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In this work we present the structural properties and stoichiometry analysis of thin films of lead iodigle (Pbl
This material is a very promising semiconductor material for the development of X-ray detectors in digital
medical imaging. An alternative deposition method called Spray Pyrolysis was used. We discuss the main
advantages and limitations of the deposition process comparing three different starting material powders. Extra
iodine atmosphere during deposition and the effect of post-deposition thermal treatment is also discussed. The
structural properties were studied by X-ray diffraction, Atomic Force Microscopy (AFM), Scanning Electronic
Microscopy (SEM) and stoichiometry analysis were performed using Energy Dispersive Spectroscopy (EDS).
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I. INTRODUCTION II. MATERIALS AND METHODS

The experimental method was discussed in detail in an-
Digital medical imaging is evolving fast in the past decadesother work [9]. The temperature controlled substrates (corn-
Some X-ray digital imagers have even come to the market aling glass) are introduced into a chamber, which is vacuum
ready. But, for these applications a phosphor must be used gsumped. The pumps are stopped and a flow of carrying gas
top of the a-Si:H pixelated active matrix imager [1,2,3]. The(nitrogen) is further established due to a positive pressure in-
phosphor is responsible for the conversion of the X-ray phoside the chamber.
tons into photons with wavelength in the visible range, which Three different starting powders were used:

in turn are absorbed by the p-i-n a-Si:H photodetector. This) a powder produced at our labs using Pb@+ 2KI —
method is called indirect. On the other hand, for the idealizegop,+ 2KNO; (main results when nothing mentioned

direct method [4], a photoconductor would be used to directly) a powder produced by High Purity Chemical (Japan,
convert the X-ray photons into electric charge. The charggg 9994) and

would in turn be stored in a capacitor in each pixel. A singleiii) a powder produced by Aldrich Chem. (EUA, 99.999%).
microcrystalline silicon thin film transistor is also used for the " 4 powder is dissolved in DI water at %) and the so-
addressmg of each 'p|xel [5]. In this case, t.he'electnc S.'g.nailution is then cooled down and filtered for the removal of the
response is proportional to the amount of incident rad'at'oréxcess salt. Water can be used as a solvent as long as the sub-

on each pixel. The direct detection method is better becausgetrate deposition temperature is above®@MaThe solution is

a Iower dose would be used to qbta_in the same quality O_f thEarried by the nitrogen gas towards the heated substrates as a
final image, as compared to the indirect method. There is ”gpray' water is eliminated and the RIilm is grown

system in the market based on the direct method yet, mainly The structural properties of the original powder and the ob-

dge to problems in the.development .Of the phlotoconductors Fined thin films are here presented and discussed. The effect
thin films. A compromise between high atomic number semi-

nductor materials. thin film d Htion techni nd fin Iof post-deposition thermal treatment as well as the influence
conductor materials, eposttion technique a dof an iodide atmosphere during deposition is also discussed.
photoelectric properties must be optimized [6].

The structural properties were studied by X-ray diffraction
XRD) (copper k radiation of 1,5406A from a Siemens
5005 diffractometer) and both scanning electron microscopy
SEM) and atomic force microscopy (AFM) as well. Energy
ispersive spectroscopy (EDS) is also used for the analysis of
oichiometry.

The spray pyrolysis was used as alternative technique f
the deposition of thin films. The main advantages of this
method are: i) the reduced deposition time, and ii) the fac
that it can be easily expanded for large areas, leading to th
development of radiation detectors desired for the industria
fabrication of medical imagers. According to the present au-
thors knowledge, this method has never been used by any
research group in the past for the fabrication of lead iodide . RESULTS AND DISCUSSIONS
(Pbk). Among the many material candidates for the direct
detection system, lead iodide is a very promising candidate Figure 1 shows the X-ray diffractogram of the original pow-
[7]. The bulk crystalline phase has a melting point at4D8 der and a typical thin film of Pbl The bottom curve corre-

a dielectric constant equal to 21, a mass density of 6.2 3/cmsponds to the home-fabricated powder, while the top curve
and forbidden band gap of 2.34 eV. Its atomic numbepis=Z  corresponds to a film deposited at 225 According to the
82 and 4=53[8]. Joint Committee on Powder Diffraction Standards (JCPDS),



J. F. Conde

les et al.

321

reference number 07-0235, the main diffraction peaks arpresents well defined peaks of lead and iodine, besides reveal-
identified as (001) at 12.80 degrees, (101) at 25.60 degreeing also the presence of silicon detected from the substrate.
(003) at 38.70 degrees and (202) at 52.50 degrees. Neverth€he analysis of Figure 2 leads to the conclusion that the mate-
less, even though the different salt materials present differental has smaller amount of iodine than expected: a Pbl compo-
purity, the diffraction peaks look pretty much the same as thesition is suggested. That might be related either to the depo-
ones in Figure 1. Note that the powders and the films loolsition process itself or the EDS technique (iodine could have

yellowish.
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been removed from the film during the measurement).

The Atomic Force Microscopy (AFM) and Scanning Elec-
tron Microscopy (SEM) pictures of the original sample, which
has a surface roughness of about|@8is presented in Figure
3. Sub-micrometer crystalline domains with size distribution
are observed in Figure 3(a).

a)

FIG. 1: X-ray diffractogram for lead iodide. The bottom curve cor-
responds to the home-made powder, and the top curve corresponds
to a film deposited at 22& for 2.5 hours, using a spray-substrate
distance of 16.5cm.

As already mentioned, the substrate temperature can be
controlled. We made films with substrate temperatures from
150 up to 270C. As already published [9] the crystal size for
a film deposited at about 226 are about 30 nm, and it de-

pends linearly on deposition temperature with a rate of 0.1F!G- 3: @) Atomic Force Microscopy (AFM) and b) Scanning Elec-

tron Microscopy (SEM) for an original Pjfilm deposited at 22%C,
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FIG. 2: Energy Dispersive Spectroscopy for original Ptbin film.

for 2.5 hours using a spray-substrate distance of 16.5 cm. The dark
regions in b) correspond to the uncovered substrate.

The dark spots in Figure 3(b) correspond to the uncovered
glass substrate (S, as previously suggested by the lower
energy EDS data in Figure 1. Note that no trace of oxy-
gen was detected by EDS. The deposited film is onjyn8-
thick. For further technological applications, a longer deposi-
tion time should be used in order to obtain a thicker and fully
homogeneous film that covers the whole substrate.

Figure 4 presents the XRD data for the region of the main
peak only, for the case of original films fabricated using the
three starting powders with different purities. In order to try
to increase the iodine content in the film, extra experiments
where also conducted: small iodine stones were placed on top
of the heated substrate holder, close to the substrates, during
the deposition of the thin films. The XRD data for these films
are also presented in Figure 4, identified as “with iodine”.

While the crystallinity of the original films is not influenced
by the purity of the starting powder, the same is not the case

The stoichiometry of the obtained films were investigatedfor films deposited with extra iodine. Regardless of the purity
by EDS, as presented in Figure 2. Note that the spectrurof the starting powder, the presence of iodine stones lead to
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FIG. 4: XRD data for the main peak (001) only for original thin films
and films deposited with extra iodine stones, for varying.Plowder
purities.

lower intensity peaks that might be due either to lower crys-
tallinity or smaller final thickness of the obtained film. Never-
theless, the influence of the iodine stones is smaller for higher
purity powder. The ratio of the integrated areas varies from
3.2to0 2.1, from top to bottom in Figure 4.

The EDS data for original film and a film grown with iodine
(home made Philstarting powder) are compared in Figure 5.
No variation is observed for stoichiometry, and the most im-
portant fact is the missing Si peak for the “with iodine” film.
This suggests a better coverage of the substrate, and could in-
dicate a lower thickness of the film (as previously suggested
by the XRD data) given the fact that more material might be
filling the observed dark spots in the SEM data of Figure 3.5 6. scanning electronic microscopy (SEM) for a) thin films de-
The EDS data for the other films discussed in Figure 4 canngiosited without iodine (original), b) thin film deposited with extra io-
be shown here due to the lack of space, but neither a variatine stones and c) original film presented in (a) after post-deposition
tion of stoichiometry nor the presence of impurities were evethermal treatment at 30 for 3h in nitrogen atmosphere.
observed.

Thus we are lead to conclude that the main influence of the
iodine stones is the creation of an iodine atmosphere duringh Figure 5). As can be clearly seen a higher surface coverage
growth. The extra iodine atoms in this atmosphere are impotis obtained for the “with iodine” (Fig. 6(b)) case.
tant to increase the surface coverage of the substrate, possiblyThe Pbj powder after being dissolved in DI water is also
at the expense of a smaller final thickness. This is corrobogissociated with the formation of lead and iodine ions. These
rated by the SEM data presented in Figure 6. ions recombined during the growth process, when the vapor-
Figure 6(a) corresponds to the SEM data of the original filmization of the solvent occurs at the surface of the substrate.
(which EDS are presented as the bottom curve in Figure 5)The rate of film growth is related to the capacity of these ions
while Figure 6(b) corresponds to the SEM data of a film grownto recombine. Given the fact that no stoichiometry variation
with iodide stones (which EDS are presented as the top curwas observed, the whole of the extra iodine atoms seem to be
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As shown by the EDS data of Figure 7, the thermal treat-
ment does not lead to stoichiometry variation. Thus, the effect

751 o | N EDS observed in Fig. 6(c) is only due to a structural reorganization
Post-Deposition .
604 1 Thermal Treatment | of crystallites.
1 l " e
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IV. CONCLUSIONS

Counts (arb. units)

30 .
_ izl This work presented the results of the fabrication of thin
18 & Eb | films of lead iodide using spray pyrolysis as the deposition
0 ‘ : . ‘ : technique. The films show an iodine loss, which cannot be
3 6 9 12 15 compensated for, even with the use of extra iodine atmosphere
Energy (keV) during the growth. The extra iodine atoms lead to better

recombination and covering of the surface of the substrate,

without affecting the final crystalline structure of the samples.
FIG. 7: EDS for original film (bottom) and the same film after post- Post-deposition thermal treatment does not improve the qual-
deposition thermal treatment at 3@ during 3 hours in nitrogen ity of the film. Thus for technological applications, deposi-
atmosphere. tion times longer than 2.5 hours should be used and extra io-

dine should be incorporated into the film. Even in this case,

. L . , the preliminary data shown in this contribution indicates that
the larger offer of possible recombination sites, leading to th%pray pyrolysis might be an interesting fabrication technique

final larger coverage of the surface of the substrate (Fig. 6(b)kyr the development of large area radiation detectors based on
Figure 6(c) presents the SEM data for the original film i“lead iodide.

6(a), after post-deposition thermal treatment at°8)For 3
hours under nitrogen atmosphere. This experiment was per-
formed in order to try to increase the surface coverage of the
film, even after deposition. The data suggests a worsening in We thank C.A. Brunello for experimental help, and the
surface roughness, and a reduction in dark spot sizes, besideNLS-Brazil for the EDS data. This work was supported by
the more homogeneous distribution. FAPESP (01/08221-9), CAPES and CNPq Brazilian agencies.
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