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Abstract—Caesium iodide (CslI) melt was injected into anodic
aluminium oxide (AAO) template and was solidified to CsI column.
The controllable AAO channel size (10~500 nm) can makes Csl
column size from 10 to 500 nm in diameter. In order to have a shorter
light irradiate from each singe Csl column top to bottom the AAO
template was coated a TiO2 nano-film. The TiOz film acts a refraction
film and makes X-ray has a shorter irradiation path in the CsI crystal
making a stronger the photo-electron signal. When the incidence
light irradiate from air (R=1.0) to CsI’s first surface (R=1.84) the first
refraction happen, the first refraction continue into TiOz film
(R=2.88) and produces the low angle of the second refraction. Then
the second refraction continue into AAO wall (R=1.78) and produces
the third refraction after refractions between Csl and AAO wall
(R=1.78) produce the fourth refraction. The incidence light through
TiOz film and the first surface of Csl then arrive to the second surface
of Csl. Therefore, the TiO2 film can has shorter refraction path of
incidence light and increase the photo-electron conversion
efficiency.
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1. INTRODUCTION

-RAY imaging plays an important role in daily life.
X Imaging-type x-ray detectors are essential for

applications ranging from medical x rays to ast. Digital x-
ray techniques have been proposed as a technology which
replaces the phosphor/film detector with a digital image detector,
with the prospect of overcoming some of the limitations of film-
screens in order to provide higher quality images [1]-[6].

In an X-ray detector assembly, an amorphous silicon detector
substrate is coated with a vapor phase deposited X-ray scintillator
material. The scintillator material generates photons isotropically
from the absorption of the X-rays. Individual sensor elements
include a photosensor, such as a photodiode or a phototransistor,
and a conversion unit. The conversion unit converts incident x-
rays into low- energy radiation, such as green light, for which the
photosensors have a good sensitivity.

The first generation of x-ray image intensifier was developed
in the early 1950s which is actually a vacuum photoelectron
imaging device built up on the principle of first converting the x-
ray image into a visible light image by use of a converting screen.
From the late 1960s to the early 1970s, a converting
screen of CsI(Na) was developed with which both spatial
resolution and x-ray converting efficiency are improved
significantly. The Cesium Iodide (Csl) scintillator material is
known to be a very hydroscopic salt. Exposure of the Csl
scintillator material to moisture can cause the Csl scintillator

material to absorb the moisture, which further causes the
individual CslI scintillator needles to fuse together.

Since a regular scintillator has no function to guide the path of
x-ray through, partitions functioning as a scattering surface and/or
a reflection surface are required. In this paper, we provided a
structure which has a function to guide the path of x-ray into
Charge Coupled Device (CCD) [7]-[9].

II. EXPERIMENTAL PROCEDURE

AAO templates with pore sizes of 10 to 500 nm were generated
by anodizing a commercial aluminum (Al) substrate (99.7%) in
acid solutions of sulfuric acid (H,SOs), oxalic acid (COOH),, or
phosphoric acid (H3PO,). The Al substrate was first ground to
#1000 by SiC waterproof paper and then annealed in an air
furnace at 550°C for 1 hr. The sample was then electro-polished
in a bath consisting of 15 vol.% perchloric acid (HC1O4, 70%), 70
vol.% ethanol (C,H¢O,

((CH3(CH2);OCH2CH>OH), 85%) with a charge of 42 volts (DC)
applied for 10 min, using a platinum plate as a counter.

A 20 nm pore diameter template was then fabricated by
anodizing the polished-Al substrate at 18 V in 10 vol.% H,SO; at
15°C for 20 min, which was the first anodization. In order to
obtain an orderly pattern on the substrate for the second
anodization, the first anodization film was removed in 1.8 wt.%
chromic acid (CrOs) + 6 vol.% H3POj solution at 60°C for 40 min.
The resulting substrate, with a regular pattern on the surface, was
used for the second anodization for several hours to form AAO
film with various thicknesses. Finally, the sample was put in 5
vol.% H3PO4 at 25°C for 5 to 20 min. The nanotubes were
widened to an ordered array and a good quality of Al,03; NT film
with 10 to 50 nm pore sizes. Similar to the above process, for 40
to 90 nm pore diameter Al,O3 NT template, the electrolyte was 3
vol.% (COOH), at 25°C, and the applied voltage was 40 V. The
duration of pore widening was 10 to 90 min. For 180 to 500 nm
pore diameter AAO template, the electrolyte was 1 vol.% H3;PO,
at 0°C, and the applied voltage was 200 V. The duration of pore
widening was between 30 to 200 min. AAO pore diameter, length,
and pore density can be controlled in the range of 10-500 nm, 0.1-
200 pm, and 108-10'2 tubes.cm™, respectively.

The TiO; nano-film was prepared by immersing Al,O3 template
in titanium fluoride (TiF4) pH=1.3 solution for 10 min than
pH=3.0 solution for 30 min at 25°C, followed by annealing at
450°C for 0.5 h to obtain a well adhesive TiO; film in the Al,O3
template.
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Fig. 2 Light refraction path in the various materials (a) The
refraction light has a small reflection angle, (b) the incidence light
is difficult go to the bulk bottom, (c) The refraction light has a large
reflection angle, (d) the incidence light is easy go to the bulk
bottom

Fig. 2 showed the schematic diagrams of light path in the
CsI/NaCl/AL,O; and CsI/TiO,/AL,O;. The refractive indexes are
1.84/1.52/1.78 and 1.84/2.87/1.78, respectively. The incidence
light from a large refractive index of the optical density of the

medium into a smaller refractive optical sparse medium, ®)

refraction of light will deviate from the normal pat; on the other Fig. 3 Light refraction path in the (a) CSI/AAO and (b)
hand, light will be near normal path. (a) When the incidence light Csl/TiO2/AAO composites. A higher refractive index material of
from a lower to a higher refractive index materials the refraction TiO: film reduces the refraction path from the Csl top to the
light close to the normal line. (b) Light refraction path in the bottom

CsI/NaCl/AAO composite. (¢) When the incidence light from a
higher to a lower refractive index materials the refraction light far
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Fig. 4 showed the TiO,, Ti(OH)s, and Ti(OH),>" chemical
equilibrium diagram. When the solution pH value is lower than
2.2 the Ti(OH),*" ion is prefer formation. But, When the solution
pH value is higher than 2.2 the Ti(OH)s is prefer deposition. The
Ti(OH)4 is beginning formation of nano-particle form on the
substrate then a continue film type and a tube type after a lasting
immersion. Therefore, the form of Ti(OH)4 deposition on the
AAO pore wall can be controlled to a nano-particle type, a nano-
film type, or a nano-tube type based on the immersion time.

According to [10]-[12], when TiF4 solutions have a pH below
1.0 or a TiF4 concentration below 0.03 M; neither precipitation
nor film formation is observed. A large amount of precipitate is
rapidly formed and film is not deposited on substrates with pH
above 3.1. Therefore, the concentration of TiF4 should be
controlled above 0.03 M, and the pH value should be controlled
between 1 and 3 so that TiO, nanoparticles can present and be
deposited on the substrate. For example, Chen [13] used pH 1.8,
0.04 M TiF, solution at 60°C for deposition on TiO, NT in AAO
membrane.

Fig. 5 showed SEM images of TiO, forming in/on the AAO
pore wall. When AAO is immersed in the TiF, solution for a
shorter the Ti(OH), film form on the AAO pore wall. When AAO
is immersed in the TiF4 solution for a longer the Ti(OH), tube
form on the AAO pore wall. For example, Fig. 5 (a) showed TiO,
tube forming inside AAO tube under 0.2 wt.% TiF4 solution for 2
h conditions. Fig. 5 (b) showed TiO, film coating on the AAO
tube under 0.01 wt.% TiF4 solution for 0.5 h conditions.

In order to observe the Csl column inside AAO-TiO, template
the following experiment steps were needed. (1) Csl ingot put on
the AAO surface, (2) heating Csl/ AAO-TiO; template at 630 °C,
applied a hydraulic pressure (100 kgf/cm?) to the CsI melt, (3)
cooling Csl/ AAO-TiO; template sample at 30 °C/min of cooling
rate. According to above steps we can obtain the Csl column
inside AAO-TiO, template, as showed in the Fig. 6.
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Fig. 4 TiO2, Ti(OH)4, and Ti(OH)2?" chemical equilibrium diagram
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Fig. 5 SEM images of TiO2 forming in/on the AAO pore wall; (a)
TiO: tube forming inside AAO tube under 0.2 wt.% TiF4 solution
for 2 h conditions, (b) TiO2 film coating on the AAO tube under
0.01 wt.%
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Fig. 6 SEM image of Csl column inside AAO template

IV. CONCLUSIONS

In this paper, we provided a good quality Csl column as a
scintillator material. The fabrication method, including:
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fabricated an anodic aluminum oxide (AAO) as a template,
deposited TiO, nano-film as a refraction layer, and injected Csl
melt into template formation Csl column. The TiO, film has
refraction index of 2.871 which is far differences than Al,O3 of
1.781 and Csl of 1.838 at 420 nm wavelength. Therefore, TiO»
film acts a refraction film and makes X-ray has a shorter
irradiation path in the Csl crystal. The AAO having pore size from
nano- to sub-micron size which means the Csl crystal can be
controlled from nano- to sub-micron column.
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