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Abslr0cl

ABSTRACT

Phy-sical properties of ZnSe thin films of various thicknesses deposited in trvo

batches Bl i.e. on In:O;:Sn (lTO) coated glass substrate and 82 i.e. on bare glass

substrate. by phl'sical vapor deposition, have been studied. X-Ray Diffraction (XRD),

Rutherfbrd Backscattering Spectroscopy (RBS), Scanning Electron Microscopy

(SEM). Transmission spectroscopy and four probe conductivity techniques rvere used

to characterize the samples. XRD pattern shorved that all the films are cubic rvitll

preferential orientation atong (lll). The structural parameters such as grain size D.

strain c. lattice parameters and dtslocation density 6 are calculated from the XRD

patterns. lt is observed that the lattice parameters in Bl have shorvn an increase from

5.678 to 5,8i4A rvith increasing fihn thickness and become close to that of CdTe

u'hich makes ZnSe a suitable rvindorv material for CdTe/ZnSe hetero-junction solar

cell. RBS anall'sis shorvs that indium rvas dilfused into the film from the ITO layer.

The optical transmission spectra shorv that transmission decreases rvith increasing

filrn thickness and the band gap of samples in 82 are higher than Bl samples. Thc

electrical characterizations show that the films rvith rhickness Tlnm and 86nm are

more conductive. The sample of B I series u'ith least film thickness (7lnm) has shorvn

highest improverrent in conductivity after annealing due to inclusion of ITO and

In1O3 and might have greater concentration. The samples of 82 rvere highly resistive

but after doping \ ith Ag. their conductivity tvas improved.
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CHAPTER I

INTRODUCTION AND LITERATURE REVIEW

I.I. SEMICONDUCTORS

On the basis of electrical conductivity materials are classified into three types

i.e. conductors. insulators and semiconductors. Semiconductors are those materials

u'hose conductivity lies in between conductors and insulators l0l to l0-8 siemen per

cm.[] Serniconductors are insulators at 0K but at room temperatures they show

limited conductivity this fact is due to,

Partially filled cond uction band,

Part ia lly fi lled valance band,

. A very narrow energy gap between conduction and valance band (-leV)

Serniconductors can be doped rvith impurities u'hich alter their electronic properties in

a controlled s'ay. There are two t)'pes of semiconductors:

i Elemental se m iconductors

)- Compound sem icond uctors

1.2, ELEMENTAL SEMICONDUCTORS

ln this t)pe of semiconductor, the crystal is composed of atomic elements single

rype lrorn group IV of rhe periodic table, the elements of this group includes

carbon (C), germanium (Ce), silicon (Si), and tin (Sn). Among these elements

-t-



Silicon is the most abundant element on earth as well as the most commonly used

e lectron ic semiconductor m aterial.

I.3. COMPOUNDSEMICONDUCTORS

In this type of semiconductors, the crystal is formed with the atoms of two or

more elements from different groups of periodic table, GaAs, CdTe, ZnSe' CaAsP,

AlGalnP etc are some of the examples of compound semiconductors most commonly

used. Compound semiconductors are classified into three types;

. Binary (only trvo elements are present in compound i.e. GaAs, CdTe, ZnSe

etc.)

. Ternary (three elements lorm this type of compound i.e. CaAsP' ZnCdTe

etc.)

. Quaternary (four elemeltts form this type of compound i.e. AlGalnP,

lnGaAsSb etc. )

1.4. Doping of Semiconductors

Doping is a process by rvhich the conductivity of semiconductors can be

changed and controlled by adding impurities of some suitable element of periodic

table. there are t'rvo type ofdopant for semiconductors.

. N-type Dopant or donor impurity:

For n-type doping of Si, pentavalent impurity (Si is tetravalent) like P or

As are added. These atoms are also called donor atoms as they donate a tiee

electron to the semiconductor. Electrons are the majority carriers in this type of

doping. ln ll-VI semiconductors like CdTe, ZnSe, and CdS can be doped n-type

by adding any element ofgroup lll or VII to these sem iconductors. [2] In an n-

type semiconductor, due to the higher concentration of electrons than that of

holes the Fermi level Iies closer to the conduction band.
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. P-type Dopant or acceptor impurity:

For p-type doping of Si, trivalent impurity like B (boron) or Al are added

These are called acceptor atoms as they accept electrons. Holes are the majority

carriers in this type of doping. II-VI compound semiconductors like CdS, CdTe

can be doped p-type by adding any elements of group I or V to the

sem iconductor. [2] In a p-type semiconductor the Fermi level lies closer to the

valence band because there is a Iow concentration of electrons than that of holes

I.4.I. DIRECT AND INDIRECT BAND GAP SEMICONDUCTORS

Distinguishing characteristic of semiconductors is the situation of the

conduction band energy minimum above valance band maximum, on E-k diagram

[3]. ln Si and Ce. the maximum of valance band does not lie eractlv belorv the

minirnum ofconduction band as shorvn in Fig. l.l (b).

Valance band maximum of all the semiconductors occur at k=0 rvhile the

conduction band minimum of Silicon & Germanium (lndirect Band gap) occur at

different values of k rvhich indicate a difference of momentum betlveen these two

points. In case of GaAs or ZnSe (Direct Band gap) both points, valance band

rnarimum and conduction band minimum, occur at k:0 as shorvn in Fig l.l (a).

E,

ii. 
"' '
\

1

in terband

44lrti+>

photolurnincscencc

/\-*""'"" """"/
/\/1rt'9rq1-Jr i\.vt4( t.(,,r3 /

- 
->\\ 

,/

dircct-gap matcrials indirect-gap ma terials

(a) (b)

FigLrre: l.l E-K diagrarns of semiconductor band gap (a) Direct and (b) Indirect
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ln the case of direct band gap semiconductors, a photon ofenergy hv can

excite an electron from the top of the valance band to the bottom of conduction

band and an electron in conduction band can fall directly in the hole of valance

band by emitting a photon of energy equal to band gap Eg ln case of indirect

band gap there is a k- vector shift ofconduction band minimum with respect to

valance band maximum due to rvhich the electron in conduction band can't fall

directlf into valance band reason for this is that it have to undergo change in its

energy and momenturt't. Also in case of indirect semiconductor an electron can't

ercited by a photon from the top of valance band to the bottom ol conduction

band. because the photon has sufficient energy for this transition but doesn't

follorr'the momentum conservation. An electron motion between the valance

band and conduction band ofan indirect semiconductor can occur by the action of

photon or through a defect in semiconductor, rvhich can provide sulficient

n.torrentum for transition. This is the reason due to rvhich direct semiconductors

are preferred for optical devices.

I.5. FAMILIES OF SEMICONDUCTORS

The semiconductor crystals are formed by covalent bonding of the

conductivity atoms. The bonding electrons lies in the valance band, separated from

the conduction band rvhich is completely empty'.[4]

There are three families of semiconductors:

IV-group e lemental sern icond uctors

III-V compound sem icond uctors

II-VI compound sem iconductors

1.5.1. IV-grou p elemental semiconductors

Serniconductors rvhich are composed of only a single atomic element lrom

group IV of the periodic table, semiconductor elements ofgroup IV are carbon

(C). germanium (Ge). silicon (Si), and tin (Sn). Silicon is the most abundant and

-4-
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(a)
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most commonly used electronic semiconductor material as shorvn in Fig. 1.2

1.5.2. Itr-V Compound Semiconductors

The III-V semiconductors are formed in such a way that one element is

from group I and other from Group V of periodic table. These semiconductors

are prominent for applications in optoe lectron ics. Moreover. Ill-V

semiconductors have ability for higher speed operation than those of silicon

semiconductors in electronics applications, particularly their importance in the

areas like rvireless communications. The crystal lattice of compound

semiconductors is constructed from atomic elements in different groups of the

periodic table. In this type, compound semiconductors are based in such a rvay

that an atomic element A is from Group III and an atomic element B is frorr

Group V. Each Group III atom is bound to four atom of Group V, and each atom

of Croup V is bound to four atoms ofGroup I, general arrangement is as shorvn

in Fig. 1.2 (b). Bonds are formed by sharing of electrons in such a way that the

valance band of each atom is filled rvith 8 electrons. Mainly the bonding is

covalent but there is a component of ionic bonding because there is shift of

charge from the Group V atoms to the Group lll atoms rvhile it is covalent in case

of elernental semiconductors. Some of the III-V compound semiconductors are

CaAs, GaP, InAs, GaSb, InP, and InSb.

1.5.3. tr-\'I Compound Semiconductors

II-VI semiconductors are composed rvith one atomic element lront

Group II and other atomic element from Group VI and each atom of Group I is

bonded to four nearest neighbours of Group VI as shorvn in Fig. 1.2.(c). In this

case the charge transferred from Group VI to Group II atoms is more than that in

case of III-V compounds therefore the ionic character is more in this case as

compare with that of III-V. These semiconductors can be created in ternary and

quaternary lorms, much like the III-V semiconductors. II-VI cornpounds are not

much common as the III-V semiconductors, but have some imporrant
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applications. Some of the II-VI semiconductors are ZnTe,

and CdSe

Crrup lV
r. t
l.o-lI:l

' 9, 9:9: 9:
'9'9: @: @:

, 9'9: @: @:

'9,9: @: @:

FigLrre: 1.2. Bonding arrangements of atoms in semiconductor crystals. (a)

Elemental semi-conductor such as silicon. (b) Compound lll-V
semiconductor such as GaAs. (c) Compound II-VI semiconductor such

as CdS.

I.6. PROPERTIES OF II.VI COMPUND SEMICONDUCTORS

Before studfing the applications of II-VI compound semiconductors, here

*e rvill briefly describe some ofthe structural, optical and electronic properties

of II-Vl compound semiconductor materials.

I. 6. I. STRUCTI.TTRAL PROPERTIES

II-VI compound semiconductors are either zinc blende (Cubic) or rvurtzite

(Hexagonal) in structure, structural lattice of both are shown in Fig. 1.3.(a, b).

Among the II-VI semiconductors ZnTe, ZnSe and ZnS are in the form of zinc'

blende lattice structure. rvhile CdS and CdSe are either the zinc blende or the

\\'urtzite lattice structure and CdTe forms in the wurtzite lattice structure. In case

of Zinc blende structure the lattice constants (in nm) are, ZnS (0.541), ZnSe

(0.567). ZnTe (0.610), CdS (0.582), CdSe (0.608) and CdTe (0.648) [5]tvhile in

case of Wurtzite structure, the lattice constants ao and co (in nm) are ZnS

,9,9'9'
!Os@!@s

: @s @:@!
: @: @r@:

o)

ZnSe, ZnS, CdS, CdTe

Group ll Group VI

rI f;lt
l@ I l'@. Il ; l l" l

,9,9:@:@s
r9t9!@!@s
r9r9!O!@:
,9,9: @: O;

C roup V

T;
t.0r. Ill

@:

@:
u?r o\:/ .

I'
(c)(a)

-6-



Chopter I lntroduclion and lileralure Reviev

(0.38r l/0.6234), ZnO(0.32495t0.52069), ZnSe (0.398/0.653), ZnTe (0.427t0.699)

CdS (0.4135/0.6749) and CdSe (0.430/0.702).

(a) (b)

Figure: 1.3. (a) Zinc blende (Cubic) (b) wurtzite (Hexagonal)

I.6.2. OPTICAL PROPERTIES

II-VI compound semiconductors are direct band gap semiconductors

rvhich is a positive feature ofthese semiconductors over Si as there is no change

of momentum take place in case of transition of electron between valance band

and conduction band. also these are rvide band gap semiconductors their band

gaps (in eV) at room temperature are ZnS (3.68), ZnO (3.4), ZnSe (2.71), ZnTe

(2.394). CdS (2.5), CdSe (1.75) and CdTe (1.a75) and their absorption co-

efficient (in cmr) are ZnS (< 0.15), ZnSe (l-2x10-3), CdS (< 0.007), CdSe (5

0.0015) and CdTe (< 0.003).

I. 6.3. ELECTRICAL PROPERTIES

Because of rvide band gap most ofthe II-VI compound semiconductors are

insulators, by doping them their conductivities can be increased significantly.

Elernents from group lB such as Cu, Ag and Au are very important dopants in [[-

VI compound semiconductors. In addition to their addition as acceptor impurity,

they occupy interstitial lattice site to show a high diffusivity at relatively lorv

temperature.[6] ZnSe and CdTe are only II-VI compound semiconductors rvhich

can be doped as both n- type and p-type extrinsic sem iconductors. [7]

-7-



Before going into the details

semiconductors in the thin film solar

sola r cells.

of the applications of II-VI compound

cells, rve will first describe the basics of

1.7. SOLAR CELL

Expected increasing cost of fossil fuels have forced the research to find nerv

resources of energy generation to meet the increasing energy demands of the

universe, solar cells or photovoltaic devices got their attention by the researcher

as alternate energy resources. A solar cell or a photovoltaic device is a p-n

junction semiconductor device that converts light directly into electricity rvhen

exposed to light. This phenomenon of conversion of light into electricity is

knorvn as photovoltaic effect. As the sun is the only natural source of light for the

earth that radiates light rvith black body spectrum of electromagnetic \\aves at

6000K. These photovoltaic devices have a vast range of application among

diflerent fields of life like calculators, clocks, toys, night bulbs and remote

locations that are not connected to the po\\'er supply grid station. Also solar cells

are the only power source for the space station for communications and other

processes.[8] PV devices can also be used to provide large scale power generation

like Building Integrated Photovoltaic (BIPV) and centralized Porver stations.[9]

currently most advanced photovoltaic cells are based on silicon crystalline and

polycrystal line fonn.I I 0]

I.T.I.PHYSICAL MECANISM OF CON!'ERSION OF UGTIT INTO

E-ECTRICITY

The principle of operation of solar cell can be explained as the photons having

energY greater than the band gap energy (Eg) of semiconductor are absorbed. as a

result of this act electron from the valance band are raised to conduction band and

holes are created in the valance band correspond ingly. As a result of absorption of

photon in the depletion region of pn-junction, generated electron-hole pairs are

being separated by the electric field present in the depletion region and make

thenr to flow through the external circuit/load. If the impedance ol the Ioad

-8-



matches with that of solar cell then the max power is delivered to the load'

Schenatic diagram of a solar system is shorvn in Fig. I .4.

Solar conversion efficiency is given by equation no l.l.

r=vo"l'"FF/P" "' l l

Where:

Vo. is open circuit voltage which

res istance

is voltage generated with infinite load

I,. is short circuit current rvhich is the current generated rvith zero load

resistance

FF is fill factor which is defined as the ratio of the max. power generated

by celldivided by V""l'.) and

P is solar porver [49]

SOLAR CELL
BACK CONTACT

FRONT
CONTACT

LOAD

Figure: L4. A photovoltaic cell placed in a simple circuit that allows the production

of useable porver

The researchers have devoted their interest to increase the efficiency of

solar cell by introducing new materials for photovoltaic devices. In thin film solar

cells the p-njunction is composed of trvo layers, one is called the window layer

and the other is the absorber layer. The function of windorv layer is to transmit all

AIiII,iIETER
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the incident photon to the absorber Iayer, rvhere the electron hole pairs are

generated and are collected by the junction potential. The p-n junction is

sandwiched betrveen front contact layers which is a transparent conducting oxide

rvith high transparency in the visible region. On the other side ofjunction another

contact layer is formed which could be any suitable metal. Both front and back

contacts should be ohmic in nature. Schematic layout diagram ofconventional pn-

junction thin film solar cell is shown in Fig. 1.5.

C.!..CLr

tr.nltBm. Mdr.rLt.rE.

r-rr F a.. kf dD.ior t(ds,

FrlF 6k!.d(t.r (cdTrl

Figure: 1.5. A schematic layout ofa conventional pnjunction thin-film solar cell.

1.8, APPLICATION OF II-VI COMPUND SEMICONDUCTORS IN

THIN FILM SOLAR CELLS

II-VI compound semiconductors are rvidely used in thin film solar cell as

their rvindow layer, absorber layer and buffer layers because of their wide band

gap detail ofapplication ofdifferent II-VI compound semiconductor, in solar cell,

are g iven as belorv;

. ZnTe as back contact for CdSiCdTe solar cells 2]

. ZnSe as rvindorv layer and buffer Iayer I3]
o ZnO as front contacts I4]
o ZnS as windorv Iayer I l5]

- l0-



CdS as windorv layer and buffer layer [16]

CdTe as absorber layer I I 7]

CdSe as rvindow layer [ 8]

1.9. ABOUT ZnSe

The Zinc Selenide (ZnSe) is a Iight yellow binary compound (ll-VI)

semiconductor rvith a rvide band gap of 2.7 eY [19]. The properties such as wide

band gap, high photosensitiv ity and low resistivity make it highly attractive. ZnSe

exists in trvo crystalline forms i.e. zincblende (cubic) and wurtzite (hexagonal),

and cubic phase is believed to be stable. At room temperature the ZnSe has the

electron affinity of 4.09 eV and electron mobility is about 530 cm2 V-rs'l [20]

Like other II-Vl compounds, ZnSe is generally doped as an n-type semiconductor,

but is difficult to dope it as a p-type. ZnSe have been doped p-type by using

nitrogen as the dopant.[21] Because of direct and large band gap ofZnSe, it has

drarvn considerable interest among other II-VI compound semiconductors,

rvhich makes it appropriate for use in optoelectronics as detectors and emitters

Bl,providing gooti imaging characteristics, it is useful for optical components in

high poiver laser s'indorv and multispectral applications. [22] Its wide

transmission rvave length range (600 nm to 2000 nm) has made it useful as an lR

material.[23] It is used as transmission rvindorv in IR spectroscopy, ATR prisms

and night vrsion applications. It is also used in high resolution thermal imaging

s)'stems to correct the colour distortion rvhich is often inherent in other lenses

used in slstem. The band gap of ZnSe (2.7eY at room temperature) corresponds

to an optical absorption threshold at 460 nm. Therefore the material is useful for

the active region in blue-green emission light emitting diodes (LED) [24] and

blue diode lasers.[25] Due to high transmission coelficient ofZnSe, it is used as

windorv layer in solar cells. Therefore it can substitute CdS in photovoltaic solar

cell devices, which will result in higher cell efficiency by means of admission of

more photons to the absorber layer, because of its larger band gap.[26] ZnSe

doped rvith telluriurn can be used in ultrasonic transducers. Doped ZnSe is used

as host la)'er of thin film electrolum inescent devices.[27] These rvide application

-l l-
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possibilities of ZnSe have given considerable importance to the investigation of

its thin filrns in recent years.

1.10. A BRIEF REVIEW OF RESEARCH WORKS ON ZnSe

AND THIN FILMS

The optoelectronic semiconducting material ZnSe has been extensively

studied as single crystals and also as epitaxial and polycrystalline thin films

prepared by different techniques because of its unique optoelectronic and other

properties rvith a hope of exploring potentialities for fabrication of new scientific

and technological devices. The inter band electronic property of zincblende ZnSe

rvas theoretically and confirmed them experimentally by Markorvski et.al. [28] J'

Dutta. et al studied the photoconductiv ity in poly crystalline semiconductors and

grain boundary effect. They showed that the carrier recombination at grain

boundaries drastically influence the carrier transport mechanism in layers This

s'as done theoretically and rvas confirmed by them experimentally. [29] Effect of

thermal annealing on band gap and optical properties of chemical bath deposited

ZnSe thin films rvere studied by F. I. Ezema et.al. They reported that due to

change in the morpholog) as a result of air annealing film shorved a red shift of

0.lOeV to 0.20eV in optical spectra. [30] Thickness of the film affect the physical

properties of thin film, Enriquez and Metherv reported the influence of the

thickness on structural, optical and electrical properties of chemical bath

deposition cdS thin films as the variation of the band gap between conduction

and valance band because of straqin of films and in relatively thiner films the

trapping centres \\'ere less rvhile thicker films rvere less photosensitive [31]

Lokhande et al studied the deposition and characterization of chemical bath ZnSe

thin films and shorved that thin films of ZnSe can be deposited by Chemical bath

deposition (rvhich is relatively simple and cheap method). These films deposited

on various substrate temperatures rvere found to be amorphous in nature

containing oxygen and nitrogen in addition to Zn and Se and they shorved that

these tllms are photoactive. [32] Microstructural characte rization and optical

properties of ZnSe lhin films \Yere reported by Rusu et al. that the preferred

orientationof ZnSe films by qausi-closed technique is (l I l) rvhich rvas confirmed

-t2-



Chapler I Introduclion and literalure Reviev

bI XRD and HRTEM. They calculated the band gap as 2.5eV and 2.80eV. [33]

Further AFM images shorved that the films rvere homogeneous and of uniform

grain size. By heat treatment increased orientation degree of crystalline rvas

observed [34] Chandramohan et al studied the preparation and characterization

of semiconducting ZnCdSe thin films. E lectrodeposited films ofZnCdSe based on

cyclic voltammetry and their wurtzite nature rvas confirmed by XRD Also thel'

shorved that horv the composition of ZnSe and CdSe changes the band gap

betrveen 2.82eV and l.72eV, they also reported their surface morphology rvas

studied by SEM and composition analysis was done by XRD and EDAX [35]

Venkatachalam et al reported the composition, structural, dielectric' DC and

optical properties ofZnSe thin films deposited by vacuum evaporated' RBS $'as

used to study the composition analysis which was stoichiometric. XRD confirmed

their cubic nature also they calculated their grain size D, lattice strain e,

dislocation density 6, and their lattice parameter and they calculated their

dielectric constant as 8.1 l. [36] In another paper Venkatachalam et al reported the

properlies and characterization of ZnSe films deposited by vacuum evaporated

technique at different substrate temperature, they shorved their crystalline nature

and photo response in the visible range.[37] Doping of semiconductor is the

dcfining propert)' of semiconductors, by this process the conductivity of the

serniconductors is controlled. Zulfiqar et al studied the physical properties of

ZnSe thin films prepared by trvo source evaporation and their properties after

doping, they studied the optical properties by transmittance spectra and calculated

the band gap also they shorved that by the doping of Ag in ZnSe thin films their

resistivitl lell frorn -l0e Q-cm to I9.6 Q-cm. t38l Aqili et al reported the

properties of Ag doped ZnTe thin films by an ion exchange process, they reported

that there rvas a reduction to 0.01% ofresistivity ofdoped thin films as compare

with those rvere undoped, they also reported that there rvas a shift of optical band

gap. reduction of transmittance and an increase in refractive index rvas

obse rved. [3 9]

-13-



I.I I. OBJECTIVE OF PRESENT STUDY

As the thickness ofthe film strongly affect the physical Properties of the

materials i.e. structural, optical and electrical properties. In my present rvork rve

have focused on the effect of thickness on the physical properties of ZnSe thin

filrrs deposited by Physical Vapour Deposition technique and the effect of air

annealing and Ag doping on the physical properties of these films have been

studied. Another objective of the present rvork rvas to gain understanding of rvide

band gap semiconductors for solar cell applications.

- 14-
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CHAPTER 2

EXPERIMENTAL TECHNIQUES

2.1. PREPARATION OF THIN FILMS.

Thin films of ZnSe rvere deposited on glass substrate by Physical Vapour deposition

(PVD) at the rate of 0.2nm per second at 80o substrate temperature the vacuum level

was set to -10-6 torr. High purity deposition grade porvders (ZnSe 99.9o/o, ITO 99.5%

Manulhcturer M/s Balzer) rvere used for thin film deposition, thickness of the films

u'ere controlled usine quartz crystal thickness monitor. Trvo batches of ZnSe thin

films rvere prepared

Bl. In first batch ZnSe films were grown over 200nm thick In:Ol: Sn

(lTO) coared glass. Samples are named A, B and C.

82. In second batch films rvere deposited directly on glass substrate.

Samples are named a, b, c.

2.1.I. ANNEALING

The annealing of semiconductor thin film increases the conductivity and

grain size. Therefore. all the samples rvere annealed in air in furnace at l00oC,

200"C and 300oC for one hour and then they rvere furnace cooled to room

temperature.

2.1.2. Ag DOPINC

The as grorvn 82 rvere highly resistive. There samples were doped rvith Ag by lon

exchange process Silver has 4dl05sl electronic configuration so that it could make

- l5-



it p-type ZnSe. Before doping samples were annealed at 300.C to increase the

adhesion betrveen film and substrate then a solution of AgNO3 was prepared by

mixing lgram of AgNOs in I litre of distilled \vater and then the solution rvas

heated up to 60oC and the samples were dipped in the solution for 5 minutes. The

samples were then annealed at 350"C for one hour and furnace cooled to room

tem perat ure.

2,2. CHARACTERIZATION TECHNIQUES

2.2.1. X-RAY DTFFRACTION (XRD):

X-Ray diffraction is a non destructive technique used to determine

structural properties such as lattice parameters (l0iA), lattice strain, grain size.

expitaxy, phase cornposition, preferred orientation (Laue) order-disorder

transformation, thermal expansion, dislocation density, identifying crystalline

phases and orientation. . it can also be employed to measure thickness of thin

filrns and multi-layers, to determine atomic arrangement. The XRD technique

rvorks on the X-Ray diffraction from crystals explained by W.L. Bragg and W.H.

Bragg. knori n as Bragg's Larr:

2dSin0 = ntr

Where d is interplanner spacing, 0 is rhe angle which the incident beam makes

with the crystal plane, n is the order of diffraction and ), is the wavelength of the

X-Ra1's used. The schematic diagram of Bragg's Larv is shown in Fig.2.l.

Schematic diagram of Bragg's Law

2.1

Bragg's Law
ntr=2d'sln0 ,, 

/

Figure: 2.1

-16-
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ln the present uork CuKo X-Rays (i,=1.54056A) have been used ro study

the cr)'stal structure of ZnSe thin filrns. The XRD spectra were taken betrveen

2e--20-80 rvith scan speed of ldegree per min. The XRD data rvas taken from X-

Rar,diffrectrometer D8 Bruker AXS shorvn in Fig. 2.2.

2.2.2. RUTHFRFORD BACI( SCATTERTNG SPECTROSCOPY (RBS)

It is a non-destructive quantitative multi-element compositional analysis

technique by rvhich quantitative analysis are possible rvithout using standard reference

nraterials. This technique is named after Lord Earnest Rutherford (a Scientist). This

techniqLre rvas established by Hans Ceigerand Ernest Marsden betrveen 1909 and

191,1 under the supervision of Rutherford. [n this technique an ion like He*2 is

incident on the sample and due to the interaction rvith the neuclius of the target aton]

it is scattered at certain angle if the scattering angle is grearer than 90o then it is called

backscattering. The energy of back scattered ions are analyezed and cornpared rvith

the incedent ions as sholvn in equation 2.2.

Figure: 2.2 XRD apparatus
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t E l<ttC- Itllsi*efn+Mlcosol'^:Eo:LWl
..... 2.2

Where K is kinametic factor Eo is energy of incident ion and E is energy of

backscattered ion. Mr is mass of incident particle and M 2 is mass oftarget neuclii and

0 is the scattering angle.

In the present rvork He* beam of 2MeV rvas used at normal incidence and

the backscattered beam rvas detected at Si surface Barrier detector mounted at l0o

relative to the incident beam. The current was set to 20 nA (electrical) to

rninimize the pile up effect.

Figure 2.3. (a) shorvs energy of incident ion Eo and energy of backscattered ion E (b)

shows block diagram of RBS. Figure 2.4 (a) shorvs the experimental setup for the

study of RBS. A schematic of RBS geometry is shown in Fig. 2.a (b).

(a)

(b)

Figure: 2.3 (a) Ion-target neuclues interaction (b) Block diagram of RB

lon Beam
EnoEry

Ansfyzer

Eo



Accelerator

Target
current

Figu re: 2.4 (a) Experimental set up for RBS (c) Schematic photograph of RBS
geometrv

2. 2. 3. TRANSMISSION SPECTROSCOPY

The transmission spectroscopy is a very useful technique to determine the

percentage transmission of the optical coatings. The transmission spectrum is

alternativelv used to measure the absorption edge of the coated material. In this

technique a photometer is used rvhich can give electromagnetic waves in near lR, UV

and visible region. The electromagnetic radiation fall on the sample some are

transmitted. sonte are reflected and least are absorbed as shorvn in Fig. 2.5. We have

studied the transmission spectra of ZnSe thin films in rvavelength range from 200 nm

Chapter 2 Experimental Techniques

M a g netic
anElyz€r
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to ll00 nm using a spectrophotometer perkin elmer lambda -19 uv-vis-nir

spectrophotometer. Its working wave lengths are 190 nm to 3200 nm. Abscissa

accuracy =+0.15 nm (UV/^/IS range), +0.6nm (NIR range), Ordinate is + g.gg71.

Detectors used in this apparatus are side window photomultiplier for UV and Visible

rvhile PbS detector for NlR. The experimental set up for this apparatus is shown in

Fig.2.6.

Figure:2.5 Mechanism of incidence of beam of light on sample

Optical arrangement of spectrophotometer

Ad sorptron

Froot reflectron

Figure: 2.6
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2.2..1. SCANNING ELECTRON MTCROSCOPY (SEM)

The surface morphology of thin film optical coating is very critical from

application point of view. The surface smoothness and the grain morphology are

studied using SEM. Use of electron microscope rvas established due to the

limiting magnification and resolving power of the optical microscope. In contrast

to optical microscope. electron microscope has very large magnification as *,ell

as resolving porver. The essential components of an electron microscope are

electron gun, beam controller and detectors. Schematic diagram of a scanning

electron microscope (SEM) is shorvn in Fig.2.7.

FigLrre 2.7. Schernatic diagram ofscanning electron microscope

2. 2. 5. FI,FCTRJCAL CONDUCTIVTry

Material's surface resistivity can be measured by many ways. two- or four-

point probe method is one of the most common methods for measuring surface

resistance.[40] In this rnethod either the probes are aligned Iinearly or in a square

pattern to make contact rvith the surface of the sample.[41] Both methods are the most

Electron gun

Gun Alignment Control

Objective Aperlure
Scanning Coil

-21-

Pneumatic Air Lock Valve



ChuDter 2 Expe r i men t a I Tec hnia ue s

common methods for measuring sheet resistivity because they have the ability ro

minimize the effects of contact resistance Rc.[40,a l] The block diagram of trvo and

four point probe methods are shorvn in Fig. 2.8. In two points probe method a

constant Voltage is applied across two points and corresponding current is measured

hence I-V characteristics are drarvn. The drarvback of this method is that in case of

materials rvith high conductivity the resistance of connecting wires also become

effective this deficiencl'can be overcome by using four probes in rvhich constant

current is made to florv through material between points I and 4 and porential

difference betlveen points 2 and 3 is measured by using voltmeter. In the present

studl' lour point probe method rvas used Silver paste was used for the purpose of

conducting contacts. I-V characteristics of all the samples rvere carried out in light

and in dark. For light Tungsten Halogen lamp rvas used. To study the photo decay

after the illurnination the samples rvere placed in dark and current decay rvas recorded

for 5min with an interval of I minute. The HP 4 I40 pico ammeter and voltage source

has been used to measure the I-V characteristics of the sarnples. The experimental

arrangements used for I-V characteristics in light and dark are sho*'n in Fig. 2.9 (a)

and (b) respect ivell-.

(b)

Figure 2.8. Method lor resistivity measurement (a) Trvo Probe, (b) Four Probe

rrr
:l
::
i:

(a)
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(b)

Figure 2.9. Experimental arrangement for I-V characterisrics in (a) light (b)

-23-
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CHAPTER 3

RESULTS AND DISSCUSSION

3.0. INTRODUCTION

Structural, optical and electrical properties ofthe samples prepared in Batch I

and 2 have been disused in this chapter. All these properties have been studied in
three sections;

. Section-1, properties of as-prepared samples of ZnSe/lTO has been

d isc u ssed.

o Section-2, properties of samples of B-l annealed at 100, 200 and 300"C

has been discussed.

. Section-3, properties of Ag doped ZnSe have been discussed.

3.I. SECTION-I

In this section the analysis ofas prepared samples A, B and C have been

described. First ofall the results ofXRD, RBS and SEM have been discussed for

structural c haracterizat io n then the results of transmission spectroscopy for

optical characterization are described in last results of electrical properties

i.e. l-V characteristics, Photocurrent and Photo decay and photosens itiv ity have

been discussed.

-24-
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3. I. I. STRUCTURAL CHARACTERIZATION

3. I. I. I . X-RAY DII|FRACTION

The XRD spectra of ZnSe/lTO/glass thin films (t-71,77,86nm) are shorvn in

Fig.3.l (a-c). The samples rvith t-70, 77,86nm rvill be designated by the alphabets A,

B and C respectively in the text. The XRD spectra of ZnSe thin films has shown a

cubic structure rvith preferred (lll) orientation observed at 2e-27.22. Horvever.

there is a shift in the (lll) peak position to lower 20 values with the increase in the

thickness of the ZnSe films. The crystalline qualiry has been also improved rvith the

increase of ZnSe thin film thickness. The structural parameters of ZnSe thin film

samples rvere calculated using the (l ll) peak rvhich are shorvn in Table l. lt can be

seen lrorn this table that the cell parameters have been increased to 5.83 and 5.834A

rvith the increase in the film thickness. Moreover, no impurity peak rvas observed

from the ITO itself. The values of the cell parameters for the sample A rvere found to

be 5.678A comparable to the already reported values for ZnSe. [37] The grain size,

lattice strain and dislocation density of sample A, B and C rvere also calculated from

the XRD data using equations 3.I, 3.2 and 3.3 respectively. [36]

D=0.94lpCos0

e= pCos0/4

6= I 5eiaD

It can be seen from this table

decrease in the grain size, rvhereas the

inc reased.

3.1

3.3

that as the thickness is increased there is a

lattice strain and dislocation densitv has been

J.Z
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(c)

(B)

(A)

20 30 40 50 6()
2e

Figure: 3.1 XRD patlerns of samples A, B and C.
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o(J

-26-



Chaplg! 3 Re.gults and Discussion

.2

E

.:
2
_o

ar'
XE
=-o
9a
.h-

-o .)
o-9

EA
-t

3.e

OE

cr ii_o (J

Cq

.aIi) a

-o
rl 9c.E
3e
Lg

la oJ

=i:
a'-

-d.N
9c
FCI

file
;t

L'

tr
c

:
O

o..l
c!

c.l

..;
c-
oq

Ir

li
td

-E
I

r-
9 o9 ? 09

\or-
9

l@lc
I l/)
I c.r

-o

r-
.'.1

\o
.?

co\o
cl

o\\c.1
c-
F-
a 

..1

il=UI
ca- l

rl

YE r.-

l_ 

-:

e
Fr
i

F-

O
a{

c,l
R

\t
a.l

:

lo
+l?eld
Olh

a

e
o,
cq

\c\r- 9
al

o9
a.l

o(\
()

ao
0)_o

('.1
o.

F-
a.l

\o
a
c.l

a\o
ct

a\o
a]

.1
ar
a\

c.
=

aa

co O
O

-27 -



Chanter 3 Results and Discus.sion

3. I . 2. COMPO SITION, THICKI\ESS AND MICROSTRUCTLIRE:

The composition and thickness of as deposited thin films of B I rvere

determined through Rutherford Backscaltering Spectroscopy (RBS). The RBS

spectra of sample A. B and C are shorvn in Fig. 3.2. The simulation codes RUMP

and SIMNRA rvere used to calculate the thickness and composition of these

samples. The thickness of sample A, B and C are calculated to be 7lnm, 77nm

and 86nrn. Compositional analysis shows that Zn to Se ratio is - l.l2 in all the

samples rvith a significant inclusion of indium from under layer in sample B and

C. The Indium might have been introduced during the deposition of ZnSe on

InlO3:Sn (lTO) film due to very high temperature of ZnSe vapours. The thickness

of ITO layer rvas also determined and found to be l414, 1770, l322nm of sample

A, B and C respectively. These results have shown that indium (or tin) have been

dilfirsed into the ZnSe layer, and probably have occupied Zn or Se sites rvhich

have changed the lattice parameter but did not affect the phase purirl' of the

material. The results e\tracted from RBS analysis are given in Table 3.2.

The microstructure of the ZnSe thin films rvas studied through scanning

electron microscopy (SEM). Trvo samples rvere selected for this purpose; one

* ith least thickness and second rvith largest thickness. The SEM micrographs are

shorvn in Fig.3.3. It can be seen from these images that there is full coverage of

the glass substrate by the film rvith SEM selected resolution rvith smallamount of

clusters on the film surface.
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Figure: 3.2 RBS and simulated spectra of ZnSe/lTO thin film samples (a) A, (b) B
(c) C

Energy [kevl



Chopter 3 Results and Discussion

z
a
ao
'a

.2
i

o

=

".i
i,
-o
F

I

\o
s

s
a

s
to

q
ar

s
N

n
a]

s

\o ol

s
I

..1
a-

s
a a

q
a-

s
N

6 q

cr
a- c-

s c-!
a-

a
\o
(\

;
N

ar

r-

q)

U) J

al

']

-30-



Chapter 3 Results and Discussion

(b)

Figure: 3.3 SEM rnicrograph of samples (a) A and (b) C.
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3.I.3. OPTICAL ANALYSIS

The transmission spectra of A, B and C samples in the wavelength range 200-

l200nm are shorvn in Fig. 3.4. lt can be seen from this figure that the samples A and

C have shorvn higher transmission as compared to the sample B. The one possible

reason of lorv transmission of sample B is higher thickness of ITO layer. The

absorption coefficient o (cm'r) rvas calculated using equation 3.4.

o= l/[d* ln( l/T)]

Where

d: film thickness

T: Transm ission

The eflects ofreflection and transmission losses in glass and ITO layer s'ere

ignored. The absorption coefficients as a function of incident photon energy are

sho*n in Fig. 3.5. It can be seen from this figure that the absorption coefficient is

higher in sample B and least in sample C.

The energy gap En of the films rvas calculated from (uhv)2 vs hv plots as

sho*,n in Fig. 3.6. by assuming direct band gap material. Intercepts rvere drarvn from

the linear portion of the (ahv)2 vs hv curves. The x-intercepts values are selected as the

energ) gap ofeach sample. The calculated band gap values are 2.43,2.2 and 2.6eV

for samptes A, B and C respectively. There are various factors rvhich can influence

the band gap energ) i.e. lanice parameter. grain size. impurities, lattice strain etc.

[12]. The increase in the band gap energy in sample C may be attributed to the

decrease in grain size and higher lattice strain. [43] Horvever, the sample B has shorvn

a band gap lower than sample A and C, rvhich may be due to the higher In content as

compared to that of sample C.

3.4

-32-



E;l
-----8

(.

Chapter 3 Resulls and Discussion

200 400 600 800 1000 1200
l.(nm)

Figure: 3.4 Optical transmission spectra of samples A, B and C.
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Figure: 3.5 Absorption spectra of samples A, B and C.
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o A (Ec=2.,13eV)

o B (Ec=2.2eV)

^ c (Ec=2.6ev)

Chapter 3 Results and Discussion

10.0

Figure: 3.6

hu(eV)

Plot of o as function of photon energy of samples A, B and C

3.I.4. ELECTRICAL ANALYSIS

3. I.4. I. I.V CHARACTERISTICS

The I-V characteristics ofZnSe thin films of B I in dark as rvell as under

illumination are shoun in Fig. 3.7. (a, b). It can be seen from this figure that these

films are lorv resistance and shorvn ohmic behaviour. The sample C has shorvn

highest current values as compare to A and B thin films; rvhere the sample B has

shorrn least conductivitf in terms of magnitude of eclectic current rvhich florvs

through the sample. The conductivity of polycrystalline semiconductor thin films

could be influenced b),nyo sources; one is the grain boundaries (grain boundaries act

as scattering centers for charge carriers) and the other is the charge carrier

concentration (electrons/holes). The grain size in sample A and B is higher than that

of sample C: higher the grain size smaller rvill be the grain boundaries and Iorver the

resistance, Since sample C has smallest grain size so highest number of grain
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boundaries but it has higher conductivity, therefore, the possible reason of higher

conductivirv of these samples is the high carrier concentration supplied by the

diffused indium as compared to A and B thin films. As far as the I-v measurements in

dark are concerned there rvas very little effect on the conductivity of the samples,

which shorvs that the film are not very much sensitive to darkness.

./:

(-./

468
Vc'ftagqv,

b

Figure: 3.7 l-V characteristics of ZnSe/lTO samples (as prepared) in (a) light
(b) dark

3.1 ,1,2. PHOTOCLIRRENT AND PHOTODECAY

Figure 3.8 shows the current measurement under dark and illumination. At t:0
rvhen the light rvas si'itched oN, there is a rise in the current through the B and c thin

films. The excess carriers have been produced due to the illumination of the sample

n'hich is called the photocurrent. A gradual decay in photocurrent was observed rvhen

the light rvas switched oFF; it took five minutes for the current to decay to its initial

valLres at t=0. The rise of current in the light is called photocurrent rvhere as the

decrease in photocurrent rvhen illumination rvas removed is called photo decay. This

behaviour rvhich is observed in sem iconductor is due to the presence of defects in the
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crystals lvhich may form electronic states (called trapping/recombination centers) in

the forbidden energy gap. ln presence of high density of recombination centers the

rise time and fall time of photocurrent is decreased rvhereas the trapping centers act to

prolong the decay of photocurrent. [44] In the case of ZnSe thin films B and C, there

is very slorv decay of the photocurrent which indicates the presence ol trapping

centers in the material. The A thin film has shorvn a slorv decay rvhich can be dLre to a

large number of trapping centres. According to semiconductor physics the

recombination rate and carrier Iifetime are proporlional to the densit)' of

recornbination centers and carrier concentration and inversely propo(ional to the

density' of recombination centers respectively.
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Chanter 3 Resuhs and Discus.sion

3. I.{.3. PHOTOSENSITIWIY

The photosensitivity of a semiconductor is the response of a semiconductor to

illumination. [t is defined as

3.5

Where I 1,";,1, I 6o,1are the currents through semiconductors under illumination and dark.

respectivell,. The plot of photosensitivity versus thickness of ZnSe thin films is shorvn

in Fig. 3.9. The figure shorvs that B and C thin films are more photosensitive as

compared to the A thin film. In semiconductors the trapping centers rvhich trap holes.

help to increase lhe life time of electrons in conduction band and results in a net

increase in the photocurrent. Therefore, in B and C thin films the trapping centers

possibll'have trapped holes, rvhich have increased the photosensitivity ofthese films.
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3.2, SECTION-2

In B-2 the annealed samples of Bl have been discussed. The

ZnSe/lTO/glass thin film samples were annealed in air at 100, 200 and 300"C for

one hour. The objective of the annealing experiments was to improve the

electrical properties of these samples and to study its effect on their slructural

properties. ln the follorving results of the annealing experiments have been

discussed.

3.2.1. STRUCTURAL CHARACTERIZATION

3.2.I. I. X-RAY DIFFRACTION

The XRD of one of the ZnSe samples annealed in air at 300oC is shorvn in

Fig.3.10. The XRD of sample C rvas chosen due to its higher thickness. It can be

seen from this figure that although the cell parameter has not been changed but

some extra peaks have been appeared rvhich correspond to ITO and In2Ol. Indium

possibll'has reacted rvith the oxygen in air to form its oxide.

40
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Figure: 3.10 XRD patterns of sample C annealed at 300'C
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Chanter I Resulls and Discus.sion

The (l I l) peak rvas used to calculate the grain size, lattice strain and dislocation

density of air annealed ZnSe sample. These calculations have shown an increase

in grain size rvhich is usually observed after annealing [45]. The lattice strain and

the dislocation density were decreased after air annealing. The structural

parameters are given in Table l.

3.2.I.2. RUTHERFORD BACKSCATTERING SPECTROSCOPY:

The RBS spectra of A, B. and C samples rvere taken after air annealing to

see the effect of air annealing on the films. It rvas observed from this analysis that

thickness of sample A and B have been decreased as shown from the decrease in

the area under the peaks. Whereas, there is a diffusion ofthe ZnSe thin film into

the ITO/glass substrate in the case of sample C, which is in agreement with the

X RD analysis rvhich has shorvn the presence of ITO peak.
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3.2.2. ELECTRICAL ANALYSIS

3.2.2.I. I-V CIIARACTERISTICS

Sa m ple A

I-V characteristics ofZnSe thin films, sample A annealed at l00oC, 200"C and

300"C. under illumination as rvell as in dark are shown in Fig. 3.12. (a, b). It can be

seen fiom this figure that there is an increase in the film conductivity rvith the

increase in the annealing temperature. Since it is known that the conductivit)' is

influenced by grain size as well as the carrier concentration, hence the possible reason

for this behaviour can be due to the increasing grain size with annealing temperature.

The increase ofgrain size rvith annealing has been verified by XRD data analysis. The

second possible reason could be the diffusion of indium in ZnSe thin film which can

increase the charge carrier concentrations but we did not observe further diffusion of

indiLrm or Sn in to the film from the RBS spectra, therefore, the most possible reason

of increase in conductivity might be the increase in grain size. The increased grain

size reduces the number of grain boundaries and hence the resistance of the material.

The sarnples have shorvn same behaviour in the dark and did not observe an1'

improvernent in the photosensitivitl'ofthe films after annealing.

(a)

Figure: 3. l2 I-V characteristics
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Samnle B

I-V characteristics ofZnSe thin films, sample B annealed at 100,200 and

300"C, under illumination as rvell as in dark are shown in Fig. 3.13 (a, b). It can be

seen from this figure that these films are low resistance and ohmic in nature. The

conductivity of the samples has been increased with the increase of annealing

temperature above 100"C. There is very little change in the conductivity afrer

annealing at 100"C. The increase in conductivity after 300oC annealing is very high

and at very lorv applied voltage (5V) current through the sample exceeded than thar of

lo\yer temperature anneals, rvhich shorvs that 300"C is the appropriate temperature to

increase the conductivity of the samples without changing the structure of the

rnatcrial. The measurements in dark have shorvn the similar response as observed for

the case of sample A.

10

a8
5
cO
o

34

2

'^/
^/,^/

.,/
f/,|

' /''

^ - _._.a
' ^ 

- 
-_r:,:l-=l--l=i-c-
246

Voltage M

Figure: 3. | 3 I-V characteristics of ZnSe/lTO of sample B after annealing in (a)
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Samole C

l-V characteristics ofZnSe thin films, sample C annealed at 100, 200 and

300"C. under illumination as rvell as in dark are shorvn in Fig. 3.14. (a, b). There is an

increase in conductivitl after annealing above 100"C. It can also be seen from this

figure that the increase in current with the applied voltage is very high even at small

t0

(b)(a)

Fti
l--zcrr'l Jl- 3ooc L

-1 /'
/ ./'

/ .,'-

1r/---a
--=--1--:z: 

=:-'-:-

-42-

246
Voltage (V)
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applied voltages as compared to the as-prepared and 100'C annealed sample. It was

observed from the XRD analysis that the grain size of the as-prepared sample C is

small as compared to that of sample A and B, therefore, such a huge increase in

conductivity'could possibly be due to two reasons; one is the increase in grain size

after annealing (Which is also observed from XRD data analysis) and the second is

the increased intermixing ofZnSe/lTO layers as observed from the RBS analysis. The

intermixing of the tu,o layers might have increased the charge carriers. Thin film n-

type As far as the I-V measurements in dark are concerned there was very little effect

on the conductiviry of the samples, which shorvs that the film are not very much

sensitive to darkness.
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Fisure: 3.14 I-V characteristics of ZnSe/lTO of sample C after annealing in (a)

light (b) dark

The I-V characteristics of ZnSe thin films samples A, B and C annealed at

I 00. 200 and 300"C are compared in Figs. 3. I 5-3.17 (a and b). lt can be seen lrom this

figure that at each annealing temperature the conductivity of the ZnSe film with

highest thickness (sample C) has higher conductivity, whereas that of sample B is

least. Ho\vever, at 300"C annealing conductivity of sample A and C is equal but still

larger than that of sarnple B. The comparison of I-V curves ofZnSe thin films also

shows that the annealing of samples at 200oC has resulted in maximum increase in the

conductivity of the films. We have seen frorr the XRD of 300"C sample that in
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addition to ZnSe crystalline phase there also exist ITO and In2O3 phases, with an

increase in grain size. The inclusion of the impurity phases might have created

donor/acceptor states rvhich can produce majority carriers in the material and hence

the higher conductivity at room temperature. Horvever, from the RBS analysis rve can

see that there is a decrease in the peak counts after annealing, which rvould have

changed the Zn to Se ratio and hence the charge carrier concentration in the sample.
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Figure: 3.I 7. I-V characteristics of ZnSellTO samples annealed at 300oC in (a) light

(b) dark

3.2,2.2. PHOTOCURENT AND PHOTODECAY

Fig. 3.18 shou,s the response ofZnSe thin films under light and then in dark

after annealing at l00oC. At r0 rvhen the light rvas switched ON, there is a rise in the

photo current through the sampte B and C. It can be seen from this figure that a sharp

decay in photo current rvas observed during the first minutes after the light rvas

srvitched OFF and then a gradual slow decay in photocurrent in successive minutes

rvas observedi it took five minutes for the current to decay to its initial values at l=0.

In the as-prepared sample such sharp decay ofcurrent was not observed, which shows

that after air annealing some trapping centers have been produced, which quickly

trapped the excess carriers when the photo excitation rvas removed and later on those

trapped carriers have been released gradually producing a slolv decrease of the

photocurrent. It can be seen from this figure that sample A shorvs an anomalous

behaviour, instead of current rise after the application of photo excitation there is a

sharp current fall and after the illumination rvas srvitched OFF there is a current rise in

rhe dark during the measurement tinre. The possible reason is that some delects have

becn generated after annealing rvhich act as trapping centres rvhich trapped excess

carriers and after the illumination is switched OFF the trapped carriers have been
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Chapter 3 Results and Discussion

released. This result has also shorvn that the external excitation source (i.e.light)

plaved a negative role.

tn Fig. 3.19 the photo decay in sample A, B, and C after 200"C annealing has

been compared. These results show that annealing at 200"C did not aflect the

behaviour of photo decay in sample A and B. The possible reason of such behaviour

is that the trapping centers produced are of the same type as in the as-prepared

samples. Horvever, in the case of sample C two steps have been observed in the photo

decal'region shorving the presence of two different types oftrapping centers.
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The photo decal' measurements of ZnSe thin film samples A, B and C after

300"C annealing are shorvn in Fig. 3.20. In sample B the photo decay is Iinear rvith

time from the start of the dark region. The sample A have shorvn a decrease in current

after illumination and gradual increase in dark and C have shorvn a sudden fall in

current in first min and then a slow decay. In sample A and C similar behaviour rvas

observed after I00oC anneal respectively.
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C'haoter 3 Results and Discus.sion

3.2.2.3. PHOTOSENSITTITIY

The plot of photosensitivity versus thickness ofZnSe thin films is shorvn in

Fig.3.2l. for the samples annealed at 100,200 and 300"C. It can be seen from this

figure that the filrns \\'ith intermediate thickness i.e. 76nm has shorvn higher

photosensitiviry as cornpared to sample A and C. However, the photosensitivity has

been decreased ln all the samples after annealing as compared to as-prepared samples.

In semiconductors the trapping centers rvhich trap holes, help to increase the life time

of electrons in conduction band and results in a net increase in the photocurrent.

Theretbre. in B and C thin films the trapping centers possibly have trapped holes.

rvhich have increased the photosensitivity ofthese films.
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3.3. SECTION-3 Ag-DOPED

ln this section structural. optical and electrical analysis of ZnSe thin films

deposited in 82 have been discussed. First of all the results of XRD, RBS and

SEM have been discussed then the results of transmission spectroscopy are

described in last results of electrical properties i.e. l-V characteristics,

Photocurrent and Photo decay and photosensitiv ity have been discussed. In this

section the samples rvith thickness 64,72 and 73nm are designated \Yith alphabets

a. b and c.

3.3.1. STRUCTURAL CHARACTERIZATION

3.3.I.I. X-RAYDIFFRACTION

The XRD of one of the ZnSe samples of 82 is shorvn in Fig.3.22. The

XRD of sample c has the highest thickness among those deposited in 82. XRD

pattern ofthis sample shorvs a single fine peak at20=27.14 rvhich shorvs its cubic

structure over amorphous glass. Structural parameters have been calculated rvhich

are shorvn in Table 1. It can be seen that the grain size is about 33nm. This shorvs

its good quality of deposition. The lattice parameters rvere found to be 5 676

u'hich is verl'close to the already reponed value [37].
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3.3.I.2. COMPOSITION, TTtrCKNESS AND MICROSTRUCTURE:

Rutherford Backscattering Spectroscopy (RBS) was used to measure the

composition and thickness of as deposited thin films. The RBS spectra of as

prepared sample a, b and c along rvith their simulation spectra are shorvn in Fig.

3.23. Thickness and composition of these samples rvere calculated by using the

simulation codes RUMP and SIMNRA. Results are shorvn in table. 3 (a). The

thickness of sample a, b and c (as deposited) are calculated to be 64nm, 72nm and

73nrr. Compositional analysis shows that Zn to Se have almost same ratio in all

the sa m ples.

RBS spectra of these samples after doping are shown in Fig. 3.24. The

thicknesses of these samples are 79nm, 48nm (in nvo layers) and 43nm. The

results are shorvn in table. 3. (b). The RBS analysis shows that there is uniform

diftirsion of Ag in thin film of sample a and c rvhile in sample b Ag components

are at surface and have not completely diffused in the film. The Ag component in

sample is about 32% rvhile in b and c it is about 22%o rvhich is much less than that

of sample a.

The microstructure olthe ZnSe thin films deposited on glass substrate \Yas

studied through scanning electron microscopy (SEM). Trvo samples were selected

for this purpose. One sample having least thickness "a" and second having largest

thickness "c". The SEM micrographs are shown in Fig.25. (a, b). It can be seen

frorn these images that there is full coverage of the glass substrate by the film

* ith SEM selected resolution rvith small amount of clusters on the film surface oi

sample c.

-50-



Energy lkevl

Chapter 3 Results and Discussion

(a)

6@ 700 !00 so r06 r1m 1.200 1.300 !..@ !.50

Channel

Energy [keV]
r00 r?00 r.m

(b)

o !m 2m lco .oo 5d 6& 7m l0o 900 1 0c0 r 1@ 1 2m !.3& 1 .m r.5m 1.600 l.7m t.&o 1 s 2 (I0

Channel

I 050

(J ',*



Energy lkevl

E 6:0

(J 
s:o

Chapter 3 Results and Discussion

(c)

500 600 7io & s 1.@o i1@ i20 r3& 1.@ ! 504

Channel

Figure: 3.23. RBS spectra with simulated spectra ofundoped samples (a) a,(b) b and

(c) c

(a)

o

@ r.@ 1..4o

Chan ne I

Energy lkevl

r 600 !.0& 2.@



Chlpter 3 Resuhs and Discussion

Energy [keVI

(b)

0 100 2m 300 .m 500 600 700 8ao 900 r 000 r r00 r 200 r.!00 1.am r 5{)0 16s
channel

Energy ltevl .TbaPory
.'6.1fu19d.(d

(cl

Channel

Figure: 3.24. RBS spectra rvith simulated spectra of samples (a) a,(b) b and (c) c

after Ag doping

550

oo rro

0

o

l

l

I

\)==._



Chapter 3 Resuhs and Discussion

(b)

Figure: 3.25. SEM micrograph of samples (a) a and (b) c
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Table: 3.3. Table of the thickness and percent composition of different elements
present in each layer in ZnSe as prepared and Ag doped samples data

obtained from Rutherford backscattering spectroscopy (RBS)

3.3.2. OPTICAL ANALYSIS

The optical spectra of a, b and c samples in the rvavelength range 200- I 200nm

are shorvn in Fig. 3.26. We can see that the optical transmission decreases rvith the

increase of film thickness.

The effects of reflection and transmission losses can be due to glass substrate

and fllm thickness. The absorption coefficients as a function of incident photon

energy are shorvn in Fig.3.27.lt can be seen from this figure that the absorption

coefficient increases rvith the increase of film thickness.

The energy gap En of the films rvas calculated from (crhv)2 vs hv plots as

shou'n in Fig.3.28. b1'assuming direct band gap material. By drarving the intercepts

from the linear portion of the (ohv)2 vs hv curves. The x-intercepts values are selected

as the energy gap of each sample. The calculated band gap values are 4.30, 4.40 and

4.,1leV for samples a, b and c respectively. [t can be seen that with the increase of

filrn thickness there is an increase in band gap energy which may be due to the

decrease ofgrain size rvith increase of film thickness.

a (As-de posited) b (As-deposited) c (As-deposited)

J

ah Zno/" S e7. th ZnY, Se% th Zno/o Se%
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hu(eV)

Figure: 3.28. Plot ofo as function ofphoton energy of samples a, b and c

3.3.3. ELECTRICAL ANALYSIS

3.3.3.I. I.V CHARACTERISTICS

The I-V characteristics of samples a, b and c doped rvith Ag in light and dark

are shorvn in Fig. 3.29. (a, b). Figure 3.29 shorvs that the films are lorv resistance and

ohmic in nature. The sample a has shorvn highest current values than b and c. It can

be seen from the graph that the value ofcurrent is approximately equal in b and c. The

possible reason ol highest current values in a can be due to the presence of higher

amount of Ag contents rvhich is verified by RBS data. After doping of Ag the

thickness have been reduced also ferver amount of Ag can be the reason for lorver

conductivity in sample b and c. I-V measurements in dark and light shorvs that the

fi lms are not are much sensitive to dark.
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Figure: 3.29. l-V Characteristics of ZnSe samples doped with Ag in (a) light (b)

dark

].3.3.2. PHOTOCURRENT AND PHOTODECAY

Fig.3.30. shorvs the current measurement under dark and illumination. At t=0

rrhen the light rvas srvitched ON, there is a rise in the current through the Ag doped

samples a, b and. A gradual decay in photocurrent rvas observed when the light rvas

srvitched OFF; it took five minuets for the current to decay to its initial values at I=0.

In the case of sample c, in first minute a slou' decay and then a relatively higher decay

have been observed. In sample b a Iinear decay has been observed rvhile in sample a

there is very slorv decay of the photocurrent which indicates the presence of trapping

centers in the material

12

-l

<)

ol

to.s

!0.2

0.t

0.0

L:-
l-.-ul
t-.-"1

4--

-58-



Chapter 3 Results and Discu.ssion

t-.....-,
(a)

o 120 210 J60

\ tct

\^-\^

l+bl
(b)

o 120 2ao 350

o.1oa

1,05

o 115

0,100

< 0.105

;c 0.104I
(J 0 102

;
! 1.10

()

ta0

!120

=
51OO

;
: 0_105

o

0 i20 210
Iim. (!)

Figure: 3.30. Graph shorving the thickness rvise decay oF current rvhen the ZnSe

doped u'ith Ag sample is placed in darkness (a) a, (b) b, (c) c.

3.3.3.3. PHOTOSENSITIVTry

The plot of photosensitivity versus thickness of ZnSe thin films is shorvn in

Fig.3.3l. The figure sho\\'s that sample a and c are more photosensitive as compared

to sample b. In samples a and c the trapping centers possibly have trapped holes,

rvhich have increased the photosensitiv ity of these films. While in case of sample b

the lowest photosensit ivity may be due the presence ofAg contents on the surface.

Figure: 3.31 Photosensitivity ofAg doped ZnSe samples a, b and c
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CHAPTER 4

SUMMARY AND CONCLUSION

4.1. SUMMARY

l. lt rvas observed from the structure analysis of ZnSe/ITO/glass and

ZnSe/glass films that thin films with lo\Yest thickness has the axis length is that of

pure ZnSe. However, as the thickness of ZnSellTOlglass film is increased there is

an increase in the axis length of the films, which shows that the structural

properties are changed rvhen ZnSe films are deposited on ITO coated glass

substrate as compared to that of ZnSe on glass substrate.

2. The Rutherford Backscattering analysis of ZnSe/lTO/glass thin films

shorvs that there is diffusion of In from substrate into the film. The inclusion In in

the film might be the reason of high conductivity of as-prepared ZnSelglass film.

The SEM images shou's good quality ZnSe/lTO/glass and ZnSe/glass films of all

th ickness.

3. The optical transmission spectra of ZnSe/lTO/glass show that the energy

band gap of interrnediate thickness is least rvhereas that of sample with maximunr

thickness is close to that of already observed Eg values. The large Eg in ZnSe

may be due to decrease in grain size and higher lattice strain as compared to other

samples.

4. The electrical conductivity measurement shows that ZnSellTO/glass films

with highest thickness are more conductive that other two samples. The possible

reason is higher charge carrier concentration in these samples. The photo

response of ZnSe/lTO/glass shorvs that thin films with higher thickness i e. B and

C are more photosensitive than that of sample A. Whereas in the case of

ZnSe/glass, the thin film with intermediate thickness are least photosensitive. The
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annealing of samples shows that there is an increase in the electrical conductivity

of all samples.

5. The electrical conductivity measurements ofZnSe/glass thin films shorvs

that as-prepared samples are highly resistive but after silver doping the electrical

conductivity of all the samples have been increased.

4.2 CONCLUSION

We can conclude frorn the summary of the results that ZnSe thin films become

conductive rvhen deposited on ITO coated glass substrate eliminating the need of

further doping of the material. Moreover, the lattice parameters become close to

that of CdTe making ZnSe a suitable window material for CdTe/ZnSe hetero-

junction solar cell. lt has also been concluded that thickness is not only parameter

s,hich affects the properlies of ZnSe thin films, other parameter i.e. film qualitl' ,

grain size. optical band gap all contribute to the over all performance ofZnSe thin

fi lrr s.
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