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Abstract

In this thesis, we attempted to alter the structural, optical and dielectric properties of
ZnPC thin films through establishing a transparent metal surface that interacts with the
organic material pthalocyanine (ZnPC) to form Plasmon-electron interacting media. For
this purpose, the ZnPC thin films are coated onto glass, Yb, Au and Mn substrates of 150
nm thicknesses. The films are structurally, morphologically and optically analyzed. It was
observed that while the Mn and Au substrates forces amorphous nature of growth of
ZnPC films, the glass and Yb caused the growth of monoclinic phase of pthalocyanine.
The Yb substrate increased the crystallite size and decreased the micro strain, dislocation
density and stacking faults. Optically, ZnPC films exhibit strong absorption bands in the
high and low energy range of spectrum. It is observed that while Mn substrate motivated
the formation of wide band tails, Au and Yb formed narrower band tails. One result that
is worthy of consideration is that the Mn substrate successfully increased the light
absorbability by 21 times compared to Au and Yb substrates which increased the light
absorbability by five and three times near 2.5 eV, respectively. Estimations of the effects
of the metal substrates on the energy band gap have shown that these metals don’t
strongly affect the energy band gap. On the other hand, while the dielectric response at
high frequency is not affected by the presence of metals, the dielectric spectra in the
infrared range is enhanced by 37.3%, 57.5% and 181.95% when ZnPC was coated onto
Yb, Mn and Au substrates, respectively, near 1.10 eV. The modeling of the imaginary
part of the dielectric spectra assuming the validity of Drude -Lorentz model has shown
that the metal substrates improves the drift mobility from 0.46 to 7.49, 6.86 and 7.50

cm?/Vs when films were coated onto Yb, Au and Mn. While the Yb substrates decreased



vi

the Plasmon frequency, the Au and Mn substrates highly increased it to levels that make

it more appropriate for optoelectronic technology applications.

Keyword: electron-Plasmon frequency, absorbability, drift mobility, Yb, Mn, dielectric,

X-ray.
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Chapter One
Introduction and literature survey

Nowadays, organic materials attracted the attention owing to the smart properties that they
reveal. For example, metal pthalocynine (MPC) compounds (C32H1sNsM) captures the
focus due to their thermal stability and high molecular symmetry [1]. They are sources of
forming many compounds based on the metal that they are composed of such as: Mn, Co,
Pt, Pb, Cu, Fe, Ni and Zn [2-5]. MPC were reported to be used in the fabrication of light
emitting diodes (LED), field effect transistors, photovoltaic, memory, solar cells and
sensors devices [6-10]. Zinc pthalocyanine (ZnPC) is one of the most important organic
materials. Copper pthalocyanine (CuPC) were mentioned to have a large performance as
memory devices. By introducing CuPC thin films between gold (Au) and indium tin oxide
(ITO) layers they produced a high current on/off ratio of 10® and high current stability that
indicated the possibility of using it as memory devices [8]. However, the reason beyond
mentioning the CuPC films as an example, is that CuPC can be regarded as the closet to
ZnPC due to the similar structures that both metals have. The atomic number of Cu and Zn
are 30 and 29 respectively [1], so that ZnPC can have the same results that CuPC revealed.
Moreover, ZnPC is widely used in solar cell applications due to the easy synthesizing and
non-toxic properties [11]. Previous investigations of sandwiching ZnPC between Au and
Aluminum (Al) layers have shown an enhancement in dielectric performance. In that study
a large range of temperature and frequency measurements in the range of 93-470 K, and
0.1-20 kHz, respectively, were included. It was reported that the temperature and frequency

affected the response of the dielectric constant greatly. Enhancing the dielectric constant



value make ZnPC suitable for fabrication of organic solar cells [12]. Furthermore, the high
absorption coefficient that ZnPC displayed makes it preferable for photovoltaic applications
[11], It was also mentioned that ZnPC exhibit an absorption coefficient values larger than
that of ZnSe [13]. A thin layer of ZnPC between (ITO) and lead pthalocyanine (PbPC) has
shown an improvement in the light absorbability also and in the hole carrier at the ITO
electrode. It leaded to an increase in the power conversion efficiency (PCE) to 1.95 % [14].
Other works that concern with ZnPC photovoltaic properties used ZnPC:Csp onto ITO
substrates. This deposition has shown an enhancement in the PCE and makes it reach 3.9 %
[15].

MPC thin films were reported to be polymorphic [16], and exhibited o, f and y phases. The
a- phase represents a monoclinic structure and B could be orthorhombic, tetragonal, or
monoclinic at room temperature. y-phase is still remain to be not well understood [17]. A
transformation from a — P phase [17] can occur by annealing process or a suitable
substrate temperature. An investigation on ZnPC to study the phase transformation for both
annealing and substrate temperature were carried out [18, 19]. ZnPC films have two
absorption bands named Q and B-bands. Which result from n—n* transitions [20]. ZnPC
also were found to show direct and allowed transitions with energy band gap value of 1.97
eV [11]. Moreover, an important feature of ZnPC films has shown that the microcrystalline
films of ZnPC provide longer diffusion for the exciton formation than nanocrystalline films
[13]. On the other hand, ZnPC is reported to be defective material. The dislocation density

exhibited values of 1.03x10'* line/cm? for film of thicknesses of 750 nm [6].



Various methods were used to produce ZnPC films such as organic molecular beam
deposition (OMBD) [21], STM [22] and physical vapor deposition (PVD) [17]. ZnPC
which were prepared by OMBD were coated onto silicon substrates [21]. Other works
prepared ZnPC by STM technique. The films were kept at room temperature in ultra-high
vacuum (UHV) using STM (JEOL-JAFM-4500XT) equipped with a preparation chamber
[22]. In addition, the physical vapor deposition technique was widely used for preparation
of ZnPC. For example, it was reported that cleaned glass was used to evaporate ZnPC by
thermal evaporation technique under a vacuum of 10 mbar at room temperature [17].
Based on the above features, here in this work we target the deposition of ZnPC films onto
transparent metal substrates ytterbium (Yb), gold (Au) and manganese (Mn) using the
thermal evaporation technique under vacuum pressure of 10~ mbar. The produced films are
subjected to X-Ray diffraction to investigate the structural properties. In addition, the
ultraviolet-visible light spectroscopy will be used to analyze the optical and dielectric
performance of these Yb, Ay and Mn/semiconductors interfaces. Moreover, some computer
simulations will be carried out to explore the optical conductivity parameters of the
structure. Fortunately, no literature data were observed about Mn and Yb/ZnPC interfaces,
and we aim to enrich the literature about them.

This thesis will include five chapters, chapter one will be an introduction about the current
work. Chapter two is a theoretical background of our calculations and basic mathematics
we employ to analyze the results. Chapter three is the experimental details of how these
thin films and interfaces are designed and characterized. Chapter four shows the achieved

results and discusses the observations. It reports the properties that we reveal and the



advantages we discovered in the films and chapter five is the conclusion of the work

followed by the references.



Chapter Two

Theoretical background
2.1 X-ray diffraction
X-ray is an electromagnetic wave similar to the visible light with shorter wavelength [23].
X-ray diffraction is a technique used to discover the crystal structure. The diffraction of a
monochromatic plane wave from a matter can be produced by scattering of the individual
atoms to the incident waves and the interference of theses scattered waves [24].
2.2 Bragg’s law:
The crystal structure is studied by the diffraction of high energy photons, neutrons and
electrons. Diffracted beams may be found in a direction quite different than the incident
direction. Thus, Bragg’s law is a simple explanation of the diffracted beams from a crystal.
It is supposed that the incident waves are reflected specularly (the incident beam angle
equal to the reflected angle) from a parallel plane of atoms in the crystal. When the
interference between reflected beams is constructive then diffraction can occur. Fig (2.1)
represents planes of atoms in a crystal being separated by distance (d). The derivation of
Bragg’s law can be understood by considering the path difference equal to 2dsind =nA,
where n is integer greater or equal 1.0. A is the X-ray wavelength that equals to 1.5041 A°
for Cu source [25], and O is the angle that is measured from the plane, and d is the

interplaner distance.



Fig (2.1): Conditions for Bragg law [25].

2.3 Crystal structures

Crystal structure is a manner in which atoms are arranged in a unit cell, where the unit cell
is defined as the smallest repeating unit with full symmetry of the crystal structure [26], the
cell is defined by three lattice constants (a, b, c) and the angles between them are (a, B, 7).

Table (2.1) represent the famous 3-D crystal structures.



Table (2.1): 3-D crystal structures [26].

Structure type Lattice constant Angles
Cubic a;= a= a3 a=B=y=90°
Tetragonal a;=a # as a=p=y=90°
Orthorhombic Ar# a# a3 a=B=y=90°
Triagonal a;= a=as a=B=v<120° #90°
Hexagonal a;=az # as a=B,y=120°
Monoclinic a1 #az # a3 a=y=90°=p
Triclinic a1 #a # a3 a*p=y

2.4 Derivation of Scherrer’s equation

Scherrer expression is used for calculating the broadening in grain size [27]. Consider that
Bragg’s law for n=1 is multiplied by an integer m for both side of the equation then,

mA =2mdsiné 2.1
Now, consider the total thickness is t = md, equation (2.1) becomes,

mA =2tsiné 2.2)
The easier way to get Scherrer equation is the derivative of equation with respect to 6 and t,
remembering that mA is constant,

0=2Atsin@ + 2tcosGAO 2.3)



A@ Could be negative or positive, the absolute value must be taken and it reflects the peak
full-width at half-height (FWHM) or the broadening of the peak, so recalling that At is d

(interplaner distance), equation (2.3) becomes,

e dsiné @. 4)
cos6Ad
. , . A e .. )
According to Bragg’s law dsinf = 5 for n=1, substituting this in equation (2.4)
= & 2.5
2cosOAO

Considering that B =2A8, B is the full width at half maximum (FWHM), then equation

(2.5)is
A
t= Feosd (2.6)

If a Gaussian function (rather than a triangle function) is used to describe the peak a

prefactor of 0.94 occurs so the Scherrer equation is given by

. 0.942

= Boosd’ )

Where @ is the Bragg’s angle.



2.5 structural parameters

The structural parameters include the grain size, strain, dislocation density and stacking
faults and their equation formula are taken from previously published equations [28, 29],

these parameters affects the mechanical properties of the crystal [30].

2.5.1 Grain size

The grain size is the diameter of individual grain in (nm), and it can be determined by

Scherrer equation which was described in the previous section [31].

Do 0.944
P cosl

2.9
Where B: is the broadening of the peak (FWHM) and 0 : is the Bragg’s angle in rad.

2.5.2 Strain

Strain is a deformation that results from a stress [30], and it is defined by the relation,

__ P (2.10)
~ 4tan @

&

2.5.3 Dislocation density
Dislocation density is a type of defects that measures the number of dislocations in a unit

area of crystalline material (lines/cm?) [32]. It can be calculated from the equation.
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_1ss

5=
aD

2.11)

a: is the crystal lattice constant, D: is the grain size and ¢ is the strain.
2.5.4 Stacking faults
Stacking faults are planar defects that describes the disorder in the crystallographic planes

[33].

2
SFyp=—_2Z P @2.12)

453 tan @

2.6 Optical properties of semiconductors

Optical properties of solid material can be classified as transmittance, reflectance and
absorbance processes. These processes clearly appear in Fig (2.2). When the light incident
on an optical medium, some of the light is reflected and some of it is transmitted and the

remaining part is absorbed by the material atoms [34].

Incident

\ / Reflected
5 Absorbed

Transmitted

Fig (2.2): Reflection, transmission and absorption of a light incident on an optical material

[34].
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2.6.1 Absorption coefficient ()

Absorption occurs when the electrons of the atom make transition from a lower occupied
state to an empty upper state [34], the amount of light that is absorbed in the medium
within a given thickness is called absorption coefficient [34], the absorption coefficient can
be written based on Beer’s law which state that,

I(z2)=1,e™ (2.13)
Where z is the material thickness, Io is the optical intensity at z=0 and a is the absorption
coefficient, where o is frequency dependent. This is the reason beyond that material
sometimes absorbed one color but not the other [34]. The transmissivity of the light in the
medium can be written according to the published equation [34],

T=(0-R)Q1-R)e” (2.14)
R1 and R; is the reflectivities of the front and back layers of the medium and the term (e"*%)
is the exponential decreased in the intensity that results from the absorption according to
Beer’s law.

If R and R> are equal, equation (2.14) becomes,

T=(01-R)’e™ (2.15)
If z=d, where d is the film thickness, then oo becomes,

1T
-4
*= "Ry

) (2.16)
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2.6.2 Electronic band structure

Atoms in solid material are close to each other, thus the outer orbital of the atoms are
overlapping and interacts very strongly with each other. This interaction converts discrete
levels of the atoms into bands. The electronic states within these bands are delocalized and
processes the translational symmetry in the crystal [34].

2.6.3 Energy band gap

Energy band gap is a region where the electron can’t be occupied in it. It is also called
“forbidden region” [35]. Fig (2.3) shows the band structure of solids. The band gap is
classified into two basic types, the direct and indirect band gap. If the angular momentum
of electron and hole is the same at the maximum of the valence band and minimum of the
conduction band the band gap called “direct band gap”. The indirect band gap electron
must pass through an intermediate process and transfer the momentum to the crystal lattice

[34].

Conductiorn banrnd

| Bandgap

walence banmnd

Flectron energy

; =
Density of States

Fig (2.3): Electronic band structure of solids [35].
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2.6.4 Tauc’s equation

The absorption coefficient is very important to determine the energy band gap of

semiconductors. Tauc’s equation can be applied which is states that (@E) oc (E—E,)”

[34], Where a is the absorption coefficient, E is the photon energy and E; is the energy
band gap, p can take the Values% ,% , 2, 3, related to the direct allowed, direct forbidden,

indirect allowed transition and indirect forbidden transitions, respectively.

2.6.5 Band tails

In disordered semiconductors there is an exponential distribution of states in the band gap
called band tails. Band tails decreases exponentially as you move toward the middle of the
band gap. It may exist near the conduction band or the valence band [36, 37]. Fig (2. 4)
represents the distribution of these band tails in the band gap, the structural disordering
could result from structure defects like vacancies, dislocation...) or by external defect like
impurities [38]. The shape and size of theses tails depend on different types of disordering
[39]. To determine the effect of these exponential distributions on the absorption

coefficient, suppose a p-type degenerate material [40] and the perturbed part of valence

1/2
]

EV

band lies above the Fermi level, so the density of initial state is proportional to

where E, is the energy state with respect to the edge valence band. The final state density

form band tail to the conduction band as appears in the equation

E

N, =N,e" @.17)
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Where E, is a parameter that describes the distribution of states but not their energy and it
has a dimension of the energy. The absorption coefficient is proportional to the product of
the final and initial state integrated all over the possible transition as appear in the
following equation,

mw-g, U2 E

a(b)=A [|E,| e™dE (2.18)
5!1

Where A is constant and ¢, is the energy state that measured with respect to the valence

band.

In order to solve this integral, make a change of variable, let

hv—E (2.19)

and if x is substituted in the integral we get,

&
hv E

a(hv)=—Ae®™ (E,)"? [xe™dx (2.20)
hv+¢&,
E,

o

The lower limit of the integral can be set to be 0 that because h is <<< E,, then the solution

of this integral can be written as

hv

o
et ED

a(hv) = A(E,)*?e" %(n)”2 - _[xl/ze'xdx (2.21)
0

The slope of the absorption on the semi logarithmic plot gives
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[dln“] ~E, 2.22)
d(hv)
1 _ dlna 2.23)
" E, d(hv) )

Finally the equation becomes

a=aq.e, (2.24)

This equation represents the relation between the absorption coefficient and band tails.

Valence Band Conduction Band

Exponential

/ i \
\\ ,l
\\ . |

Fig (2.4): Band tails distribution among the band gap [40].

2.7 Dielectric constant

In order to obtain the dielectric constant formula, complex refractive index have to be

introduced, where the refractive index is reported to be [41, 42],
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ﬁcompla\' = :llg (2.25)

Where N the complex refractive index and p is is the magnetic permeability.

complex

Refractive index can be written in terms of its imaginary and real part,

N ppier = 0+ IK (2.26)
Where

~ a) ~

K= E complex (2‘27)

Equation (2.27) can be derived from Maxwell’s equations [41],
n is the refractive index and K is the extinction coefficient, K is vanishing for lossless
material.

Now consider a non-magnetic material so that g =1, then equation (2.25) becomes

N ompiex =/ Ear (2.28)
With help of dielectric constant formula which states that,

£y =& +I1E; (2.29)
Substituting eq. (2.26) in eq. (2.28) we get,

N omptex = £ r = (n+iK)? (2.30)
Which yields,

&4 =0 —K*+12nK 2.31)

By comparing equation (2.31) with (2.29), it yields that the real and imaginary part of the

dielectric constant are

g=n"—-K* (2.32)
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&, =2nK (2.33)
To find the relation between K and a consider that an electromagnetic wave propagates in a
medium in the z-direction with an electric field of

E(z,t) = E, &= (2.34)
Where « is the wave number and wis the angular frequency, the extinction coefficient K is

related to A and n by,

o _of (2.35)
AN e

Remembering that N is complex so we can express k in terms of Neomplex, then substituting

eq. (2.26) in (2.27) and (2.34),
k=2(a+iK) (2.36)
C

. @wnz

= i(
E(z,)=Eg ®* & ¢ (2.37)
We know that the optical intensity of light wave is proportional to the square of the electric

field where I o EE’, so that

—2kwz

ITce ¢ (2.38)

If equation (2.38) is compared with Beer’ equation (2.13) we can find that

Ko 47K (2.39)

c A
The relation between the normal incident reflectivity and the dielectric constant is very
useful in optical calculations [41], regarding a wave that propagates in a solid as appear in

Fig (2.5)
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Fig (2.5): Schematic diagram for normal incident reflectivity [41].

_ i(kz—aot)
E=E,e

X

(2.40)

On the other hand, electric fields on the x-axis include both of the reflected and incident

waves as appear in figure (2.5), where the propagation constant isk = - Nwmp,ex , so the
e
electric field becomes
E=E, +E, (2.42)
Using Maxwell’s equation which state that,
vxE=_H#0H o5 (2.43)
c ot &
This yields,
0E, iou
«_1%g (2.44)
0z c

By deriving equation (2.41) and (2.40), and substituting it in equation (2.44) we can get
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Ek=EZ2-E2-E 2N, . (2.45)
c c c

Which results in

El - Ez = Eo Ncomplm (2'46)

Now combining equation (2.46) with that (2.42) and solving the two equations we can get,

1 =
B, = 5 E,(1= N 4ppiee) 2.47)
1 5
El = E Eo (1 1 Ncompla( ) (2'48)
With help of the fact that normal incident reflectivity is given by the relation,
E 2
R==2% (2.49)
El
We can substitute (2.47) and (2.48) in (2.49), so R becomes,
|0~ N e[ 2, K2
L o 2.50)
0+ Noppe)| (41 +K

The relation between reflectivity and dielectric constant can easily derived from equation
(2.50) by simplifying it we can get,

L 14 n* 28+ K*

- 2.51
1+n* +2n+K? @51
The solution of the square root equation is
2
n=_R_+1 + E —K? (2.52)
R-1 R-1

The derivation of the refractive index of eq. (2.52) is shown in (Appendix A).
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Remembering that the dielectric constant is

n=./€

If we Substitute (2.52) in (2.53), we can get

—_ (R+1), [(R+1)'_ o
e R-1) \\R=1

2.8 Optical conductivity

(2.53)

(2.54)

The optical conductivity is the current density response to the electric field [42] and it can

be determined by the imaginary part of the dielectric constant. Complex dielectric constant

is previously defined to be [41],

B drol .
gcomplmr =& + =& + 1€,
w
That means,
4rol

A e,

Then imaginary part of the dielectric constant is,

dro
—=82
w

E,0
o(w)=——
(@) A

2.9 Drude-Lorentz model

(2.55)

(2.56)

2.57)

(2.58)

The interaction of the light with atoms of resonant frequency . due to the bound electrons

is modeled by displacement of the atomic dipoles as damped harmonic oscillator. The
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damping appeared when the oscillating dipoles are loosing their energy by collision process
in solids. This can be a reason for interaction with the phonons. The electric field of the
light represents the driving force that is acting on the electrons. The following equation

represents the equation of motion of the electron by ignoring the nucleus motion [34],

2
X dx 2 =
m —+my—+maw x=-—eE 2.59
° df? oydt e 239)

Where x is the displacement of the electron from the equilibrium position, y is the
damping rate e is the electron electric charge and E is the electric field of the light wave.
The first term at the left hand side represents the force, the second is the damping force and
the last is the restoring force. While the right hand side is the driving force caused by the
light.

Considering that the AC electric field that interacts with the electron is with an angular
frequency of w, a time dependent electric field can be written in the form,

E(f) = E, cos(wt+ @) (2.60)
E, is the electric field amplitude and ¢ is the light phase, the electric field will drive the
electrons by . Electric field can be written as

E(f) = E,Re (o (2.61)
R is the real part of electric field.

Also the electron displacement can be written in the form
x(t) = x, Re (@9 (2.62)
If we Substitute eq. (2.61) and eq. (2.62) in eq. (2.59), we can get

2 —iwt . —iot 2 —iot __ —iwt
-mw°x,e’ —imywx e " +mw, x e =—eE e (2.63)
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So that x which is the electron displacement from the equilibrium position is,

—cE
x, = Fo/Ms_ (2.64)
W, —o° —iyw

o

This displacement produces a time varying dipole moment of p(t), where p(t) is
p(t) =—ex(t) (2.65)
Let the resonant polarization presonnat to be

= Np=—eNx (2.66)

p resonant

N is the number of polarized atoms per unit volume, sub p(f) in p, . on >

_ N g 2.67)

mo(a)j - wz - 17/(0)

p resonant

This equation concludes that the response to light is small unless the frequency is closed to
the natural frequency @, .

The complex dielectric constant can be derived by considering that the electric
displacement is,

D=¢ E+P (2.68)

o

The polarization split into two terms, polarization results from the driving response

resonant and from non-resonant polarization, so D can be written as,

D=&,E+ Py i + Prossssst = o B+ Eo B+ Prsnaa (2.69)
z is the electric suscability, if we assume that the material is isotropic we can get,
D=¢,,B 2.70)
Where ¢, is the relative permittivity and E is the electric field. Substitute the equations

(2.70) and (2.67) into (2.69) to get,
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2
e =1+y+ 2Ne == @2.71)
m,é&, (wo —@ - 1}/&))
N 2 2 _ 2
g =1+ g+ e (@ —07) @.72)
m,ég, ((a)o —@ ) + (7a)) )
Ne’yw (2.73)

T me, (@ -0 + 0w

The derivations of equations (2.71), (2.72) and (2.73) are illustrated in (Appendix B).
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Chapter Three
Experimental details

3.1 Thin film preparation

Thin films of Yb (ytterbium), gold (Au) and manganese (Mn) and ZnPC as appear in Fig
(3.1) (a) and (b) are prepared by thermal evaporation technique using VCM-600 thermal
evaporator under a vacuum pressure of 10~ mbar which is shown in Fig (3.2) (a) and (b).
Thin films are deposited onto ultrasonically cleaned glass substrates. The glass substrates
were cleaned by H202 water then it was put in the ultrasonic machine. The source materials
were of high purity 99.99% metal lumps. A weight of 0.14 gram of metals was set into a
tungsten boat prior for evaporation. The produced films were of 150 nm thicknesses and
Fig (3.1.a) shows the glass/metals films. After that, metal films were used as substrates to
evaporate 0.2 gram of ZnPC powder. ZnPC was coated onto the metal films to form Yb,
Au, and Mn/ZnPC thin films interfaces following the same conditions that were applied for
metals. The produced films were of 750 nm thick. The thickness of the films were
measured by STM-2 thickness monitor (item-1 in Fig 3.2 (b)) that is attached to the system,

the films were deposited and maintained at room temperature during the growth process.
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Fig (3.1.a): Thin film images of Glass/ZnPC and Glass/Yb, Au and Mn.

Fig (3.1.b): Thin film images of ZnPC and Yb, Au and Mn/ZnPC interfaces.
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Fig (3.2): The evaporation machine.

3.2 X-ray diffraction measurements

Thin films were subjected to the X-ray diffraction technique by using Miniflex 600 X-ray
diffractometer that is connected to the system. The measurements were carried out by the
miniflex program with a scanning speed of 1°/min and with a diffraction angle starting from

5°up to 70°. The X-ray device is shown in Fig (3.3).
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ANniniFlex600

Fig (3.3): X-Ray machine.

3.3 Optical measurements

The optical properties of the films were explored by the UV-VIS-NIR thermo scientific
evolution -350 spectrophotometry technique. This technique uses a xenon-lamp light, and
there are two reference beams. One for regarding the reference of the sample and the other
is for the sample. Transmittance and reflectance spectral measurements were recorded in
the incident light range of (300-1100 nm). The data are collected by a vision software
program. The data interval was 2.0 nm. The rate speed of data registry was 1200 nm/ min.
In order to determine the transmittance of the light, T baseline of 100 % have to be
measured. The reflectance is measured with a 0% T baseline firstly, with the help of Pike

reflectometer. The UV-VIS-NIR spectrophotometer is illustrated in Fig (3.4).



28

Fig (3.4): UV-VIS-NIR spectrophotometer.

3.4 Hot probe technique

Hot probe technique is a method that determines whether the semiconductor is n-type or p-
type [43]. There are two contacts. One of them is heated greater than the other and called
hot probe. The other called cold probe. Thermal energy of the majority carrier is higher at
the hot one, so the carriers tends to diffuse away from hot probe to the cold probe that left
behind a positively charged, so immobile donor atoms. The donors produce a current flow
towards hot probe for p-type and away for n-type. Fig (3.5) represents the hot probe

technique.
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Fig (3.5): Hot probe technique.

3.5 Scanning Electron Microscope (SEM)

The scanning electron microscopy was used to produce images of the films surfaces by
scanning the surface with beam of electrons. The interaction between the electrons and the
atoms producing a signal that contains information about the film surface morphology. The

images were taken by the SEM with enlargement of 30 K and 100K. For Yb/ZnPC films



30

Chapter Four
Results and Discussions

4.1 Structural properties

To explore the effects of metal substrates whose thicknesses (d) are 150 nm on the
structural properties of organic zinc phthalocyanine (ZnPC) thin films (d=600 nm), the X-

ray diffraction has been carried out as illustrated in Fig (4.1).

2
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Fig (4.1): The X-ray diffraction patterns for Glass/ZnPC and Yb, Au, Mn/ZnPC interfaces.

The XRD patterns which are displayed in the figure has shown that ZnPC that was
deposited onto glass substrates exhibits a crystalline nature, as at least one intensive peak
appeared at 20 =7.3°. Due to the difficulty in the analysis of just one peak, the patterns are
compared with literature data. Previous investigations on ZnPC have reported that ZnPC

can be either B -monoclinic or o-triclinic with lattice parameters of monoclinic cell being
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a=19.3012 A°, b=4.8745 A° and c=14.5777 A°and B =120.559° [44]. The triclinic structure
of a-ZnPC has lattice parameters of a= 11.668 A°, b=12.186A° and c=13.939A°, a=78.697°,
B=88.045° and y=62.942°[45]. The preferred orientation of the structure is determined with
help of crystdiff software package that determines the lattice parameters for both
monoclinic and triclinic structures. The results are shown in table (4.1). The most
comparable structure to our investigations is the monoclinic, clearly B-monoclinic has an
orientation of (10 5) at 26 =7.20 ° which is very similar to the value we have detected in our
laboratory. To obtain the error in the simulation and experimental investigations A6 was
calculated for both monoclinic and triclinic structures and they were found to be 0.10° and
0.33° respectively, indicating that ZnPC has a monoclinic structure oriented in (102). On
the other hand, films that are deposited onto Ytterbium (Yb) substrate displayed an
intensive peak localized at 20 =7.5 °, with shift in the peak position toward higher angles
(as shown in the unscaled inset of Fig.1). The intensity of the maximum peak decreased as
compared to ZnPC that is deposited onto glass. On the other hand, ZnPC films coated onto
manganese (Mn) substrates revealed an amorphous nature of growth. Films coated onto
gold (Au) substrates displayed only a minor peak at 26=38.8 °.This peak is assigned to FCC
gold being oriented in the (111) direction [46]. This means that metal substrates Mn and Au
forces the structure of ZnPC to exhibit amorphous nature, most probably.

The interfacing of Yb with ZnPC doesn’t alter the structure of ZnPC, the same peak
position which appeared in the glass/ZnPC appeared when glass was replaced by Yb. This
means that Yb ion doesn’t take place in vacant sites of ZnPC. The possibility of merging of

large Yb*™ ion in the vacant sites of Zn atoms can’t occur. It was reported that the ionic
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radius of Yb*® (112 pm) [47] is larger than Zn™? (74 pm) [48]. Moreover, the bond length
that Yb*® ion creates with N atoms (Yb-N) is 2.15 A° which is larger than that of Zn-N
bond of (2.00 A°) [49, 50], indicating that ZnPC is not suitable host for Yb** ion. However,
up to our knowledge there is no sufficient evidence in the literature that supports the
existence of vacant sites in ZnPC, but previous investigations reported the presence of
voids in ZnPC films [51], also we may think of our structural investigations as based on
strain effects. ZnPC is known to have high value of strain, and the published data have

indicated that the strain often originates from a vacancy site or point defect [6, 52].

Table (4.1): The simulation analysis for B-monoclinic and a-triclinic ZnPC.

Experimental Simulation monoclinic Simulation triclinic
hkl 20 () hkl 20 (°) hkl 20 (°)
102 7.3 102 7.20 11 7.63

To understand the effects of metals on the structural properties of ZnPC, Scherrer’s
equation for lattice parameters calculations were used. The crystallite size D, strain €,
dislocations density §(line/cm?) and stacking faults SF% are calculated using equations
(2.9), (2.10), (2.11) and (2.12), respectively, and listed in table (4.2). As the tabulated data
shows, ZnPC deposited onto Yb substrate display a decreases in the strain and dislocation
density. The crystallite size increased from 22 nm to 24 nm. This increase in the crystallite

size, probably assigned to the less strain effect.
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Table (4.2): The lattice parameters for Glass/ZnPC and Yb/ZnPC interfaces.

D(nm) e x1073 8 (x10' line/cm?) SF%
Glass/ZnPC 22 26 9.2 0.030
Yb/ZnPC 24 23 7.4 0.026

4.2 Morphological properties:

The surface morphology was investigated by scanning electron microscopy technique
(SEM). For ZnPC films that was grown onto glass substrates obtaining well resolvable
image was impossible. The only recordable image was for the films which were grown onto
YD substrate. The Mn and Au substrates didn’t reveal any specific surface morphology due
to the amorphous nature of the films. On the other hand, Fig (4.2.a) represents the surface
morphology of the films coated onto Yb substrate. For an enlargement of 30K times, very
tiny circular non systematically distributed grains can be observed. Further enlargement by
look which is shown in Fig (4.2.b) display grains of average sizes in the range of 42 — 92
nm. The average grains size is 67 nm. The value is larger than that was detected by the X-
ray diffraction technique. This difference is due to the method of measurement that may not
have considered the existence of more than one crystallite (from XRD) in a grain (from
SEM). In addition, the formation of strained structure may lead to an abnormal broadening

in the X-ray peaks which may cause incorrect prediction of the grain size.
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Fig (4.2): The SEM image for Yb/ZnPC interface. (a) 30 enlargement. (b) 100 enlargement.
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4.3 Optical properties

To obtain deep information about the properties of ZnPC thin films, films were subjected to
optical analyses. Transmittance spectra were measured in the incident wavelength of 300-
1100 nm as can be seen in Fig (4.3). As the figure shows, it is noticeable that ZnPC films
have two response regions to the incident light, the first response appeared in the visible
light region, where the transmittance increased until reaching 450 nm then it start
decreasing again. ZnPC films that are deposited onto glass substrates exhibit a maximum
peak centered at 472 nm with a transmittance reaching nearly ~ 83% indicting that at this
wavelength, ZnPC films become highly transparent. The coating of ZnPC onto metals
decreased the transmittance percentage. Interfacing with Yb doesn’t alter the peak position
but lowers the transmittance. On the other hand, a shift in the peak position toward 498 nm
is observed for Au/ZnPC films. Au also decreases the maxima of transmittance to 64.2 %.
Moreover, two peaks are appeared for the films that are deposited onto manganese
substrate. When compared to glass/ZnPC, the first peak position is shifted and the
transmittance is reduced to 15.9%. The bonding mechanism and probably some vacant sites
in ZnPC could have played a vital role in reducing the transmittance for Mn/ZnPC.
Particularly, vacant sites of Zn may be occupied by Mn. Thus, the optical transition may
take place in Mn-N bond in addition to Zn-N. Moreover, because of the smaller ionic radius
of Mn*? (66 pm) [53] compared with Zn*? (74 pm) and the shorter bond length that Mn
forms with N atoms (Mn-N) which is equal to 1.99 A°[54], Mn can occupy vacant sites of
Zn atoms. Other investigations confirmed that Mn can take place in ZnPC ring with four

nitrogen atoms surrounding it without changing the coordination number of Zn atom [55].
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In addition to the first response of ZnPC films, the second response is in the Infrared region
(IR), and they followed the same sequence like that of the visible region. ZnPC has the

highest transmittance in accordance with the sequence Yb, Au and Mn.
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Fig (4.3): The transmittance spectra for ZnPC, Yb, Au and Mn/ZnPC interfaces.

In addition to the transmittance analysis, the reflectance spectra are recorded and presented
in Fig (4.4). The studied films also exhibit response in both IR and visible region. In the
visible region of light, ZnPC films displays two peaks at 472 and 892 nm, while the highest
reflectivity of 19.3% is achieved for Mn films. Films of Mn, Yb/ZnPC interfaces have
shown a shift in two peaks. On the contrary, Au reveals one peak in that region and the

second peak disappeared. In the IR region all ZnPC films coated onto metals display
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reflectivity values higher than glass/ZnPC near 1000 nm. Au has the highest reflectivity

(25.7%)), followed by Mn (24.3%) then Yb (11.6%).
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Fig (4.4): The reflectance spectra for ZnPC, Yb, Au and Mn/ZnPC interfaces.

The absorption coefficient which was calculated from the measured transmittance and

reflectance according to equation (2.16) is illustrated in Fig (4.5).
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Fig (4.5): The absorption coefficient spectra for ZnPC and Yb, Mn and Au / ZnPC
interfaces.
As can be seen, ZnPC films represent four absorption regions, the low absorption,
moderate absorption region and two high absorption regions. The absorption coefficient
response to the light clearly appeared in the high absorption regions. The moderate region
didn’t strongly affect the absorption coefficient except the Mn, it causes a small absorption
in this region compared with ZnPC and Au, Yb/ZnPC interfaces. Weak absorption region
appears in the incident photon energy of 1.1-1.5 eV, which is probably governed by the
band tails. These are called “urbach energy” and determine the width of band tails (Ee)
which exist in the band gap. Ee appears in amorphous and crystalline films as well [56].

The energy band tails can exist as a result of defect disorder in organic materials [56], or
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inhomogeneity in the film surface [57]. To determine the band tails urbach equation (2.24)

is used.

As shown in Fig (4.6), fitting of In (o) versus incident photon energy give a straight line

which allow determining Ee values.
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Fig (4.6): In (o) VS photon energy spectra.
It is clear from the linearity of slopes that band tails exists in all films. The convergence
point of glass/ZnPC and Yb/ZnPC interface refer to the same origin of tails, while

Mn/ZnPC and Au/ZnPC interfaces refer to another tail. The band tail width for thin films,
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are illustrated in table (4.3), by taking into consideration the amorphous nature of (Mn,
Au)/ZnPC films, the band tail that spread among their band gaps could have arised from the
random fluctuations of internal fields associated with structural disorder [58]. Moreover,
Mn exhibit the largest band tails width. It was reported in other investigations that have
been carried out on the transition metals that strong interaction between transition metals
and semiconductors can exist with those of 3d orbitals [59]. Now remembering that the
electron configuration of Mn*? is [Ar]3d®, so Mn orbitals can strongly interact with ZnPC
resulting in states that are localized in the band gap in addition to the already existing
interbands in the pure ZnPC. The other two films coated onto Yb and Au both have fstate
that may overlap with ZnPC causing a tail states in the band gap. On the other hand, earlier
studies of CdS/CdSe hetrojunctions reported interbands formation due to the vacancy of Cd
in CdSe and sulfur in CdS [60]. Using this guiding information we may think that, the
possibility of existence of vacant site of Zn atoms in ZnPC could also produce interbands in

the band gap.

Table (4.3): Band tail width (Ea) for ZnPC, Yb, Au and Mn/ZnPC interface.

Glass/ZnPC Yb/ZnPC Au/ZnPC Mn/ZnPC

Ee(eV) 59 66 166 240

Returning back to the weak absorption region which is followed by a high absorption

region (region-1). ZnPC exhibit two maxima centered at 1.80 and 1.99 eV. These peaks are
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ascribed to m—n* transitions in the Q-band absorption region. These regions represent the
excitation of electron from an occupied state to a higher unoccupied state [61]. The other
peak that appeared at 1.80 eV is in good agreement with that which was ascribed to the
exciton states [61]. On the other hand, all metals have shown the same peak positions
indicating that the optical transitions are related for ZnPC transition. Metals have induced
the enhanced absorption in both of the films coated onto Yb and Mn. While Mn substrates
enhanced the absorption, the Au reduces the absorption in ZnPC. The reasoning for this
behavior is still unclear owing to the amorphous nature of the films. ZnPC films represent
also a remarkable response of the absorption coefficient in the visible range of light (high
absorption region-2) related to what is called B-band which also results from m—m*
transitions [62]. We believe that the reasons beyond this increase in the absorption in this
range maybe the higher photon energy which is greater than the band gap which can create
an exciton. Any further increase in the incident photon energy will saturate the absorption
coefficient due to the exciton creation where no more carriers can absorb the light.
Generally, organic materials display a response to the light through absorption in the form
of exciton generation [51]. A previous study on ZnPC doped with lead has shown an
enhancement in the absorption that is assigned to the exciton creation [63], other work that
concerns with ZnPC/MoS; heterojunction has detected an optically excited exciton in ZnPC

layer without mentioning the energy at which the exciton is detected [64].

a(Metal/ ZnPC)
a(ZnPC)

The absorption coefficient ratios (absorbability) (Ra = ) were calculated

and presented in Fig (4.7). Fig (4.7) shows interesting results. There is an increase in the



42

absorbability for Mn/ZnPC samples. It reaches maximum of ~21 times at 2.26 eV. While
other films coated onto Au and Yb exhibit Ra values of ~5 and 3~ at 2.31 and 2.38 eV,
respectively. Literature data that concerns with organic ZnPC thin films reported an
improvement in the efficiency of the absorbance as it is deposited onto nano-patterns
polymers by ~ 14 times [65]. An improvement in the light absorbability was observed via
Au/InSe interface that reached two times upon insertion InSe on Au [66]. Moreover, in
another work that is interested in the absorbability enhancement of semiconductor coated
onto Yb has shown that Yb increases the absorbability by 2.5 times in CdSe [67]. It seems
that Yb, Mn and Au metals are more effective in enhancing the light absorbability of ZnPC

than other materials.
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Fig (4.7): The absorbability of ZnPC and Yb, Au, Mn/ZnPC interfaces.
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To explore the effect of metal substrates on the optical transitions of the films. The energy
band gaps were calculated and represented in Fig (4.8), with help of Tauc’s equation. The
most appropriate fit is found to be for p =1/2. Fitting of (a. E) 2 versus E could be used to

calculate the energy band gap where the intercept of E-axis represents the direct band gaps.
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Fig (4.8): (aE) 2 - E dependence for Q-band of ZnPC, Yb, Au, Mn/ZnPC interfaces.

The direct band gap for ZnPC is calculated for both Q and B-bands. ZnPC exhibits direct
gap of 1.70 eV in the Q-band, which is very close to the literature data [68], while the

metals causes a slight decrease in the band gap value. The determined band gaps are: 1.67,



44

1.68 and 1.65 eV for Au, Yb and Mn respectively. The energy band difference is AE; =
0.03, 0.02 and 0.05 eV for Au, Yb and Mn/ZnPC interfaces respectively. In the B-band, the
ZnPC films exhibit a direct band gap of 3.175 eV as appear in Fig (4.9). The metals shifted
the band gap to: 3.11, 3.11 and 3.16 for Mn, Au and Yb, respectively. This slight difference
in the energy band gap between ZnPC that deposited onto glass and those which deposited
onto metal substrates is less significant and can be assigned to the image force lowering
effects [69]. Generally, image charges builds up at the metal surface when the carriers
approach the metal/semiconductor interface, an opposite charge is induced on the metal
surface at the same distance, these charges are called image charges. As a result, a force of
attraction is produced between the charges and induced charges that lowers the barrier

energy for charge carriers.
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(4.9): (aE) 2 - E dependence for B-band of ZnPC, Yb, Au, Mn/ZnPC interfaces.

4.4 Dielectric constant

The optical transmittance and reflectance data is employed to determine the dielectric
spectra of the films. The effective dielectric constant can be written by equation (2.29),
where the real part is determined by the equation (2.32), and the imaginary part by equation
(2.33). Fig (4.10), fig (4.11) and fig (4.12) represent the real part of dielectric constant for
the studied films. ZnPC films display four peaks at 1.63, 1.95, 2.63 and 3.13 eV. The peak
that appeared at 1.63 eV can be attributed electronic transition from the valence to the

conduction band as the band gap was determined to be 1.70 eV. While the peak which
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appeared at 3.13 eV is very close to the band gap that related to B-band. Previous
investigations which were carried out on H2PC have shown an energy band gap of 2.63 eV
assigned it as a fundamental energy band gap [70]. The remaining peak (1.95 eV) is also
ascribed to the optical transition that is comparable to the recorded energy gap of 1.97 eV
[71]. Real dielectric spectra for Yb/ZnPC and ZnPC are displayed in Fig (4.10). Yb
interfacing with ZnPC altered the original patterns and caused the appearance of new peaks.
The peaks appeared at 1.23, 1.66, 1.89, 2.44, 2.90 and 3.23 eV. Yb interfacing leads to
highest dielectric value at 1.23 eV, the peak that is observed at 1.66 eV is nearly close to
the calculated energy band gap for Yb/ZnPC interface that appeared in the Q-band. The
peak which is detected at 2.90 eV is assigned to transitions between Zn-N bonds [72]. A
band gap of 2.90 eV is reported for Zn3N2. While the peak which appeared at 2.44 eV
relates to a fundamental indirect band gap of pthalocyanine (H2PC) [73]. The peak of 3.23
eV can be assigned to the B-band transitions in Yb/ZnPC. The peak that is observed at 1.23
eV can also be ascribed to the transitions in Zn3Nz [74]. On the other hand, shifts in the
peaks position upon semiconductor metal interfacing can be ascribed to the schottky nature
of that p-type ZnPC. As the work function of ZnPC is 4.5 eV [75] when interfaced with Yb
(work function of 2.5 eV) [76], it causes a schottky type band bending at the energy band
interface forming the Schottky contact which is a metal semiconductor interface, when
metals makes contact with semiconductor, a barrier is formed at the metal semiconductor

interface.
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Fig (4.10): Real dielectric constant spectra for ZnPC, Yb/ZnPC interface.

The dielectric patterns for Au/ZnPC that are illustrated in Fig (4.11) represent a high
dielectric constant at 1.22 eV. Au interfacing represents five peaks located at 1.22, 1.71,
1.95, 2.23 and 2.73 eV. The peak that is detected at 1.71 eV relate to the maximum peak
emission of ZnPC that is corresponding to the fluorescence transition from s; to s, [77]. In
addition, Au/ZnPC exhibit dielectric resonance at 2.23 eV due to electronic transition in the
Q-band which occur from HOMO to LOMU states [78]. Fig (4.12) display the dielectric
spectra for Mn/ZnPC. Manganese has a remarkable enhancement of dielectric performance
that correspond to high dielectric value compared to ZnPC. For example, Mn/ZnPC at 2.47

eV exhibit ¢,= 6.60. Mn/ZnPC shows five peaks located at 1.13, 1.56, 1.95, 2.47 and 2.90
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eV. These peaks are shifted peaks owing to the schottky nature of contact. Mn caused a
high dielectric constant value at 1.13 eV. This peak is assigned to the transitions of

unpaired electron in ZnPC *! cation to the conduction band [79].
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Fig (4.11): Real Dielectric constant spectra for ZnPC, Au/ZnPC interface.
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Fig (4.12): Real dielectric constant spectra for ZnPC, Mn/ZnPC interface.

The imaginary part of dielectric constant spectra is illustrated in Fig (4.13). The spectra are
calculated according to the equation (2.33). &, exhibit a lower values than thee . As
appears from the Fig (4.13), Mn/ZnPC samples show higher values than those of Yb/ZnPC
and ZnPC. Au/ZnPC displays the lowest values of &, compared to other samples. The
trend of variation of &, with E of the films are similar to absorption coefficient patterns in

the range of (4.0-1.5 eV). The case is different below 1.5 eV especially for Au/ZnPC and

Mn/ZnPC samples.
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Fig (4.13): Imaginary part of dielectric constant spectra for ZnPC, (Yb, Au, Mn)/ZnPC
interfaces.
Plasmon can be described as the oscillations of the electrons with respect to the positive
ions in the metals. Surface Plasmons are those Plasmons that are confined to the surface
and can interact strongly with light. Surface Plasmon plays a vital role in the optical
properties. The modeling of &im according to Drude-Lorentz theory assuming five linear
oscillators as shown in equation (2.73) display good correlation between the theoretically
estimated and experimentally measured data. The theoretical estimations are shown by the
green line in Fig (4.14). The computations were carried out assuming an effective mass
value of 15m, for ZnPC, 1.0 m, for Yb, 1.1 m, for Au and 1.0 m, for Mn metals [80, 81,

82], the reduced effective mass of the double layer is determined by the

equation,l= L +——. The parameters which are obtained by the modeling

*
H mZnPC mmctal
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procedure are shown in table (4.4). These parameters include, electron scattering time
(t (fs)), n (free carrier density cm™), We (reduced frequency), Wpe (electron-Plasmon
frequency (GHz)) and drift mobility p (cm?/Vs). As it can be seen, in the presence of metal
substrates instead of glass, the mobility of the first oscillator (K=1), as an example, ZnPC
film increased from 0.46 cm?/Vs to 7.49, 6.86 and 7.49 cm?/Vs when films were coated
onto Yb, Au and Mn respectively. The low mobility values of ZnPC that are deposited onto
glass maybe attributed to the large effective mass of holes. Also ZnPC films were reported
to be an organic semiconductor with low mobility [62]. This is consistent with the value
that we have got as 0.46 cm*Vs for the first oscillator and as 0.08 cm?/Vs for fifth
oscillator. On the other hand, we believe that the large enhancement in the mobility values
of Yb and Au/ZnPC is ascribed to the large number of orbitals that Au and Yb have. From
electronic point of view, the electronic configuration of both of Au and Yb are 4 5d'° 6s'
and 4f# 6s% respectively. It was reported that the larger the orbital number and the lower
the work function of metals, the larger the interaction with semiconductor and the more
orbital overlapping [80]. Both of the Au and Yb exhibit large numbers of orbital but Yb
have the lowest work function (2.5 eV) compared to Au (5.34 eV) [81]. For this reason Yb
represent the highest overlapping leading to highest mobility. Moreover, Yb motivated the
crystallization of ZnPC, in crystalline materials atoms are regularly distributed at the lattice
allowing the periodic motion of electrons and the electric field distribution become uniform
and the velocity of electrons increased owing to the less collisions. Previously, literature
data of Yb/InSe stated that InSe exhibit mobility value of 2.53 (cm?Vs) compared to

glass/InSe (u= 0.2 cm?/Vs) [83].
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Fig (4.14): Drude-Lorentz Modeling for five oscillators for ZnPC and Yb, Au, Mn/ZnPC
interfaces.
On the other hand, the free carrier density are very large for ZnPC films, in the light of
these parameters modeling, we can remember that significant enhancements were achieved
for Mn/ZnPC absorbability and the remarkable effect that is caused in the imaginary part of
dielectric constant, can easily be understood now. The main reason maybe attributed to the
large number of free carriers that absorbs the photons. The less degree of absorption in
Au/ZnPC is ascribed to the smaller free carrier density. Literature data also confirmed this
type of reasoning [71]. Namely, it was indicated that ZnPC films strongly absorb the visible
light and create a photo generated excited carriers. In addition, the Plasmon frequency Wpe

is regarded as an important key parameters. It indicates information about the interaction
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between light and metal electrons. Since, all frequency values less than Wy, are reflected
and those with frequency larger than Wpe are transmitted, the tabulated data provide
information about the limitation of using ZnPC samples in optoelectronics as signal
receivers.

As a complementary work, we report the optical conductivity which is calculated according
to equation (2.58) and illustrated in Fig (4.15). It is noticeable that optical conductivity
increases as metal substrates of Mn, Yb were used instead of glass, while Au substrate
lowers it. Mn revealed the highest conductivity which is consistent with the high value of
absorbability that we get. An earlier study that was carried out to discover the electrical
conductivity for PC films attributed the conductivity behavior to the hole hopping through

localized states during excitations [19].
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Fig (4.15): The optical conductivity of ZnPC and Yb, Au, Mn/ZnPC interface.
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Chapter Five

Conclusions

In this thesis we reported the main structural and optical investigations on pthalocyanine
(ZnPC) organic thin films. The role of metal substrate on the structural and optical
performance of the films is also investigated. Various analyses using the X-ray diffraction,
scanning electron microscopy and optical spectroscopy techniques has shown that the metal
substrates may alter the physical characteristics of the films, significantly. Namely, while
the glass and 150 nm thick Yb substrates reveal polycrystalline nature of structure, the Mn
and Au substrates of the same thickness force amorphous nature of growth. In addition, the
optical analyses which was carried out in the ultra violet range of light has shown that the
transparent metals doesn’t alter the band gap of ZnPC but created a deep interbands with
width that can be engineered by the type of metal. Significant enhancement in the light
absorbability at light energies of (2.2 — 2.6 eV) is achieved via using metal transparent
substrates instead of glass. Moreover, the analyses of dielectric spectra arrived at the result
that substrates highly increased the dielectric response in the IR region of light. Moderate
response of dielectric spectra is also observed for Mn substrates. On the other hand, the
modeling of the imaginary part of the dielectric spectra with the help of Drude-Lorentz
approach has shown that thin metals interfacing highly enhanced the drift mobility of ZnPC
to acceptable values that nominate it for use in thin films transistor technology. It was

observed that while Yb substrates are suitable for forming radio wave resonator with
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Plasmon frequency in the Megahertz range, the Au and Mn are more appropriate as

microwaves cavities owing to the Plasmon frequency in the gigahertz range.
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Appendix A

In order to get equation (2.52), We see that in the low frequency limit n = K and n and k are

both large we can rewrite equation (2.52) in the form
R(n® +K? +2n)=(n* + K* —2n)

Rn®+RK?+2nR=n"+K* —2n

n*(R-1)+2n(R+1)+K*(R+1)=0

If eq (A.3) divided by (R-1) it becomes,

112+211(R+1 +K? E =0
R-1 R-1

The square root of this equation can be written as the following,

2
_z(iﬂ)i 4(&) —4K?
_ R-1 R~—1

B 2

If eq (A.5) divided by 2, it becomes

2
P (0500 Y (RSt 0
R-1)" \\R-1

(A1)
(A2)

(A.3)

(A4)

(A.5)

(A.6)
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Appendix B

To derive the relative permeability that appeared in eq (2.71), we substitute (2.70) and
(2.67) into (2.69) to get,

- - ~ Ne? =
e, E=¢,E+¢,yE+ — & (B.1)
m, (a)o —w - 1}’0))
If we divided the equation by ¢, and E, we get,
g, =1+xy+ Ne
’ d me, (o) — 0° - iyw) B2

Eq. (B.2) has two parts, the real and imaginary parts, by multiplying the third term at the
left hand side with (@? — 0” + iyw),

Ne* (o} — &” + iyw)

e =1+7+ 3
! A m,e, (0 — o — iyo) (o’ — o’ + iyw) ®-3)
Then eq (B.3) becomes,
Ne’(w? - 0*) . Ne*yaw
& =l+y+ 2_ 22 2 2 }2/2 2 (B.4)
m,¢,(w, —0°)" +(yw)" m,e, (0, —0")" +(yw)
So that
g=1+y+ Ne (@, @)
T e, (@ - 0 + (o) ®.5)
Ne*yw
£ = (B.6)

m,&,(@, —®°)" +(yw)’
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