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The Use of Laser, Nanotechnology
To Rapidly Detect Viruses

Waiting a day or more to get lab results back from the doctor’s office soon could
become a thing of a past. Using nanotechnology, a team of University of Georgia
researchers has developed a diagnostic test that can detect viruses as diverse as
influenza, HIV and RSV in 60 seconds or less. In addition to saving time, the
technique could save lives by rapidly detecting a naturally occurring disease outbreak
or bioterrorism attack. “It saves days to weeks,” said lead author Ralph Tripp,
Georgia Research Alliance Eminent Scholar in Vaccine Development at the UGA
College of Veterinary Medicine. “You could actually apply it to a person walking off
a plane and know if they’re infected.” The technique, called surface enhanced
Raman spectroscopy (SERS), works by measuring the change in frequency of a
near-infrared laser as it scatters off viral DNA or RNA. This phenomenon is well
known, but failed because the signal produced is inherently weak. The research
group experimented several different metals and methods and found that placing
rows of silver nanorods 10,000 times finer than the width of a human hair on the
glass slides that hold the sample could enhance the signal. They found that the

signal is best amplified when the nanorods are arranged at an 86-degree angle.

The technique is so powerful that it has the potential to detect a single virus
particle and can also discern virus subtypes and those with mutations such as gene
insertions and deletions. This specificity makes it valuable as a diagnostic tool, but
also as a means for epidemiologists to track where viruses originate from and how
they change as they move through populations. The researchers have shown that
the technique works with viruses isolated from infected cells grown in a lab, and the
next step is to study its use in biological samples such as blood, feces or nasal swabs.
Preliminary results are so promising that it could be possible to create an online
encyclopedia of Raman shift values. With that information, a technician could
readily reference a Raman shift for a particular virus to identify an unknown virus.

Presently, viruses are first diagnosed with methods that detect the antibodies a
person produces in response to an infection. These tests are prone to false positives
because a person can still have antibodies in their system from a related infection
decades ago. The tests are also prone to false negatives because some people don’t
produce high levels of antibodies. Because of these limitations, antibody based tests
often must be confirmed with a test known as polymerase chain reaction (PCR),
which detects the virus itself by copying it many times. The test can take anywhere
from several days to two weeks, a too long period, especially in light of emerging
threats such as H5N1 avian influenza.

© 2009 Iraqi Society for Alternative and Renewable Energy Sources and Techniques (I.S.A.R.E.S.T.) 3
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LASER FLUORESCENCE
could find life on MARS

A team of scientists from the United
States and the UCL Mullard Space Science
Laboratory has developed a technique using
ultraviolet light to identify organic matter
in soils that they say could be used to
document the existence of life on Mars. The
researchers’ proposed instrumentation could
operate on any Mars lander or rover, such as
the current Phoenix mission or INNASA’s
Mars Science Laboratory scheduled for
launch in 2009 — both of which are looking
at habitability — or the European Space
Agency’s ExoMars mission in 2013 that will
look directly at the past or present existence
of life on the red planet.

Chemical compounds called polycyclic
aromatic hydrocarbons, or PAHs, often are
found on comets, meteorites and in space
between the stars, and are considered
candidates for being one of the earliest forms
of organic matter in the universe. Like living
organisms, these molecules fluoresce when
excited by ultraviolet light, making them an
ideal target for using this new technology,
according to Martin Fisk, a professor of
marine geology at Oregon State University
and a co-author of the study.

“Since PAHs are found on meteorites, we
would expect some of that material to fall from
space onto the surface of Mars,” Fisk said.
“But we also know the surface is bombarded by
ultraviolet light and cosmic rays, which would
destroy organic matter. Computer simulations,
including those carried out (by co-authors at)
University College London, suggest that the
organic matertal is protected under the surface
of Mars, down below a meter or so, and can be
brought up via a drill and identified.”

Michael Storrie-Lombardi, lead author
and Director of the Kinohi
Pasadena says: “The techniques we are using

Institute in
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have been employed every day in the safety of
our laboratories for almost a hundred years.
Recently the technology has become available to

perfrom these experiments during remote
surveys of other planets.”
In their experiment, the scientists

created a fine, dusty soil by crushing a
peridotite rock from a nickel mine in Riddle,
Ore., that they say closely replicates the
Martian surface material. A meteorite found
in France, originating from Mars, consisted
of 88 percent olivine, while the Oregon
peridotite was 90 percent olivine.

They infused the peridotite granules with
PAHs at a level of 50 parts per million,
which is what they would expect to find on
a meteorite, then took about a tablespoon of
the soil and exposed it to different light
waves from a meter away.

Using colored filters from the panoramic
camera, or PanCam, that was the backup
instrument for the Beagle 2-Lander, they
were able to clearly identify as little as 1.5
micrograms of the organic material and
pinpoint different PAHs by variations in
their fluorescent response. The Beagle 2
made it to Mars in 2003, but was lost on
approach and assumed to have crashed onto
the Martian surface.

Two of the study’s scientists — Storrie-
Lombardi and Professor Jan-Peter Muller,
of the UCL MSSL — carried out the optic
experiments in the laboratory and at Silver
Lake, California, a well-known Mars analog
study site. As part of their tests, they set up
a rig that could work under different
conditions not dissimilar from the final
system that would be mounted on a Mars
lander or rover.
able to the fluorescence
signature both under laboratory conditions and

“Being test

PRINTED IN IRAQ



in the field has been critical to being confident
that such a system will work on the surface of

Mars,” said Muller.
Professor Andrew Coates also of the UCL
MSSL, a co-author of the study and

principal investigator of the international
ExoMars PanCam team, said the challenge
is to make the instrument light enough to be
flown, and robust enough to survive the
cold, minus-120 degree (C) Martian nights.
“With ExoMars PanCam, we already have
thrilling science — stereo and zoom imagery
giving the context for all the ExoMars life
detection experiments and the use of colored
filters to provide rock identification and
atmospheric composition,” Coates said. “If the
team can show this is light and rugged enough,
we will propose taking it to Mars.”
such durability will be a
challenge, according to Andrew Griffiths, a

Proving

co-author on the paper and the instrument
manager for the ExoMars PanCam team.
“Getting to Mars is tough, as we found with
Beagle 2,” he pointed out. “Surviving the
surface conditions is even tougher, particularly
with new technology.”

While using fluorescence to illuminate
organic material has been done for decades,
light sources were too large and unwieldy to
use for a robotic mission to another planet,
However,

said  Storrie-Lombardi. new

generations of light-emitting diodes, or
LEDs, are very small, reliable and energy
efficient, he added.

“Placed on a Mars rover, one of these
LEDs positioned a few centimeters from a
target can easily provide enough light to
produce  fluorescence in small polycyclic

aromatic hydrocarbons,” Storrie-Lombardi
said. “But even more encouraging is the very
recent development of a small 375 nanometer
laser diode that can illuminate anything a
PanCam can see, including geological layers
crevices high up otherwise

and on an

tnaccessible rock outcrop.”

Professor Muller added:

now undergoing rigorous tests in the laboratory

“This laser is

under Mars-like conditions prior to showing
that it is flighi-ready, even at this late stage, to

IJAPLett Vol. 2, No. 2, April-June 2009

be seriously considered to be launched in only
five years’ time.”

The instrument appears to be “an ideal
tool,”

“It

preparation, does not destroy sample matertal

initial survey Storrie-Lombardi
pointed out.

requires no sample

and requires only electrical power to operate,
other
consumable resources for sister instruments.”

conserving  precious  water  and

Since the Viking mission to Mars 30 years
has

exclusively on searching for evidence of

ago, no mission to Mars focused

organic material or biological activity,
Storrie-Lombardi said. Now the ongoing
Phoenix mission and the planned Mars
Science Laboratory and ExoMars missions
are positioned to reverse that trend.

“The addition of an ultraviolet triage
system to search for hints of organic material
fits well into the extensive suite of organic
detection instruments planned for the MSL
and ExoMars expedition,” he said.

Oregon State’s Fisk, whose research has
focused in part on the study of microbes
that grow in inhospitable locations, said the
best chance of finding organic material on
Mars would be wherever there is, or was,
water — locations where rocks have
experienced weathering.

“These are energy-rich environments for
microbial life,” said Fisk, a professor in
OSU’s College of Oceanic and Atmospheric
Sciences.

Fisk and his colleagues have spent much
of the past dozen years studying microbes
that can break down igneous rock and live
in the obsidian-like volcanic glass. They first

identified the through their

signature tunnels then were able to extract

bacteria

DNA from the rock samples — which have
been found in such diverse environments on
Earth as below the ocean floor, in deserts
and on dry mountaintops.

Fisk and Storrie-Lombardi — along with
other OSU and the Jet

Propulsion  Laboratory —  previously

scientists at

collaborated on a study that found bacteria
4,000 feet below the ocean surface in Hawaii
that they reached by drilling through the
solid volcanic rock base of Mauna Kea.

* % %
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Commercial Applications of

AU RCIY DL G

in Medicine and Health

Background

The medical area of nanoscience application is
one of the most potentially valuable, with
many projected benefits to humanity. Cells
themselves are very complex and efficient
nano-machines, and chemists and biochemists
have been working at the nanoscale for some
time without using the nano label. Some areas
of nanoscience aim to learn from biological
nanosystems, while others are focusing on the
integration of the organic and inorganic at the
nanoscale. Many possible applications arising
from this science are being researched.

Implants and Prosthetics

The first field is implants and prosthetics.
With the advent of new materials, and the
synergy of nanotechnologies and
biotechnologies, it could be possible to create
artificial organs and implants that are more
akin to the original, through cell growth on
artificial scaffolds or biosynthetic coatings that
increase biocompatibility and reduce rejection.
These could include retinal, cochlear and
neural implants, repair of damaged nerve cells,
and replacements of damaged skin, tissue or
bone.

Diagnostics Using Sensors and Micro
Electro Mechanical Systems (MEMS)

The second area is diagnostics. Within MEMS
(Micto  Electto  Mechanical ~ Systems),
laboratory-on-a-chip technology for quicker
diagnosis which requires less of the sample is
being developed in conjunction with
microfluidics. In the medium term, it could be
expected that general personal health
monitors may be available. Developments in
both genomics and nanotechnology are likely

Professor Stephen Wood
Professor Richard Jones
Alison Geldart

to enable sensors that can determine genetic
make-up quickly and precisely, enhancing
knowledge of people’s predisposition to
genetic-related diseases.

Drug Delivery Using Nanoparticles and
Molecular Carriers

Finally, drug delivery is likely to benefit from
the development of nanotechnology. With
nanoparticles it is possible that drugs may be
given better solubility, leading to better
absorption. Also, drugs may be contained
within a molecular carrier, either to protect
them from stomach acids or to control the
release of the drug to a specific targeted area,
reducing the likelithood of side effects. Such
drugs are already beginning pre-clinical or
clinical trials, adhering to the strict regulatory
requirements for new pharmaceuticals. Due to
this, development costs are often high and
outcomes of research sometimes limited.

Lab on a Chip and Advanced Drug
Delivery Systems

The ultimate combination of the laboratory-
on-a-chip and advanced drug delivery
technologies would be a device that was
implantable in the body, which would
continuously monitor the level of various
biochemicals in the bloodstream and in
response would release appropriate drugs. For
example, an insulin-dependent diabetic could
use such a device to continuously monitor and
adjust insulin levels autonomously. There is
no doubt that this is the direction that current
advances in which microfluidics and drug
delivery are heading.
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Effect of Chirping on
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Aseel A.K. Hadi

Received Pulse Shape in
Optical Fiber

Communications

In this work, the effect of chirping on the pulse broadening and
wavelength shift in the optical fiber communications was studied. A

School of Applied Sciences,
University of Technology,
Baghdad, Iraq

numerical analysis based on tracing the pulse propagating through an
optical fiber was presented to determine the role of chirping in pulse

broadening. Consequently, the wavelength shift resulted from the
chirping effect was deduced analytically.
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1. Introduction

Short-pulse high-repetition-rate lasers are key
elements for future high-speed optical
communications systems and all-optical logic
circuits. Actively mode-locked lasers are
promising  candidates,  especially =~ when
synchronization between optical and electrical
signals is required [1-4]. Pulse compression is an
established technique for generating optical
pulses shorter than those produced by lasers or
amplifiers. Compressors based on single-mode
fibers are limited to nanojoule pulse energies by
higher-order nonlinear effects and ultimately by
damage to the fiber. Thus, new approaches are
needed for compression of the high-energy
pulses that are now available from chirped-pulse
amplifiers [5].

One very important feature of ultrashort laser
pulses is the close relation between the pulse
duration (7) and the spectral bandwidth (Aw),
which is manifested in the time-bandwidth
product as:

Aw 2 2mc, (1)

where c; is a constant that depends on the shape

of the pulse and ® is the angular frequency

related to the frequency ( /') and wavelength (1)

through:

w=27f = 2% )
A

It follows directly from Eq. (1) that the
minimum achievable duration is limited by the
spectrum of the pulse. In other words, in order to
produce ultrashort pulses, a very broad spectral
bandwidth is needed. The shortest possible pulse,
for a given spectrum, is known as the
“transform-limited pulse duration”. It should be
noted that Eq. (1) is not equality, i.e., the product
can very well exceed (27cp). if the product

exceeds (27cp), the pulse is no longer transform-
limited and all frequency components that
constitute the pulse do not coincide in time, i.e.,
the pulse exhibits frequency modulation. This
frequency modulation is very often referred to as
a chirp since birdsong also changes frequency as
a function of time. The bandwidth of a Gaussian
pulse with a chirp can be said to constitute two
parts, the first part is the bandwidth needed to
support the duration of the stretched pulse (i.e.
smaller than if the pulse had no chirp), and a
second part needed to support the frequency
variation across the pulse [6-9].

For laser diodes under direct modulation, the
photocurrent pulse is more complex when the
chirping effect is considered. The chirping effect
is caused by refractive index modulation of the
laser cavity. As a result, the output spectrum
gs(A-1.) is time varying. For single-mode laser
diodes, the range of wavelength shifts during
turn-on and turn-off transitions can be much
larger than that at the steady state linewidth. In
case of laser pulse propagating through an
optical fiber, the chirping effect may originate
from the refractive index modulation of the fiber
material considered as an optical medium [10].

2. Analysis

For simple consideration, assume the slope of
the spectrum is time invariant. Although this
assumption may not be valid under large
modulation, a time-varying spectrum shape is
difficult to model and strongly depends on
individual devices used [11]. Therefore, only the
case of time-invariant spectrum shape is
considered here. With this assumption, the time-
varying spectrum can be modelled as

&s :gs[l_lo_Alc(t)] (3)

© 2009 Iraqi Society for Alternative and Renewable Energy Sources and Techniques (I.S.A.R.E.S.T.) 7
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where AAJ(?) is the wavelength shift from the
central wavelength A, due to chirping. When a
laser is turned on, the wavelength shift is
negative and called “blue shift”. When the laser
is turned off, the wavelength is positive and

0
A () =4 = B,Alsin(w,[1 — £, e

= BampAsin(e, [T, =1, e @70 0 + g

where [, is the ratio of the peak wavelength
shift due to chirping to the linewidth at the
steady state. Given this wavelength shift, the
pulse output at the other end of the fiber is

D, LA
p(t)=JD_1Lg ( s (Z)}p ydr )

where pg(f) is the pulse input to the fiber.
Therefore, the fiber transfer function can be
modified as

1 g t+t,+ D, LAA (1) (6)
DintL

hﬁber ®=

DintL :

0 Tqy

Fig. (1) The finite slope pulse considered in the
modelling

Although the chirping effect can be computed
numerically using Eq. (5), it is instructive to use
a simplified model to gain insight into the effect.
The model first assumes an output pulse from a
laser diode of a form similar to the finite slope
pulse shown in Fig. (1). That is, it assumes

~t,—7.[t,~ 8.1/ 8., A1)

) rect(t —t
p(tL)= g}gz

where . =g . D. LAA

chirp™int

By taking the limit Az — 0, one obtains

At

Prou(®) =[Sl =11+ 7./8) ~t,, +7,]p,(t)dr'=

called “red shift” [12]. Because the wavelength
shift is proportional to the shift of the refractive
index from its steady state value during
modulation, we can have

if t<t,
i t,<i<t, @
AA( = “rtToy if T, <t

chirp

t
— i 0<t<g,
5 if ‘
1 i s <t<1, (D
ps(t): T f c 0
1—70 if T,<t<T,+6,
0 L if otherwise

The first portion &, of the pulse is assumed to
b the portion where the central wavelength
linearly increases from Ag-feipAA to the steady
state value (4,). The tail portion &, of the pulse is
assumed to b the portion where the central output
wavelength linearly increases from the steady
state value (4o) to Ag+BupAA. In the middle
portion, the pulse is assumed to have a constant
central wavelength A..

Let py(?) be the beginning portion of the pulse
that has chirping with output wavelength linearly
decreasing to the steady state. For 0<¢<¢,, the
propagation delay over distance L is

-5
t,(0)=t,+ 5 D . AAL ®)

chirp
c

where ty is the propagation delay at the steady
state wavelength. If p;(?) is partitioned into many
small intervals,

. rect(t —t,, At
pi() = lim Z(T’)pl (t)At ©)

where 7=iAt. The pulse after a distance L is

(A (10)

0. » t—t,*7, a1
o, +r, l+7,/0,

Similarly, for the tail portion of the pulse, which has chirping during the turn-off transition from 7 to

Ty+o., the output over distance L is

rect(t—t,—7,(t,/0,)-T, -

- gO’ 12

p(t.L) = lim 3 Al P+ ) "
and

) , _ 0 t-T, 13

Prou(t,L) _jé[z—To —t,o—t,(1+7,/5,)]p,(t'+T,)dt'= 5 +r pz(lﬂc/(sj (13)
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3. Results and Discussion

To obtain results of the modelling, both
MATLAB-7.0 and SIMULATICS-3 software
were employed. The output pulse over distance L
according to this simplified model is illustrated
in Fig. (2).

Middle
no-chirping
portion
Head T
chirping Tail chirping

]
pcl’ﬁo__ﬂ /Pon on
A" P
pilt) AuAt)
0 & Ty T,

(a)

1 A

-AAd T
Additional wavelength
—a=- shift due to chirping

(b)
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If DinlLA2=1/Bepiry<0./2, the middle portion
caused by fiber dispersion is still within /2 and
Tyt+o,/2. Therefore, its broadening is not
important, and the pulse broadening is purely due
to chirping. In this case, the equivalent pulse
broadening parameter () is
15:15(1(”6/2)2 (14)
4 2\ 7, +6.

If Din LAZ>6,/2, the fiber dispersion for the
middle portion should be included. In this case,
the equivalent pulse broadening parameter () is
15:1(3{@ +5"/2J2 @ By =812 (15)
47 2% s, 2 (/B

The values of parameters included in Eq. (14)
and (15) are tabulated in Table (1). Now, we
have 6=0.364 ns at L=10km and 6=1.98 ns at
L=100km.

Table (1) The values of parameters included in Eq.
(14) and (15)

Pulse at the fiber end

Parameter Value
o 02s
D AA 10 ps/km
ﬁ(‘hirp 2
L 10 - 100 km
Diorall 1ns
T 2ns

—
[ |
] i
) \
o ! T X Teebon
/ y
! 5
fig-Dipl Ak Ty+Dipel Ak
(c)
] 1
6 'R} :
T
1
1 I
i i
! ]
82 Tl

(d)

Fig. (2) The output pulse over distance L according
to the simplified model. (a) the original pulse, (b)
the chirping in the head and tail portions, (c) the
pulse at the fiber end with fiber dispersion, (d) the
approximation of the pulse shown in (c)

Figure (2a) shows the original pulse, which
consists of three portions: the head, middle, and
tail. The head and tail portions have chirping as
shown in Fig. (2b). With fiber dispersion, the
pulse at the fiber end is illustrated in Fig. (2c).
Here the effect of fiber dispersion on the middle
portion of the pulse is also considered [3,13]. To
quantify the chirping effect together with the
fiber dispersion effect on pulse broadening, one
can approximate the pulse shown in Fig. (2c) as
the pulse in Fig. (2d). To find the corresponding
pulse broadening factor (0) in Fig. (1), equate the
power of the head portion of the pulse between —
7. and J,/2 to the power of beginning portion of
the pulse from —dto 0 in Fig. (2).

In order to explain the effect of dispersion
limit due to chirping on the pulse broadening
parameter (0), three different values of the total
fiber chirping dispersion (7)) (1, 2, 4) were
considered to plot the relation between the pulse
broadening parameter (J) and chirping ratio
(Benirp) as shown in Fig. (3). We can observe that
increasing value of (7)) caused corresponding
increase in the pulse broadening parameter.
However, the behaviour of this function is
identical with some multiple term.

Pulte broadening —— T=2
param eter sk o Ted
—a— T=1
f-)
&
£
ol
M
» 1.‘%
ol gk
‘\'\ rkﬂ
= h,
10 \'- .
e,
g Ieegee: _
o L e i a0 LT IR R YA R 29799 099ERR
] 1 H 3 4 5
B

Fig. (3) The effect of dispersion limit due to chirping
on the pulse broadening parameter (8) for three
different values of the total fiber chirping dispersion
() (1,2, 4)
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Similarly, three values of pulse partition (J.)
(0.02, 0.2, 0.5) were considered to plot the same
O Beninp relation in Fig. (4) to explain the effect of
pulse partition. It is clear that the function did not
vary as the J.-value did, i.e., the pulse partition
has no effect on the pulse broadening parameter.
Hence, the bit rate, which 1is inversely
proportional to the pulse broadening parameter
(=1/89). So, the bit rate is not affected by the
variation of pulse partition (J,) but extremely
affected by the total fiber chirping dispersion
(z.), as shown in Fig. (5).

Pulse pulse partition=0.02
broadening = pulse partition=0.2
factor (ns) pulze partition=0.5
40 o
w0
0| &
10 EY
l-v“-
S
I e s 2 0
o - ,
0 1 2 3 4 §
Bomim

Fig. (4) The effect of dispersion limit due to chirping
on the pulse broadening parameter () for three
values of pulse partition (&) (0.02, 0.2, 0.5)

Eir rare (GHz) Fusle partrien=0.2n3
Teral fiber dispersion=2ns

[} 1 2 3 4 ¥ 6|

3<I-|7
Fig. (5) Relation between bit rate (B) in GHz and
chirping ratio (Bchirp) at pulse partition of (0.2ns) and
total fiber dispersion of (2ns)

4. Conclusions

With respect to results obtained from this
study, chirping has reasonable effect on the pulse
broadening and wavelength shift of a laser pulse
propagating through an optical fiber employed in
optical communications. Wavelength shift due to
fiber chirping dispersion is represented by two
red and blue shifts. So, such shifts should be
avoided by controlling chirping effect because
they may cause reasonable distortion in the pulse
spectrum exiting from the optical fiber. As well,
pulse broadening is resulted from chirping
dispersion effect and it should be controlled
precisely in order not to exceed certain limits,
which highly affect the bit rate of the transmitted
data through the optical fiber communications
system.
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Performance Optimization of
Multi-Quantum Wells

Laser Used in

Optical Communications

In this work, an analytical treatment of some design parameters of multi-
quantum well semiconductor laser aiming to optimize the performance of
such systems is presented. The treatment concentrates on three main
parameters; the reflectivity of the front mirror, the effective lifetime of the
photon inside laser cavity, and the number of quantum wells in the laser
structure. These three parameters relate to several other parameters which
impose to achieve design compensation. Such compensation can be simulated
by analytical treatments because the characteristics of these lasers have been
established well in form of small and large signal solutions. These lasers are
increasingly studied due to their characteristic features in optical
communications architectures, low-dimensioned  photonics and
optoelectronics devices.
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1. Introduction

Semiconductor lasers are excellent optical
sources for several applications including: high-
speed optical time-division multiplexed (OTDM)
communication systems, optical clocking and
sampling, etc [1]. When a voltage is applied to a
degenerated pn junction device, considerable
electrons and holes are injected into the
transition region. If the bias is large enough, the
transition region contains a high concentration of
conduction band electrons and a high
concentration of valence band holes. In other
words, a population inversion exists around the
junction. This population inversion region is also
called the active region.

Another condition to sustain continuous laser
operation from the device is the optical cavity.
Its main function is to implement a laser
oscillator, or to build up the intensity of
stimulated emissions by means of an optical
resonator. Since only multiples of the half-
wavelength can exist in an optical cavity, the
radiation wavelength that can build up in the
cavity is determined by the cavity length L,

L=mlo (1)
2n

where M is an integer, A, is the free space
wavelength, and » is the refractive index of the
semiconductor. The resonant frequency of the
cavity, i.e., a mode of cavity, satisfies the above
relationship.

The device described thus far is a homo-
junction laser, since both p and n regions are
fabricated with the same semiconductor. The

multiple quantum well structure schematically
sketched in Fig. (1) extends the advantages of the
single quantum well laser [1].

L, Ef .
—
+
e b, =" Buk
EDI Ey E ¢
EV L
~
Density of States
a) b)

Fig. (1) (a) Schematic energy diagram of a
semiconductor QW structure. E, and E, are the
energy gaps that make up the barriers and well. E,
and E; are the first two energy states confined in
the well of width L. (b) Density of States in a
quantum well and bulk material. The dashed curve
represents the 3D density of states for bulk material
while the solid line is the 2D density states for a
particle confined to a quantum well [1]

The introduction of compressive strain into
the multiple quantum well lasers leads to low
internal loss, high quantum efficiency, low
threshold current operation, and small line-width
enhancement factors [2-4]. This configuration
forms a rectangular quantum potential well from
the energy bands. When the thickness of the
narrow bandgap material, L, is on the order of
the de Broglie wavelength of a thermalized
electron (A=h/p, where h is Planck's constant and
p is the momentum of the electron), quantum
size effects occur forming quantized energy
states within the well [5]. These states represent
the probability of having an electron or hole in
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any respective position within the well and are
found from the solution to the time independent
Schrodinger wave equation in two dimensions.

2. The Model

Laser action and optical gain occur in a
semiconductor because of the non-equilibrium of
carriers that populate the bands. This state is
attained as described above.

The absorption of incident photons is given
by the absorption rate as

Fars = Pl1= [, (E)1f, (E)DN , (E) (2)
While the stimulated emission rate is given as
1y = PfL(EDI - f,(EDIN,(E) 3)

where P is the transition probability, N, is the
density of photons of energy E, and f, and f, are
the Fermi functions. For lasing to occur, there
must be more stimulated radiative processes than
photon absorption processes, thus r>r,,,. This
condition leads to f,(E,)>f,(E,) where E,-E, is
the transition energy from the conduction band to
the valence band. This condition causes
population inversion: where the concentration of
electrons in the conduction band is greater than
the concentration of holes in the valence band.
The gain, represented by stimulated downward
transitions of carriers, should be at least equal to
the losses, stimulated upward transitions, for
lasing to occur [2].

Longitudinal modes are formed along the
length of the active region parallel to the
semiconductor layers. These modes define laser
resonance. This is the process whereby photons
generated in the active region oscillate along the
length perpendicular to the cleaved "mirror"
facets producing gain and thus laser emission.
The cavity is resonant because only certain
frequencies (wavelengths) of light are allowed
within it. These resonant frequencies are
governed by the cavity length d. The appropriate
choice will stimulate a certain wavelength while
damping all others. This condition is
a=9% g=123,.. (4)

2n
where A is the wavelength, and » is the effective
index of refraction within the active region. The
resonant frequency follows from this expression
as

=_4qc = 5
v, v qg=123,.. )
where c¢ is the speed of light. These frequencies
are the longitudinal modes which are solutions to
the Helmholtz equation with appropriate
boundary conditions.

Rate equations for each longitudinal mode, A,
with photon density (S,) and carrier density (N;),
which couple into this mode, are:

12 ALL RIGHTS RESERVED

Ny Sy g NNy 5N, 35, x()
ot q 2t, T, Tra, oot
B ppn-Se B oy g (D)
ot T, Ox o

We will consider one mode with photon
density (S), whose photon energy is closest to the
peak gain, rather than using set of differentia;
equations for all waveguide modes. The intensity
of this mode will grow faster than all others and
eventually dominate [8]. This simplification
avoids the problem of finding the parameters and
coefficients for every single mode. On the other
hand, it does no enable to calculate the emission
spectrum of the laser diode. For a single
longitudinal mode, the rate equations reduce to:

NI v N riv—n)s  ®
ot q 22‘0 &

% BBN* - S Vol I(N=N,)S ©)
ot "

P, :—vg,SWlnL (10)

TR

Here, the photon lifetime (z,,) is related to
the quality factor (Q) of the laser cavity as [6]:
_A0 (11)
2mc
Assuming a time harmonic solution and
ignoring higher order terms, the rate equations
become [7]

jan, =2 T _y TUN-N,)s, —v,Tn,IS, (12)
q Teff

jas, =L +vy TI(N - N,)s, +v,In,iS, (13)
T
ph

where 7 is the same as for LED. Using the

following

L = vg,Fl(N -N,) (14)
T,

These equations can be solved yielding

.. 1 v TS,
Ji = Jjegn, +qn (— +vgrrlSO)+an@(15)
T T,
P P
Replacing n; by relating it to the small signal
voltage v,
_mVn,
NO
The equation for the small signal current, iy,
can be written as

(16)

193

W, (17)

1
i, =(joC +—+
Y R joL
where C:M, A is the area of the laser
m,
diode and
NoeN/NC NOeN/NV (18)

m= +
N(‘, (eN/NC _ 1) N‘,(eN/N" _ 1)
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1. C(L +TIS,v,.) (19)
R T &
eff
and
L=l T (20)
C\ TSy,

Adding parasitic elements and the circuit
described by the Eq. (16) we obtain the
following equivalent circuit, where Lp is a series
inductance, primarily due to the bond wire, Ry is
the series resistance in the device and C, is the
parallel capacitance due to the laser contact and
bonding pad [8].

The resistor Ry, in series with the inductor, L,
is due to gain saturation [5] and can be obtained
by adding a gain saturation term to Eq. (16). The
optical output power is proportional to the
current through inductor L, which is given by:

.o qAS _ 1 1 (21)
i, ==——=qdsv, (a+—In——=)

T ¢ L. JR +R,
and the corresponding power emitted from
mirror R;

P, =shvivy,, ln¥ (22)
JR R,
Ignoring the parasitic elements and the gain
saturation resistance, R; we can find the AC
responsivity P,/i; as:

P, _hv JR 1 (23)
j 1 L
L —+al, 1+ jo=+(jw)’ LC
IiRl TR, c 1] R J
From which we find the relaxation frequency
of the laser
1 _ DSy, _

w, = =
*JLC T,

(24

or the relaxation frequency is proportional to the
square root of the DC output power. The
amplitude at the relaxation frequency relative to
that at zero frequency equals [8]

PL

=0, _ R - 1 (25)

Lo,

Llw=0

+a)()Tph
D)7 7

Comparing threshold currents of laser diodes
with  identical dimensions and material
parameters but with a different number of
quantum wells (m), we can find that the
threshold currents are not simple multiples of
that of a single quantum well laser.

Assuming that the modal gain (g) is linearly
proportional to the carrier concentration in the
wells and that the carriers are equally distributed
between the m wells. For m quantum wells, the
modal gain can be expressed as:

IJAPLett Vol. 2, No. 2, April-June 2009

g=Im(N—-N,)=ImAN (26)
where / is the differential gain coefficient and N,
is the transparency carrier density.

Since the total modal gain is independent of
the number of quantum wells, we can express the
carrier density as a function of modal gain at
lasing [6]:

N=1£+N°=M 27)
m m

Then the radiative recombination current at
threshold is [8]

2
7 =qBnN, + N =g B+ 2N, AN+ (28)
m m

where B; is the quantum-well radiative
recombination rate coefficient

This means that the threshold current density
is a constant plus a component which is
proportional to the number of quantum wells.
The last terms can be ignored for m>>1 and
AN<<N,,.

3. Results and Discussion

Figure (2) shows the variation of the quantum
efficiency with the reflectivity of the front mirror
of laser resonator at different cavity lengths (L).
It is clear that the efficiency decreases with
increasing reflectivity as well as increasing
cavity length.

— — L=20um
07 —--—- L=10um
————— L=5um

06 |
05 F
04 |

03 F

Quantum efficeincy

02 f

01 L

Front-Mirror Reflectivity (R,)

Fig. (2) Variation of quantum efficiency with the
reflectivity of output mirror for different lengths of
laser cavity (L)

Therefore, efficient lasers are obtained by
reducing the waveguide losses, increasing the
reflectivity of the back mirror, decreasing the
reflectivity of the front mirror and decreasing the
length of the cavity. Decreasing the reflectivity
of the mirror also increases the threshold current
and is therefore less desirable. Decreasing the
cavity length at first decreases the threshold
current but then rapidly increases the threshold
current.

Figure (3) shows the variation of amplitude
of laser power at relaxation frequency to that at
zero frequency with the relaxation frequency for
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two different cases. The difference between
values for two cases is too small except the
deviation toward larger difference at the lower
relaxation frequencies (ay), when we suppose
that the effective lifetime (7, coincides the
photon lifetime (7,,), which is in turn an ideal
case. As the effective lifetime being longer, the
photon inside laser cavity has much more
chances to stimulate the laser active medium to
produce much more photons, hence much more
power. This can be achieved by maximizing the
photon lifetime throughout two main parameters;
the first is minimizing the losses inside cavity,
and the second is optimizing both cavity length
and front mirror reflectivity.

0.05
teff=tph
. tph=100teff
0.04 | .
S 0.03 -
o
=
3
o 0.02 +
0.01 -
0
0 5 10 15 20 25|
Frequency (wo)x10°Hz

Fig. (3) Variation of amplitude of laser power at
relaxation frequency to that at zero frequency with
the relaxation frequency for two different cases:
equal photon and effective lifetimes (continuous
line) and effective lifetime shorter by two orders of
magnitudes than the photon lifetime (dashed line)

Figure (4) shows the variation of threshold
current density (J;;) with the number of quantum
wells in the laser structure (m). According to Eq.
(28) and Fig. (4), the threshold current density is
a constant plus a component which is
proportional to the number of quantum wells.
Threshold current density increases fast as the
number of quantum wells does within hundreds
range, whilst it keeps increasing slowly as the
number m keeps increasing through thousands.
Due to structural reasons, there is a limit for the
number of quantum wells inside laser structure
as the latter can terminate over such limits.
According to Eqgs (18) and (26), we would work
to increase the gain by increasing the carrier
density but this procedure imposes much more
wells (higher m), which increases the threshold
current density required for the optimum
performance of laser device. On the other side,
decreasing carrier density imposes decreasing
gain (g) as well as decreasing threshold current
density as the number of quantum wells (/) will
decrease too. Therefore, compensation in all

parameters mentioned above should be taken into
account to optimize the performance of the
supposed laser design.

1000 .

100 |

x10° (Alcm?)
>

Threshold current density

o
=

0.01 T
0 2000 4000 6000 8000 10000

Number of quantum wells (m)

Fig. (4) Variation of threshold current density (Js)
with the number of quantum wells in the laser
structure (m)

4. Conclusions

From the results of analytical treatments
presented in this study, the optimum
performance of multi-quantum wells lasers is
determined by several physical and engineering
considerations. These considerations can be
reduced to some parameters those are controlled
by earlier design steps. Both cavity length and
front mirror reflectivity are controlled to
determine the quantum efficiency of laser
system, hence, the effective lifetime is controlled
to maximize the laser power at the relaxation
frequency. As well, the number of quantum wells
in the laser structure is a parameter to control
threshold current density.
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In this work, results of thermal annealing of tin-doped indium oxide thin
films were presented. The effect of thermal annealing of the optical
characteristics of such films was introduced. These characteristics include
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transmission, absorption coefficient, absorption depth, type of band gap and
the dominant absorption processes. Thermal annealing may improve the

diffusion of Sn dopants in the In,0; structure and hence affect the optical
properties of the resulted structure. The Sn-doped In,0; thin films are
widely used in the optoelectronics and integrated optics architecture.
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1. Introduction

Thin films made of metal oxides have some
distinct characteristics such as good electrical
conductivity, high optical transmission in the
visible wavelengths region, good adhesion on
crystalline and amorphous substrates, chemical
stability and excellent photochemical properties.
These characteristics are originated from the
behavior of such materials as n-type
semiconductors with wide energy bandgap.
Examples of such films are indium oxide (In,O3)
deposited on glass substrate and tin-doped
indium oxide (Sn-doped In,0O3). These films are
widely wused in solar conversion devices,
photovoltaic devices and flat displays [1-3].

Too many recent and advanced applications
impose using of In,O; films with low electrical
resistance and high transmission in the visible
region. So, in order to optimize such properties,
several parameters, such as films thickness,
doping type and concentration, and deposition
conditions, should be controlled. Accordingly, a
figure of merit should be determined to introduce
the quality of the transparent conducting oxides
(TCOs) [4,5].

The electrical and optical properties of the
semiconducting oxides, like In,O;, highly
depend on the density of defects resulted from
the external doping as well as their preparation
and growth conditions [6]. Tin (Sn) is the much
suitable materials to perform the external doping
in indium oxide other than fluorine (F), chlorine
(Cl) and antimony (Sb) [7]. It is important to
control the concentration of tin dopants those
replace In,O; molecules in the lattice in order to
obtain low-resistance films. When a tin atom
replaces indium atom, it releases a free electron
inside the lattice, hence, the electrical

conductivity is increased. However, this atom
will also act as a scattering center since it is
neutral; hence, the electrical conductivity is
decreased [8].

Indium oxide films can be prepared by
several techniques, such as DC sputtering, RF
sputtering, chemical vapor deposition (CVD),
thermal evaporation and spray pyrolysis [9-13].

In this work, tin thin films were deposited on
In,O; layer then thermal annealing was
performed to obtain Sn-doped In,O; films and
enhance their optical properties.

2. Experiment

High purity (99.999) indium oxide was used
to deposit thin films on glass substrates using
vacuum evaporation system (Balzer-80) at
vacuum pressure of 10 torr. The deposited films
were about 500nm in thickness, which was
determined by the weighing method. The optical
measurements were carried out on the prepared
In,O; films then thin films of tin were deposited
over the In,O; films with different thicknesses.
The optimum results were found at 30nm Sn
film. An electronically-controlled furnace was
used for thermal annealing of the Sn/In,O4
structures. The transmission measurements were
performed within the wavelength range of 300-
90nm using GECIL GE-720 spectrophotometer.

3. Results and Discussion

Figure (1) shows the transmission spectrum
of the prepared samples of Sn-doped In,O; for
three different cases (without thermal annealing,
600K annealing and 800K annealing). The
transmittance is continuously increased with the
incident wavelength. The transmission in this
case is mainly determined by absorption
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coefficient and thickness of the sample as tin
atoms are not stimulated to diffuse inside the
In,O5 structure. Therefore, the optical properties
of the sample are fundamentally belonging to the
under-layer material (In,O3) as the thickness of
tin layer is too small to affect the transmission.

- -4 -300K
800K
80 [ — - -600K

Transmittance (%)
g

200 300 400 500 600 700 800 900 1000

Wavelength (nm)

Fig. (1) Transmittance of the prepared samples in
both cases (without annealing, at different
annealing temperatures)

In case of thermal annealing at 600K, tin
atoms are stimulated to diffuse inside In,O;
structure according to Fick’s law [14]:

- E, 1
D =D, exp( KBT) (1)
where E, is the activation energy of the dopants
(tin atoms), D is the temperature-dependent
diffusion coefficient and D, is the diffusion
coefficient at 0K

As shown in Fig. (1), in cases of annealing at
600K and 800K, the transmittance is rapidly
increased for wavelengths shorter than 450nm,
where the transmittance is slightly decreased.
The rapid increase is attributed to the effect of tin
atoms diffusion and formation of a Sn-doped
In, 05 layer. Indium oxide has too high sensitivity
to doping as its optical and electrical properties
are highly changed with the doping type and
concentration.

The transmission spectrum at annealing
temperature of 800K is clearly distinguished
from that at 600K above 480nm as the latter
(600K) is decreased to reach 57% at 900nm
while the former (800K) is slightly decreased
then slowly increased over 600nm to reach about
92% at 900nm.due to Fick’s law, the diffusion
coefficient of tin atoms inside indium oxide
structure at 600K is smaller than that at 800K.
Therefore, the electrical and  optical
characteristics may differ depending on the
diffusion depth of dopants as well as their
distribution profile inside the substrate (In,O53).

At the beginning, the Sn films did not affect
the transmission of In,O3 because tin atoms were
not yet stimulated by annealing to diffuse inside
the In,O3 structure. After annealing of In,O;
films, the effect of tin atoms diffusion and
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formation of a Sn-doped In,0; layer made In,O4
films to be high sensitive for doping.

Figure (2) represents the variation of
absorption coefficient with incident photon

energy. The absorption coefficient was
determined from the following relation:
a= —lln(T) (2)

t

where ¢ is the thickness of sample (in cm) and T
is the transmittance (%)

The different behavior of the function with
incident photon energy is attributed to the
diffusion of tin atoms those act as dopants inside
In,O53 structure [15]. As shown, there several
regions can be distinguished. In the first region
(>828nm), the absorption coefficient is increased
with photon energy to its peak at 1.5¢V
corresponding to wavelength of 828nm. In this
region, the absorption by impurities is the
dominant absorption process as the incident
photon energy is higher than impurity ionization
energy (0.025¢V) but lower than the energy
bandgap of the semiconductor. So, the absorption
coefficient is given by:

a,, =N;.o 3)
where Ny is the concentration of unionized
impurities and o is the absorption cross section,
which is dependent of temperature, concentration
of impurities and their ionization energy

15000

\,
10000 /X *\ /

5000 kN X

Absorption coefficient g (cm™)
X

hv (eV)
Fig. (2) Variation of absorption coefficient with

incident photon energy for the sample annealed at
800K

In the second region (566-828) nm, the
absorption coefficient is decreased with
increasing photon energy because the absorption
is achieved by the substrate material (In,O3) and
the dopants have no more effect on absorption
process since the incident photon passes the
region through which tin atoms diffuse to reach
indium oxide layer. This behavior is a general
feature of semiconductors with varying incident
photon energy below the cutoff wavelength. The
absorption coefficient has a minimum at 566nm.

In the third region (<566nm), the absorption
coefficient is increased with incident photon
energy as the fundamental absorption processes
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are the dominant since the incident photon
energy is higher than or equal to the direct
energy bandgap of the semiconductor (~2.6eV).
This increase is continued within the ultraviolet
(UV) region of wavelengths and a small region
of approximately constant absorption coefficient
appears within 415-434nm.

The behavior in the third region may support
the assumption that direct and indirect transitions
occur at these values of incident photon energy
with a probability depending on selection rules
those governing inter-level transitions between
valence and conduction bands as well as the
effect of tin atoms on the type of bandgap in the
semiconductor [16].

In order to determine either the direct or the
indirect transitions are the dominant, the
adsorption depth was sketched with incident
photon energy. The value of adsorption depth for
the fundamental direct absorption processes is
ranging within 100-1000nm while it is expected
to be 10m, for the indirect processes. As shown
in Fig. (3), the fundamental indirect absorption
processes are the dominant with a small
occurrence probability for the direct ones.
Thermal annealing of the prepared samples lead
to increase the adsorption depth to its maximum
(5um), after which it rapidly decreases at high
energy regions (short wavelengths).

3000

2000 ' %

1000 Xy X

Adsorption depth 1/g (cm)
*
*

hv (eV)

Fig. (3) Variation of adsorption coefficient with
incident photon energy for the sample annealed at
800K

Figure (4) shows the relation between the
function (ev)"” and the incident photon energy
(hv) and the linear function confirms that the
fundamental indirect absorption processes are the
dominant, i.e., the semiconductor has an indirect
energy bandgap. Such semiconductors are widely
used for manufacturing semiconductor lasers,
narrow-response  quantum  detectors, multi-
quantum wells structures and their devices.

However, there is a probability for the
forbidden fundamental direct absorption
processes to occur since indium oxide has a
direct bandgap of about 3.75¢V and an indirect
bandgap of about 2.6eV. Therefore, controlling
the doping of such materials make possible to
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control their optical properties to serve some
required applications. Accordingly, the doped
indium oxide is currently one of the most
important materials used for building integrated
optics those moving dramatically fast to replace
the integrated circuits together with the
enormous developments of optical
communications and their wide applications [17].

200 n=0.5

150 e

3
3

(whv)™?

1 1.5 2 25 3 35 4

hv (eV)

Fig. (4) Variation of (ahv)"? with incident photon
energy for the sample annealed at 800K

4. Conclusion

Due to the results obtained from this work,
thermal annealing lead to change the optical
properties of tin-doped indium oxide samples as
their transmission in the visible and near-infrared
regions was increased. Accordingly, the
absorption characteristics in these regions was
changed too leading to obtain an extrinsic
semiconductor in which the fundamental indirect
absorption processes dominate with lesser
probability for the direct processes to occur. As a
consequence of annealing, this material became a
candidate to serve different applications of
optoelectronics in several spectral regions. As
well, the semiconductor having different types of
absorption processes is very important in the
architecture of advanced optical communications
systems.
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Optical Properties of
Annealed Cadmium Sulfide
Thin Films Prepared by
Chemical Bath Deposition

CdS thin films were prepared by the chemical bath deposition technique.
Annealing in air at different temperatures (300, 350, 400, 450, and 500)°C at
constant time of 30min, also for different times (15, 30, 45, 60, and 90) min at
constant temperature (300°C) is achieved. The CdS films showed, on
average, 20% reflectance. The transmittance ranged between 80-92% for the
films annealed at 60 and 45 min. On average, the refractive index of the CdS
is 1.2 and the band gap is 2.4eV, the wide band gap semiconductor has a wide

range of applications in areas including photocells and other
Pphotoconductive devices.
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1. Introduction

There are many deposition techniques used to
deposit thin film semiconductors, such as
(evaporation,  sputtering, spray  pyrolysis,
chemical bath deposition). The preparation of
thin films by a chemical deposition process is
advantageous because of its simplicity, ease and
economic ability and the adjusting of the
semiconductor properties by band-gap variation,
doping, control over stiochiometry, etc., can be
accomplished with greater accuracy [1].

Cadmium sulfide (CdS), an important [2]
compound semiconductor, has a typical wide
band gap of 2.4eV at room temperature [3]. The
CdS compound semiconductors exhibit excellent
electrical, chemical and optical properties which
make them one of the promising candidates in
the field of photovoltaic energy conversion.
Direct band gap thin film cadmium sulfide has
been the subject of intensive research because of
its intermediate band gap, high absorption
coefficient, reasonable conversion efficiency and
stability [4]. Also it is used in light amplifiers,
radiation detectors, thin film transistor and
diodes [1], piezoelectric transducers, laser

Most CBD films reported are fairly
transparent to very transparent, typically between
60 and 90% transparent in the subband gap
region [7,8]. Annealing of the films increases [8]
or decrease [9] the optical transmission,
according to annealing condition and deposited
film component. The absorption edge shifts
towards lower energy region and decrease in the
band gap [5,8,9], this is due to the interference
effect in the compressed multilayered structure
formation of CdS after annealing [8] while Grecu
et al. attributed the decreasing of band gap for

annealed films at (500°C) to a possible
contamination with cadmium hydroxide as
source of (CdO) [2]. George et al. related the
decrease in the band gap in the heated films to
the grain size growth and composition change
taking place in the films [10].

The aim of this paper is study the optical
properties of annealed CdS films prepared by
CBD method. The effect of annealing at different
temperature and time is reported.

2. Experimental Work

Substrate used for deposition CdS is
borosilicate glass slides, which were first cleaned
in distilled water in order to remove the
impurities and residuals from their surfaces,
followed by rinsing in chromic acid (for one
day), to introduce functional groups called
nucleation and/or epitaxial centers, which formed
the basis for the thin films growth [11]. Then the
samples were washed repeatedly in deionized
water, and finally put in ultrasonic agitation with
distilled water for 15 min then dried.

Cadmium sulfide films were prepared from
cadmium sulfate and thiourea by chemical bath
deposition in alkaline solution. Films were
deposited on glass slides by, 30ml of 0.1M
(3CdS0,4.8H,0), 30ml NH; solution and distilled
water were mixed slowly at room temperature
with continuous stirring. Substrates were then
immersed in a beaker containing the reaction
mixture. The beaker was placed in a water bath
at temperature (80£2°C). The solution was
stirred with a magnetic stirrer type (MSH 300).
Then, it was heated with continuous stirring to
the required temperature of deposition, 30ml of
0.2M thiourea solution was then added with
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continuous stirring, and the pH measured with
pH meter (type BIBBY). Substrates were then
taken out after a suitable time; they were washed
with distilled water and ultrasonic agitation to
remove the porous cadmium sulfide over layer,
then dried. All the samples were annealed in a
furnace at different temperatures (300,350, 400,
450, and 500)°C for 30 min and different time
(15, 30, 45, 60, 90) min at 300°C.

3. Measurements

A Cecile CE 7200 Spectrophotometer
supplied by Aquarius Company was used to
record the optical transmission and absorbance
for CdS/glass thin films in the range (375—
900nm). The data from transmission spectrum
can be used in the calculation of the absorption
coefficient (a) for CdS films, according to the
following equation [13]:
a=1tml (1)

d T
where d is the thickness of thin film and 7 is the
transmission

In the direct band gap structure or direct
transition semiconductors (present case), the
absorption coefficient and optical band gap (£,)
are related by [14]:
a=(hv-Eg)" 2)
where h is Planks constant and v is the
frequency of the incident photon

The reflectance at normal incidence can be

expressed in terms of the optical constants » and
K as follows [15]:
R= (n—17+K?
(n+1)*+K*
where 7 is the refractive index
In the range of frequencies in which the films

are weakly absorbing K*<<(n-1)*, the following
can be expressed [15]:

2 1/2
=170 op 2 (R )
(n+1) (1-R"%)

Film thickness is measured by optical
interferometer method. The method is based on
interference of the light beam reflection from
thin film surface and substrate bottom. He-Ne
laser (632nm) was used for this purpose and the
thickness is determined using the formula:

a= 2 (5)

x 2
where x is fringe width, Ax is the distance

3

between two fringes and A is the wavelength of
laser light

4. Results and Discussions

The optical transmission spectra depend on
the chemical and crystal structures of the films,
and also on the film thickness and on films
surface morphology. We have found that the
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films have high transmission at long wavelengths
(70-80%), which decreases to (10%) at short
wavelengths.

Annealing of the as-deposited films decreases
the optical transmittance and the absorption edge
shifts towards lower energy region and becomes
much sharper as shown in Fig. (1).
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i T(BOMIN)
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—v— A (A0rrin)
—f— A (4 51rin|
—a (B DTN

1000

——T]dC0G)
w— T[450C)
== T(500C)
—H—A[3E0C]
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A
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Fig. (1) Optical transmission spectra and absorption
of CdS films at different annealing times (above)
and different annealing temperatures (below)

The change of annealing conditions has a
higher influence on the specular reflectance of
CdS films, as shown in Fig. (2).

In general, the energy gap values depends on
the films crystal structure, the arrangement and
distribution of atoms in the crystal lattice, also it
is affected by crystal regularity. The energy gap
(Eg) value is calculated by extrapolation of the
straight line of the plot of (ahv)® versus photon
energy for different annealing conditions as
shown in Fig. (3). The linear dependence of
(ahv)* with hv indicates that the films have direct
band gap. Figure (3) shows the effect of
annealing conditions on band gap, where the
band gap value is estimated by extrapolation of
the straight line of the plot of (ahv)’ versus
photon energy. The annealed samples show a
relative decrease in band gap with both annealing
temperature and time. These results are
consistent with the previously published results
[10] in which the decrease in the band gap of the
annealed samples was attributed to the grain size
growth and composition changes taking place in
the samples by CdO. Conversely, Archbold [16]
attributed his results to either the phase transition
from the cubic-to-hexagonal, or a reduction in
strain within the film structure.
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Fig. (2) Optical reflection spectra of CdS films at
different annealing times (above) and different
annealing temperatures (below)
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Fig. (3) Plot of (ahv)® versus (hv) at different
annealing times (above) and different annealing
temperatures (below)

Variation of the extinction coefficient with
wavelength shown in Fig. (5). The linear
relationship indicates sharp increase in the
absorption with increasing wavelength. This
conforms to the relation:
k=% 6)

4z
where K is the extinction coefficient and « is the
absorption coefficient
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Fig. (5) Variation of extinction coefficient (K) with
wavelength (1) at different annealing times (above)
and different annealing temperatures (below)

The refractive index (n) is the range of
frequencies in which films are weakly absorbing.
Figure (6) shows the variation of refractive index
of CdS with wavelength. Refractive index of
CdS is nearly equal to 1.2, which means that
electromagnetic radiation is 1.2 times slower in
the films than in the free space.
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Fig. (6) Refractive index (n) as a function of
wavelength (1) at different annealing times (above)
and different annealing temperatures (below)
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The values of dielectric constant (g.) and
optical conductivity (o) have increased from the
minus values in low energy regions to peak
values at 2.4eV in the higher energy region and
then decreased to low values in the same regions.
The dielectric constant (&) and optical
conductivity (o) are shown in Fig. (7) and (8).
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5. Conclusion

CdS thin films were successfully deposited in
an alkaline medium using the chemical bath
technique. The disparity between the properties
of the films as grown and those annealed at
higher temperature is a result of grain size
growth and composition changes taking place in
the samples by CdO. On average, CdS films
show a reflectance in the range (5-20%) in the
near infra-red region. They also have refractive
index of 1.2 and band gap of 2.4eV.
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1-1:DUV, EUV Lithography and Metrology

This session focuses on DUV, EUV, Immersion
Lithography, and Computational Lithography including
OPC, SMO, DFM. In addition, Metrology such as SEM
and Scatterometry is included.

1-2:Electron- and lon-Beam Lithography

Electron and ion beam technologies such as lithography,
metrology, inspection and repair tools. Other related
technologies using charged particle beams are also
welcome.

1-3:Resist Materials and Processing

Resist materials(EUV, immersion, double patterning,
DUV, EB, X-ray, multilayer, inorganic, molecular glass
etc.), antireflective coatings, polyimide, adhesive, and
other materials related to lithography. resist processes
(PEB, development, rinse, resist removal, etching
etc.)characterization, line edge roughness, trade-off
problem, outgassing, modeling and simulation of resist
process (exposure, acid diffusion, development etc.).
materials and processes for the production of flat-panel
display, photonics devices, and electronics packaging.

2-1:Nanodevices

Nanodevices and related technologies targeting more
Moore, more than Moore and beyond CMOS; next-
generation Si and compound semi conductor-based
FETs, graphene FETs, 1D FETs such as nanowire FETs
and carbon nanotube FETs, quantum dot devices, and all
other nanodevices utilizing nanostructures and
nanomaterials such as inorganics, organics, and
molecules. Novel-concept devices utilizing nanostructures
and nanophysics are also welcome.

2-2:Nanofabrication

Fabrication of nanostructures. Fabrication techniques
such as scanning probe techniques, self-organizing
techniques, etc. Physics and chemistry in nanofabrication
processes. Etching, deposition, and related subsurface
processing using photon, electron- and ion-beams,
plasma, and thermal energy. Emerging technologies are
also welcome.

2-3:Nanomaterials

Theory, properties, characterization and application of
nanomaterials such as quantum dots, nano-particles,
nanowires, carbon nanotubes, fullerenes, organic,
molecular, and biomaterials. Materials prepared by self-
organized or bottom-up approach are also included.

2-4:Nano-Tool

Nano-electromechanical system (NEMS), Nano-
mechanics, Nanometrology, Metrology and repair for
nanosystem, Novel observation and fabrication methods
based on microscopic techniques, such as scanning
probe microscopy (SPM), scanning electron microscopy
(SEM) and focused ion beam (FIB).

3:Nanoimprint, Nanoprint and Rising Lithography
This session focuses nanoimprint system, process,
material, applications and related inspection and
metrology. Other novel nano-patterning technologies are
also included. This session focuses nanoimprint system,
process, material,applications and related inspection
and metrology. Other novel patterning technologies are
also included.

4:Bio MEMS, Lab on a Chip

Micro/nano electromechanical devices (M/INEMS) are
now widely applied to biochemical, medical and
environmental fields and a new research field called y-
TAS or Lab. on a Chip is expanding. Fusion of
microelectronic devices with materials and methods in the
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