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The luminescent plates down-converting (DC) have the potential to 
generate more than one low-energy photon for every incident high-
energy photon by adding laser dyes that have the ability to absorb high-
energy photons that act in ultra-violet region such as stilbene 420 dye 
and emit low-energy photons in the visible region and so enhanced 
conversion efficiency (η) from 2.88% to 3.82% and so achieved an 
increase in conversion efficiency (∆η) up to 32.69% .That means the 
(DC) convert the high-energy solar photons to multiple photons having 
energy grater than of silicon band gap .The luminescent plates have 
been prepared by doping the epoxy resin with stilbene 420 dye that is 
dissolved in methanol in concentration of 1.8×10-3mol/L and different 
thickness. The optical properties of luminescent plates in silicon solar 
cell was studied and discussed in door and out door showing an 
increase in conversion efficiency with the increase in luminescent 
plates thickness. 
 
Keywords: Down-conversion, Stilbene 420 dye, Solar cell, Optical properties 
Received: 12 October, Revised: 22 November, Accepted: 01 December 2010 

1. Introduction 
Conventional solar cells only effectively 

convert photons of energy close to the 
semiconductor band gap Eg as a result of the 
mismatch between the incident solar spectrum 
and the spectral absorption properties of the 
material. Photons with energy Eph smaller than 
the band gap are not absorbed. Photons with 
energy Eph larger than the band gap are absorbed, 
but the excess energy (Eph-Eg) is not used 
effectively due to thermalisation of the electrons 
[1]. 

There are three photon conversion processes 
of interest, namely, down-shifting, down-
conversion (DC) and up conversion (UC). These 
processes are illustrated schematically in Fig. (1). 
Of the three photon conversion processes, both 
DC and UC are of particular importance since 
they are both multiphoton processes that are able 
to minimize thermalisation and sub-band gap 
losses, respectively, from PV device [2]. 

The first publications on LSCs first appeared 
in the late 1970s [3] and the technology was 
studied intensely through the early 1980s until 
limitations of fluorescent organic dyes hindered 
further development [4]. 

The operation of an LSC is as follows in Fig. 
(2): (i) Light is absorbed by luminescent 
chromophores embedded within a waveguide. 

(ii) The chromophores re-emit a photon of lower 
energy, and some portion of the emitted light is 
confined in the waveguide by total internal 
reflection. (iii) The trapped light is guided to a 
solar cell [5]. 

 

Fig. (1) Photon luminescent conversion processes 
 

Fig. (2) Schematic drawing of the studied 
configuration. A plastic epoxy layer containing S-
420 dye is applied on top of a solar cell 

 



IJAP Vol. (6), No. (4), December 2010 

© 2010 Iraqi Society for Alternative and Renewable Energy Sources and Techniques (I.S.A.R.E.S.T.) 4

A red shift of the photon flux against the 
incident spectrum is often observed e.g. in 
Photoluminescence experiments, which is 
referred to as the Stokes-shift. Rather then just 
shifting the energy of incident photons it is also 
possible that incident high energy photons are 
transformed by a material into two or more 
lower- energy photons, which we will refer to 
here as down-conversion. Figure 3 shows a 
device schematic of a solar cell in combination 
with a down-converter. 

The down converter ideally transforms 
incident photons with energies exceeding n-times 
the band-gap energy of the solar cell material 
into n lower energy photons, which can then be 
used for the generation of n eh-pairs inside the 
solar cell. Down-conversion thus represents a 
method for multiple eh-pair generation per 
incident high-energy photon and can be used to 
reduce the thermalisation losses. Because the 
absorption of high-energy photons in the solar 
cell must be avoided, the converter must be 
located on the front surface for semiconductor 
solar cells, as shown in Fig. (3) [6]. 

 

Fig. (3) Device schematic of a solar cell in 
combination with a down-converter 

 
2. Experiment 
The DC plates have been made in the lab in 

different thickness and suitable dimension to the 
Si-solar cell that is used. The transparent epoxy 
resin matrix are doped with stilbene 420 laser 
dye (S-420) that is dissolved in methanol in 
concentration of 1.8×10-3mol/L; and the 
purchased dye have the following characteristic 
[7]: 
Chemical name: C28H20O6S2Na2
Molecular weight: 568.74 
Appearance: yellow powder 
Wavelength (nm): UV                                                                                                              
Molar absorptivity (in methanol): (270-400)nm 
Peak absorption:  350 (nm) 
Fluorescence rang: (415-465)nm 
Peak fluorescence: 430 (nm) 

Structure of stilbene 420 dye is shown in Fig. 
(4) and the epoxy or polyepoxide is a 
thermosetting polymer formed from reaction of 

an epoxide "resin" with polyamine "hardener". 
Epoxy has a wide range of applications, 
including fiber-reinforced plastic materials and 
general purpose adhesives. 

Epoxy is a copolymer; that is, it is formed 
from two different chemicals. These are referred 
to as the "resin" and the "hardener". The resin 
consists of monomers or short chain polymers 
with an epoxide group at either end shown in 
Fig. (5). Most common epoxy resins are 
produced from a reaction between 
epichlorohydrin and bisphenol-A, though the 
latter may be replaced by similar chemicals. The 
hardener consists of polyamine monomers, for 
example Triethylenetetramine (TETA). 

 

Fig. (4) The structure of stilbene 420 dye 
 

Fig. (5) Structure of unmodified epoxy prepolymer. 
n denotes the number of polymerized subunits and 
is in the range from 0 to about 25 

 
When these compounds are mixed together, 

the amine groups react with the epoxide groups 
to form a covalent bond. Each NH group can 
react with an epoxide group, so that the resulting 
polymer is heavily crosslinked, and is thus rigid 
and strong [8]. The DC plates are prepared in the 
lab by incorporating the S-420 dye in transparent 
epoxy as base substance.  

The used solar cell is a monocrystalline 
silicon solar cell type (C2100). It is circular 
shaped and have a diameter of (10 cm), thickness 
(0.5±0.15)mm and area (78.5±1.5)cm2. Most 
solar cell parameters can be obtained from 
simple IV measurements. Figure (6) shows the 
IV characteristics of a typical solar cell under 
forward bias and illumination. The short circuit 
current (Isc) is the current through the solar cell 
when the voltage across the solar cell is zero. 
The open circuit voltage (Voc) is the voltage 
across the solar cell when the current through the 
solar cell is zero and it is the maximum voltage 
available from the solar cell. The maximum 
power point (Pmax) is the condition under which 
the solar cell generates its maximum power; the 
current and voltage in this condition are defined 
as Imax and Vmax, respectively. The fill factor (FF)
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and the conversion efficiency (η) are metrics 
used to characterize the performance of the solar 
cell. The fill factor is defined as the ratio of Pmax 
divided by the product of Voc and Isc.

Fig. (6) Typical IV forward bias characteristics of a 
solar cell 

 
The conversion efficiency is defined as the 

ratio of Pmax to the product of the input light 
irradiance (E) and the solar cell surface area (Ac)
[9]: 

scocIV
FF maxP

= (1) 

100%
AE

V100%P

c

ocmax ×
×

××=×
×

= FFI
AE

sc

c

η (2) 

Enhancement in the efficiency by using 
down-conversion luminescent plate is given as: 

100% 
%)(

%)(%)(

bare

DC ×−=∆
η

ηηη bare  (3) 

where (η%)DC is the conversion efficiency by 
using down-conversion luminescent plate, and 
(η%)bare is the conversion efficiency for bare 
solar cell 

Although there are a variety of methods to 
estimate Rsh and Rs, one of the most 
straightforward techniques is to measure the 
slope of I-V characteristics as shown in Fig. (7). 

 

Fig. (7) The absorption & the fluorescence spectrum 
to the S-420 dye dissolved in methanol [13] 

 
Unfortunately, the value of Rs calculated 

using this method tends to be proportional to but 
larger than the actual value [10]. The parameter 

of solar cell are measured and calculated first in 
the lab (indoor) and then in the direct sunlight 
(outdoor). 

Optical properties of the down-conversion 
luminescent plate, absorbance (A), transmittance 
(T), reflectance (R) and refractive index (n) were 
studied with epoxy doped with stilbene 420 dye 
that are transparent yellow plates, to show its 
importance in determine the range of ability  to 
use the down-conversion luminescent plate in 
optical applied of solar cell.  

The equations of A, T and R are [11,12]: 

T
1log 10=A (4) 

TAR −−= 1 (5) 

1-R
1R)(

1)-(R
R4

1/2
2

2

+
−








−






= °kn (6) 

where k is the extinction coefficient 
The stilbene 420 (S-420) dye laser has strong 

absorbance in ultra-violet region to convert 
higher incident photon energy to visible region 
and also it has large cross section as shown in 
figure 7 and that is what solar cells needs [13]. 
 

3. Result and Discussion 
This study investigates a method of 

increasing the performance of Si-solar cells by 
placing a luminescent medium on the top the 
cell. The conversion efficiency (η) of the bare 
Si-solar cell that use in this study is calculated 
according to Eq. (2) and it's shown in Fig. (8) 
and η are the measure of indoor and outdoor 
conversion efficiency and equal to η(in)=2.88% 
and η(out)=1.53%, respectively. 
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Fig. (8) The conversion efficiency of the bare Si-
solar cell indoor and outdoor (η(in)%, η(out)%), 
respectively. 

 
The conversion efficiency (η)DC with the use 

of DC plates at different thicknesses (d) about 
(1.5,2,2.85,3.3,4)mm is calculated according to 
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Eq. (2) and compared with (η)bare Si-solar cell to 
find the increasing in conversion efficiency (∆η)
that calculated by Eq. (3) and both η and ∆η are 
measured indoor and outdoor, as shown in Fig. 
(9). 

Fig (9) The comparison between (η)bare Si solar cell 
and (η)DC with the use of DC plates and 
enhancement of conversion efficiency (∆η) in 
different thicknesses 

 
The DC plate of 4mm thickness gives the 

best conversion efficiency in comparison with 
other thicknesses of DC plates used in this study 
as η(DC)=3.82% and ∆η=32.69% at d=4mm. The 
prefabricated cells used here have low 
conversion efficiency. The prepared DC plates 
can be used with both high and low conversion 
efficiency solar cells, and in both states the DC 
plates improves the performance of the solar 
cells [14]. 

The absorbance and transmittance spectrum 
are measured by UV-VIS spectrophotometer 
from company Shimadzu-Japan have wavelength 
rang of (200-1100)nm. Then the fluorescent 
spectrum measured by spectrofluorometer (type 
SL174) in the wavelength range of (200-900)nm. 

The spectra of reflectance (R) and refractive 
index (n) are calculated according to equations 
(5) and (6), respectively. 

The optical properties for DC plates are 
studied to find the properties of these plates. 
Figure (10) shows the absorption spectrum of 
base material (epoxy resin) and DC plates. The 
peaks (1) refer to absorbance of pure epoxy resin 
at wavelength of 340nm at different thicknesses 
and peaks (2) point to the absorbance of the DC 

plates at wavelength of 380nm. When the 
thicknesses of plate increases, then the 
absorbance increases too. 

Fig. (10) Absorption spectrum (1) of epoxy resin, 
and (2) the DC plates of different thicknesses 

 
The spectra of fluorescent of these plates 

involve the DC plate at d=4mm, as shown in Fig. 
(11). Its peak of fluorescence is at wavelength of 
422nm, and this wavelength is dependent to 
calculate the optical properties. 

 

Fig. (11) The spectra of absorbance (A) and 
fluorescence (f) of DC plate at d=4mm and the 
Stoke shift (∆λ) of 42 (nm) 

 
The absorbance spectrum is shifted towards 

higher wavelengths (red shift) and it is called 
Stoke shift (∆ν), which refers to the difference 
between the peaks of absorbance and 
fluorescence spectra [15], which is equal to 
∆η=42nm. The highest shift obtained from DC 
plates is given at DC plate of 4mm thickness and 
that plate represents the maximum thickness used 
in this study. When the thickness increases, the 
number of dye molecules are increased too [16] 
and this affects the operation of fluorescent 
because of the increasing in Stoke shift [17]. 

The spectrum of transmittance (T) of DC 
plates shown in Fig. (12) shows that minimum 
transmittance occurs at wavelengths within (320-
380)nm. At wavelength range of (380-450)nm, 
the transmittance is ranging from 20% to 80% 
and the highest transmittance (90-99)% occurs at 
wavelength range of (450-1100)nm. When the 
thickness increases, then the transmittance 
decreases. 
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Fig. (12) The transmittance (T) spectrum of DC 
plates in different thicknesses (d) 

 
The wavelength-dependent behavior of the 

reflectance (R) is shown in Fig. (13). The 
reflectance is found according to Eq. (5) and the 
maximum value of reflectance (20%) is obtained 
at wavelength range of (300-410)nm and it is 
15% at active wavelength (422nm). The 
reflectance is decreased with increasing 
wavelength. 

 

Fig. (13) The reflectance (R) of DC plates at different 
thicknesses (d) 

 
The refractive index (n) is calculated 

according to Eq. (6) and shown in Fig. (14) at 
different thicknesses of DC plates. It is found to 
be 2.3 at wavelength of 422nm. 

 

Fig. (14) Refractive index (n) of DC plates at 
different thicknesses (d) 

 
4. Conclusion 
There is an advantage to use higher photon 

energy at ultraviolet (UV) region to raise the 
conversion efficiency of silicon solar cells by 
using a laser dye that absorbs in UV region and 
re-emit in visible region, so it shifts the spectrum 

towards the higher response to the solar radiation 
by down-conversion photon energy. So, it 
improves the conversion efficiency in both 
indoor and outdoor measurements from 
(ηin)bare=2.88% to (ηin)DC=3.82%, and from 
(ηout)bare=1.53% to (ηout)DC=2.15%, respectively. 
So, it provides an increase in both conversion 
efficiencies of (∆η)in=32.69% and 
(∆η)out=40.91%, respectively. 

The optical properties of the dye-doped and 
undoped plates were measured and calculate. 
The peaks of absorbance spectrum of undoped 
plates (epoxy resin) and DC plates were at 
wavelengths of 340nm 380nm, respectively, the 
peak of fluorescence spectrum was at 422nm, 
and Stoke shift was ∆λ=42nm at d=4mm. 

The reflectance of 15% and refractive index 
of 2.3 were measured at wavelength of 422nm. 
The reflectance was decreased as the wavelength 
was increased. 
 

References 
[1] W.G.J.M. van Sark et al., "Improvement of 

spectral response of solar cells by 
deployment of spectral converters 
containing semiconductor nanocrystals", 19th 
Europ. Photovoltaic Solar Energy Conf. 
2004, WIP Munich, ETA Florence, (2004) 
38-41. 

[2] C. Strümpel et al., "Enhancing silicon solar 
cell efficiency by modifying the solar 
spectrum", University of Konstanz, Faculty 
of  Physics, Germany, (2006) 1-4. 

[3] W.H. Weber and J. Lambe, Appl. Opt.,
15(10) (1976) 2299-2300. 

[4] A. M. Hermann, Solar Energy, 29(4) (1982) 
323-329. 

[5] M.J. Currier, J.K. Mapel and M.A. Baldo, 
"Reduction of self- absorption in 
luminescent solar concentrators (LSC) using 
energy transfer in guest/ host films ", 
Molecular & Nanotechnology, MTL Annual 
research report (2007) 1-3. 

[6] T. Trupke, P. Würfel and M.A. Green, J. 
Appl. Phys., 92(3) (2002) 1668. 

[7] H. Du et al., Photochem. and Photobiol., 68 
(1998) 141-142. 

[8] M.S. Bhatnagar, "A Textbook of Polymer", 
Indian Institute of Technology, Kanpur, (3) 
(2004) 223-225. 

[9] G. Boyle, "Solar Photovoltaic", Renewable 
Energy U.S., (3) (1994) 90-136. 

[10] A. Tupta, "Evaluating performance of 
photovoltaic cells" Keithley Instruments, 
Application Note B1500A-14 (2010) 1-15. 

[11] T. Owen, "Fundamentals of modern UV-
visble spectroscopy," Agilent Technologies, 
Germany, 5980 (2000) 1-148. 



IJAP Vol. (6), No. (4), December 2010 

© 2010 Iraqi Society for Alternative and Renewable Energy Sources and Techniques (I.S.A.R.E.S.T.) 8

[12] M.S. Dresselhans, "Solid State Physics", 
Part П: Optical Properties of Solid," (2002) 
1-194. 

[13] W. Williams, et al, J. Phys. Chem., 98 
(1994) 60-67. 

[14] S.H. Al-Shaik Hussin, "Improvement 
efficiency of solar cell by using epoxy plates 
doped with rhodamine 6g dye", M.Sc. thesis, 

Department of Physics, University of 
Baghdad (Iraq) (2008) 71-99. 

[15] D. Jameson, "Principles of Fluorescence 
Techniques", 5th Annual, Italy, 36 (2007) 1-
92. 

[16] J.A.M. van Roosmalen, Semiconductors,
38(8) (2004) 970-975. 

[17] L.J. Wang, Physics Essays, 18(2) (2005). 
_____________________________________________________________________________________ 

 
This article was reviewed at School of Physical and Chemical Sciences, Faculty of Science, Queensland 

University of Technology, Brisbane, AUSTRALIA, Faculty of Built Environment and Engineering, School 
of Engineering Systems, Queensland University of Technology, Brisbane, AUSTRALIA,  and School of 

Applied Sciences, University of Technology, Baghdad, IRAQ 
_____________________________________________________________________________________ 
 



Iraqi Journal of Applied Physics 

All rights reserved ISSN 1813-2065 Printed in IRAQ 
 

9

Awad Kh. Al-Asmari 

Transmission of 
Compressed Video Signals 
through Spread Spectrum 
Channel 

Department of Electrical 
Engineering 

King Saud University, 
Riyadh, SAUDI ARABIA 

 
This research studies the feasibility of devising a compression scheme for 
video sequences that is robust to fading errors in a spread spectrum 
environment. Schemes like subband coding and pyramid coding are 
inherently well suited for SS-CDMA environment and thus, pyramid coding 
is the chosen spatial decomposition scheme. Interframe coding using the 
two tap short symmetric filters reduces the complexity of motion adaptation 
techniques used in the MPEG standards. The various temporal low bands 
are vector quantized using the frequency sensitive competitive learning 
algorithm. For the temporal high bands, a simple method of geometric 
vector quantization is implemented. The coded bands are tested for 
robustness over a multi-path-fading channel at a vehicle speed of 65 mph. 
The simulation of channel is done according to the specifications of North 
American Digital Cellular Standard IS-95. The reconstruction of the coded 
bands results in image frames with average PSNR of 26 dB and average bit 
rate of 0.25 bpp. The subjective quality of these images is found to be 
satisfactory. 
 
Keywords: Video sequences coding, Pyramid coding, Cellular image transmission 

1. Introduction 
The last decade has been a period of immense 

technological advancement, particularly in the 
areas of wireless and video communications. As 
the demand for multimedia communication 
services increases, mobility also becomes an 
important challenge for transmission of audio, 
data as well as visual information. As far as 
digital voice and data are concerned, there has 
been considerable progress in the past to identify 
major issues related to wireless and cellular radio 
environments. For instance, second-generation 
digital voice and data networks are developing 
rapidly and some are currently operational. 
However, despite its wide range of applications 
proven by a number of coding standards, video 
as a viable service for wireless multimedia 
communication has been relatively slow. 

Currently a major challenge for video 
transmission is how to protect this sensitive 
signal against hostile radio environments. This is 
necessary because unlike the traditional error 
free media for which current coding standards 
have been designed, wireless channels do not 
offer guaranteed transmission. These channels 
can be corrupted by burst errors caused by 
environmental noise and, in the case of mobile 
communications, by multipath fading and 
shadowing. 

The challenge of error-free transmission is 
further magnified because in order to comply 

with the low bit rate channel requirements, it is 
essential that video signal is compressed at very 
high compression ratio. Radio spectrum is a 
limited resource and is already congested due to 
existing wireless services. Compression methods 
can reduce the data rate in a digital video signal 
to a fraction of its original value by removing 
redundancy. But data compression makes the 
transmitted bit stream more vulnerable to 
channel errors. In an uncompressed digital video 
signal, an error in one bit might change the color 
or brightness of a pixel but there must be quite a 
few errors before they become noticeable to the 
eye. With compressed streams, however, a single 
bit error can cause much more noticeable image 
degradation since each bit encodes much more 
than a single point of the image. 

Thus it is apparent that powerful techniques 
for digital compression are required while still 
maintaining an acceptable visual quality of the 
low bit rate video signals through noisy channels. 

Recent works on digital image transmission 
over wireless channels have investigated image 
transmission in the IS-54 environment and 
achieved compression rates varying from 0.125 
bpp to 0.35 bpp with image quality varying from 
a very good coarser approximation to a near 
original quality image [1,2]. In the DECT 
environment two studies have been investigated 
with a transmission rate in the range of 0.69 -to- 
0.4 bpp [3,4]. But little work has been done so 
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far for image transmission by employing the 
well-known antimultipath spread spectrum 
technique. Since the CDMA technique is gaining 
popularity with the cellular industry giants such 
as QUALCOMM and Motorola, it presented an 
obvious choice for this research work. A very 
short summary and a primary result for the 
proposed algorithm can be found in [5]. 

The exploitation of spread spectrum scheme 
elegantly resolves the two basic technical 
challenges of terrestrial digital cellular networks: 
multiple user interference and multipath 
propagation [6]. The first issue is resolved 
because each user’s signal appears as benign 
white noise to all other users, which can be 
eliminated by digital demodulation and error-
correcting decoding processes. The fading 
resulting from multipath propagation is mitigated 
due to the frequency diversity inherent in wide-
band systems. The multipath reflections are 
received as replicas of original signal, with 
different delays. The delayed signals can be 
separated, individually demodulated, and 
recombined constructively using RAKE 
receiver's [7], so that multipath can actually be 
exploited to improve performance of the CDMA 
system. 

Another advantage of IS-95 standard 
resulting from the code division multiple access 
(CDMA) technique is the universal reuse of the 
entire allocated frequency band by every user of 
every cell. This improves efficiency as well as 
increases capacity per cell. Significantly, it also 
avoids the burdensome requirement for 
frequency planning, even when new cells are 
added in response to additional traffic needs. 

The research aim in this paper is to achieve 
bit rates of 0.25 bpp for video transmission, to be 
tested in the spread-spectrum environment. It has 
been shown that multiresolution techniques like 
sub-band coding and pyramid coding are well 
suited for SS-CDMA [8]. The quantized pyramid 
levels of the decomposed image form multiple 
parallel data streams, each of which is multiplied 
by its unique spreading code. All the product 
signals are then transmitted at the same time in 
the same radio channel. Each received signal is 
independently recovered at the decoder by 
multiplying it with its spreading code and all the 
recovered subbands are then reassembled into a 
close reproduction of the original image. Thus, 
the proposed algorithm in this paper uses 
pyramid coding for spatial decomposition. 
Temporal decomposition is accomplished by the 
use of Short Symmetric-Kernel Filters [9], which 
offer the advantage of computational simplicity 
over the more complex methods, involved in any 
Motion-Compensation technique. The 
decomposed bands are coded using vector 
quantization (VQ). A neural network algorithm 

for vector quantization has been implemented. 
These algorithms are much faster than the 
classical ones as they process data in parallel. 
Another vector quantization scheme used is the 
geometric VQ [10], which is fast, simple and has 
a global codebook. The coded image sequence is 
tested in spread spectrum environment and 
analyzed for results. The wireless channel to be 
simulated for image transmission is chosen to be 
the CDMA-based North American digital 
cellular standard IS-95A. 

The paper is organized as follows. We begin 
with a general overview of the 3-D 
decomposition of the image sequence in section 
two. Then, we describe the vector quantization 
design by using the neural network and its 
implementation for image coding in section 3. 
The vector quantization design for the low 
frequency bands and the high frequency bands 
are discussed in section four.  The performance 
of the proposed algorithm is compared with the 
performance of MPEG standard algorithm in 
section five. The CDMA wireless channel is 
presented in section six. This simulation is 
conducted on Cadence's signal processing 
software SPW. In section seven, the overall 
compression algorithm is tested on video 
sequences with different activates. The 
simulation is done at 0.25 bpp at two vehicle 
speeds (0 mph and 65 mph). The conclusion of 
this work is presented in section eight.  

 
2. 3D Decomposition of Image Sequence 
Extending spatial filtering to three 

dimensions can make use of the temporal 
redundancy existing between the subsequent 
frames of a video sequence. Temporal filtering is 
achieved by applying the two-tap Haar filter, 
resulting in a temporal high band which contains 
sparse information, consisting of most of the 
high frequency motion components, and a highly 
correlated temporal low band. 

The temporal low band is further filtered by 
applying the spatial 24-tap FIR filter given in 
[11]. Since this filter allows a decimation factor 
of four, greater compression ratio is possible 
here. But due to the sparse nature of information 
in the temporal high band, this filter does not 
work very well with it. The 5-tap Gaussian filter 
is used to decompose the temporal high band. 
The whole decomposition process is shown in 
Fig. (1). In this decomposition process, most of 
the signal energy resides in the lower spatial 
frequency bands, namely bands 1 and 2. Subband 
4, which corresponds to the high temporal/low 
spatial frequencies, carries most of the motion 
information and acts as a motion detector. Thus, 
by accurate coding of low spatio-temporal bands, 
the spatial details of the original image are 
conserved, and by careful encoding of band 3, 
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most of the motion information will be 
preserved. 

Once the original image has been 
decomposed and the redundancy in the data 
removed, next step in the image compression 
problem is to code the constituent bands. Vector 
quantization schemes have been found to be 
more effective here as compared to scalar 
quantization according to Shannon’s rate 
distortion theory. In the next sections we discuss 
the two steps required during the quantization 
process: design of the codebook and matching 
the input vectors to the best possible code vector 
from the codebook. 

Different techniques involving vector or 
scalar quantization can be used to encode the 
decomposed pyramid levels. From Shannon’s 
rate distortion theory, it can be shown that vector 
quantization can achieve better compression 
performance than any other conventional coding 
technique which is based on encoding of scalar 
quantities. However, practical application of VQ 

techniques has been limited because of the 
prohibitive amount of computational complexity 
and time involved with the classical encoding 
algorithms such as the Linde-Buzo-Gray (LBG) 
algorithm [12].  

Recently a number of studies have proposed 
the use of artificial neural network (ANNs) as a 
powerful technique for implementing VQ [13]-
[15]. Neural network approaches appear to be 
more promising for intelligent information 
processing as a result of their massively parallel 
computing structures and self-organizing 
learning schemes. These algorithms are much 
faster than the classical ones as they process data 
in parallel. They have been found to be less 
sensitive to initial conditions, have  fast 
convergence properties, and have the ability to 
produce a lower mean distortion codebook. 
Moreover, when the ANNs are implemented in 
hardware, vector quantization can be done in real 
time since the networks have highly parallel 
structure [16]. 

 

Fig. (1) Three dimensional decomposition of video sequence 
 

The architecture of ANNs basically consists 
of an input layer and an output layer. The layers 
are dense interconnections of simple processors, 
or neurons, which operate in parallel. Each 
interconnection is associated with a weight factor 
wk. These weights are usually trained  on  one  or  
more images so  that  they  develop  an  internal  
representation corresponding, not  to  the image, 

but rather  to  the relevant features  of  a class of 
images. 

One of the important purposes of neural VQ 
is to create an ordered mapping from a high-
dimensional input space to a low-dimensional 
output space, and to extract meaningful features 
from the input data. Kohonen’s self-organizing 
maps (SOFMs) have been regarded as one of the 
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most powerful network in that sense. The work 
of Nasrabadi and Feng [13] has shown SOFM to 
give better results than the traditional LBG 
algorithm in the sense of the mean expected 
distortion. Kohonen’s SOFM also addresses the 
problem of underutilized neural units faced by 
many other neural network algorithms. In many 
of the learning methods, the frequency of use of 
entries in the codebook can be quite uneven, 
leaving some codewords as underutilized. 
Kohonen’s SOFM ensures that all codewords are 
doing their fair share in representing the input 
data by associating with each neural unit, a 
neighborhood of other neural units. During the 
training process, the winning neural unit as well 
as the neural units in the neighborhood of the 
winner are updated. Thus, by the use of 
neighborhoods, the SOFM network overcomes 
the problem of underutilized nodes, but at the 
expense of additional computation involved 
during training. This additional computation 
arises from both the calculation of the 
neighborhood of the winning unit, as well as 
from the updating of all members of the 
neighborhood. 

This research uses the frequency-sensitive 
competitive learning  (FSCL) network [14]. One 
of the motivations for this is that it overcomes 
the limitations of underutilized networks while 
retaining the computational advantages of its 
neural structure. In the FSCL network, each 
neural unit incorporates a count of the number of 
times it has been the winner. This information is 
used to ensure that, during the course of the 
training process, all neural units are modified an 
approximately equal number of times. This is 
done by modifying the distortion measure used 
to determine the winner. The distortion measure 
is weighted by an increasing function of the 
number of wins for each unit. In this way, units 
that have had many wins, i.e. which are over 
utilized, are less likely to be chosen for 
modification, giving other units with a lower 
count value a chance to win the competition. 

Specifically, let d(x,wi(n)) be the distortion 
measure that is to be minimized during the 
quantization process, and let  ui(n) be the total 
number of times that a neural unit i has been the 
winner during training. Then a modified 
distortion measure for the training process is 
defined as: 

)())(,(),(* nunwxdwxd iii ∗= (1) 
The winning unit at each step of the training 

process is the one with the minimum d*. If a 
given neural unit wins the competition 
frequently, its count and consequently d* 
increases. This reduces the likelihood that this 
unit will be the winner. 

The FSCL network architecture consists of 
three layers: 

• an input layer that distributes the input vector 
from the training set to the second layer  

• a second layer of units, where each unit 
computes the modified distortion d* between 
its weight vector (code vector) and the input 
vector 

• an output layer based on the minimum distance 
criteria that determines the winning neural unit 
from the distortions computed by the second 
layer units. 

Thus there are N neural units in the input 
layer, and M units in the middle and output 
layers, where N is the dimension of the input 
vector, and M is the size of the codebook, i.e. the 
number of codevectors in the codebook. 

The code vectors of the winning neuron are 
updated according to the one iteration learning 
rule described below: 
• The codevectors Wi and the winning 
frequency associated with each codevector, Fiare 
all initialized for each distortion computing 
neuron in the second layer. 
Wi(0)=R(i) and Fi(0)=1, i = 1, 2, ...., M 
Here R(i) are the initial codevectors, taken from 
a random vector-number generating function. 
• The distortion Di(t) between an input vector 
X(t) and all the code vectors Wi(t) is calculated 
as: 

( )∑
=

−=
N

j
ijji tWtXtD

1

2)()()( (2) 

where t is the training iteration index 
• The distortion computing neuron with the 
smallest distortion is designated as the winning 
neuron and its output is: 
Wi(t+1)=Wi(t)+C(t)*outi(t)*[X(t)-Wi(t)] where 
C(t)= 1

F ti ( )
, if 1 ≤ ≤F t Fi thr( ) and 0, otherwise.

 Here, C(t) is the frequency sensitive learning 
rate and Fthr is the upper threshold frequency. In 
this research, an upper threshold of 250 is found 
to be adequate to  allow training of the codebook. 
• The above steps are repeated for all the 
training vectors X(t).  The final codebook 
obtained is an optimal codebook. 

 
3. Designing the Code Books for Vector 

Quantization 
The neural network algorithm FSCL 

(Frequency Selective Competitive Learning) 
discussed in the previous section is used for the 
design of the codebook for vector quantization. 
Our research involves design of two separate 
codebooks, one for the high frequency edge 
vector patterns, and one for the approximately 
stationary vector patterns. The reason for 
designing two separate code books is that while 
most of the vectors in the baseband (band 1) 
have low variance and are almost stationary, the 
vectors found in band 2 and 3 are mostly edge 
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patterns and show high variances. So to have a 
good representation for both kinds of input 
vectors, separate training sets have been used to 
simulate each codebook. Several different 
images are used for the purpose of the training 
set: the images are filtered into their low pass 
and high pass components and then used to 
simulate the neural network clustering technique. 
Once the codebooks are formed, the actual 
quantization occurs as follows. 

Since most of the energy of the decomposed 
image is concentrated in the lowest spatio-
temporal frequency band, also called the 
baseband (band 1), the dimension of the 
stationary codebook is kept quite small and is 
chosen as 4. Also, since the baseband contains 
only the slowly varying information content, its 
4-dimension vectors do not exhibit widely 
varying geometric patterns. Thus, a small-sized 
codebook is sufficient to represent all the vectors 
in this band. A codebook of size 64 was chosen 
for this work. 

The second level in the pyramid has the high-
frequency content of the decomposed temporal 
low band and requires a separate codebook for its 
coding. This codebook has been trained on data 
that has highly varying edge content so that it 
can faithfully code data of similar nature. The 
size of this codebook is 256 and dimension 4.  

The first difference level (band 3) in the 
pyramid has the minimum information most of 

which is concentrated around the edges. This 
information can be coded by applying an edge 
detector to find the location of pixels that are 
perceptually important and then transmitting 
only these coded pixels. But this would also 
require the transmission of the position of these 
coded locations to the receiver in order to 
reconstruct this band. To avoid this, a scheme of 
predicting the edges of band 3 from band 1 and 2 
is used. This is shown in Fig. (2). 

Before coding, the baseband is interpolated to 
the second level and added to band 2. This is 
further interpolated to the size of the original 
image. Edge-detection is applied to this up-
sampled version and the corresponding pixels 
from the first difference level are formed into 
vectors and quantized. At the receiver, similar 
process is repeated by upsampling the quantized 
baseband, adding it to the quantized second 
level, and then upsampling it to the original 
image size. This partially reconstructed version 
of the original image is used for edge-detection 
which gives the location of the vectors of the 
band 3 that are coded. Once the locations are 
known, the coded vectors are suitably placed to 
form band 3. Thus, using this approach, no side 
information needs to be sent for the coded areas 
of the first difference image level and an average 
of only 4% to 5% of this level needs to be coded. 
Thus, more compression is achieved by edge-
detection instead of coding the band as it is. 

 

Fig. (2) Coding of edge location in band 3 using band 1 and 2 
 

Bands 4 and 5 form the pyramid levels of the 
decomposed temporal high band. The subbands 
whose energy falls below an empirically derived 
threshold value are discarded without causing 
severe degradation to the reconstructed image. 
Band 5 has extremely low energy content and the 
sparse information carried in it is not significant 
in the final image reconstruction, thus it can be 
safely discarded. The coding process for band 4 
is discussed below.  

This is the nondominant subband that 
contains a small amount of the total signal 
energy yet data that is perceptually very 
significant as it contains most of the sharp edge 
and contour information as well as the fast 

motion aspects. The neural vector quantization 
approach used for the decomposed temporal low 
band does not work very well for this. Instead, a 
perceptually efficient image coding scheme is 
required that can preserve the underlying edge 
geometries in the high frequency signals at low 
coding rates. A geometric vector quantization 
(GVQ) scheme proposed in [10] is adapted in 
this paper where the code vectors are derived 
from a small set of local geometric patterns 
found in the high-frequency subbands.  This 
method takes advantage of the human eye’s 
sensitivity to sustained intensity changes as 
found in an edge. 
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In general, the GVQ method provides an 
optimum l-level scalar quantizer for each data 
vector for a given error metric. In this paper, a 
two level GVQ based on the minimum mean 
square error (MMSE) criterion is used. Unlike 
traditional VQ, GVQ does not require a training 
set for its codebook design. Instead, it makes use 
of the fact that the high-frequency bands have a 
lot of edges that can be represented by typical 
geometric shapes. Thus a codebook of simple 
geometric shapes like strips or strip combinations 
of various orientations and thickness is sufficient 
to represent this data. The code vectors for two-
level GVQ are binary valued blocks reflecting 
these basic shapes. Each coded block is 
accompanied by two locally adapted intensity 
values, representing the binary values of the 
block. The dimension of the code vectors is 
chosen to be 3x3 blocks, so an exhaustive binary 
codebook of all possible shapes can be formed 
by 29-1=256 code vectors. The other 256 code 
vectors are just the complements of the first 256 
code vectors. The latter codebook gives better 
results as compared to a codebook of elementary 
shapes. 

The image is divided into 3x3 non-
overlapping subblocks of input vectors. For a 
given input vector, an adaptive procedure 
modulates the two intensities of each code 
vector, and the code vector with the best match is 
used to reproduce the input image block. The 
transmitted information includes the index kbest of 
the chosen code vector as well as its chosen 
intensity levels L1 and L2. The index kbest is given 
by 8 bits and each of the intensity values L1 and 
L2 is represented by a uniform 5-bit scalar 
quantizer.  
 

4. Performance Evaluation of the 
Compression Algorithm 

The performance of the proposed algorithm is 
compared with the performance of MPEG 
standard algorithm. The MPEG standard does 
not give detailed rules of how a sequence should 
be coded. The standard is like a protocol for the 
decoding procedure. The broad guidelines for 
achieving good compression are mentioned but 
many choices are left for the user to decide. Thus 
the comparison made here with MPEG is more 
analytical than experimental.  

The visual quality of the reconstructed 
sequence is excellent in both algorithms. The 
reconstructed sequence is almost indiscernible 
from the original sequence. 

The performance of the two algorithms is 
compared based on the signal to noise ratio, and 
the bit rate (bpp) requirements. The average 

PSNR of the reconstructed Miss America 
sequence using MPEG is approximately similar 
to the PSNR that can be achieved with the 
algorithm presented in this paper. The algorithm 
introduced presents a major advantage over 
MPEG here, by supporting the possibility of 
progressive transmission of the video signal. The 
bits per pixel (bpp) requirements for both 
algorithms are very similar.  

The transmission and reception of the 
compressed bands through a CDMA wireless 
channel is depicted below in Fig. (3). The actual 
simulation has been done using Cadence’s signal 
processing software SPW. The simulation files 
used have been shown in Appendix A. Although 
CDMA technology allows transmission of all the 
coded bands at the same time unlike the TDMA 
technique, to avoid complexity of diagram, the 
transmission of only one band is shown in the 
Fig. (3). But in the actual simulation of the 
channel, two coded bands have been transmitted 
simultaneously. Walsh codes 1 to 4 have been 
used to separate data of one band from the other 
band. 

Once the image has been compressed by the 
image coder, it is error-protected by using a 
convolutional code (2, 1, 5), n=2; k=1; m=5. 
Further, to combat the burst errors associated 
with a fading channel, the error-protected data is 
interleaved. Interleaving spreads out the data in 
time so that burst errors are spread out to appear 
independently making a bursty channel similar to 
an AWGN channel. The interleaved data is 
modulated using a QPSK modulator and the in-
phase and quadrature components of the output 
are spread by PN sequences. The I-channel PN 
generator function is ‘0121641’ and the Q-
channel PN generator function is ‘0116171’. The 
spreading factor is 128 as specified by the IS-
95A standard with a bit rate of 9600 bps and chip 
rate of 1.2288 Mcps. Walsh functions from 1 to 4 
are used for the four bands. A square root raised 
cosine filter with a roll-off factor of 0.35 is used 
for pulse shaping and the data is fed through a 
frequency selective multipath fading channel. 
White noise corresponding to 18 dB channel 
SNR is added to the output of the fading channel. 
At the receiver end, the data is again filtered by 
the same filter used for pulse shaping. 
Despreading takes place and the despread data is 
demodulated. The deinterleaver is used to record 
the data back to its original sequence. After 
passing through a convolutional decoder, the 
data is sent to the image decoder for 
reconstruction of an approximation of the 
original frames. 
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Fig. (3) IS-95A Standard specification for transmission and reception across a wireless channel 
 

5. Simulation Results 
The compression algorithm is tested on two 

sequences, one with slow motion and static 
background, and the other with faster motion and 
noisier background. Both are gray-scale 
sequences having 288× 360 pixels per frame at 
the rate of 30 frames /s. 

This research is aimed at compressing video 
sequences at 0.25 bpp at vehicle speed of 65 
mph. The bit rate calculations of 0.25 bpp or less 
for the Miss America sequence is shown in Table 
(1) for two frames. Simulation results have been 
obtained for two frames each from both these 
sequences. Quantitative evaluation involving the 
calculation of the peak-signal-to-noise ratio 
(PSNR) as well as qualitative analysis is 
performed to judge the quality of the image 
sequences. 
 

Table (1) Bit rates and PSNR for slow motion and 
static background sequence 

 
Band Bit rate PSNR Average Bit rate 
Band 4 1.01 33.97 1.01/4 = 0.25 bpp 
Band 3 0.08 32.31 0.08 bpp 
Band 2 2.0 34.56 2/16 = 0.125 bpp 
Band 1 1.5 38.64 1.5/256 = 0.03 bpp 

0.245 bpp 

For a more subjective evaluation of the 
results presented above, the mean opinion score 
(MOS) is used as a basis to reflect the quality of 
the image. A number of viewer rate the image 
according to how appealing it is visually, and the 
mean of these ratings gives the MOS. The results 
presented before were compared side by side 
with the original images by ten viewers. The 
MOS scales for the two test frames of Miss 
America sequence and the Salesman sequence 
are given in Table (2). 
 

Table (2a) MOS Results for the slow motion and 
static background sequence 

 
Channel SNR and Vehicle Speed MOS 

0 dB SNR, 0 mph 4.75 
18 dB SNR, 0.1 mph 4.50 
18 dB SNR, 65 mph 3.25 

Table (2b) MOS Results for faster motion and 
noisier background sequence 

 
Channel SNR and Vehicle Speed MOS 

0 dB SNR, 0 mph 4.60 
18 dB SNR, 0.1 mph 4.25 
18 dB SNR, 65 mph 3.50 

5. Conclusion 
In this paper, a novel compression scheme for 

video sequences that is robust for fading error in 
a spread spectrum environment is presented. A 3-
D coder has been designed in which the sequence 
is decomposed into spatio-temporal sub-bands. 
The proposed algorithm involves the design of 
two separate code books, one for the high 
frequency edge vector patterns and one for the 
approximately stationary vector patterns. The 
encoded bands are sent through a channel based 
on IS-95A (North American digital cellular 
standard) specifications and the bands are later 
combined to recover the original sequence at the 
image decoder. 

The slow motion and static background 
compressed sequence can be transmitted at a rate 
of 715 Kbps and the faster motion and noisier 
background sequence requires 793 Kbps. Vehicle 
speeds of 0.01 mph and 65 mph are considered 
which represent two extreme channel conditions: 
stationary and rapidly time-varying, at channel 
SNR 18 dB. The PSNR of the frames in the 
presence of fading errors was found to vary 
between 25 dB to 28 dB. Most of the degradation 
in performance is attributed to errors in the 
baseband. Errors in the lower levels do not 
significantly affect the image quality. 
Performance can be improved by increasing the 
channel SNR to be more than 18 dB (22 dB for 
example). Moreover, the baseband can be 
transmitted without any compression. This would 
augment the bit rate by 0.03 bpp but will make 
the transmitted images more robust to channel 
errors. 
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A coplanar waveguide (CPW) fed printed monopole ultra-wideband antenna with 
E-shaped notched band slot is presented. This antenna is fed by a 50Ω CPW line 
and it is fabricated on the FR-4 substrate with a thickness of 1.5 mm and relative 
dielectric constant of 4.4. Two modifications are introduced on this antenna to 
improve its operating bandwidth. The first one is to remove a 90o angles from the 
two upper corners of the ground plane by blending them in a radius of 10mm. 
The second modification is to chamfer the feed edges at the patch. All simulations 
in this work were carried out by using CST Microwave StudioTM package. 
Compared with the recently proposed antennas, the proposed antenna has wide 
bandwidth with acceptable returned losses, compact in size and easy design, easy 
controllable band-notch characteristics and good gain characteristics over the 
entire desired bandwidth.   
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1. Introduction 
Ultra wideband (UWB) technology has 

become one of most promising technologies in 
wireless communications since the federal 
communications commission (FCC) has released 
the 3.1-10.6 GHz frequency band in 2002 for 
UWB technology and applications [1]. Many 
different types of antenna are being considered 
for UWB applications. Among these antenna 
configurations, circular monopole features 
simple structure, easy fabrication, wide 
frequency bandwidth and satisfactory radiation 
patterns [2,3]. 

However the designated band overlaps with 
the HIPERLAN/2 bands (5.15-5.35 GHz, 5.470-
5.725GHz) and the IEEE 802.11.a bands (5.15-
5.35GHz, 5.725-5.825) which can interfere with 
the UWB communication systems. Therefore, 
the UWB antenna with a band notched 
characteristics is required to reduce the 
interference. Researchers in some literatures 
produce band rejection characteristics by cutting 
a slot on the antenna, or adding a tuning metal 
stub within the antenna structure [4,5]. The 
antenna notched band is simile to the virtual-
open or virtual-short circuit and is capable of not 
only preventing energy from transmitting to free 
space, but of also avoiding receiving the 
unwanted signal from free space [6,7]. 

In this paper a new design for printed CPW 
fed elliptical monopole antenna with notched slot 
were presented. The notched frequency band is 
adjustable by varying the length and location of 
the slot. This antenna can cover UWB frequency 
range (3.1-20 GHz) and rejects the limited (5.15-
5.825 GHz) band. To understand the behavior of 
the antenna model and to obtain the optimum 

parameters, the simulation was performed with 
CST Microwave StudioTM package based on 
transient time solver method. 

 
2. Antenna Design 
The proposed geometry of the antenna is 

presented in Fig. (1) and the parameters are 
summarized in Table (1). This antenna is consist 
of elliptical patch fed by a 50Ω CPW line with 
rectangular ground plane and has a dimension of 
22.2×26.5 mm2 that is fabricated on the FR-4 
substrate with a thickness of 1.5 mm and relative 
dielectric constant of 4.4. The proposed antenna 
is located in x-y plane and the normal direction is 
parallel to z-axis.  

 
Table (1) Antenna parameters, mm 

 

1l 26.5 S1 9.6 

2l 22.2 S2 2.4 

3l 9 S3 2.2 

4l 9 S4 0.7 

5l 5.6 S5 0.8 

6l 4.1 S6 5.5 
2A 17.5 S7 1
2B 13 t 0.07 
g 0.3 w 3.6 
h 1.5 εr 4.4 

It has been shown in literature that the -10 dB 
operating bandwidth of UWB antenna can be 
enhanced significantly by using tapered 
microstrip or CPW feeding line, arc shaped patch 
and tapered ground plane [8-11]. Accordingly, 
two modifications are introduced on the 
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proposed antenna to improve its operating 
bandwidth. The first one is to remove a 90o

angles from the two upper corners of the ground 
plane by blending them in a radius of 10mm. The 
second modification is to chamfer the feed edges 
at the patch with 15o angle and distance equal to 
4.1mm.  

(a) 

(b) 
Fig. (1) Configuration of proposed antenna: (a) Top 
view (b) Proposed cutting slot 

 
As depicted in Fig. (1), a thin E-shaped slot is 

etched in the interior of the radiating element. 
The presence of the slot produces an additional 
resonance mode in the structure, called slot 
mode, which is responsible for the degradation of 
the input impedance of the antenna at certain 
frequencies, i.e., within the notched frequency 
band [12].  Resonance of the slot occurs, when 
the length of its external perimeter is 
approximately half wavelength of the notched 
band center frequency and given by: 

( )3212
2

SSS
Notched

++=λ (1) 

The notched center frequency can be adjusted 
by tuning the length of the U shape slot and the 
notched depth can be slightly adjusted by 
optimizing the length S6 of the middle slot. 

3. Antenna Simulation Results  
In this section analysis of the proposed 

antenna are obtained by using CST Microwave 
Studio TM package. Figure (2) shows the 
simulated return loss S11 for the proposed 
antenna. As shown in Fig. (2), the effect of 
modifications is clearly illustrated. It can be 
noticed that chamfering the edge of the feeder 
near the patch has more effect than blending the 
upper edges of the ground plane. Both 
modifications have a considerable effect on the 
performance of the return loss of the antenna. 
The proposed antenna satisfies the -10dB return 
loss (VSWR<2) requirements from 3GHz-
20GHz.  The proposed antenna can cover the 
frequency band 3.1 to 10.6 released by FCC for 
UWB system for VSWR<2 and rejected band 
from 5-6 GHz. 
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Fig. (2) Return loss of the proposed antenna 
 

Figure (3) shows the simulated VSWR 
performance of the proposed antenna.  The 
simulated bandwidth of the antenna ranges from 
3.1 to more than 11GHz for VSWR less than 2. It 
is also observed that the sharp frequency band-
stop characteristic is obtained much closed to the 
desired frequency of 5.5GHz when an E-shaped 
slot with the optimized dimensions given in 
Table (1) is inserted into the antenna structure.  
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Fig. (3) Simulated VSWR for the proposed antenna 
with E-slot 

 
Figure (4) shows the current distributions at 

4, 5.5, 6.5, and 10.5 GHz. At notched band 
center frequency 5.5 GHz, it reveals that, current 
distribution concentrate over the area of the slot 
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more and stronger than any other area. It seems 
that, exciting the slot mode in the radiating 

structure, play a role in a band notched filter 
[9,12,13]. 

 

f=4 GHz      f=5.5 GHz 
 

f=6.5 GHz     f=10.5 GHz 
 

Fig. (4) Current distribution at 4 GHz, 5.5 GHz, 6.5 GHz and 10.5 GHz 

Figure (5) shows the simulated radiation 
patterns for the proposed antenna at 3.5GHz, 
6.5GHz, 8.5GHz and 10.5GHz frequencies. The 

proposed antenna has an acceptable Omni-
directional pattern required to receive signal 
from all directions. 

Fig. (5) Polar plot of far-field antenna pattern at selected frequencies 
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The antenna gain is varying from about 
2.84dBi to 5.68dBi across the entire bandwidth. 
Figure (6) shows the 3D plot of the field pattern 

of the proposed antenna at selected frequencies 
and the gain value at each of the selected 
frequencies. 

 

f=3.5 GHz     f=6.5 GHz 
 

f=8.5 GHz     f=10.5 GHz 
 

Fig. (6) 3D plot of field pattern shows the gain at each selected frequency 
 

Table (2) presents a comparison between the 
performance of some recently UWB antennas 
that cover the UWB band from 3.1-10.6 GHz and 
the proposed antenna. The proposed antenna 

shows wide impedance bandwidth, compact size, 
narrow selective notched band and good gain 
features.

 
Table (2) Comparison between recently proposed antennas and this antenna 

 

Antenna Simulated 
Bandwidth (GHz) 

Simulated Notch 
Bandwidth (GHz) Notch Slot Type Antenna Size (mm2) Gain (dBi) 

This work 3-20 5-6 E-Shaped 22.2x26.5 2.84-5.68 
[7] 2-12 5.24-6.46 Resonator 35x30 Not defined 
[13] 3-23 5-6 C-Shaped 28x30 0.2-3.9 
[14] 2-12 4-6.5 E-Shaped 35x35 Not defined 

4. Conclusion 
In this paper, a novel CPW-fed printed UWB 

antenna with band rejection E-shaped slot is 
proposed. The proposed antenna design begins 
from simple printed elliptical monopole fed by 
50 Ω CPW with rectangular ground plane. Two 
modifications are proposed to enhance the -10 
dB UWB characteristics.  It can be noticed that 
chamfering the edge of the feeder near the patch 
has more effect on impedance matching than 
blending the upper edges of the ground plane. 
Both modifications have a considerable effect on 
the performance of the return loss of the antenna. 
The notched frequency band covers the WLAN 
frequency range for interference reduction 
between UWB and WLAN system. By adjusting 
the dimension of the slot, it can obtain the 
desired band-notched characteristics. The 

proposed antenna has wide bandwidth with 
acceptable returned losses, compact in size and 
easy design, easy controllable band-notch 
characteristics and good gain characteristics over 
the entire desired bandwidth. 
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Albert Einstein is best known to the general public for 
devising the world’s most famous equation: E=mc2. 
But his contributions to physics extend over a broad 
range of topics, including Brownian motion, the 
photoelectric effect, special and general relativity, and 
stimulated emission, which led to the development of 
the laser. Less well known, even among physicists, is 
his work with Leo Szilard to develop an energy 
efficient absorption refrigerator with no moving parts. 
 
Szilard was born in Budapest, Hungary in 1898, the 
son of a civil engineer, and served in the Austro-
Hungarian Army during World War I. After the war, 
he returned to university, studying physics under 
Einstein and Max Planck, among others. His 
dissertation was in thermodynamics, and in 1929 he 
published a seminal paper, “On the Lessening of 
Entropy in a Thermodynamic System by Interference 
of an Intelligent Being”–part of an ongoing attempt by 
physicists to better understand the “Maxwell’s 
Demon” thought experiment first proposed by James 
Clerk Maxwell in the 19th century. 
 
Szilard had a knack for invention, applying for patents 
for an x-ray sensitive cell and improvements to 
mercury vapor lamps while still a young scientist. He 
also filed patents for an electron microscope, as well 
as the linear accelerator and the cyclotron, all of which 
have helped revolutionize physics research. Szilard’s 
most important contribution to 20th century physics 
was the neutron chain reaction, first conceived in 
1933. In 1955, he and Enrico Fermi received a joint 
patent on the first nuclear reactor. 
 
Einstein wasn’t a stranger to the patent process, either, 
having worked as a patent clerk in Bern as a young 
man. He later received a patent with a German 
engineer named Rudolf Goldschmidt in 1934 for a 
working prototype of a hearing aid. A singer of 
Einstein’s acquaintance who suffered hearing loss 
provided the inspiration for the invention. 
 
When they met, Einstein was already a world famous 
physicist, thanks to his work on relativity, while 
Szilard was just starting out, as a graduate assistant at 
the University of Berlin. The impetus for the two 
men’s collaboration on a refrigerator occurred in 1926, 
when newspapers reported the tragic death of an entire 
family in Berlin, due to toxic gas fumes that leaked 
throughout the house while they slept, the result of a 
broken refrigerator seal. Such leaks were occurring 
with alarming frequency as more people replaced 
traditional ice boxes with modern mechanical 
refrigerators which relied on poisonous gases like 
methyl chloride, ammonia, and sulfur dioxide as 
refrigerants. Einstein was deeply affected by the 
tragedy, and told Szilard that there must be a better 
design than the mechanical compressors and toxic 
gases used in the modern refrigerator. Together they 
set out to find one. They focused their attention on 
absorption refrigerators, in which a heat source–in that 
time, a natural gas flame–is used to drive the 

absorption process and release coolant from a 
chemical solution. 
 
An earlier version of this technology had been 
introduced in 1922 by Swiss inventors, and Szilard 
found a way to improve on their design, drawing on 
his expertise in thermodynamics. His heat source 
drove a combination of gases and liquids through three 
interconnected circuits. One of the components they 
designed for their refrigerator was the Einstein-Szilard 
electromagnetic pump, which had no moving parts, 
relying instead on generating an electromagnetic field 
by running alternating current through coils. The field 
moved a liquid metal, and the metal, in turn, served as 
a piston and compressed a refrigerant. The rest of the 
process worked much like today’s conventional 
refrigerators. 
 
Einstein and Szilard needed an engineer to help them 
design a working prototype, and they found one in 
Albert Korodi, who first met Szilard when both were 
engineering students at the Budapest Technical 
University, and were neighbors and good friends when 
both later moved to Berlin. The German company 
A.E.G. agreed to develop the pump technology, and 
hired Korodi as a full-time engineer. But the device 
was noisy due to cavitation as the liquid metal passed 
through the pump. One contemporary researcher said 
it “howled like a jackal,” although Korodi claimed it 
sounded more like rushing water. Korodi reduced the 
noise significantly by varying the voltage and 
increasing the number of coils in the pump. Another 
challenge was the choice of liquid metal. Mercury 
wasn’t sufficiently conductive, so the pump used a 
potassium-sodium alloy instead, which required a 
special sealed system because it is so chemically 
reactive. 
 
Despite filing more than 45 patent applications in six 
different countries, none of Einstein and Szilard’s 
alternative designs for refrigerators ever became a 
consumer product, although several were licensed, 
thereby providing a tidy bit of extra income for the 
scientists over the years. And the Einstein/Szilard 
pump proved useful for cooling breeder reactors. The 
prototypes were not energy efficient, and the Great 
Depression hit many potential manufacturers hard. But 
it was the introduction of a new non-toxic refrigerant, 
freon, in 1930 that spelled doom for the 
Einstein/Szilard refrigerator. Interest in their designs 
has revived in recent years, fueled by environmental 
concerns over climate change and the impact of freon 
and other chlorofluorocarbons on the ozone layer, as 
well as the need to find alternative energy sources. In 
2008, a team at Oxford University built a prototype as 
part of a project to develop more robust appliances, 
and a former graduate student at Georgia Tech, Andy 
Delano, also built a prototype of one of Einstein and 
Szilard’s designs. Yet another team at Cambridge 
University is experimenting with cooling via magnetic 
fields. Perhaps this invention won’t revolutionize the 
world, but in its own small way, it might help spare 
the planet–more than 70 years after Einstein and 
Szilard first conceived of it. 
 

Prepared by: Oday A. Hamadi 
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prepared by spray pyrolysis method are examined. The used spray solution 
(0.2M) was prepared by adding indium chloride InCl3 to the precursor of 
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1. Introduction 
Zinc oxide (ZnO) is a well-known metal 

oxide semiconductor, which exhibits high 
transmittance as well as a change in conductivity 
from n-type to p-type based on doping [1–3]. 
ZnO was found with numerous technological 
applications such as window materials for solar 
cells, active material in sensors, high-density 
data storage devices, UV detectors, biodetectors, 
short-wavelength optoelectronic devices, etc [1]. 
The wide bandgap in the range between 3.2 eV 
and 3.8 eV with a large exciton binding energy 
of <60meV at room temperature is found 
stimulating the research interest since it can be 
used as an active material for the fabrication of 
the UV light-emitting diode (LED) and laser 
diode (LD), etc [4,5]. Similarly, ZnO is also 
interested to realize transparent thin film 
transistors (TFTs). Fabrication of the above-said 
devices requires obtaining properly doped n-type 
and p-type ZnO thin films to ensure proper 
carrier injection for device operation. Deposition 
of n-type ZnO is always favoured by non-
stochiometric oxidation and inclusion of dopants 
such as Al [2,3]. So, it is quite easier to achieve 
low-resistive n-ZnO by most of the deposition 
methods such as MOCVD, MBE, PLD, 
sputtering, etc [1–5]. On the other hand, 
insulating-type ZnO (i-ZnO) needs to maintain 
better oxidation condition in order to avoid the 
formation of oxygen vacancy states (V¨o) of free 
electron contributors either by depositing at an 
ambient atmosphere or at excess oxygen pressure 
[6]. Whereas the deposition of p-type ZnO 

becomes tedious due to the major curdles arise 
from the presence of oxygen vacancy sites, lower 
acceptor solubility of a p-type dopant such as N, 
deep acceptor levels and net carrier 
compensation effects by native oxygen vacancy 
sites upon p-type doping [4–7]. So the attainment 
of p-type ZnO needs to overcome the existence 
of oxygen vacancy sites first and then enhance 
the dopant distribution [4]. Theoretical 
investigation suggests that the introduction of 
‘nitrogen’ as a p-type dopant is more efficient 
than any other element, since it forms a N–
Zn(O)–N complex and contributes excess ‘holes’ 
for conduction [8]. Generation of excess Zn is 
quite easier but the formation of the N–Zn(O)–N 
complex is not easy. So it is advisable to 
eliminate the oxygen vacancy sites and then try 
to obtain N-doping, which can prevent the loss of 
‘holes’ upon net compensation. In this view, the 
vacuum processes such as MBE, MOCVD, 
CVD, sputtering, evaporation, etc, utilizes partial 
pressure of oxygen to maintain a better oxidation 
environment but still complete oxidation is rather 
difficult to achieve, and thus the N-doping 
become inefficient. Considering these facts, we 
selected spray pyrolysis and modified into 
pulsed-spray deposition in such a way that we 
can deposit films with lower deposition rates. 
This lower deposition rate is expected to oxidize 
the film into better stochiometric ratio and 
simultaneously dope the film with N due to the 
presence of N2 as carrier gas. 

Transparent conducting oxide (TCO) layers 
have been studied extensively because of their 
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broad range of application such as transparent 
electrodes in display [9] and in photovoltaic 
devices. [10] Among these TCO’s, zinc oxide 
(ZnO) is a very promising candidate for future 
thin-film technology. Owing to their better 
stability in hydrogen plasma than that of tin 
oxide and indium tin oxide (ITO), which have 
been most used for transparent conducting 
electrodes, ZnO thin films are expected to be 
applied in the fabrication of hydrogenated 
amorphous silicon solar cells [11]. The 
additional advantages of zinc oxide films are the 
non-toxicity and the wide availability of its 
constituent raw materials. ZnO has a high 
transparency in the 0.4-2µm optical wavelength 
range, and it is a native n-type wide band gap 
semiconductor (Eg~3.3eV at room temperature), 
where its electrical conductivity is mainly due to 
oxygen vacancies or zinc excess at the interstitial 
position. Moreover, ZnO is attractive due to its 
large exciton binding energy of ~60meV. This 
large exciting binding energy provides excitonic 
emission more efficiently even at high 
temperature. Also, zinc oxide thin films with the 
c-axis orientation perpendicular to the substrate 
show piezoelectric properties and are useful in 
surface acoustic wave devices (SAW) and 
microelectromechanical systems (MEMS) [12]. 
Due to the various attractive properties for 
practical applications of ZnO, there have been 
much attention paid on the fabrication of ZnO 
films in recent years. 

Zinc oxide (ZnO) is a wide-bandgap oxide 
semiconductor with a direct energy gap of about 
3.37eV and a larger exciton binding energy 
(60meV), which assures more efficient exciton 
emissions at higher temperatures. The ZnO thin 
films have attracted significant attention as a 
wide gap semiconductor due to their wide range 
of electrical and optical properties. They have 
potential application in electronics, 
optoelectronics and information technology 
devices including displays, solar cells and 
sensors [13,14]. 

In the last decade, Zinc Oxide (ZnO) thin 
film attracts much interest due to valuable 
properties as it is high resistance to chemical 
attack, chemical stability and good adherence to 
many substrates. Also, ZnO possesses high 
optical transparent in the visible region and the 
index of refractive is ~1.8 enables them to act as 
a antireflection coating in solar cells 
applications. Its abundant in nature makes it a 
lower cost material when compared with ITO 
and SnO2 materials. 

Zinc oxide thin films have been prepared 
using various techniques, such as, DC magnetron 
sputtering [15], rf sputtering [16], evaporation 
[17], sol gel [18] and spray pyrolysis [19,20]. 
The spray pyrolysis is simple, inexpensive and 

suitable for large area coating. Pure ZnO thin 
films have extremely high electrical resistance 
which can be reduced by appropriate doping and 
heat treatment. The effect of substrate 
temperature and solvent were investigated 
previously [21]. In the present work the 
structure, optical and electrical properties of 
Indium doped ZnO films prepared by spray 
pyrolysis are examined. 

 
2. Experiment 
The ZnO thin films are deposited on 

microscope glass slices by spray pyrolysis. The 
doped ZnO thin films are prepared by adding 
indium chloride InCl3 (1%, 2% and 3% by 
weight) to the precursor zinc acetate 
Zn(CH3CO2).2H2O dissolved in a mixed solution 
of 80% H2O : 20% CH3OH of 0.2 M. In our 
previous paper [21] studies depicted the role of 
the solvent on the characteristics of ZnO 
properties as well as the substrate temperature 
are found to be the mixture of 80% H2O: 20% 
CH3OH and substrate temperature 425°C for 30 
min spray time are preferable to achieve ZnO 
films with structural, optical and electrical 
properties suitable for optoelectronic devices. 
The compressed air was used as a carrier gas 
with 20 L/min while the solution is feed to the 
designed glass nozzle by peristaltic pump to 
maintain the solution flow rate at 3 mL/min. The 
structure of the prepared ZnO thin films was 
detected using Pert-Philips x-ray diffraction with 
CuKα radiation (λ=1.5418 Å at 55 kV and 40 
mA). The diffraction patterns were recorded 
automatically with scanning speed 2° per minute 
in the range (2θ=10-90°). The optical 
transmission studies were measured using double 
beam spectrophotometer, Model Jasco V-570.  

 
3 Results and Discussions 
3.1 Structural Properties 
The obtained XRD patterns for pure and 

incorporated ZnO thin films with 1%, 2% and 
3% indium by weight is shown in Fig. (1). The 
XRD patterns of all films are consistent with the 
pattern of ZnO powder reported in standard 
JCPDS data file. The lattice constants of these 
films are calculated from the obtained values of 
d-spacing and their corresponding (hkl). The 
values of the lattice constants are found to be 
(a=3.24Å and C=5.19Å) which are close to the 
standard value of hexagonal form of ZnO 
powder. The pure ZnO thin films show only one 
characteristic peak at 2θ=34.46° which 
corresponds to (002) nearly like that prepared by 
epitaxy technique. The addition of In doesn't 
affect the main peaks position which reflect the 
existence of ZnO single phase. Three other 
principal peaks (100), (101) and (110) are 
appeared by indium incorporating. The 
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intensities of these planes are increased gradually 
by incorporating In with percentage 1% and 2%. 
In contrast the film incorporated with 3%., these 
intensities of the peaks are decreased, while the 
principal plane (002) appeared in the pure ZnO 
films reduce to its minimum intensity. The 
crystallite size of ZnO films is calculated using 
Scherrer formula: 
D = 0.94 λ /∆(2θ) cos θ (1) 
where D is the mean grain size, ∆(2θ) is the full 
width at half maximum of the diffraction line in 
radius, θ is the diffraction angle and λ is the 
wave length of X-ray (1542Å). The grain size is 
listed in Table (1) 
 

Diffraction angle (2θ)

Fig. (1) XRD patterns for pure and doped ZnO thin 
films (a) pure ZnO, (b), 1% In, (c) 2% In, (d) 3% In 
 

Table (1) The mean grain size of ZnO films versus 
dopant concentration 

 
Grain size (nm) Dopant 

 (100) (101) 

1%

2% 

3% 

44

60 

37 

57

40 

38 

3.1.1 EDX 
The film composition of indium doped zinc 

oxide was determined using energy dispersive of 
x-ray (EDX) using SEM model Philips XL30 
attached with EDX unit with accelerating voltage 
30kV. It is used to estimate the elements ratios 
exist in the prepared films. Figure (2) shows the 
EDX corresponding to ZnO incorporated with 
2% and 3%, respectively. The appeared two 
principal peaks are related to Zn and In elements 
in the film while the other peaks are related to 
the elements of glass substrate. 
 

Fig. (2) EDX of ZnO films incorporated by indium (a) 
2% In, (b) 3% In 
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3.2 Optical Properties 
The transmittance versus wavelength for pure 

and doped ZnO thin films is shown in Fig. (3). It 
is observed that the films are highly transparent 
with sharp absorption edge at λ=380nm. The 
optical bandgap values are obtained from the plot 
(αhν) 2 vs. hν by extrapolating the linear portion 
of the plot to (αhν)2=0. 
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Fig. (3) The transmittance of pure and doped ZnO 
thin films versus wavelength 
 

Figure (4) shows the optical bandgap for pure 
and doped ZnO thin films. The calculated optical 
band gap has no change by indium addition; its 
value is 3.26 e.V. 

Figure (5) shows the variation of absorption 
coefficient α with wavelength for undoped and 
doped ZnO films. It is clear that the absorption 
coefficient is sharply decreased near the band 
edge indicating the good crystallinity.  

In the visible region, the absorption 
coefficient increase with the doping 
concentration. The refractive index n calculated 
from transmittance for undoped and doped ZnO 
thin films are shown Fig. (6). The refractive 

index varies from 1.7~2 in the visible range 
which are preferred for antireflection coating 
materials. 
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Fig. (4) Plot of (αhν) 2 vs. hν for pure and doped 
ZnO 
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Fig. (5) The variation of absorption coefficient α
versus wave length for pure and doped ZnO films

 

Fig. (6) The refractive index (n) versus wavelength 
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3.3 Electrical Properties 
Pure ZnO thin films have extremely high 

electrical resistivity. Indium incorporation shows 
drastic reduces in the resistivity value (`four 
orders of magnitude). The pure ZnO films have 
resistivity value 2.25x102 Ω.cm while the 
incorporated film with 2% doping concentration 
have a  minimum value 2.6x10-2 Ω.cm. The 
variation of electrical resistivity with the dopant 
concentration is shown in Fig. (7). 

 

3.4 Figure of Merit 
We deposited ZnO: In thin film as oxide 

semiconductor window layer on single crystal 
silicon to form solar cell, the results will be 
published later. Figure of merit Φ is useful to 
determine the films which have less absorption 
and good conductivity to reduce the series 
resistance. It is calculated using the following 
formula [22]: 
Φ= 1/αρ (2) 

The calculated values for pure and ZnO that 
incorporated with different ratios of indium are 
listed in Table (2). It is clear that the ZnO film 

incorporated with 2% indium concentration gives 
the higher value of figure of merit (2.1x10-3S). 
This related to the high reduction in electrical 
resistivity and good crystallinity that it is given 
in Fig. (1). 

 

Fig. (7) The effect of doping on the resistivity 

Table (2) The figure of merit for pure and doped ZnO thin films 
 

Doing Concentration Absorption coeff. α x103 at λ= 500nm (cm-1) Resist. ρ (Ω.cm) Figure of Merit φ(S) 

Pure 

1% 

2% 

3% 

1.237 

0.744 

2.976 

2.922 

2.25x102

6.47x10-1 

2.6x10-2 

7.36x10-2 

3.59x10-6 

2.1x10-3 

1.3x10-2 

4.6x10-3 

4. Conclusions 
 It is clear that the addition of indium as 

a dopant shows an additional peaks (100), (101) 
and (110) over the only one (002) appeared in 
pure ZnO films. Also the optical band gap of 
ZnO films hasn't changed by indium addition and 
shows sharp absorption edge at 380 nm. The 
ZnO film incorporated with 2% In gives a higher 
figure of merit (2.1x10-3S) due to its larger 
reduction in electrical resistivity (2.6x10-2 Ω.cm). 
The absorption coefficient in the visible region 
increases with the doping concentration. 
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