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Abstract

Preparation and Characterization of AgO-As;O3 Thinfilms

In this thesis, stack layers of oxidized silver and arsenic oxide are fabricated by the thermal
evaporation technique under a vacuum pressure of 10 mbar. Two classes of the films were
grown. One is thin (100 nm each sample) and other is thick (1.0 um) of Ag(O)/As(O). The films
are characterized by X-ray diffraction , optical spectrophotometer and impedance spectroscopy
techniques, respectively. It was observed that Ag based films are of cubic structure comprising
monoclinic AgO as minor phases. The weight of AgO in the films is less than 30%. While the
AsO films displayed amorphous nature of structure. The cubic nature of structure is reserved in
the Ag(O)/As(O) films. Optically, arsenic oxide films display semiconductor characteristics with
energy band gap of 2.41 eV. Coating As oxide onto oxidized Ag films enhanced the light
absorbability of As oxide, blue shifts the energy band gap and alters the width of the energy band
tails. In addition, the dielectric dispersion in the As oxide films is strongly influenced and
decreased in the IR range of light. Modeling of the imaginary part of the dielectric constant using
Drude-Lorentz theory allowed determining the optical conductivity parameters. The optical
conductivity parameters presented by the drift mobility and Plasmon frequency are suitable for
communication technology. The Plasmon frequency reaches 20 GHz which is target in 5G
technologies. Electrically, the capacitance-voltage characteristics which were recorded after
contacting the films with carbon point contact, revealed metal oxide field effect transistor
characteristics. the built in voltage of the device is high enough for the thin film technology. On
the other hand, the impedance spectroscopy studies in the frequency domain of 0.01-1.0 GHz

have shown that the device could exhibit negative capacitance effect associated with resonance-



antiresonance phenomena in the radio wave and microwave ranges of spectra. These features of

the device make it appropriate for communication technologies.
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Chapter One

Introduction

Alloys have attracted the attention of research society since decades owing to their wide
applications in optics and electronics. As for examples, lead alloy can be employed in electronic
devices that are exposed to high temperatures [1]. In another work, the electronic properties
presented by band structure, band gap, and density- of- states for MoxWi«Sz alloys are
mentioned as promising material for use in transistors and photodetectors [2]. Moreover, the
direct band gap nature for alloys gain interest in improving the performance of solar cells such as
Si-Ge-Sn or Ge-Sn alloy [3]. In addition, the existence of Se in GSST (Ge-Sb-Se-Te) alloy
increases the crystallization temperature and reduce the grain size. In these films, the excess Ge
controls the thermal stability of doped alloy [4]. This property make the alloy useful in storage
application for automobile systems, this alloy is a choice for high density phase-change memory
[4]. Furthermore, InSeos>Teo.1s alloy has a good photoresponse stability and relatively fast
response time employed in near infrared range (NIR) photodetector [5]. This alloy displays a

broader photoresponse region of 400—1100 nm, because of its smaller direct band gap of 1.13 eV
[5]-

Many techniques have been used to improve the properties of metals (materials) to form alloys.
As for example, Mg alloys are prepared by electrophoretic deposition of alumina/graphene oxide
(alumina/GO) coatings [6]. This technique enhanced the tribological, surface mechanical and
corrosion properties of Mg alloys [6]. In the same context, Mg alloys are also prepared by grit
blasting and laser texturing techniques for thermal spray coating [7]. The coating was
distinguished by roughness, porosity and fracture toughness. Laser texturing produced well

adhered coatings with adhesion strength of 45.6 MPa [7]. Moreover, The arc-melting method is



utilized to prepare CuNi alloys [8]. The utilization leads to an increase in the strain with
increasing concentration of Ni [8]. The CuNi alloys are useful in oil refining and long corrosion

free life [8].

Alloys have many important properties. Some of these properties are mechanical properties. As
for examples, Mg alloys have a tensile strength of 248.67 MPa and elongation of 3.4% when
they are prepared by die casting technique [9]. In addition, nitrogen doped MgZnO ternary alloys
have structural and optical properties that are investigated by using Pulsed Laser
Deposition technique [10]. In the same context, the concentration of Mg increases as the
crystalline quality of MgZnO decreases. The band gap also increases as the nitrogen/oxygen ratio
increases from 3.37 to 3.57 eV. Furthermore, the Mg solubility increased by 30% in the alloy,

and refractive index had values between 1.7 and 2.0 in visible light range [10].

Alloys based on Ag metal are reported to play important role in many applications due to their
mechanical and electrical properties [11]. The addition of Ag on Al alloys increased the tensile
strength from 142 MPa to 154 MPa for the Al alloys. It also enhanced the electrical conductivity
by about 4% [11]. In addition, Ag-Sn alloys enhanced corrosion resistance and they employed in
industrial applications [12]. Ag-Sn alloys are very useful for microelectronics manufacturers
[13]. They have many potential advantages, such as low melting point, excellent wetting to
common metallic substrates, and enhanced mechanical properties required for microelectronic
devices [13]. Moreover, Ti— Zr-Nb-Ta-Ag (TZNT-Ag) alloys are prepared by non-consumable
vacuum arc melting and suction casting [14]. The addition of Ag on TZNT alloy increases the
resistance and affects the microstructure of the alloy. TZNT-Ag alloys are mentioned

employable in biomedical applications [14].



On the other hand, arsenic based alloys are in focus of industry due to the structural, mechanical,
electronic and magnetic properties that make them attractive for fabrication of spintronic devices
[15]. Antimony-arsenic alloys are another class of alloys which are produced by molecular beam
epitaxy [16]. These alloys have physical properties that open the doors to novel applications such
as electronic, optoelectronic, quantum, and sensing devices [16]. Moreover, AsP alloys have
structural and temperature-dependent transport properties [17]. The existence of high
concentration of As forced displaying a metallic behavior of temperature dependent resistance.
High concentration of phosphorous in AsP reveals a high thermopower at room temperature [17].
As alloys can be prepared by many techniques. Some of them are the vapor phase transport
technique, that used for effective synthesis of AsP alloys [18]. The addition of As on
phosphorous established differences in the surface energy between P and As alloy. The surface
energy profiles were unusually flat, indicating the variability of the high energy sites on the alloy

surface [18].

The above mentioned applications of Ag and As and their smart electrical, structural and
mechanical properties, motivated us to prepare Ag(O)/AsO alloys in thin film form. Particularly,
in this thesis the structural, electrical and optical properties are investigated. The produced films
will be studied by means of X-ray, scanning electron microscopy, ultraviolet visible light
spectrophotometer and impedance spectroscopy techniques. This thesis contain an introduction
in chapter one, theoretical background in chapter two, experimental details in chapter three,

results and discussion in chapter four and conclusion in chapter five.



Chapter Two

Theoretical Background

2.1 The X-ray diffraction

This technique is based on identification of atomic plane orientations defined by the following

laws.

2.1.1 Bragg's law

Under constructive interference patterns Bragg's law defined as [19]:

2d sinf = nl (2.1)

Where d is the distance between two atomic planes and it measured by angstrom. 8 is the angle

between the incident X-ray beam and the plane surface, n is the integer of the corresponding
reflection order and A is the wavelength of the incident X-ray beam which is equal to 1.5405 A

for Cu anodes.

The structural phases are determined from the measured plane distances using the following

equations. For the crystal systems the interplaner spacing is given by :

Triclinic:a # b #c,a#f #y + 90



1 1

G - a?b?c?(1 — cos?a — cos?p — cos?y + 2 cos a cos § cos y
+ k?a?c?sin?pB + 12a?b?sin®*y + 2hkabc?(cosa cosf — cosy)

+ 2kla?bc(cos B cosy — cos a) + 2hlab?c(cos a cosy — cos B))

Orthorhombic:a # b #c,a = =y =90

Equation (2.2) reduced to the formula:

1 h? k* I?
Z \@ et

Cubicca=b=c,a==y=90

1 1
'd—2=;(h2+k2+l2)

(h?b?%c? sin*a

(2.2)

(2.3)

(2.4)

Impositing the relations between the lattice parameters allow determining the structural formula

using equations. There are fourteen configurations of crystal structures that are distributed in

seven groups. These structures are called Braves lattices. Table 2.1 shows the fourteen

configurations.



Table 2.1: The 14 lattice types in three dimensions.
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2.1.2 Structural parameters



The structural parameters of materials can be determined from the most intensive peak which
comprises the orientation of most of the crystal planes. The position of the angle and the

maximum peak broadening (f) are needed. The structural parameters are presented by:

Strain(g): is the ratio between the contraction or expansion to the original length [20]:

. B
" 4tan(6)

(2.5)

Crystallite size (D) [20]: accumulation of groups of atoms to form new crystals, it is giving by

0.94 A

D =% cos(® (2.6)

Defect density (8): is a measure of the number of a dislocations in a unit volume of crystalline material

[20].
P @2.7)
aD
Where a is the lattice constant along the a-axis.
Stacking faults (SF) [20]: the number of faults in atomic order.
spo_ 2TF 2.8)

45,/3 tan(6)

2.2 Optical properties

The wide variety of the optical properties of the semiconducting materials makes it good
candidate martial in opto-electronic applications. Here below some of the important optical

properties are listed.



2.2.1 Absorption of Light in Matter
Formulas that are used to explore the optical absorption phenomena in solids :

The absorption coefficient a(hv) is derived assuming transitions of electrons from an initial state

(0) to final state (f). The absorption coefficient takes the form:

a(h) = Az Dif M Ny (2.9)
Where pjy is the probability of electron transition, n; is the electron density of initial state, ns is
the empty final state density.

Experimentally, the absorption coefficient is determined from Beer's law [21], which expressed

by
I1(z) = l,e=* (2.10)
The transmittance of light of two parallel surfaces is obtained [22]:
T=(1-R)e *(1—R,) (2.11)

Where, R;and R, represent the reflectivity's of the film surfaces and d is the medium thickness.



Fig.2.1A light beam incident on an optical medium is exposed to multiple reflections.

When two materials are deposited onto glass, the term (1-Rs) is added to equation (2.11), and
transmittance become:

T = (1-Ry)e (1 —R,)(1—R3) (2.12)

When z = d the absorption coefficient can be written by:

T
In
= = ((1—R1)(1(-1—R2)(1—R3)) (2.13)

If the reflectance and transmittance are known, the absorbance (A) of a grown film can be

determined from:

A= —ln( ! ) (2.14)
(1-RD(A—Ry)

where, Ry, R, is the reflectance of glass and the sample, respectively.

2.2.2 Band Gap Calculations
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The energy band gap is calculated with the help of the Tauc's equation [23] :
(aE)Y? = B(E — E;) (2.15)

Where, E is the incident photon energy, p is an index it can have the values 2, 1/2, 3, and 3/2 for
indirect allowed, direct allowed, indirect forbidden and direct forbidden electronic transition,

respectively. B is a constant that depends on transition probability, and E, represents the energy
gap.
2.2.3 Allowed Direct Transitions

The allowed direct absorption transition occurs when the maximum of the valence band and the
minimum of the conduction band have the same value of momentum. The valence band initial

states and the conduction band final states are related through the equation [24],
ch = hv — Evi (216)

On the other hand, the initial and final states are given by the formulas:

h2k?
Ef—E; = —Zm; , (2.17)
and
h2k?
i = omt (2.18)
h

When incident photon is interact with solids, the electron is motivated to transfer from the

valence band to the conduction band, where:

ch = hv — |Evi| (219)
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When E; is subtracted from the both sides of equation and substituting equations (2.17) and

(2.18) in the equation (2.19), we get:

i h2k?
= hy = By = 2.20
2m? VT 5 2910 (2.20)
Rearranging the formula:
= e = h2k? 4 h2k? B h2k? (1 1 594
VT T omy T 2my, T 2 \my  m, (2.21)
rearranging equation (2.21), yields:
2(hv — E;)
k2 = Tg—m, (2.22)
m, is the reduced effective mass, where m, ™ = 1: +
1
- (2.23)
The density of state in an energy range has the following formula:
N () d(ho) = TRk (2.24
v v) = (Zn)? 24)

By differentiate equation (2.22) with respect to k and hv, respectively. The equation become:

2m,

By substituting equations (2.22) and (2.25) in (2.24), the density of states become:

16m(hv—Eg)my

N(hv)d(hv) = W2

dk (2.26)
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Simplifying equation (2.26), by substituting equations (2.22)and (2.25) in it, the density of

states equation will be rewritten as,
16m(hv — Eg) m2

h2(2m)3 , [2(h—Eg)m,
h —

This equation is then simplified to take the form,

N(hv)d(hv) = d(hv) (2.27)

2 % 1
N(hv)d(hw) = %:—2% (hv — E,)z d(hv) (2.28)

The absorption coefficient is linearly proportional to the initial N;and final N states as follow,

a(hv) = A" (hv — E, )2 (2.29)
Where,

qz(%)i
A= (2.30)

2.2.4 Forbidden Direct Transitions

In this case, the initial and final states have total angular momentum equal to zero. The
probability of the forbidden transition directly proportional to k?. The forbidden direct transition
will contain an extra(hv = Eg) [24]. Thus, the forbidden direct transition absorption coefficient

is given by :

a(h) = A’ (hv — Eg)% (2.31)

Fig. 2.2 represents the (a) direct and (b) indirect band gap transition.
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CB
E
hw hw M\f}sm.%
(a) Direct bandgap (b) Indirect bandgap

Figure 2.2: The (a) direct and (b) indirect transitions.

2.2.5 Indirect Valleys and Indirect Transitions

The indirect band gap is a band gap with indirect transitions. The indirect band gap is formed
between the minimum energy of the conduction band and the maximum energy of the valence
band that occurs at a different k values [24]. Therefore, a phonon is either absorbed or emitted in

order to consummate an indirect electron transition from valence to the conduction band.
hu, = Ef —E; + E, (2.32)
hv, = Ef —E; — E, (2.33)

2.2.6 Urbach Band Tails
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Band tails are localized electronic states that existed below the conduction band (CB) or above

the valence band (VB), the band tails arise as a consequence of disorder [25]. The density of

initial state is proportional to the square root of the valence band E;/ % The band tails density of

states is presented by,
N; = Nyef/Fo (2.34)

Using this relation we can calculate the absorption coefficient which is expressed as follows,

hv—E,
a(hv) = Af |E,|1/2 eE/EodE (2.35)
Ey

Solve the integration by changing variables we indicate:

Ey
Eo

a(hv) = —Ae™/Fo (E0)3/2f ¥ 1/2 g%y (2.36)

hv+Ey

Eo

Set the lower limit in integration oo and divide the integral into two periods (co — 0)and (0 -
Ey
E_o)' We get,

Ey
Eo

1
a(hv) = A(E,)3/%e"v/Eo Enl/z —f x1/2 e~*dx (2.37)
0

If the semi logarithmic plot is drawn the slope of that figure is indicates that the width of band

tails can be expressed by:

d lna
d hv

Eo= (707" (2.38)
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Or,
1  dn(a) 239
E, d(hv) (2:39)
1
—d(hv) =dIn(a) (2.40)
E,
Integrating and take the exponential of both sides, we get:

a = a,ef/Fo (2.41)

2.2.7 Refractive index and dielectric constant

Refractive index of material is a dimensionless number which describes how fast is the light
propagate through the material. It is a complex number consists real and imaginary parts. The
relation between the refractive index and the optical wavelength is introduced by an equation

called the dispersion equation [26]. The dispersive refractive index can be written as,
Ncomplex =n(A) +iK(4d)
= (& + iggm) /> (2.42)

K(Q) is the extinction coefficient, while &, and &, is the real and imaginary dielectric constants,

respectively.

The effective dielectric constant &5 can be expressed in terms of real and imaginary dielectric

constants as follows.
Eeff = & + isim (24‘3)

The effective dielectric constant .5 is expressed also in terms of the refractive index n(4):
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Eepr = N2 (1) (2.44)
By squaring the equation (2.42) we get the following relation:
n?2() — k?(A) + i2n(DKA) = & + igim (2.45)

By comparing the real and imaginary parts on both sides of equation (2.41), We can get &, and

&im in terms of n(1) and K (4):
n?2() — k?(A) = &, (2.46)
2n(ADKQ) = g, (2.47)

By substituting n?(1) by &7 in (2.46) and (e, ff)l/ 2 in (2.47), we get:

al\’
Er = Eeff — (EI;) (248)
1/ a/l
&m = 2 (err) 12— (2.49)

The normal reflectance and the reflection coefficient is given by,

E,|?
== 2.50
= E, (2.50)
E;
== 2.5
r=g 25D
, respectively. Where
1
E, = EEO(]' + Ncomplex) (2'52)

1
E, = EEO(]‘ . Ncomplex) (2'53)
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E; and E, expressed the electric field along the z-axis.

Substitute (2.52) and (2.53) in (2.50) and rewrite the equation in terms of Neompiex,

f(1-n)? 4k

T (1+n)?+ k2

_ |1 - Ncomplex

2.54
1+ Ncomplex ( )

The reflectance R in the terms of effective dielectric constant &rf can be expressed by the

following relation:

€.rr — 1)% + k2
g Qeerr =D (2.55)
(dgeff + 1)2 + k2
Where,
g =2 256
T 4m (2.56)

We can rewrite equation (2.55) to extract &.¢r as a function of the light reflectance R.

R(Jeers + D2 + REk? = ((Jeerr — 1)* + k2 (2.57)

By following some steps we get the expression:

2(R+1)
Eeff +ﬁ,/€eff+k2 =0 (258)

Equation (2.58) represents a quadratic relations that indicates two roots:

_ 5 (R+1) R+ 55
Z(R_1)+ /4(1?—1)2 4k

Eeff1 = ( > )? (2.59)
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(R+1) _ (R+1)2

-2
(R-1) (R-1)2
Eeffz = ( > )? (2.60)

2.2.8 Drude-Lorentz Model

The imaginary dielectric constant spectra €;,g5can be analyzed using the effective oscillator
model. Dielectric solid atoms or molecules can be treated as a agglomerate of oscillators. As the
oscillations of a free electron induced by AC electric fields E(t) of a light wave polarized along

the x-axis. The equation of motion that describes the electron motion is expressed by,

2
m, dx + moy% + mow2x = —eE (2.61)
dt? dt

Where, m, is the electron mass, x is the electron displacement, y is the damping coefficient, e is

the electron charge and E is the electric field. The electric field can expressed by:

E(t) = E, cos(wt + @) = E,Re(e~t=9) (2.62)
The AC electric field brings on oscillations can be written as

X(t) = X,Re(e~twt=¢") (2.63)

Where, X, is the amplitude of the electron displacement and ¢’ is the phase of oscillation. To
find X,, the first and second derivative of the electron displacement were found, and were

inserted to the equation of motion (2.61). Then the final formula take the form:

e
Xo(—w?® + y(—iw) + w?) = —-m—Eo (2.64)

X, =— — (2.65)
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the displacement vector takes the form,

e

X()=—7 s T (e7tr) (2.66)

The electric displacement D of a solid counts on the electric field and polarization as follows.

D=¢g,E+p (2.67)
Where,

Ne? 1
Presonant = (2.68)

m, wz — w? — iyw

the electric displacement can be redefined as

D =¢g,e.E (2.69)

Where, &, is the relative dielectric constant.

And the electric displacement for resonant and non-resonant can be defined as

D =¢gE + Pbackground + Presonant

= goE + g, XE
+ Presonant (2.70)
Where
DPresonant = Np = —Nex (2.71)

Then, the relative dielectric constant takes the form

(w) =1+ +Nez( ! ) (2.72)
Spg= LS EoMy \WZ — W2 — iyw '
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By separating the equation into real and imaginary dielectric constants &;and &, :

Ne? w, — w?
g =1+y+ pypeny ((wg —T T (yw)z) (2.73)
Ne? yw
(@) = ((wg — T (yw)z) (2.74)

The relative dielectric constant &, at w = 0 represent the static dielectric constant &g;.
In the low frequency material permittivity

Ne?

S — 2.75
EoMoW} ( )

£(0) =g =1+x+
The high frequency permittivity can be indicated by the relative dielectric constant at w = oo,
ga(00) =g =1+¥ (2.76)
2.3 Impedance Spectroscopy
Through measuring the impedance spectroscopy, Impedance takes the following form,
Z= 11/-(!2’5) (2.77)

Considering series RLC circuits consist of a resistance, a capacitance and an inductance
connected in series across an alternating current supply as shown in Fig. 2.3, one find,
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Figure 2.3: The RLC circuit.

V; = Voe'et (2.78)

Vr

= IR (2.79)

V, = IwL (2.80)

Ve = ! (2.81)
YA '

Employing Kirchhoff’s voltage law ( KVL)

Vi_VR_VL_VC=O

I
Vi=1R+10)L +-a)—C (283)

The voltage triangle for a series RLC circuit as Fig.2.4 show, take the form:

Vs = (Va2 + ((V, = Vp)H/? (2.84)

substituting the values of Vg, V;, V; in (2.83) give:

Vs = ((IR)? + (IX,, — IXc)*)Y/? (2.85)

(2.82)
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Ve=1XZ (2.86)
Where:
Z = (R*+ (X, — X)H*? (2.87)

Figure 2.4: The voltage triangle of a series RLC circuit

Chapter Three
Experimental Details

3.1: Glass Cleaning:

Glass slides of dimensions 2.54x7.62 cm were cleaned by using distilled water and alcohol. The
cleaned glass slides were inserted into a beaker that is filled with alcohol. The beaker was
covered by aluminum foil and put onto the heater for 15 minutes until the temperature reached
70 °C. In order to remove the dust and the proteins existing on the surface. The glass slides were
ultrasonically cleaned for 40 minutes at temperature of 70 °C after they were immersed in the
alcohol. The glass slides were taken out from the ultrasonic device and used as substrate for the

evaporation of the films.

3.2: Thin/Thick Films preparation:
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The high purity silver powder is used as source material to produce Ag(O) thin films. A weight
of 0.5 gm of Ag powder was used. The 100 nm thickness of Ag films are deposited onto
ultrasonically cleaned glasses by thermal evaporation technique using VCM 600 physical vapor
deposition system (Fig. 3.1) under the vacuum pressure of 5x107 mbar. During the evaporation
process, the film thickness was monitored via thickness monitor located in the chamber that is
connected to a quartz crystal. The resulting Ag(O) thin films was re-used as a substrate for the
evaporation of the arsenic (oxide) layer to prepare Ag(O)/As(O) films. A 0.5 gm of arsenic
(oxide) lumps was used in this run. The recorded thickness of As(O) was on the order of 100 nm.

The prepared Ag(O)/As(O) thin film has a thickness of 200 nm.

Figure 3.1: The VCM 600 evaporation system.

On the other hand, a weight of 0.6 gm of Ag powder was used to get thick films by using the
evaporation system shown in figure 3.1. A 1 um thick Ag(O) films were grown. Some of the

Ag(O) films were used as a substrate to deposit arsenic thick films. Here, a 0.6 gm of arsenic
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lumps were used as evaporation source to grow As(O) films of thickness of 1 um. The thickness

of 1 um of the arsenic oxide films was prepared by evaporation technique.

The thickness of the Ag(0), As(O), Ag(O)/As(O) thin/thick films was measured by high-
resolution 106 Inficon STM-2 thickness monitor, respectively. The measured values are
confirmed by surface roughness tester-profilometer (Model SOLID TR-200 plus). The
profilometer reads an average of ~124 nm, 120 nm and 244 nm for Ag(O), As(O) and
Ag(0)/As(O) thin films, respectively, and an average of ~823 nm, 1 um and 1.823 um for
Ag(0), As(O) and Ag(O)/As(O) thick films, respectively. Fig. 3.2 shows the surface roughness

tester.
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Figure 3.2: The surface roughness profilometer (Model SOLID TR-200 plus) system.

The geometrical design and the optical images of the films are shown in Fig. 3.3 and Fig. 3.4

below.

Figure 3.3: The geometrical design of the Ag(O), As(O), Ag(O)/As(O) thick/thin films.

Glass/Ag(O) Glass/As(O) Ag(0)/As(O)
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Figure 3.4: the optical images of the grown films of Ag(O), As(O), Ag(O)/As(O).

3.3: Thin/Thick Film Analysis:

The prepared films were subjected to different measuring techniques in order to investigate their
conductivity type, optical, structural and electrical properties. The hot probe technique, optical
spectrophotometer, X-ray diffraction analysis and impedance spectroscopy measurements for the

studied samples are explained in the following sections.

3.3.1: The Hot Probe Technique:

The hot probe technique which is illustrated in Fig. 3.5 is used to check the conductivity type (n-
type or p-type) of the studied samples. This method consists of a hot probe and a standard digital
multimeter that allows the identification of conduction type of semiconductors. The experiment
is carried out by heating the soldering iron for a short period. The hot probe was connected to the
positive side of the multimeter. Whereas, the cold probe was connected to the negative side.
When the voltage reading were varied from positive to the negative, the type of semiconductor is

p-type. While, the positive reading of voltage on the multimeter give a n-type semiconductor.
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Figure 3.5: The set up of hot probe technique.

3.3.2: X-ray Diffraction (XRD) Measurements:

The Ag(O), As(0O), Ag(O)/As(O) thin/thick films and arsenic oxide bulk are structurally
characterized by Rigaku MiniFlex-600 X-ray diffraction unit. The Rigaku MiniFlex-600 X-ray
diffraction unit is displayed in Fig. 3.6. X-ray were provided from Ka radiation of a copper
anode of wavelength of 1.5405 A. XRD patterns were recorded at a scan speed of 1°/min, and
diffraction angle range of 26 being 10°-70°. The diffraction patterns were analyzed by employing
the Bragg's diffraction law A = 2d sin 6, where A is the wavelength of the x-ray which is 1.5405

R, d is the distance between oriented planes and 26 is the positions of the diffraction peaks. The
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analysis of the diffraction patterns were analyzed with the help of TREOR 92 and crystal

diffraction software packages.

Figure 3.6: X-ray Rigaku diffractometer.

3.3.3: Optical Measurements:

The optical transmittance and reflectance spectra were measured with the help of
Thermoscientific Evolution 300 ultraviolet—visible light spectrophotometer in the spectral range
of 190-1100 nm. Pike technology reflectometer was used to measure the reflectance at normal
incidence. The device is equipped with a xenon (Xe) lamp that emits light at different

frequencies. The measurements were carried out at scanning speed of 1200 nm/min. The vision
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pro program was used to analyze the measured data. The Thermoscientific Evolution 300

ultraviolet—visible light spectrophotometer is presented in Fig. 3.7.

Figure 3.7: The UV-VIS spectrophotometer.

3.3.4: Impedance Measurements

For purpose of electrical measurements a carbon point contact of area of 0.0314 cm? was painted
onto As(O) layer surface. The impedance spectroscopy measurements of Ag(0)/As(O)/C device
were carried out with the help of the Agilent 4291B 0.01-1.80 GHz impedance analyzer. The
impedance, capacitance, conductance and reflection coefficient were measured in the frequency
range of 0.01-1.80 GHz. The data was collected with the help of MATLAB software packages.
The capacitance-voltage measurements for the Ag(O)/As(0)/C were recorded at signal frequency
of 1 MHz under nobiasing voltage (V=0 volt). The impedance analyzer system which is

displayed in Fig. 3.8 is equipped with the Agilant material analyzer that is shown in Fig 3.8(b).
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Figure 3.8: The Agilent 4291B 0.01-1.80 GHz impedance analyzer.

Chapter Four

Results and Discussion

4.1: Analysis of the X-ray diffraction technique:
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4.1.1: Formation of Ag(O)/As(O) alloys

Stacked layer of Ag(O)/As(O) films were prepared by the thermal evaporation technique. Thin
films of total thickness of 200 nm are named "thin" and used for optical measurements as they
are partially transparent. Thick films of 2 pm are named "thick" and used for electrical
measurements. The X-ray diffraction (XRD) patterns which resulted from vaporization of arsenic

onto silver are illustrated in Fig 4.1. The data is measured for the thick films.

(111)

I (a.u.)

38.0 38.2 38.4 38.6 38.8 39.0

20 ()

(002)

Ag(0)/As(O)

in,

Ag(O)

10 20 30 40 50 60 70
26(°)

Figure 4.1 The X-ray diffraction patterns for Ag(O), As(O), Ag(O)/As(O) thick films and As
bulk. The inset shows the variation of the maximum peak intensity with 20.

The intensive peaks of XRD patterns are analyzed with help of the "TREOR 92" software
packages. By using "TREOR 92" all possible structures were taken into account. Acceptance or
rejection of the theoretically obtained crystal structure is based on the value of the 26 differences

between observed and calculated 20 values. The "TREOR 92" software packages can obtain the
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miller indices (hkl) and the lattice parameters of a particular structure. It can also specify the
appropriate crystal structure. In the evaluation process, the observed 20 values and respective '
intensities are given as an input to the software. Then, a typical crystal structures is selected. The
obtained solution is associated with guessed lattice parameter 20 values and A26. For our
samples, the percentage error (A20 %) being less than 2% were restricted to accept the

diffraction angle position otherwise it is rejected.

Table 4.1 illustrated the structural phases for the Ag thin films. The table displayed the
experimental 20 values and intensity at room temperature. It also shows the values of particular
structural percentage A20 % by taking least differences between the seven structures. It obvious

that the Ag(O) has more than one structure.

Initial tests on the XRD patterns obtained from "TRIOR 92" Ag films indicated that the peaks
centered at 38.5°, 44.65°, 64.75° are indexed assuming a cubic cell with lattice parameters a =
b = ¢ = 4.05 A. The data is consistent with the reported literature data for Ag films. To identify
the other peaks, tests were carried out by inserting the lattice parameters for cubic Ag20 (a =
b = ¢ = 4.718 A, Pn3m). None of the observed peaks can be assigned to Agz0. The same were
also repeated for monoclinic AgO (a = 5.854, b =3.47 A, ¢ =5.49 A, p=107.3°p21/c).
The experimentally observed peaks other than the cubic ones, we correctly indexed for
monoclinic AgO phase. Hence, the Ag films are composed of cubic Ag metal and monoclinic
AgO. The miller indicies are shown in Table 4.1. Calculations of the phase weights have shown

that the films are composed of 71.1% Ag and 28.9% AgO.

Table 4.1: The XRD reflections analysis for the Ag thick film.

Observed Cubic Monoclinic
20 Ag AgO
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31.05 - 201
31.95 - 200
34.70 - 002
38.50 111 -

40.20 - 201
44.65 002 -

48.90 - 300
3325 = 203
64.75 022 -

69.00 - 221

On the other hand, as can be seen from Fig. 4.1, the x-ray diffraction patterns for the arsenic
oxide film displays no intensive peaks. As a result, the arsenic has an amorphous nature when
coated onto glass substrate. However, the XRD for bulk form of arsenic oxide that are illustrated
in Fig 4.1 displayed many peaks, the sharpest one is located at 26 of 59.65° diffraction angle. The
XRD patterns are resolved by the help of "TREOR 92" software packages through entering the
values of 20 and their intensities. By this method, we get the solution via comparing the
differences between the experimentally observed and theoretical values of 26. If the percent

difference less than 2% is taken other than that it is refused.

Table 4.2. The XRD reflections analysis for the arsenic bulk.

20 1(c/s) Ulo Hkl
2565 1311 043 003
2820 1486  0.49 .
2905 1337 044  01-1
3265 1292 043 012
3575 913 0.30 -
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46.85 835 0.28 -

48.90 846 0.28 110
51.90 816 0.27 015
52.20 832 0.27 006
55.65 893 0.29 113
55.70 902 0.30 113
59.65 3035 1.00 02-2

The X-ray analysis for the arsenic oxide bulk is presented in Table 4.2 Fourteen peaks are
observed. The peak analysis which is executed with the help of "TREOR 92" software packages
showed that the bulk is mostly of trigonal arsenic (a = b = 3.759 A c=10578Ay =
120° R — 3m ) and cubic As203 (a = b = ¢ = 11.0457 A, Fd3m). Calculations of the phase

weights have shown that the films are combined of 67.5% As and 32.5% As0s.

Furthermore, the x-ray diffraction patterns for Ag(O)/As(O) thick films are represented in fig
4.1. As seen from the figure the appearance of the intensive peaks in the XRD of the
glass/Ag(0)/As(O) films are accepted to be of polycrystalline nature. As the figure show, the
maximum peak become stronger and sharper than the Ag-film. The XRD patterns are analyzed
by "TREOR 92" software packages. The analysis shows the effect of arsenic oxide on the
structure of Ag-film. Most of the observed peaks are index and assigned to Ag metal, peaks of
As(O) did not appear, nor those of AgO. All the observed peaks are shifted toward lower
different angles. In addition, the new peak which is observed at 26=40 can be assigned to As>Os.
The existence of the oxidized phases (AgO, As203) probably resulted from exposing the films to

air during the replacement of the evaporation of Ag by arsenic.

In order to reveal the effects of arsenic on the structural properties of Ag-film, the maximum

peak which was observed at 38.5° and oriented in the (111) orientation direction was taken into
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account. As the inset of figure 4.1 illustrates, the diffraction peaks shifted toward smaller
diffraction angles. Particularly, the maximum peak position shifted from 20 = 38.5° to 38.4°. The
intensity values increased from 45997 c/s to 50065 c/s. In addition, it is also noticed that the

maximum peak become narrower indicating improvement in the crystallinity.

Table 4.3 shows some of the structural parameters including crystallite size (D), strain (&),
dislocation density (8) and stacking faults (SF%). The structural parameters are determined from
major peak and 20 values with the help of the previously mentioned relations ( in theoretical
part). The crystallite size of Ag-films exhibited a value of 35 nm. It is increased as the arsenic
was coated onto Ag-films reaching a value of 44 nm. The increase in crystallite size is due to
enhanced dynamical recrystallization or reduced strain [27]. On the other hand, the lattice strain
shows an opposite trend of variations. € decreased from 3.124%10 to 2.506x107 when arsenic
oxide grew on Ag(O)-films. The reduction in micro strain is assigned to the completed bonding
and decreasing stacking fault concentrations [28]. The calculated dislocation density for Ag-film
shows a value of 3.291x10" lines/cm?. It decreased to reach a value of 2.107x10'* lines/cm”
when coated with As(O). The same behavior are observed for stacking faults. Specifically, the

stacking faults percentage decreased upon coating of arsenic on Ag-films to reach a value of

0.150%.
Table 4.3: The structural parameters for Ag(O) and Ag(O)/As(O) films.
Sample D(nm) ex10° SF%  8(a)x10™(line/cm?) §(b)x10"(line/cm?) 8(c)x10"(line/cm?)
Ag(0O) 35 3.124  0.187 3.291 3.291 3.291
Ag(0)/As(0) 44 2.506 0.15 2.107 2.107 2.107

fresh
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Figure 4.2 The X-ray diffraction patterns for Ag(O), As(O) and Ag(O)/As(O) thin films.
The x-ray diffraction patterns (XRD) of the Ag(O), As(O) and Ag(O)/As(O) thin films are
shown in Fig. 4.2. As a result of appearance of no intensive peaks in the XRD for glass/Ag,
glass/As and glass/Ag/As thin films, respectively. The samples are accepted to be of amorphous

nature when coated onto glass substrates. All observed films are of amorphous nature due to the

absence of sharp peaks [29], structural defects and band tails [30].

4.1.2 Energy-Dispersive X-ray Spectroscopy (EDS):

We have measured different areas on the sample surface. The image in Fig 4.3 show the energy

dispersive X-ray spectroscopy for Ag(O)/As(O) thick film of thickness of 2 um for one of the
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areas. In the selected area four regions were selected, one is the white region, another is the
mixed region containing black colored and white colored points, the third is white petite and the

fourth is moderate. The EDS spectra which were taken from different points is shown in Fig. 4.4.

Selected Area 1

EDS Spo@

. Selected Area 2
o

Sl

Figure 4.3: SEM image for Ag(O)/As(O) thick film.
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Figure 4.4: The EDS for the Ag(0)/As(O) thick film from points 1, 2 and 3, respectively.

The results of the EDS for spot 1 are shown in the Table 4.4. In accordance with the table the
atomic% for the As is 53.64% and for Ag has a value of 0.64%. As a result, the spot 1 is mostly

arsenic, the other are glass related. Table 4.5

Table 4.4: The results of the EDS for spot 1 for the Ag(O)/As(O) thick film.

Element Atomic%

CK 0.39
OK 3802
Na K 0.22
Mg K 0.02
SiK 1.76
AgL 0.64
CaK 0.39
AulL 4.94
AsK  53.64

As seen from Table 4.5, the results of the EDS for spot 2 have shown that the spot is a mix of As
and Ag. The atomic% for the As and Ag have a value of 13.67% and 21.72%, respectively. The
ratio of As compared to the Ag is almost 0.38%. The results of the EDS for spots 3 are tabulated

in Table 4.6. Its clear from the table that spot 3 is rich with Ag with an atomic% of 47.4%.
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Table 4.5: The results of the EDS for spot 2 for the Ag(O)/As(O) thick film.

Element Atomic%

C K 0
O K 62.6
Na K 0
Mg K 0.2
SiK 1.81
AgL 21.72
CakK 0
Au L 0
As K 13.67

Table 4.6: The results of the EDS for spot 3 for the Ag(O)/As(O) thick film.

Element Atomic%

CK 0.74
O K 0.98
Na K 0

Mg K 0.15
SiK 41.8
AglL 47.7
CaK 0.1
Au L 7

As K 1.53
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4.2: Optical properties:

To reveal the effect of the arsenic oxide thin films on the optical properties of the Ag(O) thin
film, the transmittance and reflectance spectra are explored by means of ultraviolet-visible light
spectroscopy. The transmittance and reflectance spectra are illustrated in Fig.4.5 (a) and (b),
respectively. It is clear from the figure that Ag(O) acts like a metal as the transmittance decreases
with increasing incident light wavelength in the visible region of light [31]. In addition, the
maximum transmittance observed at 364 nm. While the reflectance of Ag(O) thin film decreased
in the infrared region of light reaching a minima at 324 nm, it increased in the visible region of
light reaching a maximum at A of 592 nm. It decreased to 850 nm and increased to 1098 nm as
the figure show, this is called a Plasmon resonance. It occurred when Ag(O) thin film are
interfaced with a dielectric medium [32]. The transmittance of arsenic oxide film behaves like
semiconductors. The reflectance of arsenic films also increases with increasing wavelength.
Furthermore, for the Ag(0O)/As(O) thin film, the transmittance acts as semiconductor like the

arsenic oxide film and the reflectance acts as the arsenic but in different way.
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Figure4.5. (a) The transmittance and (b) reflectance for Ag(O), As(O), Ag(0)/As(O) thin films.

The measured transmittance and reflectance spectra which are studied in the range of 190-1100

nm for the Ag(O), arsenic oxide and Ag(O)/As(O) are utilized to determine the absorption

)
coefficient (o) through the equation a = — (l_Rg)(:Rsample) . The absorption coefficient

spectra are presented in Figure 4.6 (a). As seen from the figure, the absorption coefficient values
glass/As(O) film sharply decrease with decreasing the incident photon energy in the range 4.1-
3.5 eV. It then gradually decreases until reaching lower energy values. On the other hand, the a-
spectra for glass/Ag(O) films exhibit much lower value than that of glass/As(O) films. In the
incident photon range of 3.4-1.1 eV, a-spectra displays increasing trends of variation with
decreasing incident light energy value. The o-spectra values of Ag(O)/As(O) films follows two

trends of variations being dominant in the region of 4.2-3.6 eV and below 2.5 eV, respectively.
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The o-spectra values slightly re-increase in the range 3.6-2.5 eV. The absorption coefficient
values for Ag(0)/As(O) being lower than those of As(O) in the range 4.1-2.4 eV and higher than
that in the lower range of light (below 1.8 e€V). The increase in o-spectra values indicates the
existence of free carrier absorption on the metal surface. The free carrier absorption is assigned

to the transition of carriers from the conduction to the valence band [33].

To get clearer picture about the variations in the spectral absorption ratio (Rx) of the arsenic

oxide, the absorbability are calculated using the rule Ri= %i(—mM. The absorbability (Rx)
As(0)

spectra is illustrated in figure 4.6 (b). As the figure show, the coating of arsenic oxide onto the
Ag(O) films enhanced the light absorbability in the spectral range of 1.9-1.1 eV in infrared

region. The highest possible absorbability value is 1.8 at 1.2 eV.

120 2
(a) (b)
100 -
1
80 -
e
(3]
° 0 . '
%60 1 2 E(eV) 3 4
3
== Ag(0) (©)
40 1-m- As(0) 34
=4~ Ag(O)/As( /
20 - E2 /,Asw)
3
= A Ag(O)/As(0)
0 . - : 1 : . -
1 2 3 4 5 1.0 1.2 14 1.6 1.8
E (eV) E (eV)

Figure 4.6. (a) The absorption coefficients spectra of As(O) and Ag(O)/As(O) thin films. (b) The
absorbability (Ra) spectra for arsenic thin films. (c) The In(at) — E variations for the As(O) and
Ag(0)/As(O) films.
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It is also noticeable from the figure that the absorption coefficient for two samples in the lowest
energy range (1.9-1.1 eV) decreases with decreasing incident photon energy indicating the
presence of band tails. The band tails are formed by defects, impurities and inhomogeneities

[34]. In the low absorption region, where the band tail is supposed to exist, the o values can be
presented by a = a’oexp(EE-) [35]. Where, @, is constant and E, is the band tail energy (or

urbach energy). The energy band tails usually refers to the presence of defects in the structure.
The existence of defects lead to a decrease in the carrier concentration and weakening of the low
band tails [36]. The E, can be estimated by measuring the reciprocal of linear slop of In(a) — E
variations [37] which are presented in Fig.4.6 (c). Furthermore, the calculated values of the band
tail energy are found to be 0.715 eV and 0.793 eV for As(O) and Ag(O)/As(O), respectively.
These band tail energy levels may also be attributed to the recombination mechanism as a result

of defects [34].

The absorption coefficient spectra reveal an information about the optical changes that arises
from the stacking of the films. The optical transitions are estimated from the absorption
coefficient spectra through the execution of the Tauc's equation (aE)Y/?® = B(E — E;) [34].
The (a.E)'” - E variations are illustrated in Fig.4.7. As seen from the figure 4.6 (a) the E-axis
crossings indicate an indirect allowed energy band gap of 2.67 eV for Ag(O)/As(O) films. The
E-axis crossings in Fig. 4.7 (a) and (b) reveal two indirect allowed transitions band gaps of
glass/As(O) thin films of values of 2.41 eV and 1.43 eV, respectively. The indirect energy gap
for arsenic oxide is performed from the spin orbit coupling along the I'- T line of the first
Brillouin zone [37]. The silver oxide substrate effects on the energy gap for arsenic films is

compared with the Ag/CdO thin films, the Ag substrate decreased the band gap of CdO. In
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addition, the Ag metal improved the structural and electrical properties of CdO thin films [38].

The literature data reported a band gap value of 2.21 eV for glass/arsenic oxide monolayers [39].
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Figure 4.7. The Tauc's equation plotting for (a) As(O) and Ag(O)/As(O) thin films. (b) arsenic

oxide thin films.

To observe possible applications of the studied films. The dielectric properties of Ag(O), As(O)
and Ag(O)/As(O) are investigated. The effective dielectric constant is calculated through

applying Fresnel's equation for the light propagating at normal incidence.

The calculated real dielectric constant spectra (gr) for the studied samples is presented in Fig.4.8.
As the figure shows, the real part of dielectric constant for Ag(O) exhibits one peak centered at
1.75 eV, this peak should correspond to interband transition in Ag(O) which emerges from the

defects and broken bonds on the structure [34]. While the & spectra for arsenic display a peak at
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1.18 eV and shoulder located at 1.72 eV, the & spectra of Ag(O)/As(O) decreases with the
presence of arsenic oxide are possibly due to less contribution of charge accumulation at the
interface of the Ag(O) films [34]. In the spectral region 1.76-1.48 eV, the dielectric constant of
Ag(0) decreases and that of Ag(0)/As(O) increases with decreasing incident photon energy. As
it is also readable from the figure, the & spectra of Ag(O), As(O), Ag(O)/As(O) there is a
Plasmon frequency located at energy values of 4.22 eV, 4.06 eV and 3.98 eV, respectively. The
existence of Plasmon resonance is due to the electric field at the intefface between the metal and
semiconductor [40]. In addition, it arises from resonant absorption [41] and generation of
electron hole pairs [42]. As readable from Fig. 4.8, the dielectric constant exhibits a negative
values in the incident photon energy range of 4.14-4.28 ¢V. The existence of the negative &
spectra arises from the frequencies of the electron motion that is lower than the plasma frequency

[43], and the metallic nature of the material [44].

On the other hand, the imaginary part &im of dielectric constant spectra for Ag(O), As(0O), and
Ag(0)/As(0) which appears in Fig.4.9 display different variation when compared to the real part
spectra. Its clear from the Fig.4.9 (a) that in the photon energy range of 2.65-1.12 eV, &im
increases with decreasing incident photon energy for Ag. In the same context, the &im for arsenic
oxide exhibits a peak located at 2.7 eV. In the energy region of 1.52-2.56 eV, &im increases with
increasing photon energy. It then decreases with increasing energy in the region 0of 2.7-3.6 ¢V. In
addition, the coating of arsenic oxide on the Ag(O) decreases the &im reaching 5.91 at an incident

photon energy value of 4.19 V.
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Figure 4.8: The real part of dielectric spectra for Ag(O), As(O), Ag(O)/As(O) thin films.
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Figure 4.9: imaginary part of dielectric spectra constant for (a) Ag(O), (b) As(O) and (c)
Ag(0)/As(0) thin films, respectively. The black colored plots in (a), (b) and (c) illustrate the
fitting of Drude-Lorentz equation.

The importance of imaginary part of dielectric constant spectra emerges from its direct relation

I.C wzz,ei w
=1 (g w?)+(w2r7?))

to the optical conductivity o(®) as &, = X The larger €im, the higher

optical conductivity. By applying Drude-Lorentz relation, the experimental data were reproduced
to determine the optical conductivity parameters. Assuming the effective mass of electrons for
Ag(0) of 1.0 m, [45], and 1.25 m, for arsenic oxide, the reduced effective mass m* is
determined as 0.556 mo. The black colored plots of Fig.4.8 display the outcomes of fitting of the
Drude-Lorentz equation. Table 4.7, 4.8, 4.9 show the fitting parameters with the experimental
and theoretical imaginary part of dielectric constants spectra for the Ag(O), As(O), Ag(0)/As(O)

thin films, respectively. As readable from the table, five linear oscillators are needed to
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reproduce the &im-E variation of the Ag(O), As(O), Ag(O)/As(O), respectively. The electron
scattering time decreased when arsenic is coated onto Ag(O) from 0.8 fs to 0.5 fs. The drift
mobility which exhibit value of 1.40 cm?*/Vs for Ag increased to 1.58 cm?/Vs upon coating of
arsenic oxide. This improvement in the drift mobility of Ag(O) arose from the decrease in
defects that is related to the variation of carrier concentration [34]. In the scope of these
observations, the enhancement of mobility u for Ag(O)/As(O) might be assigned to the reduction

in dislocation density as the XRD analysis showed.

Moreover, the free electron density for Ag(O), As(O) and Ag(O)/As(O) are found to be 1.6 x
102, 2.8 x 10 and 1.5 x 10?° cm, respectively. In addition, the electron plasma frequency op
increases for Ag(O)/As(O) thin film from 7.5 GHz to value of 9.8 GHz and the resonance

frequency o is not affect by arsenic oxide.

As seen from Table 4.7 and 4.9, it is clear that arsenic stacking layer improves the optical
conduction parameters. The high mobility makes the Ag(O)/As(O) a good candidate as a thin
film transistor [34]. The free electron density increases the Plasmon frequency when arsenic
oxide is coated. This increase related to the presence of additional free electrons on the metal

surface [34].
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Table 4.7 : Optical conductivity parameters for Ag(O) thin films being computed with the
Drude-Lorentz model.

K 1 2 3 4 5

(fs) 0.8 0.8 0.5 0.5 1.2
n (x10'° cm) 16 13 10 10 120
e (x10'° Hz) 1.9 2.6 3.5 6.2 6.75
wp (GHz) 7.5 6.8 5.9 5.9 20.6
1 (cm?/Vs) 1.40 1.40 0.87 0.87 2.10

Table 4.8 : Optical conductivity parameters for As(O) thin films being computed with the Drude-
Lorentz model.

K 1 2 3 4 5

T(fs) 0.4 0.45 0.38 0.39 0.7
n (x10' cm) 28 28 28 190 550
e (x10'° Hz) 1.6 2.8 3.5 4.4 7
wp (GHz) 8.9 8.9 8.9 232 39.4
u (cm?/Vs) 0.77 0.63 0.53 0.54 0.98

Table 4.9 : Optical conductivity parameters for Ag(0)/As(O) thin films being computed with the
Drude-Lorentz model.

K 1 2 3 4 5
(fs) 0.5 0.5 0.5 0.5 1
n(x10%cm?®) 15 15 20 21 60
oe (x105 Hz) 1.9 2.6 3.5 4.8 6.7
op (GHz) 9.8 9.8 113 11.6 19.5

i (cm?/Vs) 1.58 1.58 1.58 1.58 3.16
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4.3: Capacitance-Voltage Characteristics:

The Fig. 4.10(a) represent the capacitance-voltage characteristic curve for the Ag(O)/As(O)/C
device. The curve is recorded at signal frequency of 1.0 MHz. The C-V curve illustrates a metal
oxide semiconductor field effect transistors (MOSFET) characteristic curve. Particularly, the
device displays PMOS transistor characteristics when reverse biased and NMOS transistor when
forward biased [46]. The hot probe technique tests on the grown films showed that the arsenic
oxide, Ag(0), Ag(0)/As(O) films exhibit n-type conductivity. Since, the work function of carbon
being 5.1 eV [47] is greater than that of arsenic (2.01 eV), schottky diode is formed at the
As(O)/C side. As the work function of Ag(O) being 4.74 eV [48] is less than that of As(O),
Ag(0)/As(O) form ohmic contact. The built in potential at the As(O)/C arm is (Vyp; = qpc —
q®as) =3.1 eV. The electron affinity (qy) of arsenic is 0.81 eV [49] and that of Ag is 1.30 eV
[50]. Due to the difference in the electron affinities the vacuum level of C is lowered. Analysis of
the C-V curve with respect to the depletion capacitance equation C~2=2(V —Vy; —
(XT/4))/(qA%&;N,,) [46] in the depletion range in the NMOS or PMOS detects the slopping line
which is illustrated in Fig.4.9 (b) and (c), respectively. In accordance with the slope of the curve
which are presented for MOS device of an area of 3.14x10" cm? the built in potential value is
3.54 eV in the depletion region. The free carrier concentration and depletion width are tabulated
in Table 4.10. The difference between the values that is determined experimentally from the C-V
curves to those that are theoretically calculated is ascribed to many reasons like the frequency

dependence of the built in voltage, surface traps and surface charges [46].



51

Table 4.10

1MHz  &ag  &as e Ve(V) Nx107  W®A)

C(pF)

forward 3 5 1.8 3.5 9.0 1
reverse 3 5 1.8 3.6 9.1 1
1000 0.3
(a) (b)
I
900 1 © 0.2 Forward biased
x
e
800 -+
0.1 T v
0 1 VvV 2 3
700 -+ 0.4
(c)
o 03
™
600 o =
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£ o1
500 7 ¥ T 0
-4 -2 0 2 4 -4 0

-3 2
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Figure 4.10: (a) The capacitance voltage characteristics for Ag(0)/As(0)/C device at 1 MHz
frequency, (b), and (c)The C?2 — E variations for the device in forward, reverse biasing,
respectively.
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4.4: Impedance spectroscopy analysis:

In order to find the practical applications for the Ag(O)/As(O)/C device, the samples where
contacted with carbon point contact of an area of 3.14x10? cm®. The geometrical design of
Ag(0)/As(0)/C device is illustrated in the inset of figure 4.10(a). The device was imposed
between the electrodes of the impedance analyzer operative in the frequency range of 0.01-1.80
GHz. The measured capacitance (C) and conductance (G) spectra are illustrated in figure 4.10.
Figure 4.11 (a) shows an interesting feature of the capacitance spectra. As Fig 4.11 () shows, the
capacitance illustrates positive values and increases with increasing frequency in the frequency
range of 0.269-0.307 GHz, where it reaches a maxima. It then sharply decreases reaching a
negative value of minima centered at 0.316 GHz. The capacitance show a negative value in the
frequency domain of 0.316-0.405 GHz. In addition, the capacitance exhibits resonance-
antiresonance phenomena that are associated with the negative capacitance (NC) effect. The
width of the switching peaks is 11.0 MHz. Furthermore, the negative capacitance effect indicates
the ability of using Ag(0)/As(O) device for noise reduction in radio wave/microwave and as
signal amplifiers [51]. NC effect emerges from minority carrier injections caused by
accumulation of minority carriers at the grain boundaries [51]. On the other hand, Fig.4.10 (b)
presents the conductance spectra (G) of the Ag(0)/As(0)/C device. The conductance spectra
displayed peaks located at 0.29 GHz, 1.163 GHz and 1.477 GHz, respectively. Moreover, the
peaks that appeared in the G spectra can be ascribed to the excitation and hoping processes [52].
The previous studies on oscillatory conductance have shown that it is influenced by differential

negative effective density of states at specific values of carrier concentrations [52].
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Figure 4.11: (a) The capacitance and (b) conductance spectra for the thick Ag(0)/As(0)/C
device. The inset of (a) display a geometrical design of the device.

The calculated impedance spectra (Z) for Ag(O)/As(0)/C devices are illustrated in Fig.4.12 (a).
As the figure show, the impedance spectra decrease with increasing frequency displaying one
local and one absolute minima at 0.39 GHz and at 1.23 GHz, respectively. The impedance
spectra are used to determine the magnitude of reflection coefficiant spectra p. The magnitude of
reflection coefficient spectra is displayed in Fig.4.12 (b). p spectra illustrated notch frequencies
(f.) at 0.056 GHz, 0.373 GHz and 1.215 GHz, respectively. It indicates that Ag(0)/As(0)/C
device behaves like a band pass filter. In addition, the return loss spectra (Lr) that is important in
telecommunication technology are presented in Fig.4.12 (c). The acceptable value of return loss
should exceed 20 dB [53]. The value of L. at the notch frequency (0.373 GHz) is 27 dB implying

good matches between the Ag(0)/As(0)/C device and the signal source.
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Figure 4.11: (a) The impedance, (b) the magnitude of the reflection coefficient and (c) the return
loss spectra for Ag(0O)/As(O) device.
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Chapter Five

Conclusion

In this thesis, we attempt to explore the structural, optical and electrical properties of arsenic
oxide films which are coated onto glass and Ag(O) substrates. The As oxide films which were
grown by the thermal evaporations technique are of amorphous nature. The influence the
crystallinty of the Ag(O) substrates are also studied. Arsenic oxide films are also observed to
exhibit two energy band gaps being dominant in the visible and infrared ranges of light.
Interfacing of As(O) with Ag(O) resulted in enhanced light absorbability in the IR range. It is
also observed that the simple structure of Ag(O)/As(O) can be recommended as promising
plasmonic interface exhibiting Plasmon resonance near 20 GHz. This feature is attractive for 5G
mobile technologies. In addition, coating of As(O) onto Ag(O) enhanced the drift mobility of e's
making it more appropriate for thin film transistor technology. This possibility is tested via
capacitance (C)-voltage (V) characteristics measurements. The C-V curves displayed MOSFET
device features. As mosfets, they were found suitable for use as band pass/reject filters with

notch frequency values being dominant in the microwave range of frequency.
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