developed a particle-in-binder sedimentation
method of fabricating large area polycrystalline films onto transparent glass substrates coated with indium tin
oxide. We are currently optimizing the growth method to improve the quantum efficiency with the ultimate goal
of obtaining as quantum efficiency close to that of single crystal performance. Our future efforts will
concentrate on optimization of large area film growth techniques specifically for deposition on a-Si:H flat panel
readout arrays.
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I. INTRODUCTION

which are based on an
have high

resolution to indirect sensorsm, It is possible because the

Recently  direct

SENSOLS,

amorphous  selenium (a-Se) layer, spatial
radiation caused by spreading light is climinated ™, But
generally low x-ray sensitivity leads to the low conversion
efficiency. For it Novel polycrystalline films (HgO, PbO,
TIBr, etc) are being developed as a new detector
technology for digital x-ray imaging'. Single crystals
providing sufficient surface areas are difficult to grow and
are therefore cost prohibitive to use in large field of view

app]jcationsm.

However, polycrystalline films can be
fabricated quickly and cheaply on a variety of surfaces. In
this study, we used HgO and PbO for the materials of
large area. The developed patticle sedimentation method of
fabricating large area polycrystalline films onto transparent
glass substrates coated with indium tin oxide. And we
investigated the electrical characteristics (x-ray sensitivity
etc) and the of various

X-ray quantum

thicknesses of HgO and PbO films in mammographic

efficiency

X-ray energy.

I. MATERIAL AND METHOD

1. Simulation Conditions

First, we petformed a simulation according to the
thickness of the layer of HgO and PbO using the Monte
catlo neutron and photon code developed in Los Alamos
national laboratory (LANL). The area and the thickness of
the sensor layer were respectively 3 X 3 cm?, 10~100 am,
and the absorption efficiency of X-ray photons were
estimated according to the thickness. The deliveries of
X-ray photons are defined using the Mode P in order to
track a passed photon energy spectrum by interaction with
the material about diagnostic X-ray photons. The
importance for the photon was '1" in Cell & Surface Card;
the importance of the empty space in the outside

specimen was 0 to prevent the photon. The X-ray source

used the X-ray spectrum of 30 kVp in the breast diagnosis
area. The Sampling of X-ray source generated on the
surface of a rectangular of sensor layer using SUR, and
PAR that define X-ray source particle types used PAR2
corresponding to the photon. Finally, Tally specification
cards used F1 Tally, and passage probability of the
opposite surface was estimated at 50,000 times. Total
energy-absorbing efficiency was calculated by integrating in
each energy about transmission probability of the photon

that having continuous energy[ﬁ]’

7 "The continuous X-ray
energy according to the kVp was simulated by appling the
low data as a NCNPX input code. Figure 1 shows the
sectional view of the proposed PbO and HgO sensor, and

figure 2 shows the MCNPX-F1 model.

PbO ,HgO (3x3)

Au (1x1)

O glass

Fig. 1. The sectional view of PbO and HgO.
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Fig. 2. MCNPX-F1 for mammographic application.

2. Sample Fabrication

After, the specimen was prepated using the particle
sedimentation method. In the production ordet, first, a

raw material powder of the photoconductor material was
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passable in type of sol-gel using the binder material and a
solvent. After fixed the mask of 3 X 3 cm” area on the
glass substrate, the film layer was formed by paste
precipitating at an atmospheric pressure. Finally, the
formed specimens were sintered for 3 hours at 100 C. In
addition, to
thickness, the three kinds of HgO and PbO specimen was

investigate the quantum efficiency by
produced. In order to observe a shape of the fabricated

specimen, SEM (Jeol JSM-6380LV, Japan) was used.

I, RESULT AND DISCUSSION

1. Film Sensor Fabrication

Figure 3 and 4 show cross-section of HgO and PbO,
made by the particle sedimentation method, sensor layer
and a surface SEM shape. HgO was checked spherical
particles uniformly formed of tens nm, and thickness is
about 40 gm, 70 pm, 85 pm. While, PbO is formed by a
number of /m sized nonuniform particles, it can know that
surface is formed nonuniform, and formed thickness is
about 70 gm, 90 wm, 125 m. In addition, can be observed
that the thickness and the density was not uniformity, can
know at both two film cross section image, could be seen

empty

contrary to vapor deposition method. From these results,

space in between photoconductive particles,
the particle size of the photoconductor is a sphere and as
the smaller the particle size, uniformity and particle
packing factor may be more improve. Also we thought

that manufacturing process improvements needed such as

dispersant and high-pressure precipitation method.

2. Evaluation of Film Sensor

And then, we measured the quantum efficiency of
fabricated HgO and PbO specimen using mammography
device. The exposure condition was set as 25 kVp of tube
voltage, and beam area was set as 10 X 10 mm. After the
X-ray irradiation, by using the Ion chamber (2060C model,
Radical Cooperation Inc.) the transmitted X-ray dose was

measured and the quantum efficiency was calculated.

‘ (a 40 um (b) 70 um

(c) 85um
Fig. 3. SEM image of fabricated HgO film according to the
thickness.

(a) 70m

(b) 90um (c) 125m

Fig. 4. SEM image of fabricated PbO film according to the
thickness.

From the experimental results, the quantum efficiency
(QE) of 40 pm-HgO film was 94.5% in simulation and
Also, the QE of
fabricated 70 m and 85 pm HgO samples were about

65% in experiment, respectively.
72%. By the way, the quantum efficiency of simulated 40
m-PbO film was lower 92% than HgO. And almost x-ray
photons (98.7%) were absorbed in 80 pm thickness of
PbO. Also, the QE of fabricated 90 gm and 125 pm HgO
samples were about 76%. In addition, compared to the
a-Se specimen, the HgO of less than 70 um thickness has
excellent quantum efficiency. But the lower efficiency was
shown with thicker PbO

specimen. The specimens

represent the lower efficiency than a-Se specimens,
respectively. Figure 5 and 6 show the changing trends of
quantum efficiency of PbO and HgO specimen according

to the thickness.
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Fig. 5. The quantum efficient of PbO according to the
thickness.
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Fig. 6. The quantum efficient of HgO according to the
thickness.

Finally, the X-ray Sensitivity of specimen according to
the supply voltage was measured. The exposure conditions
were set as 80 kVp of tube voltage and 7.5 mAs of tube
current. The DC power supplier (3033B model, Protek
Inc.) was used to change the applied voltage till 40 V with
10 V step. Figure 7 and 8 show the experimental setup

for sensitivity measurement.
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Fig. 7. Experimental setup for mammographic device.

Fig. 8. Experimental setup for sensitivity measurement.

Figure 9 and 10 represent the sensitivity changing of
PbO and HgO specimen according to the supplied
voltage. By using the digital oscilloscope (6517A model,
keithley Inc.) the sensitivity was estimated. In both HgO

and PbO specimen, the Q-value which means the

sensitivity was increased linearly as increasing the supply
voltage. The Q-Value of HgO and PbO specimen was
found about 34 times difference with 40 V of the applied
voltage (0.0000178 C/mR * cm2 of HgO and 0.00000053

C/mR - cm2 of PbO). Otherwise, as increasing the

applied voltage, the Q-value differences between two

materials were reduced.
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Fig. 9. Sensitivity changing of HgO specimen according to the
supplied voltage.

Q value (C/mR-n’)
0.00000060
0.00000050 | +*
0.00000040
©,00000030 1
0.00000020 |
0.00000010 +
Q.00000000

o 5 10 15 20 25 3o 35 40 45

Fig. 10. Sensitivity changing of PbO specimen according to the
supplied voltage.
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IvV. CONCLUSION

The purpose of this study is optimizing the particle
sedimentation method to improve the quantum efficiency
with the ultimate goal of obtaining as quantum efficiency
close to that of single crystal performance. For it we
investigated the electrical characteristics (leakage current,
x-ray sensitivity) and the x-ray quantum efficiency of
various  thicknesses of HgO and PbO films in
mammographic x-ray energy. These polycrystalline films
have a high resistivity producing a very low dark current
typically about 1 nA/ em®. In addition, it has 30% lower
quantum efficiency than theoretical quantum efficiency for
the continuous X-ray range of mammography. These are
determined by the empty space created by the Binder of
family which s in the

sedimentation method. Subsequently, more research for the

of polymer used particle

cause analysis and manufacturing process improvements

are needed. Our future efforts will concentrate on

optimization of large area film growth techniques

specifically for deposition on a-Si:H flat panel readout

arrays.
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