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ABSTRACT

GaAs is a group III-V compound semiconductors in which Gallium belong to 3'd group and

Arsenic belong to 5e group. It is used in high speed, high frequency and low resistive and low

power electronic devices. It has low noise and maximum electron mobility. The main motivation

for using GaAs compound semiconductors for device applications is found due to the optical

properties. The band gap of GaAs can be change from l.l to 1.42 eV for low dose or dilute

nitrogen and 1.42 to 3.4 eV for high dose of nitrogen. When dose is high then Arsenic is totally

replaced by nitrogen. The band gap varies from 3.2 to 3.5 eV. The nitrogen is implanted by

plasma nitriding technique. The samples were treated for 30 min,, 45 min 60 min,90 min and 130

min. The value of current was 0.8 Amp. The samples were annealed to remove the defects. The

annealing temperature was 650'C and time was 30 min. After implantation the followings

characteizations were performed. XRD was studied to investigate the crystal structure.

Rutherford back scattering (RBS) was used to find out the nitrogen composition as compared to

Ga and As. Film thickness and depth was also calculated by RBS. Diffused reflectance

spectroscopy was used to calculate the band gap. By Tauck plot and Munk function, the band

gap was calculated

-
\r,

s



\
ilei

Chapter I

Introduction

The modern semiconductors [] brought a great revolution in the field of electronics industry

while having enonnous applications in transistors, processors, solar cells, light emitting diodes,

laser diodes and in optical windows, owing to their striking physical and electronic properties.

Semiconductors can be divided into a number of classes out of which III-V semiconductors

especially GaAs is the most studied material. The large electron mobility at low electric field of

GaAs, as shown in Figure l.l, opens new window for the applications in low power, high speed

and high frequency electronic devices.[2]

1.1 Properties of m-V semiconductors

The interesting physics behind the striking properties of semiconductors, especially III-V

semiconductors, Gan be discussed on the basis of followings properties.

I-Crystal structure

Wurtzite and Zincblende are the most commonly available crystal structures in semiconductors.

Wurtzite, as shown in Figure 1.2, is a two dimensional hexagonally closed packed lattice of

tetrahedral shape. While Zincblende and rock salt crystal structure have face centred lattice in

cubic form, with coordination number of four and six respectively. GaAs is commonly available

in Zinc Blende while GaAsN can have both wurzite as well as zinc blende crystal structure. On

the other hand GaI.I exists in wurtzite crystal structure [3]. If Arsenic is completely replaced by

nitrogen in GaAsN, the crystal structure takes the form of Wurtzite crystal structure; on the other

hand, nitrogen remaining in interstitial position reproduces the crystal structure of GaAs i.e zinc

blende.

II- Yariable conductivity

Owing to filled valance bands at room temperature while having covalent bonding with

neighbouring atoms, a pure semiconductor has poor electrical conductivity. ln order to enhance

their conductivity, semiconductors are doped with either tri-valent or penta-valent materials

creating p-type or n-type materials respectively with improved conductivity. At the higher

temperatures, the breaking of covalent bonds creates free electrons as well as vacant spaces
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known as electron hole pairs, responsible for the flow of current in semiconductors. Upon further

increase in temperature the resistance of the material increases due to collisions.

EhcUlc Fbld $Eneh (t0r Vtrn)

Figure 1.1 Velocity of electrons in semiconductors as a function of electric lield strength [21

Wurzite Zincblende [3,4]

Figure 1.2 Wurzite and Zincblende crystal structure

III- Light emission

ln some semiconductors, the de-exciting electrons produce EM radiation in the visible region of

the spectrum making the material worthy of applications like light emitting diodes and

fluorescent quantum dots. .The direct band gap of the semiconductors as dominant in GaAs, is
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usually attributed to this phenomenon as well as ma:rimum absorption of light. The inclusion of

dopant in the semiconductors materials modifies the light emission and absorption characteristics

of semiconductors as indicated in GaAsN in which the Nitogen reduces the reflection losses in the

absorption of light .

1.2 Introduction of GaAs

The billion dollars worldwide industry of high speed and high frequency devices, having their

base on transistors, strongly relies on semiconductors for fabrication of electronic devices.

Initially the Silicon and Germanium based semiconductor devices were deployed. However with

the passage of time, new and improved semiconductor material occupied the market .The new

semiconductors have tuned various properties for different practical applications [5,6]. Soon

after the discovery of laser in 1962, a new search for semiconductor materials with light emitting

properties started. For improved light emitting properties, the material should incorporate a direct

band gap in visible region which the then dominant semiconductor Silicon lacked. Silicon also

lacked the capacity to act as a light emitter.[7,8] The light emitting properties as well as the

direct band gap of GaAs got readily noticed to fill the gap of materials in the applications like

lasers and LEDs .

Properties and applications

Gallium Arsenide (GaAs) is III-V compound semiconductor having Zinc Blende Crystal

structure with high saturated electron velocity which enables it to operate at low resistance. Due

to direct band gap, the absorption and emission of light as well as its tolerance to radiation

damage is quite high. On the other hand, it can combine with materials of high dielectric constant

and provide best isolation for the circuit . It has low noise to signal ration with high elecffon

mobility which makes it a potential candidate for applications like microwave frequency,

integrated circuits, infrared emitting circuits, laser diodes, optics and optical windows .

Devices based on GaAs are classified as elecfionic or photonic devices [9,10]. Electronic devices

include bipolar transistor, field effect transistor, diodes, hetero-junction, bipolar transistor etc.

While the useful photonic devices based on GaAs are LEDs, photo detectors and laser diodes.

The utilization of GaAs in such a large number of applications and devices proves its worth as a

useful material for the future applications as well.

V
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1.3 Selection of nitrogen for implantation

Large electro-negativity and small size of nifogen are the main reasons for the selection of

nitrogen for implantation. The electro-negativity of nitrogen i.e. 3.leV, is much more than rest of

goup V element like P, As and Sb which average around 2 eY. The nitrides of semiconductors

like GaAsN, GaN, GaPN, InPN and InAsN are amongst the highly studied materials for band

gap applications [ 1,127. The dilute nitride alloys such as GaAsN are used for wide band gap

application. Therefore, GaAsN thin film and hetro-structure are best for broad range of

optoelectronic applications, and provides the chance to investigate the nifiogen induced

perturbation caused by parameters such as doping concentration, annealing temperature,

pressure, voltage, time of nitriding and type of subsfiate [3,14]. Due to the difference of electro-

negativity and size between N and As, there is possibility of formation of defects. Our aim is to

study the effect on optical properties of GaAs with nitrogen implantation thus the emphasis will

be given to the variation in the band gap of compound semiconductor.

1.4 Introduction about nitriding

Nitriding is an effective technique to provide surface hardening as well as wear and corrosive

resistance for the different materials in indusnial area. Normally thermal and thermo chemical

method are adopted in the industry for this purpose in which the nitrogen is bombarded at the

surface of material to fill up avoids and empty spaces between atoms and provide a better

resistance against corrosion and wears [5].
Nitriding technique was developed J. Georges [6]. At that time this technique was limited only

in industry. Bemard Berghaus introduced the ions or plasma nitriding. This technique was used

for all possible material. After some years the salt bath nitriding was introduced. But this

technique was failed because of side effects. After some time General Electric wrote about the

plasma nitriding in full scale production. Later on pulse dc was infioduced to improve these

methods [7]. Post discharge was introduced in 1987. Georges developed the active screen cage

nitriding.

Application of nitriding

v'
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1.5 Nitrogen based compounds of GaAs

Nitrogen implantation of the GaAs may lead to the formation of GaAsN with ninogen at

interstitial positions of the crystal sfiucture. However, the substitution of arsenic by ninogen may

lead to formation of GaI.{ [18]. GaI{ is also a Itr-V compound semiconductor. The sensitivity of

GaN against the ionization radiation is very low which makes it suitable for operations at high

temperature. It has large heat capacrty and high thermal conductivity. The Gal.I has high break

down voltage, high saturation velocity and high elecfion velocity. The melting point of GaN is

2500"C. GaI.I holds both Wurtzite and Zinc Blende crystal structure with energy gap of 3.4 eV. It

is used in high printing, microwave radio-frequency, high power amplification, solar cell, single

crystal nano tube, normally ultaviolet radiators and laser printing.

Table 1.1 Physical properties of GaAs and Gal.I

tr

4--

Nti

Physical properties GaAs GaN

Melting point 1238"C 25000c

Mobility at 300K l245cm'Ns

No atoms in lcm' 4.42xlV' 8.9x 10"

Effective elecrfron

Mass

020m0 0.063m0

Dielectric constant at 300K 12.9 8.9

Density 5.317(g/cm') 6.15( g/cm')

Refuactive index 3.8 2.33

Thermal conductivity 0.5s(WcmK) | 2.I(WcmK

Lattice constant 5.65A a=3.189,c=5.185

Thermal expansion( x l0oK) 6a/a=5.59,6c1c=3.17

Band gap l.42eY 3.4 eV

Molar mass IM.CA(elctn) 83.73

Crystal structure Zinc Blende Cubic and wurtzite
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Dilute GaAsN has got a high attention for technological application at fundamental area with

adding 5olo concenfiation. Since both GaAsN and GaI.{ have direct band gap having value 3.4 to

1.43 eV. They have the visible specfium in infrared and ultraviolet region.

1.6 Optical properties

[ -Band gap as a function of lattice constant

The Figure 1.3 shows the band gap energy as a function of lattice constant for some selected III-

V semiconductor. A desired band gap may be engineered by creating alloy of different III-V

semiconductors with changing the composition of nitrogen.

45 5,o 66 6.0 E5

Le$reftard IAI

Figure 1.3 Band gap energ5/ as a function of lattice constant [51

Il-Vegard law:

The lattice constant of ternary alloy are usually described by Vegrad law. It states that lattice

constant of ternary alloy can be expressed as a lattice constant of combination of 2 bnary

compounds. The lattice constant changes linearly as composition changes. This linear behaviour

is called Vegard law. Usually the band gap energy varies nonlinearly. The expression shows the

band gap is calculated at any value of composition.

E,(ABxCF,) = x E,(AB) + (1 - x). Er.(AB) + b. x(1 - x)

E

a=v'
And
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Where AB is GaI.{ and AC is GaAs.The b is bowing coefficient which is composition dependent

and has value is less than I eV. The above equation describes that band gap enerry changes with

composition in dilute regime. The solid lines Figure 1.3 represent the direct band gap and dotted

line represents the indirect band gap. Colour band gap represents the visible range .GaAs and

GaN are given in red regron which are shown by red arrows.

IfI- Energy band gap and bowing coefficient of III-V semiconductors

ln equation l.l b is called bowing coefficient. The bowing coefficient accounts the deviation

from linearity of lattice parameter. The GaAsl-*\ has been studied for more pote,ntial

application because of giant bowing coeffrcient. The bowing coefficient changes the band gap of

semiconductors.The variation of bowing and energy is given in the table.

Table 12 Energy band gap and bowing coeffrcient of III-V semiconductors

Alloys

names

b(eD Es-Ec(eV) Alloys

names

b (ev) Es-E" (eD

AIPAs 0.22 0.1 InPSb 1.9 0.3

GaPAs 0.19 0.1 GaPSb 2.7 0.3

InPAs 0.1 0.1 GaAsN t20.4-

l00x

I

ALAsSb 0.8 0.2 InAsN 4.22 I

GaAsSb 0.43 0.2 InPN l5 0.9

InAsSb 0.67 0.2 GaPN 0.9 3.9

IV-Effect of defects

It is well known facts that defects play an important role in optical and electical properties. They

can reduce the life time of charge carriers. They can acts as a relative recombination centres and

=,'lc
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ABSTRACT

GaAs is a group III-V compound semiconductors in which Gallium belong to 3d group and

Arsenic belong to 5ft group. It is used in high speed, high frequency and low resistive and low

power electronic devices. It has low noise and maximum electron mobility. The main motivation

for using GaAs compound semiconductors for device applications is found due to the optical

properties. The band gap of GaAs can be change from l.l to 1.42 eV for low dose or dilute

nirogen and 1.42 to 3.4 eV for high dose of nitrogen. When dose is high then Arsenic is totally

replaced by nitrogen. The band gap varies from 3.2 to 3.5 eV. The nitrogen is implanted by

plasma nitriding technique. The samples were treated for 30 min,,45 min 60 min,90 min and 130

min. The value of current was 0.8 Amp. The samples were annealed to remove the defects. The

annealing temperature was 650"C and time was 30 min. After implantation the followings

characteizations were performed. XRD was studied to investigate the crystal structure.

Rutherford back scattering (RBS) was used to find out the nitrogen composition as compared to

Ga and As. Film thickness and depth was also calculated by RBS. Diffused reflectance

spectroscopy was used to calculate the band gap. By Tauck plot and Munk function, the band

gap was calculated
=t(
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Chapter I

Introduction

The modern semiconductors [] brought a great revolution in the flreld of elecffonics industry

while having enonnous applications in transistors, processors, solar cells, light emitting diodes,

laser diodes and in optical windows, owing to their striking physical and electronic properties.

Semiconductors can be divided into a number of classes out of which III-V semiconductors

especially GaAs is the most studied material. The large elecfion mobility at low electric field of

GaAs, as shown in Figure l.l, opens new window for the applications in low power, high speed

and high frequency electronic devices.[2]

1.1 Properties of III-V semiconductors

The interesting physics behind the striking properties of semiconductors, especially III-V

semiconductors, can be discussed on the basis of followings properties.

I-Crystal structure

Wurtzite and Zincblende are the most commonly available crystal structures in semiconductors.

Wurtzite, as shown in Figure 1.2, is a two dimensional hexagonally closed packed lattice of

tetrahedral shape. While Zincblende and rock salt crystal structure have face centred lattice in

cubic form, with coordination number of four and six respectively. GaAs is commonly available

in Zinc Blende while GaAsN can have both wurzite as well as zinc blende crystal structure. On

the other hand GaN exists in wurtzite crystal structure [3]. If Arsenic is completely replaced by

nitrogen in GaAsN, the crystal structure takes the form of Wurtzite crystal structure; on the other

hand, nitrogen remaining in interstitial position reproduces the crystal structure of GaAs i.e zinc

blende.

II- Variable conductivity

Owing to filled valance bands at room temperature while having covalent bonding with

neighbouring atoms, a pure semiconductor has poor electrical conductivity. In order to enhance

their conductivity, semiconductors are doped with either tri-valent or penta-valent materials

creating p-OTe or n-type materials respectively with improved conductivity. At the higher

temperatures, the breaking of covalent bonds creates free electrons as well as vacant spaces

F,\
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known as elecfon hole pairs, responsible for the flow of current in semiconductors. Upon further

increase in temperature the resistance of the material increases due to collisions.

EgceleHdsmrE0r(ldven)

Figure 1.1 Vetocity of electrons in semiconductors as a function of electric field strength [21

Wurzite Zincblende [3,4]

X'igure 1.2 Wurzite and Zincblende crystal structure

III- Light emission

ln some semiconductors, the de-exciting electrons produce EM radiation in the visible region of

the spectrum making the material worthy of applications like light emitting diodes and

fluorescent quantum dots. .The direct band gap of the semiconductors as dominant in GaAs, is
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usually attributed to this phenomenon as well as madmum absorption of light. The inclusion of

dopant in the semiconductors materials modifies the light emission and absorption characteristics

of semiconductors as indicated in GaAsN in which the Nitrogen reduces the reflection losses in the

absorption of light.

1.2 Introduction of GaAs

The billion dollars worldwide industry of high speed and high frequency devices, having their

base on fansistors, strongly relies on semiconductors for fabrication of electronic devices.

Initially the Silicon and Germanium based semiconductor devices were deployed. However with

the passage of time, new and improved semiconductor material occupied the market .The new

semiconductors have tuned various properties for different practical applications [5,6]. Soon

after the discovery of laser in 1962, a new search for semiconductor materials with light emitting

properties started. For improved light emitting properties, the material should incorporate a direct

band gap in visible region which the then dominant semiconductor Silicon lacked. Silicon also

lacked the capacity to act as a light emitter.[7,8] The light emitting properties as well as the

direct band gap of GaAs got readily noticed to fill the gap of materials in the applications like

lasers hnd LEDs .

Properties and applications

Gallium Arsenide (GaAs) is III-V compound semiconductor having Zinc Blende Crystal

structure with high saturated electron velocity which enables it to operate at low resistance. Due

to direct band gap, the absorption and emission of light as well as its tolerance to radiation

damage is quite high. On the other hand, it can combine with materials of high dielectric constant

and provide best isolation for the circuit . It has low noise to signal ration with high electron

mobility which makes it a potential candidate for applications like microwave frequency,

integrated circuits, infrared emitting circuits, laser diodes, optics and optical windows .

Devices based on GaAs are classified as electronic or photonic devices [9,10]. Electronic devices

include bipolar transistor, field effect transistor, diodes, hetero-junction, bipolar transistor etc.

While the useful photonic devices based on GaAs are LEDs, photo detectors and laser diodes.

The utilization of GaAs in such a large number of applications and devices proves its worth as a

useful material for the future applications as well.
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1.3 Selection of nitrogen for implantation

Large electro-negativity and small size of nitrogen are the main reasons for the selection of

nitrogen for implantation. The electro-negativity of nitrogen i.e. 3.leV, is much more than rest of

group V element like P, As and Sb which average around 2 eY. The nitrides of semiconductors

like GaAsN, GaNI, GaPN, InPN and InAsN are amongst the highly studied materials for band

gap applications I l,l2]. The dilute nitride alloys such as GaAsN are used for wide band gap

application. Therefore, GaAsN thin film and hetro-structure are best for broad range of

optoelectronic applications, and provides the chance to investigate the nitrogen induced

perturbation caused by parameters such as doping concentration, annealing temperature,

pressure, voltage, time of nitriding and type of substrate [3,14]. Due to the difference of electro-

negativity and size between N and As, there is possibility of formation of defects. Our aim is to

study the effect on optical properties of GaAs with nitrogen implantation thus the emphasis will

be given to the variation in the band gap of compound semiconductor.

1.4 Introduction about nitriding

Nitriding is an ef[ective technique to provide surface hardening as well as wear and corrosive

resistance for the different materials in indusEial area. Normally thermal and thermo chemical

method are adopted in the industry for this purpose in which the nitrogen is bombarded at the

surface of material to fill up avoids and empty spaces between atoms and provide a better

resistance against corrosion and wears [5].
Nitriding technique was developed J. Georges [6]. At that time this technique was limited only

in industry. Bernard Berghaus introduced the ions or plasma nitriding. This technique was used

for all possible material. After some years the salt bath nitriding was introduced. But this

technique was failed because of side effects. After some time General Electric wrote about the

plasma nitriding in full scale production. Later on pulse dc was introduced to improve these

methods [17]. Post discharge was introduced in 1987. Georges developed the active screen cage

nitriding.

Application of nitriding

B
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1.5 Nitrogen based compounds of GaAs

Nitrogen implantation of the GaAs may lead to the formation of GaAsN with nifrogen at

interstitial positions of the crystal structure. However, the substitution of arsenic by nitrogen may

lead to formation of GaI.{ U8l. Ga}.I is also a Itr-V compound semiconductor. The sensitivity of

GaI.{ against the ionization radiation is very low which makes it suitable for operations at high

temperature. It has large heat capacrty and high thermal conductivity. The GaI.{ has high break

down voltage, high saturation velocity and high electron velocity. The melting point of GaI.I is

2500'C. Gal.{ holds both Wurtzite and Zinc Blende crystal sfiuctue with energy gap of 3.4 eV. It

is used in high printing, microwave radio-frequency, high power amplification, solar cell, single

crystal nano tube, normally ultraviolet radiators and laser printing.

Table l.l Physical properties of GaAs and GaI'I

Fr

s,

r\)v

Physical properties GaAs GaI\

Meltingpoint 12380C 25000c

Mobility at 300K l245cnt'Ns

No atoms in lcm' 4.42xlV' 8.9x10"

Effective electon

Mass

0.20m0 0.063m0

Dielectric constant at 300K 12.9 8.9

Density 5.317(g/cm') 6.15( g/cm')

Reflractive index 3.8 2.33

Thermal conductivity 0.55(WcmK) l2.l(WcmK

Lattice constant 5.65A a:3.189,c=5.185

Thermal expansion( x l0'K) 6a/a=5.59,8c/c=3.17

Band gap l.42eY 3.4 eV

Molar mass 14/.64(elcm) 83.73

Crystal structure Zinc Blende Cubic and wurtzite

6



.-\$

Dilute @AshI has got 6 high dtention for technological application at fimdamental area with

adding 5Vs coreenffiion. Since hoth GaAst{ f,d C6},I hsve direct hand g4 having nalrrc 3.4 to

1.43 sV- Ssyhave the visible spectrrm in ifu and ultraviolet region.

IS $p#tal propsrties

I -$rud grp m t fMisn sf bttb oouoilad

Tb Figu+ t-3 fuu,s tre band gap €nergy as a ftrction of hfice conshnt for mme sM &
Y temidudor. A desired band eBp Eay be by cre*ing alloy of differeor I[-Y
s,emicoaduaors with changing the composition of nihogen

e.s

Ldtio @rEilarr tA!

ruE E 13 Bstrd Elp caerEy s3 f, ffltrtdon sf lnttl$ G0n$Bff Iq

II-VeganI law:

The lffiice constmt of tmuy alloy re usrnlly descrihcd hy Vegrad hru. It statm that ldtioo

Goestffi d teruary alloy can be sgessed as a l*tice constaut of combination of 2 hinary

Esfrpffs{s. TE lattiw ruisEtr rffiges lineuly as coryositiof, changu. This linear Behaviou

is pllled Vegard law. Usually the band gap €nsrgy rmies nonlinearly. The expression shows &e

band g# iB ealailated at ily rnaluc of composfr.tfon.

Es{ffir{.-,J = x' Eg(AB) + (1 == x).Eg.(AB) + b.tr(1 : f,) ......... .....1.1

*
,b

to
.8

H
E

r\\'

fir'

o25

03

oa6
orfr
05r
ooP

HE

Ad A&p€ya: GaAsl-aJVa,,r,r.,rrr.,r.rrrrrrrrrrrrrrrrrrrrlrrrl,rrrrrrrl.*.r.r....r.......,,,,.r1-2



,+

'\d

Where AB is GaI.{ and AC is GaAs.The b is bowing coefficient which is composition dependent

and has value is less than I eV. The above equation describes that band gap e,lrergy changes with

composition in dilute regime. The solid lines Figure 1.3 represent the direct band gap and dotted

line represents the indirect band gap. Colour band gap represents the visible range .GaAs and

GaI.I are grven in red region which are shovm by red arrows.

III- Energy band gap and bowing coelficient of III-V semiconductort

In equation l.l b is called bowing coefficient. The bowing coefficie,nt accounts the deviation

from lineariry of laffice pararneter. The GaAsr-*N has been studied for more potential

application because of giant bowing coefficient. The bowing coefficient changes the band gap of

semiconductors .The variation of bowing and energy is given in the table.

Table l.2Enagy band gap and bowing coefficient of III-V semiconductors

Alloys

names

b(ev) Es-E (eV) Alloys

names

b (ev) Es-E"(eD

AIPAs 0.22 0.1 InPSb 1.9 0.3

GaPAs 0.19 0.1 GaPSb 2.7 0.3

InPAs 0.1 0.1 GaAsN t20.4-

l00x

I

A[AsSb 0.8 0.2 InAsN 4.22 I

GaAsSb 0.43 02 InPN l5 0.9

InAsSb 0.67 0.2 GaPN 0.9 3.9

IV-Effect of defecb

It is well known facts that defects play an important role in optical and electrical properties. They

can reduce the life time of charge carriers. They can acts as a relative recombination centm and

b
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degrade the optical property of laser and optoelecfionics devices. Thus the inclusion of defects in

the crystal can play avital role in the in the properties of interest.

V-Physical aspects of groups V elements and optical properties

The table shows the properties of Group V elements, including atomic mass, electro negativity

difference, electonic configuration and covalent radii. These physical aspects have significant

effects on optical properties of GaAs. The electro-negativity and the covalent radii play a vital

role in the formation of defects in a structure. From the table 1.3 it is clear that the electro

negativity difference between As and N is much larger than other elements of V elements.

Table 1.3 Physical aspects of groups V elements

Element Electronic Structure Atomic Mass

(g/mol)

Covalent Radius

(nm)

Electro negativity

N (He) 2s'p' 14.007 0.07 3.04

P (Ne) 3s'3p' 30.79 0.106 2.19

As (Ar) 3d'' 4s'4p" 74.92 0.1l8 2.18

Sb (Kr) 4d'' 5s'5p' 121.75 0.136 2.05

Bi (Xe) 4f"5d'" 6s'6p' 208.95 0.145 2.02

1.7 Statement of problem

GaAs is III-V compound semiconductors used in high speed electronic devices. We can tune its

band gap from 1.42 to3.4 eV. The band can be decreased or increased as it depends upon the

concentration of nitrogen. At low concentration the band gap decreases but for high

concentration the band gap increases. When band gap increases then light of shorter wavelength

emits which means blue shift. When concentration is low then band gap decreases and we moves

towards red shift. The nitrogen was implanted by plasma discharge method by using screen cage

due to its lesser energy consumption and cost as compare to commercially available solutions.

This technique provides a lot of opportunities to study the effects of various parameters on GaAs

like temperature, pressure, and flow rate of gases mixture of gases. We have studied the effects

of implantation timing on optical properties of GaAs in the environment of l:l of argon and

Nitogen at a flow rate of 50sccm.

b
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1.8 Thesis layout

This thesis consist of five chapters. First chapter deals with the introduction of the problem at

hand, regarding GaAs and nitriding. The second chapter is related to literature review about

plasma nitriding and GaAs. In third chapter the experimental setup is discussed. Chapter four is a

brief introduction of chractrization techniques utilized in the research. Chapter five is about

experimental results and discussion where XRD, diffirsed reflectance spectroscopy, Rutherdford

back scattring and FTIR results are discussed. In this chapter we also discussed absorption

coefficien! reflectance and transmittance as well as the band gap by using the Munk function.
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Chapter 2

Literature Review

2.1 Historical based research on GaAs

Gallium arsenide (GaAs) is a III-V compound semiconductor having great importance on

technical and fundamental applications. Many techniques were used to tune its optical and

electrical properties for the desired results. These techniques may include the inclusion of

various elements like, Bismuth, Nitrogen Indium and silicone etc, however our motivation is to

focus on the nitrogen based techniques like plasma nitriding. When we use different techniques

for nitrogen treatment then we have to adopt different environment and different parameters.

These parameters are temperafure, mixture of gases, high and low dose etc. These parameters

cause enonnous changes in GaAs substrate in various directions. These changes may be defects,

Band gap, surface hardness, crystal structure, reflectance, transmittance etc. The knowledge

about these parameters and techniques is necessary.

Role of hydrogen for surface passivation

A remote Nzllzlmixturc of 97o/oNz-3% H2) was used by G.Capozzi et al [9] to form a thin GaN

layer which is valuable technique for chemical and electronic passivation of GaAs (100) surface.

Nitrogen was heated on semi insulating GaAs (100) substrate that was ultrasonically cleaned by

dichloromethane and ethanol. Dilute HCI was used to remove the native oxide and surface

contamination. The radio frequency was 13.56 MHz with RF power 200 Watt. It was observed

that GaAs passivation induced by Nz-tlz p7o/o N2-3%o Hz) is more effective than conventional

GaAs hydrogenation. This is because hydrogen atoms play a vital role for removal of Arsenic,

while pure nitrogen does not provide GaAs passivation. A strong increase in PL intensity was

observed in this case and Fermi level shifted near the valance band. Longer the nitridation time,

higher the yields was. This leads to increase in surface thickness and rise in the mobility of

charge carrier. X-ray photoelectron spectroscopic measurement was performed to analyze the

chemical bonding of atoms at the surface. SE measurements were performed to analyse the

information on structure, chemistry and thickness of layers.

iJ
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Structural changes induced by fast nitrogen ions in GaAs.

The influence [20] of implantation with fas nifiogen ions on GaAs single crystal structure was

studied byD.Zymierska et al.

The energy of nitrogen was 2.85 MeV and dose 5 x 1014 cm-2. The scanning electron

microscope revealed that bunied layer of defects was created at20 p;rn depths. Swift heavy ions

cause the damages inside the GaAs. The investigation of structural changes induced by

implantation in such model semiconductor is important for diffiaction effect. They have practical

application in production of special structures in semiconductors.

Investigation of GaN layers on GaAs by MOVPE.

In 1998, V.V.Lundin et al [21] investigated the Galrl layers doped with Arsenic atoms. The

Arsenic atoms were injected into Gal.{ by metal organic vapour phase epitaxial technique. At

high temperature, the over growth of thin GaAs layer on Gal.{ causes the Arsenic atoms to

difr,rse into GaAsN and produces a thick homogenously doped GaN:As regions. When Arsenic

atoms diffrrse into Galll then bright band gap produces in the photoluminescence spectrum at2.5

eV. They have investigated the conditions for ejection of Arsenic atoms into GaN layers during

MOVPE gxowth. They have shown that deposition of GaAs on GaI.l surface reduces the stress

and give partial relaxation to GaNI surface layer. At high temperature, the subsequent overgrowth

of GaAs layer on GaN gives an emergence to a new band in PL.

Etching of GaN by MOCV deposition.

Inductively coupled plasma (ICP) p2l erch rates for GaI.{ was reported as a function of plasma

chemistry, RF power and ICP power. GaI.t film etched in this study were grown by metal organic

chemical vapours deposition. Ions energies were provided by superimposing an RF bias 13.56

MHz on the sample. Several ICP etch conditions showed direct application to the fabrication of

group-Ill nitrides etched rates.

Effect of Annealing on carrier concentration of GaAsN

ln2OO2, Ann Arbor et al l23l investigated the influence of post-growth annealing on elecfionic

properties of gallium arsenide nitride alloy film. GaAsN film, with Nitrogen concentration was

grown by plasma-assisted molecular beam epitaxy, using Ga, Asz and Nz flow. It was found that

free carrier concentration and electron mobility increases with increasing the temperature. Post

growth annealing was performed from 650 to 800o C for 60s in nitrogen flow. Free carrier

+
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concentration increases exponentially with temperature up to room temperature which is related

to the removal ofN-induced deep level trapping centre.

Ion implantation into GaN by MOCVD.

In 2000, C.Ronning et al p4l used the metal organic chemical vapour deposition (MOCVD)

technique for ion implantation on Gal.[. Ions were implanted at different temperature and

different dose. The range of temperature is 298- 300 K at different doses. X-ray diftaction

CXRD), transmission electron microscopy (TME), secondary ion mass spectroscopy (SIM),

Rutherford scattering (RBS) and photoluminescence were used for measurements on Gal.{. It was

observed that microstructure changes in host substrate which occurs during ion implantation due

to loss of kinetic energy. The electronic and nuclear interaction appears between incoming ions

and host material so the loss of kinetic energy takes place. The damages created in host material
were removed by annealing process. The melting temperature of Gal.I is 279loC and therefore

annealing temperature is l500oC.

Treatment of Nitrogen on GaAs(100) and Ga/GaAs systems studied by )(Ps.
ln 2003, Y.Oluld-Metidji et al l25l performed the nitridation of GaAs using RF cell. The
influence of pressure and temperature was studied. During nitridation, X-ray photoelectron

spectroscopy is used to monitor the surface changes. But in this process, we cannot obtain the
pure GaN layer s on the surface due to presence of As atoms in the nitride layer. To stop the
migration of arsenic in nitride layer, we improved the nitridation method with an additional
technique that consists of deposition of metallic gallium in well controlled quantity. To get rid of
the oxides on this ninide layer the ionic pump was used.

concentration of GaN as function of temperature and time.

The ion induced nitridation of GaAs(100) has been investigated by y.G.LI et al 126l in 2001.

The ions were implanted by home-built twin chamber ultrahigh vacuum (UHV) system equipped

with growth chamber. Argon was used to remove the oxygen and carbon contamination. It was

observed that concentration of Ga}ll increases with time. The degree of nitridation increases

below 450o c and decreases when temperature is greater than 450oc.

Effect of low enerry low energy ions on GaAs.

In 2007, Vitoldas et al l27l studied the effect of low energy ions on GaAs. The samples were
treated by drift ion technique. Surface nitridation by such low energy ion method has some

advantages over plasma nitridation source. There are more possibilities to control the parameters
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of technological process such as current density and ions energy. They treated the samples at

293K with angle 70o, N2+Hz Q7:3) gas mixture, pressure 4.10-2-100 Pascal and energy domain

65 eY'320eV. It was concluded that thickness of the layer has direct relation with ions beam

energy and ions current density but the relation of increasing angle was confiary to it.

Synthesis of GaN by implantation of N ions into GaAs

Nitrogen ions [28] with dose of 3x L0L7 cm-2 and energy of 100 keV were implanted on GaAs

substrate. The sample was annealed in a furnace at750oC for 30 min. Implantation of nitrogen

ions into GaAs substrate was done by furnanance. The synthesis of wurzite Gal.{ was registered

by cathodoluminescence, Raman spectroscopy and infrared reflection specfioscopy. The SIMS

measurement revealed that only a small amount of ions take part in nitrogen synthesis at wafer

surface.

XRD of epitaxial zinc-blende GaN on GaAs (001) by HVPE

In 1998, Chien-Cheng Yang et al l29l used the hydride vapour-phase epitarial reactor to grow a

cubic GaI"l epitaxial film on GaAs (001) at low temperature. X-ray diftaction specffa indicate

that epitarial film contains zinc-blended GaI.{ as well as wurzite Ga},t. Wurtzite peaks appear at
(002) and (l0l). Zinc-blended peaks appear at (002) and (004) with angles 39.8o and 86.6o

They also calculated the crystallhe size D of zinc-blended structure by using Sherrer formula
D:0.9471Fcos?. Where p denotes the breadth of 20 detector. Hydride vapor phase epitaxy is an

alternate and faster technique than MOCVD technique. The samples were deposited by HVpE
with GaCI and NHr as a Ga and N source at atmospheric pressure. The temperature range is 545

to 750oC

2.2 Optical properties

In optical properties we study the interaction of light with matter i.e. absorption, reflection

refractive index, band gap and transmission of light through mafier. We focus our attention on

band gap as a function of treafrnent time of nitrogen.

(1) Tauc Plot and Diffused Reflectance Spectroscopy

The band gap was calculated for material by J. Tauc, R. Grigorovici. [30]. They used the Tauc

plot method and Kubelka Munk function for direct band gap and indirect band gap. First of all
spectrums by DRS was characterised .They draw the Saphs between energy and Tauck function.

By drawing the tangent at curve we can observe the value at x-ar<is. The following relations

proposed by Tauck are used
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gap of 1.333 eV. In other words this absorption peak is due to a dilute addition of nitrogen;

showing the reduction of band gap of GaAs which was 1.44 eV For addition of dilute nitogen,

the energy states in deep valence bands do not contibute in reduction of band gap, that's why the

theory of the GaAsl-*\ alloy focus on the conduction band. But higher addition of nitogen

causes the disappearance of energy states from the maxima of valence band of GaAs and

responsible that band gap increase

2,O 25 3,0
Fhffiu EaErEy {e1D

Frgure 2.2 (a) Graph between Enerry and intensrty l31l

When band gap increases then we obtain the blue shift the reason is that high energy photon

emotion take place. When band gap decreases then we get red shift because photon has low

energy. The band gap may increase or decrease. When nifiogen is completely replaced then we

get GaI.{ .The band gap of Ga}.{ is 3.4 eV. If nitrogen is not completely replaced then GaAsN is

obtained. The band gap of GaAsN is less than 1.42 eV. The graphs 2.2 (a) and (b) show thu

band gap fluctuates as a function of nitrogen concenfiation .Similarly yellow shift may be

obtained. The yellow shirg blue shifts and red shift has great application in LEDs and traf,fic

signals
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Peak shifting due to Nitrogen anilZn

The shape and position of PL peak changed for the undoped and doped GaAs. The undoped GaAs peak

was at l.41eV. The Zn-doped p-GaAs film had a peak at 1.35eV and the Se-doped n-GaAs layer at

l.32eY. The red-shift effect of doping was attributed to band gap reduction and to residual strain from

dopant incorporation. The widths of the peaks films at (0.125eV for n-GaAs and 0.085eV for p-GaAs)

were also broader than for the undoped GaAs (0.061eV). Broader lines suggest higher densities of

defects. [35,36]
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2.3 Teefrnlque used to tune the band gap of GaAs
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2.4 Types of nitriding

Gas Nitriding.

The gas nitriding was developed in 20tr century [a2]. This is called gas nitriding because NH3

gas is used as a donor. In order to avoid the damage, to keep the temperature of chamber at fixed

level and to control the internal environment a circulating fan is used. The material nature is

such that it does not show any q/pe of reaction with NHl. To contol the flow of gas, we used the

flow meter. The temperature of intemal part and sample was raised in range of 500 to 700'C.

During the collision gas is heated and ammonia (NHn convert into hydrogen and nifogen as

indicated by reaction equation.

NH3 <+ N+3H Q.2)

The niEogen becomes source or donor for thin fihn deposition. l43,Ml.T\e rate of

decomposition san be expressed as

w' Amauntof .decqnpositlon X 100
Totqlqmount

Advantages and disadvantages of gas nitriding

There are following advantages ofthis techniques

harmful.

Q.3)

mixture is

V
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Salt Bath Nitriding.

ln order to get uniform nitriding, another technique was developed in 1930 called salth bath

nitriding. These methods removed the defects which were faced by gas nitriding. In this process

the salt consisting cyanide salt etc, is used as a source of nitrogen. The salt percentage varies

from 60% -70%ofor sodium salts and 30- 40o/o for potassium. Nitriding time is fixed from 3 to 48

hours at temperature 556"C. By adding Sulphur or by applies pressure, the salt bath process can

be enhanced [45]. When salt is heated then it gives the nitrogen which deposit on the surface of

samples. Safety precautions and ventilation (air flow) are necessary for your protection.

Advantages and disadvantages of salt bath nitriding.

Plasma based nitriding

Plasma nitriding which is also known as glow discharge nitriding is an industrial technique is

used to make the metal surface hard. It provides the batter hardness and stability as compared to

salt bath and gas nitriding. Plasma can be generated in vacuum chamber with the help of

electrons cyclotron source, capacitive couple source, inductively couple source, radio frequency

source and DC discharge sources. To nitride a gas on the surface of samples, first of all a gas is

changed into plasma ions by intense electric field around the sample. The heater is used to heat

the sample. The ions are accelerated towards the sample by applying the voltage. The striking

nitrogen ions may diffirse inside the sample and thin film is formed. The parameters of treafinent

like time, pressure, voltage and temperature are important factors. Due to collision, the

temperature of surface is raised. An external heater is used to increase the internal temperature.

Argon gas is used for sputtering. The temperature range is 400 to 500oC. Generally the pressure

variation is from I to 5 torr in the nitriding process. The mechanism of nitriding was not well

known till 1965. S.M.Mohamed et al studied the RF discharge for nitriding in 2011 1461. George

and his co-worker inEoduced the Active screen cage plasma nitriding [47]. This technique has

N
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solved the problems of uniformity, corner effect and arching. This technique improves the

surface hardness. It has no hollow cathodic effect. The voltage is applied at screen instead of

direct application of load. Plasma snikes on the cage, which surround the base plate and sample.

Sampte may be biased or placed on floating potential. The screen heats the samples in small time

by radiations.

Samplesof
Be hestcd

Pumped
Exhau$G"t-e Thermocouple

Figure 2.8 Active screen cage plasma nitriding systems

Advantages and disadvantages of plasma nitriding

surface of sample.
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2.5 Plasma discharge and its mechanism

A dc glow discharge can be obtained by connecting the high DC voltage with elecfiodes at low

pressure. Some elecfions and ions are present due to weak ionization caused by cosmic back

radiations. When DC voltage is applied across the elecffodes then electrons and holes are moved

towards anodes and cathode. These electons collide with atoms of gas and due to elastic and

inelastic collision the atoms of gas excite. When these atoms de-excite they emit electromagnetic

radiations which is responsible for luminosity of plasma. Due to luminosity of plasmq it is called

glow discharge. If we use the altemating voltage then the elecfons oscillate between electrodes.

Important regions of plasma discharge

o Aston dark region

This region has very strong electric field. The electrons are in the process of gaining of orergy.

Due to small energy the electrons are not able to produce the ionization. This region has very

small width and it is just in fiont of cathode.

o Cathode glow

' This region is visible region because the electrons and positive ions combine and emit the

radiation. In this region the elecuons have not sufficient energy that they excite the atoms but

due to recombination the region is visible. It depends upon the pressure and nature of gas and

this region merged into Aston dark space

o Cathodedarkspace

In this region the density of electrons is very high. In this region the electrons are in the process

of gaining the energy. They do not have sufficient for excitation or ionization

o Negative glow

The region next to the dark space is negative glow. In this region the electrons are accelerated

and having suffrcient energy that they can ionize and excite the atoms of gas.

v
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Posltlvc Column Anodc Dork Space

Anode Glow
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Figure 2.9 Region of Glow Discharge

o Faradaydarkspace

The region on right side of negative glow. The electrons have not enough kinetic energy to excite

or ionize the atoms or molecules. Here the electrons are in the process of gaining the energy with

small density.

o Positive column

In this region the plasma is in quasi neutral form along with electric field. The lengths of positive

column increase as length between elecfiodes increases. Some electrons are capable of producing

the ionization by gaining energy.

o Anode glow

This region is brighter than positive column. It is right side of positive column. In this region the

electrons recombine with ions.

2.6 I-V characteristic curve of plasma glow discharge

When we apply the cathode and anode of gas filled tube then glow discharge take place as shown

in the figure 1.5

v
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Arc Discharge

In this region the breakdown of gas takes place. [t is represented by H-J. Continuous

bombardment of ions causes the emission of elecfions and glow discharge jump into arc

discharge.

RF discharge

RF can also be used for plasma discharge. The range of frequency in RF discharge is of range l-

100 MHz At high RF power from generator, causes noise in radio receiver. In order to solve this

problem, a frequency range is 13.56 MHz

2.7 ltctive screen cage as a capacitive couple plasma source (CCPI

The active screen cage acts as a capacitively couple source to generate the plasma. The wall of

the chamber acts as a anode and cage acts as a cathode. It is called capacitive plasma source

because its geometrical shape is similar to the capacitor. Capacitor has two plates; one is

negative and other positive.

Role of pulse DC method

In plasma nitriding, plasma discharge was produced by DC voltage. Due to continuous

bombardment of ions on cathode, the temperature rises and apparafus can be destroyed. To avoid

the heating problem, pulse option is preferred in plasma discharge.

Hollow cathodic effect and ASPN

Irrt2Ol4, Mr.D.Cleugh and his coworker [48] showed that active screen cage plasma nitriding is

more effective as compared to the DC plasma nitriding. They placed the active screen cage at

floating potential. They observed that there are more molecules available for nitriding. Active

screen cage is used as it has no pollution, small energy consumption; it has uniformity and no

corner effect. In pulse discharge, due to distortion of field, the thin film thickness and surface

hardness is non uniform. This problem was solved by using the active screen cage.

R. R. M. de Sousa et all49l performed the experiment by using the active screen cage in 2002.

They studied the shape of active screen cage like holes of cage, distance between samples and

cathode, its material composition as well as composition of the nitriding for different gases. By

DC plasma nitriding, hollow cathodic effect, non-uniform nitiding and arcing effects were

observed. Li CX, Bell T et al [50] used the active screen cage technology to improve the

durability of the life.
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Role of Ilydrogen in nitriding

Bejar et al [5ll used the electro sparking process for coating of sample of aluminium. They used

the composition of nitrogen and hydrogen. It was found that by mixing the hydrogen, the surface

hardness can be improved.

Effect of distance between cage and samples and sputtering role

Zhao et al in 2006 showed that sputtering particles play vital role in the nitogen deposition

process. The sputtering absorbs the nitogen atoms in non-uniform ways [52]. Mshimoto ef a/

studied the ASPN [53]. The distance between sample and cage was changed from l0 mm to 50

mm. They showed that the hardness and distance has inverse relation. In 2010, effect of distance

between screen and sample on active screen cage was studied by Akio et al. They showed that

plasma nitriding has clean environment, has no pollwion, has high nitrogen concentration, and

paramet€r can be contolled by this method.

Parameters of Active screen cage

ln 2007, Sh.Ahangrani and his coworker studied [5a] the active screen cage technique in letail
along its dimensional parameters. These parameters are time, temperature, types of mesh, holes

size, distance between samples and anode. The treatnent of nitogen at at 550-580 oC was

studied. The hardness and resistance was increasing by increasing the pressure, temperafure, hole

size and treatmenttime.
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CHAPTBR 3

DPERIMENTAL SETTTP

In this chapter the experimental setup for the plasma nitiding of the gallium arsenide (GaAs)

samples is discussed. Plasma discharge, chamber setup and factors affecting the process of

nitriding are discussed.

3.1 Plasma Nitriding

Plasma, a quasi neutral combination of charged and neutral particles exhibiting collective

behaviour, can be produced by the application of energy to the gas molecules. It can be classified

into two main regimes i.e. cold and hot plasmas based on the energies of the plasma constituents.

Cold plasma can be generated in a variety of ways like DC discharges, RF generated, ICP, CCP

and barrier discharges etc. In this experiment the nitrogen plasma required for the plasma

nitriding is generated by the means of pulsed DC glow discharges coupled with active screen

cage. The glow discharges produce energetic nitrogen ions, accelerated by the potential

difference, which strike the surface of the sample with high energy making them capable of

penetating into the bulk. This in tum may fill the voids in the structure of the sample creating a

hardened surface as well as may substitute some atom of the sample and may change various

properties of the material. In this work efforts are carried out to produce and snrdy the effect of

the nitrogen plasma produced by active screen cage on the GaAs samples.

3.2 Plasma chamber

For this experimental work we use a cylindrical stainless steel chamber of 62.5 x 60.5 cm cross-

sectional area as indicated in the schematics diagram presented in Figure 3.1. The chamber has 8

operational ports. One of the ports is used for pressure gauge while another one is connected

with the vacuum system. One port is used to control the intemal pressure by controlling the flow

of gas while remaining ports are closed. There are eight windows in the chamber. One window is

used to observe the plasma during experiment while two vertical windows are used for the

biasing voltage and the sample as well as the screen cage placement. The bottom window is

connected to the base plate which also serves as the housing of thermocouple and heater as well

as the sample placement. Instead of placing the sample directly on the base plate it is insulted
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from it by placing the sample on a cerarnic plate. The top window dwells a feed through for the

cathodic biasing voltage of the active screen cage. The wall of chamber serves as anode.

Vacuum system

Plasma operation strongly depends upon the pressure as well as on the electrode spacing.

Normally, in the laboratory plasma with the electode spacing in centimetes the pressure of the

operating gas has to be reduced from the standard room pressure. Along with this to avoid the

impurities in the experiment the operational chamber has to be evacuated. To serve this purpose

a vacuum system comprising of vacuum pump and the measuring gauges was required. A rotary

vane pump is used to create the low pressure up to l0-2 mbar. To rough measurement of the gas

pressure in the chamber a capsule type gauge having the pressure range of 0-25 mbar is used.

For better measurement a pirani gauge is used. The vacuum pump as well as the gauges is given

in Figure 3.2

Cooling system

As the experiment progresses the interaction of plasma species with the walls as well as the heat

radiated from the plasma along with the elevation of sample temperature by means of a heater

raises the temperature of the chamber. This raise in temperature may cause a problem for the

vacuum as well as the plasma operation. To avoid this, chamber is wrapped wittr copper pipes

having circulating chilled water. This keeps the temperature of the chamber at the required

temperature thus helps in avoiding any temperature related anomalies that may happen during

the experiment.

Valve
There are two tlpes of valves connected to the chamber. In our experiment one of them is gas

valve used to control the flow rate during experiment while other one is connected with chamber

to control the pressure of chamber. This is connected with chamber and vacuum pump.
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Figwe 3.1 Label diagraa of plasma chambu

Gas fffi cystem

[n our system argan and nitogen are used for sptdlering and nitiding respectively. Brt a better

perfirmreee reqakes aFry effiol m tte flw of gas imo the syste,m. This gns flw sysEm

hag fiilo pue; flsw mctq and Uursdus€'r. Ttr flow meter controls ths tramsdueer to Brsvrde ths

re4uired mass flow of the gas to system. The gas flow system measures the flow in sundad

cubic, certimetre (sccm) fh$ is sf,andard cubic cetrimeEe,

Scr=lumge

Before screen cage techdque, the ssmponents were subjected to the high cathodic pot€xfial to

produne the nhsm direstly on the $rface of mmde" hut that infroduces nou-rmifmmity in &fi

thictmq misostrucfiurs and hrdness of nitiding laryers. Rmtly thqe has bssn comsidemffe

itrffitb e*ive str€€n EEgp. Tne cd$flg eftct u,Es ootrpbtrly remsved bceeuse pla$na is uot

prodrr*d dirmtly on the surface of sample. Active scrcen cage of hollow cytin&ical esomtryG,
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witlr holes of 8mm diameter and with cage heigbf of 18 cm while having cage diameter of l7 cm

is used.The disffice benue€n smple md cage is k€Bt at 5,5 cm.
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,.\ Power supply

k To generate the plasma for experiment the pulsed AC source is used. The voltage is set at 950 V

with the current of 0.8 A.

Process parameterc

Various plasma nitriding parameters that effect the operation are:

(l) Treatmenttime.

(2) Gas flow system

(3) Temperature rise rate and cool down rate

(4) Chamber pressure.

(5) Biasing mode DC or pulsed DC. ,

(6) Type of cage, its holes size and its spacing with sample.

These parameters have already been studied for the production of active species in the plasma

a. and have been optimized for the system.
U

3.3 Experiment

(i) Sampte preparation

The wafer of GaAs is brittle and cannot be cut by ordinary methods therefore laser cutting was

used to cut the wafer to the samples of the required size of I x I cm. Usually for the material

processing the samples are further treated with various cleaning solution to remove the oxide

layer and to bring the native pristine layer for the procedure. But the plasma nitriding process has

a major advantage that no such cleaning mechanism is required for the procedure. The etching

can be carried out in the evacuated chamber by the help of inert gases. This reduces the chances

of impurity insertion which is otherwise present with the samples.
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(ii) Vacuum ercation

After placiug tk sryte d c€ramic Blate ths vffiuurn h qeated imide the chmh rryto l0 a

ftbtrR&int is uwmsary to rwov€ the air inside es cfrsnber.

(ffi@nerltrE
The lassr cut samples of GaAs have m inherited oxide layer on the top surface brt for plasma

dtiding pristfnc layer of G:aAs on the samples [r requftrcd. T[sefore to rernove the ortds [ays

arson Mtrs is ussd. The snsrgetis ryesics of ar€pn plasma sputts the oxids laycr fiosB +k

sryle upou impacL Howwer b avoid the deep penetration of the species and to p'revent fte

sauBle dauuagg tk porvq of fte plasma sartrffi is ke$ a low level, The cutellt was set at 0.8

aryueard noltags uas ke,pt at 250V. Howevcduriag the etching process the samf,es are &6
d ffiy 300eC ro assi$t Ue de uxidetion powss- Ttre time for tlrc spmtering is about 30 minute.

{iv)Treatmentwtth nltrogen and cool down

Afte Urueinsfccss the ugon source is switched ofrand nitrogen is allowed to ents itrth
sy@ T&e eum€il time is \,'aried at 30 mi!, 6l lnin, 90 min, and 139 ,nin &r di;furt
s{ush$. Aftgtheuwffintthe syseffi Is allffff€rlto flffilfally eool doum to fddm tcmp€r8rufe-

(y) Annraling in nitrogen atmosphere

DrEiEg &e ueannsnt by ninogeu plasma tte plasma speoies srike the surface of wafer md

tlffi dsry ioio it tVhen positive ions intsast lr/ith host doms, due to elsctfo-dsgf,livity

ditrgrdfdefld efofde sire, fte defects are gs,nermed firhich creates &e zones of disordff. AEfie

iryks*Ed ims iucmas, fte amorphous layos start to appear due to dsruction of ee
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periodicity. After implantation, very high temperature is necessary to remove the lattice damage

and for activation of doping ions. Therefore, the samples are annealed in fumace at 6500C in

nitrogen environment. Of course the complete damage recovery is not possible but the annealing

process reduces the damages produce during implantation as well as activates the implanted ions.
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Chapter 4

Ctarasteriuitisn *ennhuc
*1 X-mry llifrretisn
X4y saatterteg technique is a commom tfthaiqe which gives information ahout sry$tel

strus&e. It sffi afso help in estimdfug the cheftdcal mmpositious as well as to visualic€ ths

ffissgsncrud in tH $ysteffi ilfiitrgths erperffiEffit pfiuHnr€

fhis technfupe deper& upon the observation of scattered intensrty as a function of scauered

mgl+ polrxfudiffi red uove lergth

kaggrl^+w

Etglish Physieist Sir W.H.Bragg and his son Sir W.L.Bragg developed a relation givcn as,

Zd$fure = 7fl 4-t

dcrc d is Se disunce htwesn atomic layels in crystal 0 is &e ande of the scattercd beam. i is

thernavelength. m is the diftaction orderm:0, l, 2,3,4...

trq***l thyo dlnenslonal cryJhl iltffi
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TYortlng ofXRI)

A$)GD cmsist of mll.roy hrhe- X.ray detectry and ssrFle Bhich is uader investigetiol Tb
mono"dmmetic radiation is obtaid ftom K-radintion of pure metal Erget Thcse tedietisn

ffiss fuough tt/trcal radiatim filU hs absorgion edge betur€en lftana Rh The Ks€omponsryt

is liftErd without changing the intensity of K*.When beam srike on the sample with angle 0 and

beam iB diM sroh fut tbe aneh bchrcEn the incident and diftacted b€am is 20.The

&rffi is afraefud to a comprfier. The range l0 -80'is enough to cover the useful Wrt of

specrum. If the sysem scans with speed of 2" per minde, a mce can be obtained in

opproximstoty 30 mindes,- Figrue 4-1 repesmr I typrssl )(RD spstrrm iadicating the mille

imlitrr q/Nellite sire csn slso be meawd ftom &e peaks sf the )(RD puttern by ustng

sfursforrlulagivm as

KT
ficoafl

Where K is corstant K is a dimensionless shape factor, with a value close to unity, .t is the wavelength

4: Ilffi$sd Rsil*ttehee Sptttruiltopy

Difrised reflectance spectroscopy (DRS) is a method that measwes the reflectance spestlm

riltrca ligH fse&eoue a dirm- Th mmfunisn is ahtorbare and seattering whfuh Ehanp

wtthwavelengfh and produee the reflecanee. This sp€6ft1m gives infonnation about reflectarce,

sbsoftance and tansmifiance in visible, inftared and ulfiaviolet region which helps in

aslculsiiog the vsiffi €rtriesl eoeffisient sf marerisL By KublkeMu* fimctioaaod by Tsnc

plot urmsalculaeffs band gnp ofsemicoductors.

Rellectancg trammittance and absorbance

BcflErilotrcs is tbc @ of flrnc ths refl# by tbs w&ca Eomdized by ee Enormt of fiu* 6*
r{tmir ImssmdffiG€ is trs mounr of flu. trmsmitt€d by tr€ surfrGs rorf,sliz€d byttc anxmnt sf ^trr

imfu ryDE it Any flux tEBt is Eot xgflwHl on mrnsminEf, is sBsorb€d" ny consuvailon refldrEd thq
R+T+*-l
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Fignre 43 lli&spd rsllecfance s@r€sspy

Vffilq, *Bfared and ultaviokt
Iafrmed region is a type of elecfio-magnetic waves oovers the range of wavelength from lmm to

750 rm. This cen b &t*d itrfio &r€e FrtL Far infra,redo Eid infia,rd erd near iffiard
rqig- Thou$ frrerc ue difrer@ t,?es of radiaions. Cramma rays, x-tzys, ultavisleil, visible

radiations,visible radi&ions, inftared red, microwaves and radio waves.

4J tutbrford Bs€k Scafrering

Brffis*l hqcks€afcring (RBS) cpeeEmoopy is the isn beam analyses whieh are used to frnd

the information abortr composition oftarget marerial and depth profiIe.

Instrusstrnim

ftffiffi irstrunsnmion consist offie following pars.

. lms source known as dpha sruree or protons.

. Linear particle accelerator which accelerate the particles to high energy.

. A deteetffi uftie,hmme the eneqBr dscattered particles

kicFrineiples:
Rdfierford back scafiering is an elastic collision befi^,een incident particles md sAtionary

Iurtlgs o 8lven ir Figre 4.4 .The detdff sorryerts the detection into cuffi signals. Ihis,

ewry is dirscfly proprtiomal b ourreut signflls. In this oollision no energy is loss or goined
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ffikr*wffie f,ntrcrford bsck sstffig GrpBM
HgurE 43 REI

rk*'fffi
For an incidefit beaffi with energy B and scaftered beam with energy E1, the ratio ofthese
enrgies is called Kinematic factor.

E= # = 1eg':gtE*fl*f-tr{qcoselz

Whete Mr: mastofprojected ions

M2 : wottrgasfisfiaL

d'gir.*e bac* soafiering arglc.If F* Er, Mr and 0 and known tren we can find tfte ffiets Df

investigated fraterials The Energy of back scattered ions ftom the surface of the materials is

gledsr than fu eseryy of isqs scafitdiside of the Eateriah, Thc ions moy lose &e energf

bs&e tto dereoor. FiNt during @rfiion im nmisl, s€cond in coning out fu ilsFiat

ffi#cilisiotr with atffi$
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Advantages

db mes$re ths impudty distributiou
y Itis rspd to meastre the &ickns of &in film.

L{ f{}URIER TRANSFOR]VI INIFRARED SPECTROSCOPY

Thii teehnique is us€d to ggt dre in&ared spe€{rum f'er emission, reflstion and transmit ion of

light thrcugtr a maferial at a specific wavelength" This technique is called F'nR to honor J.tsJ

Fcuier- IIs kd apdid this tehniqte by ,rsiry tb Fsruier transfsrmation .ncc.mding to tkts

teshEfoF*rfie mw dua is converred imo spemoscopic form by using Fourier mn$onnminn Ifo
gd of &*ss techniques is that how a mahrial ref,ecb, absorb and transmit the li*t at a

particular wavelength regron The apparatus is shown in Figure 4.4

Fr-tB
lellomtr
i

tlsrlnetfiru

GrSampleCdl

Figure 4.4 FTIR apparatus

First ofell a signal caltcd interferogram is generated hy spectometer. This interferogram is a

rwd *f sigral or iremity u,hich is a fimeion of paufr difrerence. This signrl ie ei$jwd to

transfonnation tlut give the spectrum .This specuum depends upon the fiequency.

flt(*povmdt =F-ti(x) = s(v) /+-3

I(r) = fl s1v;e-'tu dv = r[s(v)]
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Chapter 5

Results and discussion

5.1 X-ray Diffraction

The structural information of untreated and treated samples is shown in the 5.1 and 5.2 The )(RD

data was obtained from NCP. The XRD parameters have been used as given

Source: CuIQ and Ni filter

Wavelength: 1.54 A

20range: 30o to 70o

Table 5. 1 samples with increasing the treatnent times

Sr.No SampleName Treatment time

(minutes) Before

annealing

Treatment timing
(minutes)

After annealing

I
Sample A

untreated No

2
Sample B

30 minutes 30 minutes

3
Sample C

60 minutes 60 minwes

4
Sample D

90 minutes 90 minutes

5
Sample E

130 minutes 130 minutes

t
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Figure 5.1 XRD pattern for Sample A

The XRD graphs gives information about grain size and crystal structure. The peak at 66.36are

corresponds to the GaAs. The corresponding miller indices are (400). The samples nitrogen-

treated for E shows that the broadness of peaks increases. The broadening of peaks after

nitridation indicates that crystal defects have been increases. The atoms reanange after annealing

and broadness increases. In other words crystal damage caused by nitridation has been recorded.

The intensity level for 130 min is decreases because of defects. XRD pattern shows that

synthesized material are of cubic strucfure; lattice parameters for cubic structure are calculated

by using the following relation

a=7llffi
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5.2 Table for XRD table before and after annealing

Sr.No
Samples
names

Time
(min)

Angle (0) Millcr
indice.s

th-k-l)

d-spacing

d)
Lattice

constant
(A)

I A Untreated 66.363 400 1.4069 5.627

2 B 30 (treated
without

annealed)

66.363 400 1.4069 5.627

3 B 30
Annealed

66.448 400 1.4069 5.627

4 c 60 (treatd
without

annealed)

66.363 400 r.4069 5.627

5 D 90 66.420 400 1.4058 5.623

6 E 130
(treafed

and
annealed)

66.24 400 1.4058 5.623

, From XRD Table it is cleared that phase shifting take place. Phase shifting is due to decrease in
s\rtg lattice constant. Phase shifting has inverse relation with lattice constant. If phase increases then

lattice constant decreases. It is also cleared from the the table that sample without annealing has

no phase shift. Phase shifting take place after annealing.

5.2 Ruthedord Backscattering Studies

Rutherford back scattering (RBS) is an excellent surface analysis technique which is used to

determine the thickness of film, composition and depth profile.RBS has been performed at

National Centre for Physics (NCP).The parameters used for RBS are

Ion beam 4He#

Beam energy 0.3-2 MeV

Beam diameter 2 mm

Beam Current 100 nA/cm-2

a- Detection Silicon detector
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Table 5.3 RBS percentage composition and depth

Sr. No Samples

Names

Treatment timing

(minutes)

Depth (nm) compositionTo

Ga As N

t A R

2 B 30 72 4t 42 t7

3 C 60 80 39 39 22
4 D 90 8l 37 36 27

5 E 130 98 38 39 23

Surface of sample is started from the position of 1500 of channel. The width of channel is equal

to the thickness of of layers of sample. The energy along x- axis shows the back scattering

energy .The energy increases as atomic masses is increased. The nitogen has low atomic mass

as compared to Ga and As, therefore back scattering energy of nitrogen is low as compared to Ga

and As. The implantation ions give the surface damage near the zurface because the normalize

yield decreases. A hump is appearing near the surface which gives the information about surface

damage and peaks on right side. Yield is the back scattered alpha particles. It increases because

of increase of nitrogen atoms in cubic strucfure.

5.3 Diffused Reflectance Spectroscopy

Diffirsed reflectance spectoscopy (DRS) is a technique that measure the reflectance specfium

when light passes through a medium. It is common optical phenomenon used in (NIR) near

infrared, middle infrared and in visible region. It is used to get the molecular spectoscopic

information. A reflection spectrum is obtained after the reflection of electromagnetic radiations

from the surface of sample which is function of wavelength. In this spectum we discuss the

three important regions. By using DRS specEa we have find out the band gap of GaAs, and
i"ir
,Ett
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Where R is reflectmce md F@) is called Mntrk fimction or absorption coefficie,nt.

Flgure (a) 5.7 Band gap for direct transition for Sample B
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Conclusion

The plasma nitiding is a low cost and small time consumption technique. This techniques has

been applying for metal hardness and tear resistance. The effect of various parameters like small

and long treatment time, effect of pulse DC and effect of prcssure etc was studied. We can give a

new direction to this technique that nifiiding of GaAs. For small fieatne,nt time, XRD results do

not show any change. The XRD rezults change for long treatrnent time, the lattice constant

changes and intensity decreases in X-ray diffiaction for two hours fieafinent. The disappearing of

peak in 130 minutes featment show that defects appeared and crystals structure damaged.

Rutherford back scattering results shows that% composition and depth of nihogen increases as

time increases. DRS results show that band gap increases .The band may increase or decreased

as it depends upon the Yo composition of nitrogen. For small content of nitrogen the band gap

decreases but when nitrogen content increased then arsenic is completely replaced by nitrogen

and band gap increases. The drawback of plasma nitriding (by active screen cage) is that arcing

can affect the softness of surface and it may cause to increase the noise in our results. Therefore

it is necessary to avoid the arcing affect .We only study effect of nitrogen on GaAs by mixing of

hydrogen as it increases the surface hardness. Affect of high and low temperature, high and low

flow of nitrogen, increasing the bising voltage etc may be studied on GaAs. The results shows

that after treatmen! the annealing performs a vital role on the activation of optical properties.
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