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Abstract

Zinc phthalocyanine (ZnPc) is a promising candidate for solar-cell applications,
because it is easily synthesized and is non-toxic to the environment. In the visible
region of the c¢lectromagnetic  spectrum, antimony(Sb) doped zinc
phthalocyanine(ZnPc) thin films exhibits a good absorption, it can be very useful in

the devicees for the conversion of solar energy.

Zine phthalocyanine {ZnPc¢) were deposited on Indium tin oxide (ITO) coated glass
after doping with Antimony (Sb) through Physical Vapor Deposition {(PVD) technique
(heat resistive high vacuum ¢vaporation). The Sb doping percentage was confirmed
by Lnergy Dispersive X-ray spectroscopy (EDX) then different characterizations were
caricd out including, clectrical characterization for 1-V  curves, optical

characterization by UV-VIS transmission spectroscopy and Morphological analysis.

With the increasc in antimony contents from 0% to 3.27% as verified by EDX,
increase in current from 1.85x107°A to 4.85x107A at 2.80x10™'V has been studied by
[-V results which show the increase in conductivity. Schottky type dinde was found.
The band gap was decreased (from 1.86ev-1.58¢v) and absorbance range increased

{{rom 140nm to 240nm) as shown through optical characterization.
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Chapter |

Introduction

[For more than a century, semiconductors have been known and experimented by the
people, and arc being used throughout that time. However, the real impact of
semiconductors on our lives was really fully realized during the beginning of the
Information Age. Desklop PCs, laptops, home appliances, smart phones and all of the
other things that make life so easy thesc days arc all dependent upon semiconductor
wechnology. Without semiconductors, the life would rescmble the Industrial Age,
when (he amazing tcchnology was light bulbs in the world.

One of the important technologics where semiconductors are being used now is the
tcehnology of conversion of solar encrgy into clectricity. As we know that the demand
ol energy in the world is going on higher sidc with the increase of the population. We
also know that fossil fucls are the major energy source in the world today. But some
scrious cnvironmental problems like air pollution ete are linked with the energy
production [rom fossil fuels. Carbon monoxide, sulphur dioxide, nitrogen dioxide,
Carbon dioxide cte. arc some of the gases that arc released by fossil fuels that can
have severe conscquences on the habitats. These fossil fuels once are utilized, it won’t
be available. There arc limited sources and they are depleting very fast.

‘The solution of the above problems is renewable energy for which a lot of research
work has been conducted and much more is required. One of the important sources of
rencwable encrgy is the solar energy. Solar energy is a sustainable resource for energy
consumption and for an indeflirite period it is renewable. The history of solar power is
very old; alier the photovoltaic effect observation of Alexandre Edmond Becquerel
vid an clectrode in a conductive solution exposcd to light. Since the first deput of solar

technology in 1954, it has evolved a lot. At that time, a silicon solar cell with 4

]



percent clficicncy was first produced by Bell Telephone Laboratories. Since then
rescarchers have been working for improving the efficiency and to decrease the cost.
Hundreds and thousands of solar cells make a solar PV array that converls sunlight
into electricity. Morc cfficiency has been achieved but there is a nced of new
technology to boost this light capture and conversion with much more efficiency.
Photovoltaic (I'V) tcchnologics for solar emergy conversion represent promising
rolles to green and rencwable encrgy gencration. Despite relevant PV technologies
being availahle for more than half a century, the production of solar encrgy remains
costly, largely owing to low power conversion efficicncies of solar cells. The main
difficulty in tmproving the efficicney of PV encrgy conversion lies in the speetral
mismatch between the energy distribution of photens in the incident selar spectrum
and the bandgap ol a scmiconductor material[1].

Photovollaie cells fabricated with organie semiconductors have attracted considerable
atlention because of their tlexibility in varying their electrical and optical propertics,
and in gencral they can be more ¢asily fabricated than any inorganic photoveltaic
cells. Also organic semiconductors are promising materials for other optoelcetronic
applicalions such as light-cmitting diedes (LEDs) and optical switches [2].

Organic  materials have polential advantages for use as active layers in
clectroluminescent displays as well as photoclectric and sensor devices, becausc they

ar¢ casily process able in low cost and large area device fabrieation [3].

1.1 Semiconductors

Semiconductors arc being used cverywhere, The computers are controlled by
semiconducters to study and te conduct businesses also the communication devices
such as phones and mobiles, the transport like cars and planes, the hospital
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cquipments uscd to diagnosc discase, the syslems used by military for protection of
the people, and the gadgets for entertainment such as iPods, TVs and Videogames.
These latest developed technologies are not possible without semiconduetors.

(sually scmiconductor is a solid material which conducts electricity under particular
conditions. The cleetric conductivity {akes placc betwcen conductor and tnsulator,
The conductivity ol a scmiconductor is somewhat directly proportional to the
temperature that is, incrcases with increasing temperature. This act is quitc
contradictory to a mctal. Onc of the main properties of semiconductors is effective
magnitudc ol cnvironment spccifically passing current in one direction is more
smooth and {luent than the other. As the conductive behavior of a semiconductor can
be altered by the regulating the increasing amount of impurities or by electrical fields
utilization or changing the brightness, semiconductors are very practical instruments
lor sipnals magnilication, switching, and energy preservation.

In a scmiconduclor the flow of current takes place by free electrons and "holes”,
conjointly admitted as charge carricrs. Impure atoms or impuritics can be accumulated
to 4 scmiconducting malerial, the process known as "doping”, and the resulted in raise
of the number of charge carriers incredibly inside it. Semiconductor can be either a p-
typc or n-type depending on the doped semiconductor, if it compriscs of surplus holes
it is known as "p-type”, and when it consists of plenty of free electrons it is known as
"n-lypc". The position and concentration of p- and n-type dopants can be checked
accurately in the doped semiconductor in any instruments as the doped semiconductor
used, is prepared under greatly regulated environment. Various p- and n-type areas
can be found in a single semiconductor crystal; the p-n junctions betwcen these fields

have abundant functional clectronic characteristics.



The main features relating to a PN junction arc its Depletion width, Barrier potential,
donor concentration, clectric ficld, ideality factor, etc. Thesc factors differentiate one
type of diode from other. Among other onc type of these diodes is metal
scmiconductor junction, which is also commonly admitted as Schottky diode or

Schettky barricr.

1.2 Schofttky diode

A German physicist Walter H. Schottky invented Schottky diode also known as hot
carricr diode, the diede is thercfore named after him. The Schottky diode,basically has
a very small progressive voltape drop and a very rapid switching activity. The cat's
whisker detectors are known as the original basic Schottky diode that was employed
m the carly power applications in the beginning days of wireless and metal rectifiers.
A very limited voltage drop occurs across its terminals, when forward current passes
over a solid-statc diode. A conventional voltage drop of 0.6-0.7 V in silicon diode
happens, whercas a voltage drop of 0.15-0.45 V happens in Schottky diode. Due to
this particular property of the lower voltage drop, a Schottky diode can be used to
give rapid switching speeds and better structural efficiency.

Between a metal and a semiconductor, there is a junction establish called a metal
scmiconductor, dcveloping a Schottky barricr as compared to the original
conventienal diedes where there is semiconductor-semiconductor junction formation
takes place. Molybdenum, platinum, chromium or tungsten, and certain silicides
particularly pailadium silicide and platinum silicide, are the conventional metals
cmployed, while the n-type silicon semiconductor is common. In this case metal

would able to show the anode property while the cathode will be n-type



semiconductor of the diode. This Schottky barrier produced in both very rapid
swilching and low [orward voltage drop.

It is possible (o design a junction having properties similar to those of a PN Junction
by bonding Al te suilably doped N-Lype silicon. The junction that results is termed as
a mclal-semiconductor (MS) Junction. Like a PN junction, the MS Junction express a
low resistance to current flow when it is forward biased and a high resistance when
reverse biased. A depletion region and a barrier potential are settled in a metal-
semiconductor junction by a mecthod identical to that explained for PN junctions,
cxcept in thus case carrier diffusion consists only of electrons diffusing from the
scmiconductor to the metal. The electrons concentrate at the metal surface and the
depletion region obtained only in the semiconductor side of the junctions.
Mctal-semiconductor junctions are able to behave morc rapidly than their PN
counterparts because only majority carriers (electrons in the N-type silicon) are
cngage in the process. Diodes build and employed this way are called Schottky barricr
diodcs, or commonly Schotiky diodes. A metal-semiconductor junction with Schottky
diode properties can also be made by connecting gold (Au) to P-type germanium. This

device is called a gold bonded diode and reacts very quickly in switching operations.

1.3 Organic semiconductors

Organic semiconductors arc a novel materials class which has recently been
investigated in detail due to the very promising applications possibilities. In contrast
10 the classical inorganic semiconductors, which are usually used in single-crystalline
forms, organic semiconductors consisting of either oligomer or polymer chain
molecules arc typically deposited as thin films on large areas leading to amorphous or
polyerystalline structures. Sincce flexible and transparent subsirates can be used,
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organic clectronics open many new application and integration perspectives. With
contributions from chemistry, physics, and cngincering, organic scmiconductors are

an archetype for an interdisciplinary ficld {41.

1.4 Orbital structure in organic scmiconductors

The orbital structure is usually characterized by their well-built bonding i.e. ionic and
covalent bonding between atoms in the lattice. Thercfore the transportation of charge
can cllortlessly be taken place through a strong interaction of overlapping atomic
orbital in a hlocked structure, By the help of double and single bonding we can
distinguish the molecular structurcs of organic semiconductors. Due to the =«
conjugation, the molecules illustrate their semi conducting calegorization. As per
valance bond theory the n conjugation 1s the vacillation of single and doublc bonds. It
is also cxplained on the basis of Molecular orbital theory which states that (the atomic
orbilal are collective to form the same amount of molecular orbital. When the orbital
over and bond is formed energy is gained. In case of o-bond, the atoms grasp jointly
duc to the lowly encrgy of molecular orbital.

Carbon atoms enclose four valenee clectrons in their atomic orbital; 2s, 2px, 2py and
2pz. These orbitals hybridize in the configuration of a 6- bonds. Whereas the charge
density is symmetrically spread in the shape of two band type layers beneath and over

the molceular planc as shown in the figures below.












Many kinds of phthalocyanincs, such as metal-free phthalocyanines and
phthalocyanincs witl various metals have been synthesized and are now utilized in a

wide variety of fields like solar cells [4, 6], organic electronics [7], ete.

Phthalocyanine (Pc¢) compoundshave attracted much attention because they have
cnormous potential for applications, such as semn conducting devices, photovoltaic

and solar ccll, gas sensors, and optical recording [8]

1.6 Zinc Phthalocyanine (ZnPc)

Zinc phthalocyanine (ZnPc) is a promising candidate for solar-cell applications,
because it is easily synthesized and is non-toxic to the environment. Recently,
pithalocyanine {Pc) was considercd by many rescarchers as the active part in all-

organic solar cells, i.c. plastic solar cells [5].

Hecal treatment of ZnPc samples had great influence on the electrical parameters. The
adsorbed oxygen molecules in [reshly prepared samples were responsible for lower
holc mobility and higher charge carrier concentration. On the other hand, prolonged
heating of the ZnPc films at 425 K resulted in lower defect state density, and thus
reduced trap concentration and higher charge carrier mobility, Moreover, Passard et
al. observed thal on oxidation of phthalocyanine molecules the generated excess holes
would be hampcred from hopping to neighboring neutral molecules and therefore
resulting in & lower mobility. This effect is more likely 1o occur when the dopant
concentration is atleast 50% of phthalocyanine molecules are oxidized. It is evident

that more work is nccded to explain the variation of electrical parameters and
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conduction processcs with sample preparation conditions, heat treatment conditions

and types ol ¢lectrodes, Ohmic or non-Ohmic contacts.[9]

Thin films of zinc phthalocyanine (ZnPc) is also a good candidate for sensors,
Sukhwinder Singh, G.S.S. Saini, S.K. Tripathi investigated ZnPC for sensors.These

films have been studicd as chemical sensors such as methanol and ammonia[10].

A new zine phthalocyanine, ZnPe 1, bearing six bulky ferf-octylphenoxy groups in
pcripheral positions, acting as pushing moicties, and an clectron-withdrawing
carboxyphenyl append, acting as anchoring unit to bind TiO; surface, has been
synthesized and characterized. ZnPc 1 has been employed as sensitizer in dyc
scnsitized solar cclls, showing, in all cascs, modest conversion efficiencies without
the use of co-adsarbents [11].

One of the well-known orpanic semiconductors arc phthalocyanines which are
suitahle for use in photovoltaic devices since theirphysical and chemical stability is
very high. A numbcr of studies of functional properiies of organic serniconductors
have recenily been carricd out concerning both basic and application aspects.
Phthalocyanines are onc group of such materials, of which optical, clectronic and
photoclectronic properties are being extensively investigated [12].

For applications ol photovoltaic, zin¢ phthalocyanine (ZnPc) (C32H16N8Zn) is a
promising candidate of organic scmiconductor.

ZnPe was also used in Ternary organic photovoltaic devices. ZnPc acted as an
electron cascade material, providing an cfficient cnergy level offset between the

polymeric donor and the fullcrence derivative acceptor, enhancing charge transfer,
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rcducing cxcilon recombination and thus improving the photovoltaic performance of
the devices[13].

7ZnPc was also used in the vertical thin film phototransistor and due¢ to the photo-
sensilive characteristic of ZnPe, it has a belter current amplification e¢ffect under
llumination[14].

ZnPe can be used in many applications. ZnPc nanocubes can act as potential
candidate for clectron cmitter for field emission display devices and many more [15].
Doping of zinc phthalocyanine (ZnPc) with antimony (Sb} causes in modification of
clectrical and optical properties of zinc phthalocyanine (ZnPe) including conductivity

and resistivily which can better perform in solar cells.

1.7 Problem Statement

l'or the usage ol renewable encrgy through conversion of solar energy, Photovoltaic is
the most suitable candidate in this ficld. This technology is being used for more than 5
decades but the efficiency of converting the solar energy still requires a lot of
improvement. The spectral mismatch between semiconductor’s bandgap and incident
solar spectrum’s energy distribution of photon is one of the most challenging tasks in

the rescarch of photovoltaic efficiency improvement.

Also at present low intensity of light environment and higher environmental
tempcerature reducces the etficiency of the material used in photovoltaic cells; therefore
10 overcome these problems, a modified material is requircd whose electrical and

oplical propertics should be enhanced for efficiency improvement.
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In the visible region of the cleciromagnetic spectrum, antimony(Sb) doped zinc
phthalocyanine(ZnPc) thin films exhibits a good absorption, it can be very useful in
the devices for the conversior of solar energy. The clectrical propertics and the optical
propertics such as bandgap of zinc phthalocyanine (ZnPc) can be modified with the
help of antimony (Sb) doping to a level where the absorption of light is maximum

which can result in the improvement of solar cell efficiency.,

1.8 DProposed Solution

‘The main objective is the introduction of a modilied organic semiconductor doped
with a matcrial. Also it includes the study of the trend of optical band gaps energy and
the clectrical propertics and CV characteristics for different concentration of
Antimony (Sb) doped with zinc Phthalocyanine (ZnPc) comparing to pure ZnPe.

Morcover, morphology has also been examined.

1.9  Thesis Layout

This thesis compriscs of four chapters. Introduction of the research work, the problem
statement as wcll as the proposcd solution are given in chapter 1. In chapter 2,the
cxperimental work done in fabrication and characterization of Antimony (Sb) doped
zine Phthalocyanine (ZnPc¢) thin film is explained. In chapter 3, results and
discussions have been presented. in chapter 4, conclusion of the present work is

described.
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2,2 The Vacuum systems for deposition

Zinc Phthalocyanine (ZnPc¢) thin films doped with different weight percentage
concentration ol antimony (Sb) were pasted on [TO substrates and on glass substrates
by using H.R high vacuum system{A 550V).Quartz micro balance (Gold crystal
sensor) inside the chamber was used to observe thickness of deposited thin films.

During deposition process, the base pressure was maintained at 4x10™ mbar.

2.3 The substrate of I'TO for Device Assembly
For the fabrication of hybrid devices, 1TO substrates were provided by PCRET,

[slamabad.

For fabrication of thin film devices,[TO coated glass is widely used as substrate due

lo its 1wo main characteristics i.e. oplical transparency and electrical conductivity.

ITO is tin oxide heavily doped with indium which makes it n-type with the band gap

of about 4cv [16].1t is transparent in the visible region of the spectrum.

ITO is broadly used in nanotcchnology to fabricate solar cells. ITO based Solar cells

arc best because of their flexibility, cost effectiveness, light weight [17].

2.4 Antimony (Sb)

Antimony with symbo! Sh is a chemical element with atomic number 51. A lustrous
gray metalloid, found mainly in nature as the sulfide mincral stibnite, Its electron
conlipuration is [Kr| 4d105525p3 and was discovered in 3000 BC. Tts atomic mass is

121.76 u+£ 0.001 u and its melting point: 630.6 °C while the boiling point is 1,587 °C
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Chapter 3

Results And Discussions

The complete aspeet correlated to the characterization modes applied for the
investigation of different parameters for depositing thin films e.g. morphological
analysis with the help of EDX and SEM, electrical characterization ie. I-V and J-V

characteristics and optical characterization has been discusscd in this chapter.
3.1 Encrgy Dispersive X-ray Specetroscopy (EDX)

For the morphological analysis of Zinc Phthalocyanine (Pure) and Zinc
Phthalocyanine doped with varying mass percentage concentration of Antimony thin
{ilms SEM (ficld cmission scanning electron microscope) was done using MIRA3
TESCAN modcl. It opcrates at accelerating voltage of 0.2 to lkv and very high

resolution images were produced.

We could sce the change in weight percentage and atomic percentage of Sb in ZnPc
thin film with the help of EDX. The images and tables below are showing all the
clements including antimony (Sb) present in thin film with its weight percentage and
atomic pereentagpe in the [ve different samples of Zine Phythalocyanine (ZnlP'c) which

were prepared,

The EDX results are discussed including images and tables in forthcoming pages.
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Figure 3.1: Reference Sample

The above figure 3.1 of the pure reference sample, was prepared with the help
of EDX which shows the peaks of all the elements in the sample. It is evident from
the result that no Antimony (Sb) is present. Below is the table 3-1 showing the weight

percentage and atomic percentage of the elements in the reference sampie.

Element | Weight%  Atomic%
NK 15.10 21.35
OK 34.82 43.11
Na K 8.32 7.17
MgK 1.97 1.61
AlK 0.70 0.51
SiK 33.03 2329
SK 0.22 0.14
KK 0.37 0.19
CaK 5.08 2.51
ZnK 0.38 0.12
Totals 100.00

Table 3-1: Weight and Atomic percentages of the clements in referenee sample

25



i 1.61 °5 Sb

I
o

4
-—
=

u.l Scale BB50 cts Cursor, 0.000 ke\/{

Figure 3.2: Peaks of Sb (1.61%)

The above figure 3.2 is of the doped ZnPc sample with antimony showing
peaks of the elements. From the details listed in the table 3-2, it is evident that the

weight percentage of Antimony (Sb) is 1.61% and the atomic percentage is 0.29%.

Element | Weight?%  Atomic%
oK 40.92 5535
NaK 8.34 8.04
Mgk 2.44 217
AlK 0.59 0.48

SIK 39.10 30.13
CaK 6.20 3.35
InK 0.60 0.20
SbL 1.6l 0.29
Totals J 100.00

Table 3-2 Weight and Atomic percentages of all elements in 1.61% Sb sample

After adding 1.61% weight percentage of Sb, the bandgap was decreased to 1.73 from

1.86 ev.
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Figure 3.3: Peaks of Sh (2.5%)

The above figure 3.3 from the EDX shows the peaks of elements in Sb 2.5%

sample, From the details mentioned below in table 3-3, it is evident that the weight

and atomic percentage of antimony has increased to 2.5% and 0.40% in the ZnPc thin

film. The energy bandgap was also decreased to 1.651 ev.

Element
oK
Nak
AlK
CaK
ZnK
SbL

Totals

Weight%  Atomic%

61.82 74.27
21.88 18.29
2.56 1.82
10.33 495
0.92 0.27
2.50 0.40
100.00

Table 3-3: Weight and Atomic percentages of the elements in 2.5% Sb sample
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Figurc 3.4: Peaks of Sb (2.9%)

The above figure 3.4 from the EDX showing the peaks and the table
mentioned below is showing the quantity of elements where we can see that the
weight percentage and atomic percentage of antimony has increased to 2.9% and

0.47%.The encrgy bandgap was 1.620 for this sample.

Element | Weight%  Atomic%
NK 21.54 30.18
oK iLT2 3892
Na K 131 6.24
AlK 0.41 0.30
SiK 30.40 21.25
KX 018 0.09
CaK 4.76 2.33
ZnkK 0.78 0.24
SbL 29 0.47
Totals 100.00

Table 3-4;: Weight and Atomic perecatages of the clements in 2.90% Sb sample
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Figurc 3.5: Pcaks of Sb (3.27%)

The above figure 3.5 and the below table 3-5 from the EDX, shows that the
welght percentage and atomic percentage of antimony has increased to 3.27% and

0.59 in the ZnP:Sb thin film.

Element | Weight%  Atomic%
0K 39.37 54.33
NaK 8.56 8.2
Mg K 234 2.12
AlK 0.57 0.47
SiK 38.60 30.36
KK 0.30 0.17
Cak 6.34 3.49
ZnK 0.65 0.22
SbL 3.27 0.59
Totals 100.00

Table 3-5: Weight and Atomic pereentages of the elements in 3.27% Sb sample
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Badge Weight Thickness of ZnPe Bandgap
Samplc
No %%age of Sb (nm)
1 ZnPc (Reference) 0 200 1.86
2 ZnPc: (1.61)%Sb 1.61 200 1.73
3 ZnPc: (2.5)%58b 2.5 200 1.651
4 ZnPc: (2.9)%Sb 2.9 200 1.620
5 ZnPc: (3.27)%Sb 3.27 200 1.58

Table 3-6: Optical Band gapes

This band gap decrease can be attributed to the fact that after adding the Sb in ZnPc
the interstitial states were introduced and hence increased the absorption of more and
morc photons, which results the widening of absorption window, which has been

observed in the results as shown in figure 3.13
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Chapter d

Summary And Conclusion

Zinc phthalocyanine (ZnPc) is a promising candidate for solar-cell
applications, becausc it is easily synthesized and is non-toxic to the environment. In
the visible region of the clectromagnetic spectrum, antimony(Sb) doped zinc

phthalocyanine(ZnPc) thin films exhibits a good absorption.

In this study, antimony (Sb) with different weight concentration doped with
Zinc Phythalocyanine (ZnPc) thin films was sublimated on ITO coated glass
substrates by heat resistive high vacuum evaporation system. Five samples were

prepared by varying the thickness of antimony.

Different characterizations of fabricated ZnPc:Sb thin films were then
performed. The doping percentape was confirmed by Enerpy Dispersive X-ray
spectroscopy (EDX). Through clectrical characterization the current density and
voltage characterization were calculaled. By optical characterization, transmittance
pereentage and wavelength were recorded for the caleulation of absorbance window
and optical band gaps. For morphological analysis, SEM (ficld emission scanning

cleetron microscope) was done.

I'rom all the above charaeterizations, the results of ZnPe¢ thin films doped with

varying weight concentration of Sb arc mentioned below:
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Energy Dispersive X-ray spectroscopy (EDX) results have shown that the
weipht percentage of antimony (Sb) contents in the samples are 0%, 1.61%,
2.5%, 2.9% and 3.27% and the atomic percentages in the samples are 0%,
0.29%, 0.40%, 0.47% and 0.59% which confirms the doping of antimony (Sb)
contents in ZnPc.

Current Voltage (IV) results, recorded by varying the voltage from -0.3v to
0.3v, shown that the conductivity increascs with the increase antimony (Sb)
contents in Zinc Phthalocyanine (ZnPc) thin film.

The conduction mechanism was confirmed by plotting the graph of Log(J)
against Log(V). Slope of the graph was calculated as less than 2 which shows
that the conduction mechanism is Schottky type.

The praph between (transmittance and wavelength (nm) shows that the
absorbance window is increased from 140nm to 240nm with increasing
amount of Sb contents in ZnPce thin film. This increase in absorbance window
was calculated by plotting the graph and then by drawing intercepts on
wavclength axis.

linergy bandpap calculated by plotting the graph between E, and o’ shows that
optical band gap is 1.86ev, 1.73ev, 1.651ev, 1.62¢v and 1.58ev in the samples
as thc antimony (Sb) contents increased from 0 to 3.27%, showing the
intermediate states development in the sample. This band gap was measured
on cach sample values by first plotting the graph of E; and a”and then taking

the intercepts on encrgy axis.
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The morphological analysis of the SEM micrographs shows the shapes of the
particles were spherical and the average size was decreased as Sb weight
percentage increased from 0% to 3.27% in ZnPc thin film.

From the ebove stated results it can be concluded that antimony (Sb) doping in
Zinc Phthalocyanine (ZnPc) thin films increases the absorption and
conductivity and decrcases the bandgap which made it a good candidate for

solar ce¢ll applications.
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