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MgsN2 powder with desired physical and thermal properties such as Mg direct
reaction with NHji [13], low-pressure chemical vapor deposition method [14], and
electrochemical process [15] ete. It is convenient source of Ammonia in preparation
of primary amides and dihydropyridines. It has direct band gap of 1.1 to 2.5 ¢V [16].
Mg3N: is used as catalyst to prepare some metal nitrides or non-metal nitrides. MgsNa
is used to prepare cubic boron nitride (CBN) [17]. MgiN:film have wide range of
applications which can be used for the preparation of high hardness, high thermal
conduetivity, preparation of special ceramic materials, manufacture of special glass,

synthesis of diamond.
1.2 Literature Review:

TingWen studied thermal annealing effect on zinc nitride thin film deposition
by reactive RF-magnetron sputtering process. He observed that the optical band gap
of Zn3N> decrease from 1.33 to 1.14 eV after annealing. He was analyzed of film
composition and suggested that concentration ol oxygen increased slightly after

annealing.

Voulgaropoulou el al. have reported on the deposition of ZnisN2 by RE-
magnetron sputtering and annealing of these film in oxy gen at a temperature up to
800°C for 2h. They reported that Zn3N» film had wide Band gap and annealing
improved film transparency.

In 2009 H.A Mohamed studies Effect of temperature on structure and optical
constant of electronic beum deposition ZniN2 filim st 350°C. They observed that
Zn3Nz2 have direct band gap about 3.2 eV. At high temperature Zn;Na film have
opaque and resistive. In 2009 T.B.I vetic studied ot “Eflect of annealing temperature

on structural and optical properties of Mg-doped Z1n10”.

In 2014 AV Dyachenko ct.al studies the structural properties of MgO thin
film deposition by spray pyrolysis technique at difterent substrate temperature on

glass substrate at 300 to 500°C.

In 2016 Ov.Dischankoctal studied the structure and substructure properties
(identification the phase composition, lattice constuant, and crystallite size of MgQ) of

MgO thin films at difterent substrate temperature.
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(a) Thermal Evaporation

Thermal evaporation involves heating a source inside a high vacuum chamber
with produced temperature. The source is converted into steam clouds inside the
chamber. The clouds moves in chamber and strike the substrate, attached to it as thin
film. Thermal evaporation process has wide range of applications such as used in
optical coating, wear resistance coating of surfaces, corrosion resistance coating of
surfaces, high-temperature resistive coating, decoralive coating, microelectronics, and

solar cells.

{b) Electron Beam

Electron Beam is a form of physical vapor deposition in which a target anode
is bombarded with an electron beam given oft by a charged tungsten filament under
high vacuum. The electron beam causcs atoms from the target to transform into the
gaseous phase. These atoms then precipitate into solid torm, coating everything in the
vacuum chamber with a thin layer of the anode material. The high melting point
materials are evaporated by electron-beam evaporation because simple resistive
heating cannot evaporate high melting point materials. Electron beam evaporation is a
commonly used process [or coating lenses and filters with anti-reflection, scratch-
resistant or other specialized coatings. The proccss is also commonly used for coating
insulating and resistor films on electronic components. The electron beam evaporation

process typically involves the tollowing components

1.3.2.2.2 Sputtering

In the sputtering method, the material enters into vacuum chamber with
introducing inert gas. The inert gas is hit the material and knock out the electron and
deposit on the substrate as a thin film. Sputtering is further divided into three

categories (1) RI Sputtering (2) Magnetron Sputtering (3) DC Sputtering

* RF Sputtering

If the target is insulator then will be applied RF sputtering. The Argon atom is
converted into ions. These ions bombarded with target and repelled back and
sputtering process is stopped. 1t’s polarity can be reversed by applying the radio

frequency.









1.4.1.2 Process Annealing

This heat trealment is used for soltening and increase the ductility of strain

hardened material. The range of temperature is 260°C-760°C.

1.4.1.3 Stress Relief Annealing

In this treatment will not change any phase of the material. This process used
for recystallization, stress improved and removed defect from material. The range of
temperature is 600-800°C. This type of anncaling is used lor improving Zinc
magnesium nitride thin tilm because our film has the presence of stress and defects
before annealing. There are three main application of stress Relief Annealing
describes below.,

= To obtain fine grain size
» Toremove internal stress

= To improve Machinability

1.4.2. Annealing Treatment

Annealing treatment is divided in three regions, (1) Recovery (2)

Recrystallization (3} Grain Growth

1.4.2.1 Recovery:

Motion, annihilation of point defect and rearrangement of dislocation ot subgrain and
grains boundarics are involved in this region at low temperature. In this region, no
change takes place in grain structure of the material. Siall change in hardness are
observed during recovery that can be recognized to decrease in dislocation and point

defect density.
1.4.2.1. Recrystallization:

In this region nucleation and growth of strain-free grains is deformed at high
temperature. In this region grains grow, the dislocations in matrix are annihilated at

boundaries of newly tormed grains.



1.4.2.2, Grain Growth:

Grain growth occurs when recrystallization material is further annealed at
same temperature. Large grains grow by an increase in average grain size and

boundaries between annealed grains migrate.

1.4.3 Application of Annealing of thin film

» Thermal annealing is the method that used to improve crystal quality and to study
structural defect of material,
» Annealing process produced a significant change of thin film that is important for

electronic devices of zine nitride.
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make the pellet under 3 Ton pressure. All the pellets are put in furnace for sintering.
The temperature of furnace raised from room temperature to 350°C. The pellets kept

at that temperature for two hours. The weight rativ of samples is given below in the

table.
Samples Zn weight ratio Mg weight ratio
Zn 28.92g Og
ZnMgl 27.47g 1.45g
ZnMg2 24.58g 2.89¢
ZnMg3 21.69g 7.23g
ZnMg4 18.8¢ | 10.12g

Table 2.1: Samples and weight ratios

Two-inch pallet was placed in target holder. P-type silicon was.put on the
substrate holder. The chamber was closed and tightly fitted. The shape of the chamber
was O-rings and clamps. The rotary pump was used for maintaining rough vacuum
10 mbar. The scroll pump was used to obtain vacuum 10 mbar and backing the
turbo molecular pump. The elecirical heater was used to attained uniform thickness of
thin film that fixed under substrate holder at temperature of 300°C. 5% of nitrogen
was flowed in the chamber. For plasma generation, Ar gas was used as inert gas. After
plasma generation, water flow through pipes to kept apparatus cool. The deposition
was held with deposition pressure 102-10* mbar at one hour. After two-hour the
chamber was cool down, then it was opened and the sample was taken out and kept in

samples boxes [17].

2.3 Annealing:

After deposition of thin films, samples were annealed in the box furnace at

800°C in the air due to reducing of nitrogen concentration and the addition of oxygen.

2.3.1 Collaboration of Furnace:

*  Turn on the furnaec and cheek the temperature of lurnace that should display the
room temperature.
* Turn on the furnace the upper display is actual temperature and lower display is

the set point pressed up and down arrow and fixed the 800°C temperature.
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Two beams are used in an ultraviolet spectroscopy, one is the reference beam
and the other one is sample beam. The reference beam directly move to the detector
without any interaction with the sample. The sample beam hits the sample revealing it
to ultraviolet light of continuously changing wavelength. The intensities’ ratio

between sample and refercnce beam are recorded in detector.
Band gap:

The energy band gap has been calculated from reflectance spectra of ZnMg
thin film by Kubelka-Munk function. This function gives the relationship between

absorption coefticient and scattering coeflicient.

F(R) =;-f=<_l_: ________________ (3.4)

In this equation a,§ and R represents the absorption coefficient, scattering
coefficient and reflectance. The energy gap of ZnMg thin film can be calculated from

the reflectance spectra using Tauc and Menth method
(hva)™ = A(Av — E,) -eeemeeeev (3.5)

h,v,a,mand A represents the Plank’s  constant, frequency  of  incident light,
absorption coefficient and constants, m = 2 is used for direct band gap and ¥ for

indirect band gap of semiconductor.
3.6 Spectroscopy Ellipsometry:

Ellipsometry is a visual apparatus which mcusures the change in polarization
upon reflection. [t is non-contact and non-destructive technique used for the optical
and structural characierization ol thin lilins [22]. Ellipsomewry is used to determine
film thickness, refractive index and extinction coefficient. It has a wide use in
engineering because of large possibilities to produce and create the application model

for a great variety of material, including unknown combination.

Four component of Ellipsometry are light source, two polarizer, two
compensators and detector. First, light from the source passes through the polarizer

and gets linearly polarized. [t then passes through the compensator and falls on the
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3.7.1 Hall Effect:

Edwin Hall discovered the Hall Effect in 1847. Hall Effect explains the

behavior of free charge carries in semiconductor when an electric field is applied.

Sheet resistance can be measured by two methods, first is collinear method
and second is Van der Pauw method. In our case, Van der Pauw method was used for
the calculation of sheet resistance. A square area is selected for probing. Resistivity
and Hall coefficient can be easily measured for any sample through Van der Pauw
method. The benefit of this method is that it can be used to understand the properties
of any random shaped sample. The sample must be two dimensional. An error occurs
at the time when sample surface is not uniform. A current is circulated in all direction

and corresponding values of voltage are measured.

The equation shows the carrier concentration holes (n) and electrons (p) in

term of hall coefficient (Ry) is given by

1 1
N=——— 0rp = —-n----39
qRp p qRp

Mobility equation for the electrons (un) and holes (pp) is expressed in terms of

Hall coefficient is given:
Hp = OqRy o7y, = dpRy---—--3.10

‘an” and ‘op’ represent the conductivities due to electrons and holes

respectively.
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CHAPTER 4

Results and Discussion

We prepared zinc magnesium nitride thin films samples (ZnMg0 (Zn=100%),
ZnMgl (Zn 95%, Mg 5%), ZnMg?2 (Zn 85%, Mg 15%), ZnMg3 (Zn 75%, Mg 25%)
and ZnMg4 (Zn 65%, Mg 35%)) on both n and p silicon subtrate by using reactive
DC sputtering method and annealed them in air at 800°C. These thin films were
characterized to observe the effect of annealing on their structural, optical as well as
electrical properties. The results obtained of samples (before and after annealing)
from XRD, Raman Spectroscopy, UV-Visible, PL, Ellipsometry and Electrical

Characterizations are discussed briefly in the present chapter.
4.1 XRD (X-ray Diffraction):

The structural analysis of all the thin films was cammied out using X-ray
Diffractrometre in the range 20 = 10 °-90 ® (A=0.154 nm).

4.1.1 The thin fitms deposited on n-type silicon substrate:

- . - AP snmsobme

i :
o £
i ;
£ E
L] - L] . L3 - T * 1 ! b L : L] v L b ; L
N “» b ] 1] . ] H "N | (13 ™
10 (degree) 20 (degree)

Fig 4.1: XRD spectra of zinc magnesium nitride thin films before and after annealing

on n-type silicon substrate.

The XRD patterns of zinc nitride thm films (ZnMg0 (Zn=100%), ZnMg1 (Zn
95%, Mg 5%), ZnMg2 (Zn 85%, Mg 15%), ZnMg3 (Zn 75%, Mg 25%) and ZnMg4
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(Zn 65%, Mg 35%)) deposited on n-type silicon substrate for as deposited and after
annealing samples are given in figure 4.1. The XRD trends of thin films before
annealing show noise and somewhat amorphous behavior, The peak of ZnaN2 (332)
(JCPDS Card No. 01-1150 & 36-1451) was observed in all samples of as deposited
thin films [24]. The intensity of Zinc nitride peak comresponding to (332) was very
sharp and intense in sample ZnMg4 but other samples had weaker and wide peak.
After Annealing, the intensity of peak ZnaN2 (332) got reduced and it became wide.
The grain size of Zn3N» (332) is also increased and reduced the strain, hence the peak
shifted from higher theta value towards lower one at 800°C is shown in table no 4.1
and 4.2

Table No 4.1: Structural parameter of ZnMg thin films before annealing deposited on
n-type silicon. (ZnMg0 (Zn 100%), ZnMg1 (Zn 95%, Mg 5%), ZuMg2 (Zn 85%, Mg
15%), ZnMg (Zn 75%, Mg 25%) and ZnMg (Zn 65%, Mg 35%)).

20 o FWHM g Grain | Micro
Material | (deg) | (deg) | In | InRad | size | strain
deg. | (x107) { D (nm) | £ (x107)

InMgd4 | ZnsN2(332) 43 21 0.15 2.61 57.07 1.656

ZnMg3 | Zn:N»(332) | 43.15 215 | 0.04 0.69 215 0.43

InMg2 | ZnsN,(332) | 42.65 213 | 0.04 0.69 2155 0.42

ZnMgl | ZmN:2(332) | 429 | 214 | 005 | 087 171 0.55

ZnMg0 | Zn3Ny(332) | 43.145 215 | 005 0.87 171 0.552

ZaMg4 | ZnO(102) | 46.77 233 | 0.04 0.69 218 0.40

ZaMg3 | ZnO (102) 46.8 234 | 0.04 0.69 218 0.398

ZoMg2 | ZnO (102) | 4677 | 233 | 003 | 052 290 | 0.301

ZnMgl | ZnO (102) 475 2376 | 0.05 0.87 174 0.49

ZnMgh | ZnO(102) | 4684 | 23.42 [ 004 | 0.697 216 0.402

The peak of ZnO (102) appeared in all the thin films of before and after
annealed samples. Before annealing, the intensity of peak ZnQ (102) was sharp and
had a large grain size along with less strain. The intensity of peak started getting

lesser and reduced with an increase in temperature. The peak of ZnO (002) has
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reduced grain size and therefore increased strain after annealing. The main reason is
that the phase ZnO (002) is not enhanced with temperature that is reported by [28].

Table No 4.2: Structural parameter of ZnMg thin films after annealing deposited on
n-type silicon. (ZnMg0 (Zn 100%), ZnMg1 (Zn 95%, Mg 5%), ZnMp2 (Zn 85%, Mg
15%), ZnMg3 (Zn 75%, Mg 25%) and ZnMg (Zn 65%, Mg 35%))

20 e FWHM g Grain | Micro
Material (deg.) |[(deg.) |In In Rad | size strain
deg. | (x10%) |D(nm) | e (x107)

ZnMg4 | Zn3N2(332) [42.6 2132 0.11 1.91 7789 | 1.22

ZaMg2 | ZmNz (332) | 4240 (212 | 012 [209 |71.12 |1.34

ZoMgl | ZmN; (332) 4225 |21.125 |03 |523 |284 |3.384

ZnMgd4 Zn((102) (4526 22,63 008 |139 108 0.833

ZnMg3 | ZnO(102) [4552 |2276 |0.12 |209 |719 1245

ZnMg2 | ZnO(102) |4512 [2256 |0.08 |139 |107 [836

ZnMgl ZnO (102) 4547 22.73 028 |488 30,79 | 2.91

InMgl Zn0O(102) |45.52 2275 0.18 [3.14 4786 | 1.87

The ZmsN> peaks at (321) and (400) (JCPDS No 35-762) appeared before
annealing but after annealing these peaks got suppressed [27]. Afier annealing, the
Zn0 (102) JCPDS no (80-0075) peak appeared, it became apparent that unintentional
oxygen adsorption had taken place, along with some kind of reaction between oxygen
and the excess zinc in the thin films structure which as a result converted them into
highly resistive p-type nitrogen doped ZnO films [25, 26]. The peak of Mg (103)
appeared before annealing due to difference of ionic radii of magnesium and zinc.
After annealing, Mg (103) peak was suppressed in all the samples of thin films. After
annealing, new oxide peaks appeared at ZnQ (103) and ZnO (112) in all samples of
thin films due to annealing in oxygen at 800°C. With increasing the temperature, the

bonds between zinc and nitrogen broke down and oxygen reacted with zine [29].

Overall, the effect of annealing is that the structural quality of thin films got
improved and defects were reduced that is further confirmed by PL results. Thin films
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rearrange itself at 800°C temperature, that’s why strain was reduced and grain size of

particle has increased as shown in table No 4.1 and 4.2.
4.1.2 Thin films deposited on p-type silicon substrate:

The XRD pattern of zinc nitride thin films (ZnMg0 (Zn=100%), ZnMgl (Zn
95%, Mg 5%), ZoMg?2 (Zn 85%, Mg 15%), ZnMg3 (Zn 75%, Mg 25%) and ZnMg4
(Zn 65%, Mg 35%)) as deposited on p-type silicon substrate is shown in figure 4.2
The grain size and strain calculated for ZnO (102) peak in sample ZnMg4 for as
deposited and after annealing are tabulated below. The results show that the grain size
of ZnO is icreased and strain have reduced significantly from the thin films. The
intensity of ZnO (102) peak increased and sharpened after annealing. After annealing,
the thin films recyrstallized itself. So, ZnO (102) peak appeared in other samples
namely ZnMg3 & ZnMg2 with grain sizes 16.64 & 83.3 nm respectively. The peak
(102) in ZnMg?2 shifted from higher theta value to lower theta value. Hence, the grain
size of ZnMg?2 increased and strain have lessened as compared to those in samples
ZnMgd & ZnMg3.

Tntensky (au)

Intenuity (a.u)

10 {degren 208 (degree)

Fig 4.2: XRD spectra of zinc magnesium nitride thin films before and afier annealing

on p-type silicon substrate.

The Zinc nitride peak (332) appeared in ZnMg4 and ZnMg3 for as deposited
and after annealed samples. After annealing, this peak also appeared in sample named
ZnMg2. In ZnMg4, the gram size of peak ZniN2 (332) increased and strain was
reduced but in ZnMg3 decrease in grain size was observed along with increased

strain.

26




Table No 4.3: Structural parameter of ZnMg thin films before annealing deposited on
n-type silicon. (ZnMg0 (Zn 100%), ZnMg1 (Zn 95%, Mg 5%), ZnMg2 (Zn 85%, Mg
15%), ZnMg3 (Zn 75%, Mg 25%) and ZnMg (Zn 65%, Mg 35%))

20 ] FWHM 8 Grain | Micro
Material | (deg.) | (deg) | In | InRad. | size strain
deg. | (x10°%) | D (om) | £ (x107)

ZnMgd | ZnO(102) | 3465 | 17325 | 07 | 122 | 119 0.7

ZnMg3 | ZnO(102) | 3465 | 17325 | 05 | 872 | 1664 | 69

ZnMg2 ZnO (102) | 3445 | 17225 | 0.1 1.74 83.3 1.40

ZnMg4 | ZmN; (332) | 4335 | 2165 | 0.1 | 174 857 1.09

ZnMg3 | ZmN2(332) | 434 21.7 0.2 348 42.8 2.186

ZnMg0 | Zn3N; (332) | 4345 | 21675 | 0.1 1.74 85.7 1.09

InMgd4 | MgsN; (440) | 5045 | 25225 ¢ 0.1 1.74 85.7 1.09

ZnMg3 | Mg:N; (440) | 50.11 | 25 | 003 | 1.74 | 8805 | 092

ZnMg3 | 7Zn0O(103) 63 31 0.1 1.74 93.42 0.709

ZnMg0 | ZnO(103) | 63.1 | 3155 | 01 | 174 | 9342 | 0.709

The MgsN: (440) peak was observed in samples ZnMg4 and ZnMg3 in both
before and after annecaling spectra. After annealing, the grain size of the peak
corresponding to Mg;N; (440) had reduced and strain was increased but in sample No
ZnMg4 only. Mg:N; had increased grain size and reduced strain as shown in table no
44. This peak did not appear in other samples due to low concentration of

magnesium,

The intensity of ZnO (103) was increased and widened in ZnMg3 and ZnMg4
after annealing which indicates the enhancement of crystal quality [30]. The grain size
of peak ZnO (103) was observed to be increased and strain was released after
annealing. Before annealing, ZnsN> (321) peak appeared but after annealing this peak
was vanished. On increasing temperature, the bonds between zinc and mitride broke
and oxygen bonded with liberated zinc and formed ZnO (002).
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Table No 4.4: Structural parameter of ZnMg thin films after annealing deposited on
n-type siticon. (ZnMg0 (Zn 100%), ZnMg1 (Zn 95%, Mg 5%), ZnMg2 (Zn 85%, Mg
15%), ZnMg3 (Zn 75%, Mg 25%) and ZnMg (Zn 65%, Mg 35%))

20 e FWHM g Grnain | Micro
Material | (deg.) | (deg.) | In | InRad. | size strain
deg. | (x10%) | D (nm) | & (x107)

ZaMgd | ZnO (102) | 3644 | 1822 | 088 | 153 953 | 11.62

ZoMgd | ZmN; (332) | 432 | 216 | 04 | 697 | 213 | 440

ZnMg3 | ZnN; (332) | 428 | 214 | 01 | 1.74 855 1.10

ZnMg4 | Mg3N; (440) | 50.8 254 | 0.08 1.30 99.7 0.731

ZnMg3 | Mg3;N; (440} | >1.14 | 2557 | 03 5.23 29.37 273

ZnMg4 Zn0O (103) | 63.05 | 3152 | 03 5.23 31.08 2.13

ZoMg3 | ZnO(103) | 631 | 3155 | 04 | 69 | 2357 | 280

ZnMg2 ZnQ} (103) 63.4 317 0.5 87 18.7 3.52

ZnMgl Zn0 (103} 63.4 317 0.5 8.7 18.7 3.52

ZnMgb ZnO (103) 63.3 3165 | 02 34 47.8 1.37

4.2 Raman Analysis:

Effects of annealing on the vibrational and rotational modes of Zinc

Magnesium nitride thin films were checked by utilizing the Raman spectroscopy.
4.2.1 Thin films deposited on n-type silicon substrate:

A Raman spectra for Zinc Magnesium Nitride thin films (ZnMg0 (Zn=100%)),
ZnMg] (Zn 95%, Mg 5%), ZnMg2 (Zn 85%, Mg 15%), ZnMg3 (Zn 75%, Mg 25%)
and ZnMg4 (Zn 65%, Mg 35%)) deposited on n-type silicon substrate in as deposited
and after annealing is shown in figure 4.3. Zn-O has four optical modes
(A1+E1+E2+tB;). Ay and B are polar, Raman and infrared modes while E; modes
(E2™" and E,"™) are non polar and Raman modes [31, 32, 33]. E:"#" is associated
with oxygen atoms and E2'°" is associated with Zn sub lattice. B1 modes are silent. A,

and E; sphit into longitudinal and transverse optical components (LO & TQ). Zn-N
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has two Raman Active vibration modes with respect to wavelength at 257 [34] and

565 cm™ [35].

§rutoom W T3
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Fig 4.3: Raman spectra of zinc magnesium nitride thin films before and after

annealing on n-type silicon substrate.

Before annealing, both Raman active vibrational modes of Zn-N related to
bulk Raman peaks appeared at 257.8 (originally at 257 cm™) and 619 cm™! (originally
at 565 cm™). These peaks shifted from lower Raman no. to higher ones with blue
shifts and decreased in bond length. After Annealing, Zn-N Raman modes with

1

respect to wave lengths 260cm™'& 619 cm™ are suppressed in samples ZnMg4 &

ZnMg3 and appeared m samples ZnMg0, ZnMg1 & ZnMg2.

The Raman scattering for the ZnO vibrational modes was dominated by two
peaks at about 332 (originally at 340 cm™) and 433 cm™ (originally at 430 cm™) which
can be assigned to the E & E; optical phonon of ZnO crystal, and after annealing
these peak were shifted at about 344 ¢cm™ with blue shift (originally at 340 cm™!) &
429 cm with red shift (originally at 430 cm™), Longitudinal and transverse optical
modes of ZnO were present at 559 & 370 cm™ in before annealed samples. After
annealing, these modes of ZnO got shifted at 583cm™'& 363 cin™’. The nitrogen peak
was prominent at 661 ¢cm™ before annealing. After annealing, the nitrogen peak is
shifted from 661¢mn™' to 667 cm™.

QOverall, after annealing, most of the peaks shifted from low towards high
Raman shift and decreased in bond length as 1t is already evident by XRD.
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4.2.2 Thin films deposited on p-type silicon substrate:

Figure 4.4 shows the Raman spectra of Zinc magnesium nitride thin films
(ZnMg0 (Zn=100%), ZnMgl (Zn 95%, Mg 5%), ZnMg2 (Zn 85%, Mg 15%), ZnMg3
(Zn 75%, Mg 25%) and ZnMgd4 (Zn 65%, Mg 35%)) for as deposited and after
anncaled samples. Before annealing, Raman Active vibrational modes of Zn-N were
observed at 249 cm(origmally at 257 cm™) and 618 c¢m’! (originally at 565 cin™').
After annealing, these peaks were shifted from low Raman to high Raman no. at 268
cm(originally at 257 em™) and 619 cm™! (originally at 565 cm™).

[nteneky (3.4)
Intanalky fand

| mc
: .

Fig 4.4: Raman spectra of zinc magnesium nitride thin films before and after

annealing on p-type silicon substrate.

Two distinguishable peaks related to E; and E> Raman active mode of ZnQO
appearing at 344 and 382 cm in as deposited thin films show blue shift after
annealing i.e. they appear at 346 and 444 cm™.

4.3 UV Visible Spectroscopy:

Reflectance, absorption and transmission are three types of UV-VIS
spectroscopy. The band gap of zinc nitride was evaluated with the help of UV-VIS

reflectance.
4.3.1 Thin films deposited on n-type silicon substrate:

The reflectance spectra of the ZnaN; thin films with different concentrations of

Mg and Zn are shown in figure 4.5.
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nm. The refractive index in ZnMg3 decreased from 1.68 to 1.66 m wavelength range
650-1000 nm. ZnMg2, ZnMg0 and ZnMg4 show similar behavior like ZnMg3 but

have different values of refractive index.

Extinction Coefficient K:
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Fig 4.16: Extinction Coefficient of unannealed and annealed thin films.

Figure 4.16 shows relation of wavelength versus extinction coefficient for
unannealed and annealed thin films. The extinction coefficient of ZnMg0, ZnMg3 and
ZnMg4 increases in visible region and has no change in IR region as before
annealing. It means, maximum light is absorbed in UV region and minimum in IR
region. Before annealing, value of extinction coefficient decreases for ZnMg2 and

ZnMgl in UV region and has no change m visible and IR region,

After annealing, In case of ZnMg0, maximum value of extinction coefficient
(k) appeared in UV region at 357 nm then decreased m visible region and IR region.
ZnMg3 and ZnMg4 show no change in UV visible and IR regions. ZnMg2 show
small value of K 0.0]1 at 312 nm in UV region then remain constant throughout the
UV visible and IR region.

E1 Dielectric constant:

Dielectric constant of ZnMg3 is maximum at 3.29 in UV region then gradually
decreases m wisible and IR region in figure 4.17 (before annealing). ZuMg4 and
ZnMg0 show similar behavior as ZnMg3 with different values of E1. In ZnMg1 and
ZnMg?2 values of E1 appear at 1.3 and 1.01 in UV region and remain constant in
visible and NIR.
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Before annealing, Dielectric constant is maximum in ZnMg1 in UV region and
steadily decreases in IR region. Dielectric constant in ZnMg0 and ZnMg3 also
slightly increases in UV region and remain constant in IR region. In ZnMg2 and

ZnMg4 the dielectric constant remains saing at 3 throughout all regions.

After annealing, ZnMg, and ZnMg3 have maximum dielectric constant values
3.3 and 3.0 which decrease slowly in visible and NIR region. ZnMg1 shows opposite
behavior to that of ZnMg0. ZnMg2 and ZnMg4 show gradual decrease in E1 values
ie. 2.6 and 2.5 respectively in UV region and remain constant in visible region
(figure 4.25 After annealing).

E2 Dielectric loss:

Before annealing ZnMgl shows maximum value of 24 at 450 nm in visible
region which decreases further. Remaining samples show small fluctuation in UV
region and has slightly change in visible and NIR as shown in figure 4.26 (before
annealing).

After annealing, ZnMg0 and ZnMg3 show maximum value of E2 at 0.9 and
0.7 respectively in visible region. ZnMgl, ZnMg2 and ZnMg4 have shown very small

values of dielectric constant.

Aflter Annealing
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Fig 4.26: E> spectra of unannealed and annealed thin films.






Table No 4.8: Comparison of band gap values of UV-Visible and SE,

Samples UV-Visible Reflection E; (¢V) | Ellipsometry E; (eV)
Before After Before After
Annealing Annealing Annealing Annealing

ZnaN2 (Zn=100% ) |2.46 1.51 32 0.67

ZnMg1(Zn=95%,

Mg=5%]) 35,45 3.27,3.59 277 36

ZnMg2(Zn=85%,

Mg=15%) 348 43,46 |1.89,3.14 3.17 37

ZnMg3(Zn=75%,

Mg=25%) 2.5,3.54 1.64 3.5 3.2

ZnMgd(Zn=65%,

Mg=35%) 33,39,44 |1.8,23,329 |32 3.01

Optical band gaps are calculated by the absorption spectra which show linear
relation of (ahv)? versus hv. Table no 5 shows slight difference in band gaps between
UV-Visible and Ellipsonetry. Band gap decreases after annealing due to increase of

grain size and strain is removed from thin films,
4.6 Electrical Properties:

4.6.1 ZnMg thin film deposited on p-type silicon substrate:

Hall Effect measurements were carried out for the calculations of the mobility,
conductivity, sheet resistance and carrier concentration, The amount of magnetic field
used was 0.5 Tesla. Hall measurements were repeated several times for eacb sample
to ensure the consistency of results. The thin film was converted from n-type to p-type

after annealing in table 4.13.

With an increase in oxidation temperature, more and more nitrogen acceptors
ZnO:N were activated and they rewarded more and more electrons produced by
intrinsic defects in the ZnO:N thin films. Therefore, the carrier density of holes is

increased as reported earlier [45].
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Table 4.9; Electrical properties calculated by Hall Measurements

Samples Sheet Surface Volume Mobility | Conductivity | Types
Resistance | Carrier Carrier
density density
Before
Annealin
ZnMg0 205056.46 | -4.20137x10" | 2.64x10*" | 0.07874 | 0.657 N
ZnMgl 1.049x10° |-1.04499x10" |1.193x10%° [0.0671 0.117 N
ZnMg2 547083.67 [-1.03534x10" | 1.193x10% | 0.03555 |0.372 N
ZnMg3 659923.67 | -4.68893x10'° |2.74x10** {0.00547 |0.301 N
ZInMg4 1.050%10° | -1.69459x10 [ 1.11x10%! 0.00643 |[0.189 N
After
Annealing
ZnMg0 1.40x10* | 1.93x10"2 1.78x10"7 | 4,69x10%2 | 7.10 P
ZnMgl 1.22x10° | 7.46x10!! 2.03x10%77 [ 2.43x10% | 2.30 P
ZnMg2 2.09x10* | 3.41x10" 9.16x10% | 1.48x10° |13 P
ZnMg3 7.83x10¢ 1.64x10" 1.71x10% | 1.26x<10° | 4.45 P
ZnMg4d 8.64x10° | 2.03x10" 3.72x10% [ 5.38x10° | 22.6 P
4.6.1.2 Mobility:
1400 o—
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Fig 4.29: Mobility of sampies before and after annealing.
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Before Annealing, mobility was linearly decreased from samples ZnMg0 to
ZnMg3. It increases in ZnMg4 due to increased concentration of magnesium. After
annealing, mobility of ZnMg0 to ZnMg4 increases as compared to before annealing
i.e. 449 cm?/V-s due to removed tensile strain from thin films which is also evident
from XRD results. At higher temperature, the electrical properties of flms

deteriorated, while mobility increases as observed [46].
4.6.1.2 Carrier Concentration:

After Annealing, carrier concentration decreases as compared to pre-annealing
in figure 4.30 [46]. Carrier concentration of samples increases from ZnMg?2 to ZnMg4
before annealing. Mobility of thin films is increasing with decreasing carrier

concentration which indicates that grain boundary is dominant [47].

1011
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Carrier Concentration n (

-5.0x1

Fig 4.30: Carrier Concentration of samples before and after annealing.
4.6.1.3 Sheet Resistance:

In figure 4.31 shows that sheet resistance of samples decreased after annealing
due to increased mobility. Before Annealing, sheet resistance was increased from
ZnMg0 to ZnMgl and drastically decreased to ZnMg2. Then again sheet resistance
was mcreased for ZnMg3 and decreased for ZnMgd4. Sheet resistance of ZnMg4 is
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reduced and holes concentration is increased. Thin film rearranges itself and improved
crystallinity at 800 °C. When electrical filed is applied, the holes and electrons
recombine and make pairs due to which holes left in less quantity so current decreases

after annealing.
4.6.2 Thin film deposited on n-type silicon substrate:

The Electrical properties of samples that are calculated by Hall ineasurements
are given in table 4.14. The current of ZnMg0 was out of range of machine used for
carrying out these electrical characterizations. By increasing oxidizing temperature,
the Zn-N bonds break down and some nitrogen escaped from interstitial sites in thin
films and this process led to an increase in the intrinsic defects which act as donors
[49]. The concentration of holes is less and density of intrinsic defects becomes
dominant so conduction changed from p-type to n-type [48, 49]. The range of current

of pure zine nitride thin films is found to be lying beyond the used apparatus limits.

Table 4.10: The Electrical Properties calcutated by Hall Measurements,

Samples Sheet Surface Volume | Mobility | Conductivity | Types
resistance | carrier carrier
density density
Before
Annealing
ZnMg0 1.22x10° [-5.65x10'% [ -3.64x10'" 283 0.526 N
ZnMgl 8.62x10° | 5.88x10% | 8.01x10° 256 0.258 P
ZnMg2 1.63x10° | 7.65x10'" | 5.40x10" 469 0.447 P
ZnMg3 3.34x10° | 5.39x10'" | 9.71x10'® 167 0.704 P
ZnMg4 6.83x10° | 1.86x10"" | 2.82x10" 71 0.223 P
After
Annealing
ZnMgl
ZnMgl 1.56x10° |-8.45x10' | -2.81x10'° 131 0.218 N
ZnMg2 1.41x10° | -4.87x10" | -1.04x10"7 264 1.53 N
ZnMg3 1.51x10° |-5.61x10" | -8.28x10" 205 980 N
ZnMg4 2.30x10° |[-4.36x]0" [-3.41x10" 729 826 N







Carrier concentration is increased in pre-annealing stage due to defects and
vacancies. After annealing, almost all the defects and strains are reduced which is

confirmed by XRD and PL results. So carrier concentration decreases after annealing.

4.6.2,3 IV curves:

/
/

Currend (uA)

f r

Fig 4.35: [V curves of thin film before and after Annealing.

The IV curves of the samples show the Ohmic behavior. The 1V curve of
ZnMg0 is higher as compared to other samples for after and before annealing due to
maximum absorption of light and heat loses that is confirmed by Ellipsometry results.
The current is decreasing for ZnMgl to ZnMg4 after annealing due to a minimum
absorption of hight and Extinction Coefficient.
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Conclusion

® The grain size of particles increased and stress are decreased in thin film through
annealing,

® [ncrease in particle size in film due to annealing resulted in decrease in the band
gep.

® Raman analysis exhibit that oxygen is incorporated in films and Nitrogen bonded

to zinc has been replaced by Oxygen.

® Defects in films are mostly removed from film which is clear by the suppression

of meny photoluminescence transitions in annealed samples.

® Mobility of film increase and carrier concentration decrease of film after
annealing which shows that defect in the films were acting as trap centers for

charges.
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