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The optical properties of lead oxide samples prepared using thermal evaporation technique on unheated glass
substrates with di�erent �lm thicknesses have been studied. The structural characteristics of a lead oxide sample
was investigated using X-ray di�raction and it is con�rmed to be in the amorphous state. The optical properties of
the prepared �lms were studied by transmittance and re�ectance measurements, and the integrated transmittance
(TUV, TVIS and TSol) in ultraviolet, visible and solar regions was calculated and found to be a�ected by �lm
thickness. The dependence of absorption coe�cient on wavelength was also reported. The energy gap was calculated
and has been observed around 3.7 eV.
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1. Introduction

Transition metal oxides constitute a very interesting
class of materials because of the various properties that
they exhibit. Since heat transfer through windows is
dominated by radiation, optical coatings can be used to
improve thermal as well as visual comfort. In a warm
climate this can be achieved by using solar control coat-
ings, which decrease the transmittance of the non-visible
near infrared radiation from the sun [1].
Many oxide materials are usually wide band gap com-

pounds. The conductivity of oxides can vary from in-
sulator to conductor, depending on the preparation con-
ditions [2]. Due to their various optical and electronic
properties, oxide-based compounds have been used for a
wide variety of microelectronic and optoelectronic appli-
cations [3], such as electroluminescent device [4], mag-
netic memory [5], and dielectric layer [6].
In particular, the interaction between light and elec-

trons in materials forms the basis for many interesting
and practical e�ects. Those properties, such as photo-
conductivity and related phenomena, depend on mate-
rials composition, microstructure, energy band, carrier
transport and others. Most of the reported optical and
electronic properties of wide band gap oxides are based
on single crystal or other bulk structures. Also, they ap-
pear to be helpful to understand the properties of oxide
thin �lms in depth if the photoconductivity relaxation
over a wide time range is known.
Lead oxide is of interest as a result of several of its

properties. There are several phases of lead oxide which
exhibit di�erent levels of re�ectance and thin �lms of lead
oxide can be used as optical storage devices [7]. Lead ox-
ide thin �lms also have applications as protective coat-
ings for lead salt devices and gas sensors [8]. Lead oxide
is also used as an adhesion promoter for thick �lms [9].
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The preparation of lead oxide has received additional at-
tention because lead oxide is a controlling factor in the
quality of many lead-based ferroelectrics [10, 11]. The
preparation of these materials is often complicated by
the high volatility of lead oxide at relatively low temper-
atures. Thin �lms of lead oxide have been produced in a
low-temperature, low-pressure metal organic CVD pro-
cess using Pb(C2H5)4 as a precursor [12]. Amorphous
lead oxide was produced at room temperature by photo-
chemical metal organic deposition [13].
This work aims to study the optical properties of some

lead oxide thin �lms prepared using vacuum evaporation
technique and correlate the dependence of the integrated
transmittance features in the ultraviolet (TUV), visible
(TVis) and solar (TSol) ranges of the prepared samples
relating to their �lm thickness.

2. Experimental work

2.1. Sample preparation

Lead oxide samples were prepared on unheated sub-
strates by thermal evaporation using a high-purity lead
oxide powder and a coating unit (type E306A Ed-
wards Co.). The substrates were glass plates with rect-
angular shape, which were washed with alcohol, dried
and then rubbed gently with cotton. The source to sub-
strate distance was 16 cm apart. The heating �lament
was a conventional molybdenum boat. The pressure was
brought down until a vacuum of about 4× 10−3 Pa was
achieved.

2.2. Sample characterization

The �lm thickness was optically measured by mul-
tiple beam Fizeau fringes method at re�ection using
monochromatic light (Hg, λg = 546 nm).
To investigate the structure, a JEOL X-ray di�rac-

tometer (model JSDX-60PA) using nickel �ltered Cu Kα

radiation (λKα
= 1.5418 Å) was employed to obtain

di�raction patterns. The investigated sample is con-
�rmed to be in the amorphous state as shown in Fig. 1.
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Fig. 1. X-ray di�raction pattern for a lead oxide sam-
ple of a �lm thickness of 200 nm.

2.3. Optical measurements
The transmittance and re�ectance measurements were

carried out at normal incidence in the spectral range from
280 to 2400 nm using Shimadzu UV-3101PC:UV-VIS-
-NIR double-beam spectrophotometer, with a specular
re�ection attachment of V�N type. The integrated ultra-
violet, TUV, visible, TVis, and solar, TSol, transmittance
of the prepared samples are derived by integrating, in the
corresponding wavelength range of the measured trans-
mittance, T (λ), weighted by the solar spectrum G(λ) at
air mass 2 (AM2) [14], thus,

Tx =

∫ λ2
λ1
T (λ)G(λ)dλ∫ λ2
λ1
G(λ)dλ

, (1)

where x denotes UV, visible or solar while λ1 and λ2
are the integration limits 280�380, 380�780, and 300�
2400 nm, respectively. The absorption coe�cient α was
calculated from the following relation [15]:

α =
1

t
ln

(
1−R(λ)

T (λ)

)
, (2)

where R(λ) and T (λ) are, respectively, the spectral re-
�ectance and transmittance at wavelength λ and t is the
�lm thickness.

3. Results and discussion

3.1. Transmittance and re�ectance measurements
Lead oxide thin �lms were examined in transmission

using spectroscopy technique as shown in Fig. 2. An
abrupt increase of transmittance with increasing wave-
length up to about 400 nm was observed followed by a
slight increase up to 2400 nm.
Also, a strong dependence of transmittance on �lm

thickness can be easily observed over the used wavelength
range. Sample of high �lm thickness possessess a poor
transmittance. It can be, also, observed that the trans-
mittance in the NIR region for the sample of 82 nm thick-
ness is quite high. Films used to overcoat a metal, must
exhibit high infrared transmittance in order to preserve
the infrared re�ectance of the metal [16].
The dependence measured re�ectance on wavelength

is depicted in Fig. 3. A small variation in the average
value of the spectral re�ectance is noticed from about 20
to 35%.

Fig. 2. Variation of spectral transmittance with wave-
length for some lead oxide samples of di�erent �lm
thicknesses.

Fig. 3. Variation of spectral re�ectance with wave-
length for some lead oxide samples of di�erent �lm
thicknesses.

3.2. Integrated transmittance

The dependence of integrated transmittance (TVis

and TSol) on �lm thickness is illustrated in Fig. 4. The de-
pendence indicated qualitatively the same behaviour but
there are some di�erences in the measured values. A con-
siderable decrease was observed in both of TVis and TSol
from 0.63 and 0.66, respectively, to about 0.2 as the �lm
thickness increases from 82 nm to 200 nm.

Fig. 4. The integrated transmittance (TVis and TSol)
as a function of �lm thickness.



Some Optical Aspects of Thermally Evaporated Lead Oxide Thin Films 715

Variation of TUV on �lm thickness is depicted in Fig. 5.
The same dependence on �lm thickness as well as in case
of TVis and TSol was observed except that the values of
TUV are quite low (TUV ≤ 0.22). Sample of 200 nm
thickness exhibits a very low value (TUV = 0.03).

Fig. 5. The integrated transmittance (TUV) as a func-
tion of �lm thickness.

The most harmful radiation in sunlight is the ultravi-
olet (UV) rays, which are the most energetic and thus
most likely to break chemical bonds, leading to fading
and degradation. Many organic materials, such as car-
pet, fabrics, paper, artwork, paints and wood can fade
during the exposure to sunlight. For this reason, window
selection can in�uence the type and intensity of trans-
mitted radiation. Glass blocks all UV radiation below
300 nm, but transmits UV from 300�380 nm [17]. Glass
coated lead oxide with a �lm thickness around 80 nm can
pass about 66% from the solar spectrum while transmit
only about 22% from the UV rays. The thicker sample of
200 nm transmit only 0.03 from the UV rays. So, ther-
mally evaporated lead oxide thin �lms can be predicted
to be used as a UV-protective.

3.3. Absorption coe�cient and energy gap

The absorption coe�cient α has been calculated using
Eq. (2) and its dependence on wavelength at two dif-
ferent samples has been investigated as shown in Fig. 6.
An abrupt decrease in the absorption coe�cient value
with increasing wavelength up to about 330 nm, then no
appreciable change was observed. The strong absorption
and dispersion in the wavelength range indicates that the
energy gap is located in that region (around 330 nm).
The optical energy gap (Eg) of the �lms was estimated

from the optical measurements. The absorption coe�-
cient was found to follow the relation

α =
A(hν − Eg)

1/2

hν
, (3)

where A is a constant.
The plot of (αhν)2 versus the photon energy in the ab-

sorption region for the samples of 82 and 137 nm thick-
nesses indicates direct allowed transition. The energy gap

Fig. 6. Variation of absorption coe�cient α with wave-
length for two lead oxide samples of di�erent �lm thick-
nesses.

Fig. 7. (αhν)2 as a function of the photon energy (hν)
for a lead oxide sample of 82 nm.

can be determined from the extrapolation of the linear
portion with the photon energy axis and is illustrated in
Figs. 7 and 8. It is noticed that the value of Eg is around
3.7 eV for the two samples.
Unfortunately there is not much literature data avail-

able for the band gap in lead oxides. Eg values of 1.9
and 2.5 eV, respectively, were found for the tetragonal
and orthorhombic structure of PbO [18]. For Pb3O4 an
experimental value of 2.1�2.2 eV is reported, while for
PbO2 a value of 4.2 eV has been measured for the α-PbO2

phase and a value of 1.5 eV has been reported for β-PbO2

[19, 20].
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Fig. 8. (αhν)2 as a function of the photon energy (hν)
for a lead oxide sample of 137 nm.

4. Conclusion

Lead oxide thin �lms have been prepared using thermal
evaporation technique at room temperature on unheated
glass substrate.
The optical investigations based on the spectrophoto-

metric characteristics have con�rmed that a considerable
increase of transmittance with increasing wavelength up
to about 400 nm is observed followed by a slight increase
up to 2400 nm. Also, sample of small �lm thickness pos-
sessess a high transmittance value. A small variation in
the average value of the spectral re�ectance is noticed
from 20 to 35%.
A considerable decrease was observed in both TVis and

TSol to about 0.2 as the �lm thickness increases. The
same behaviour is also observed in case of TUV, except
that its values are quite low (TUV ≤ 0.22). Thicker sam-
ple of 200 nm thickness exhibits a very low UV transmit-
tance value (TUV = 0.03).
A considerable decrease in the absorption coe�cient

value with increasing wavelength up to about 330 nm was
observed as a result of transition across the semiconduc-
tor band gap in lead oxide. For wavelengths > 330 nm
no appreciable change was observed.
The energy gap for two samples of di�erent �lm thick-

nesses (82 and 137 nm) is calculated and its value is lo-
cated around 3.7 eV.

References

[1] L. Kullman, Component Sol of Smart Windows, Acta
Universitatis Upsaliensis, Uppsala 1999.

[2] M. Fleischer, H. Meixner, J. Mater. Sci. Lett. 11,
1728 (1992).

[3] M. Passlack, E.F. Schubert, W.S. Hobson, M. Hong,
N. Moriya, S.N.G. Chu, K. Konstadinidis, J.P. Man-
naerts, M.L. Schnoes, G.J. Zydzik, J. Appl. Phys.
77, 686 (1995).

[4] J.H. Hao, Z. Lou, I. Renaud, M. Cocivera, Thin Solid
Films 467, 182 (2004).

[5] E. Aubay, D. Gourier, Phys. Rev. B 47, 15023
(1993).

[6] J.H. Hao, W. Si, X.X. Xi, R. Guo, A.S. Bhalla,
L.E. Cross, Appl. Phys. Lett. 76, 3100 (2000).

[7] S. Chao, Y.F. Fuang, Y.C. Chen, L. Yan, J. Phys. D
23, 955 (1990).

[8] L.D. Madsen, L. Weaver, J. Am. Ceram. Soc. 81,
988 (1998).

[9] M. Bersani, B. Morten, M. Prudenziati, J. Mater.
Res. 12, 501 (1997).

[10] E. Hong, J.C. Shin, J. Choi, C.S. Wang, H.J. Kim,
J. Mater. Res. 15, 1284 (2000).

[11] J.H. Kim, Y. Kim, A.T. Chien, F.F. Lange, J. Mater.
Res. 16, 1739 (2001).

[12] R.S. Boorse, J.M. Burlitch, Chem. Mater. 6, 1509
(1994).

[13] S.L. Blair, C.W. Chu, R. Dammel, R.H. Hill, Proc.
SPIE 3049, 829 (1997).

[14] C.G. Granqvist, C.M. Lampert, Science and Tech-
nology of Electrochromics, Optical Materials Technol-
ogy for Energy E�ciency and Solar Energy, Toulouse
1992.

[15] F. Demichelis, G. Kaniadakis, A. Tagliferro,
E. Tresso, J. Appl. Opt. 26, 1737 (1987).

[16] C.M. Lampert, C.G. Granqvist, Large Area Chro-
mogenics: Materials and Devices for Transmittance
Control, SPIE, Bellingham 1990.

[17] The E�cient Windows Collaborative Bene�ts.htm.

[18] S. Radhakrishnan, M.N. Kamalasanan, P.C. Mahen-
dru, J. Mater. Sci. 18, 1912 (1983).

[19] T. Arai, J. Phys. Soc. Jpn. 15, 916 (1960).

[20] S. Venkatara, J. Geurts, H. Weis, O. Kappertz,
W.K. Njoroge, R. Jayavel, M. Wuttiga, J. Vac. Sci.
Technol. A 19, 2870 (2001).

http://dx.doi.org/10.1007/BF00736223
http://dx.doi.org/10.1007/BF00736223
http://dx.doi.org/10.1063/1.359055
http://dx.doi.org/10.1063/1.359055
http://dx.doi.org/10.1016/j.tsf.2004.03.037
http://dx.doi.org/10.1016/j.tsf.2004.03.037
http://dx.doi.org/10.1103/PhysRevB.47.15023
http://dx.doi.org/10.1103/PhysRevB.47.15023
http://dx.doi.org/10.1063/1.126536
http://dx.doi.org/10.1088/0022-3727/23/7/032
http://dx.doi.org/10.1088/0022-3727/23/7/032
http://dx.doi.org/10.1111/j.1151-2916.1998.tb02436.x
http://dx.doi.org/10.1111/j.1151-2916.1998.tb02436.x
http://dx.doi.org/10.1557/JMR.1997.0072
http://dx.doi.org/10.1557/JMR.1997.0072
http://dx.doi.org/10.1557/JMR.2000.0187
http://dx.doi.org/10.1557/JMR.2001.0240
http://dx.doi.org/10.1557/JMR.2001.0240
http://dx.doi.org/10.1021/cm00045a007
http://dx.doi.org/10.1021/cm00045a007
http://dx.doi.org/10.1117/12.275884
http://dx.doi.org/10.1117/12.275884
http://dx.doi.org/10.1364/AO.26.001737
http://efficientwindows.org/fading.php
http://dx.doi.org/10.1007/BF00554982
http://dx.doi.org/10.1143/JPSJ.15.916
http://dx.doi.org/10.1116/1.1410948
http://dx.doi.org/10.1116/1.1410948

	V. Dzhunushaliev, Self-Maintaining Defect/Energetic Droplets from Two Interacting Bose–Einstein Condensates

