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Objectives

The following are main objectives:-

 Synthesis of ZnO thin films using Atomic Layer Deposition Technique.

 Modification of grown films by 120 MeV Ti9+ by ion beam irradiation.

 To study the irradiation induced changes in the properties of 

synthesized ZnO thin films. 

 Characterization of synthesized films for their structural, optical and 

surface morphological  properties.



 Zinc oxide (ZnO) is a n-type semiconductor with a wide band gap of (~3.4 eV) at room

temperature.

 It is non-toxic promising optical, opto-electronic and piezoelectric properties

 ZnO is one of the earliest-discovered and well-established gas sensing oxides, which has been

extensively studied for detection of inflammable, hazardous and toxic gases, such as H2,

C2H5OH, NO2, NH3, H2S and CO etc.

 Most of the ZnO gas sensors usually have to operate at relatively high temperatures over

200◦C

 ZnO possesses higher quantum efficiency, inexpensive luminescent and bio-friendly oxide

semiconductor material, good stability against photo corrosion and photochemical properties,

and ability to grow high-quality single crystal with cost effectiveness.

 Extensive applications in UV laser, biosensors, bio-imaging, drug delivery, piezoelectric

transducers, dye-sensitized solar cells, high sensitivity chemical gas sensor, volatile organic

compound sensor, DNA sequence sensor, short wavelength (green, blue, UV) optoelectronic

devices, light-emitting diodes and field-effect transistors.

Zinc oxide (ZnO)



Applications

Drug Delivery

Photocatalysis

Spintronics

Vulcanization 
of rubber

Anodes in li-ion 
batteries

Cosmetic 
industry as a 

UV absorber in 
sunscreens and 

sunglasses

Applications



 Zinc oxide is crystallizes in either rock salt, zinc blende (cubic structure),

or wurtzite (hexagonal structure), and normally crystallize in wurtzite structure

under normal conditions.

 ZnO structure is composed of two interconnecting sub lattices of Zn2+ ions

surrounded by tetrahedral O2- ions and vice versa.

wurtzite (hexagonal structure) zinc blende (cubic structure)

Crystal structure of ZnO



Synthesis 
Techniques

Chemical Vapor Deposition 
(CVD)

Sol-gel Technique

Chemical Solution Deposition

Atomic Layer Deposition 
(ALD)

Electron Beam 
Deposition(EBD)

RF Magnetron Sputtering 



Schematic of ALD process. (a) Functionalised substrate surface (b) Precursor A is pulsed and reacts with
surface (c) Excess precursor and reaction by products are purged with inert gas (d) Precursor B is pulsed
and reacts with surface. (e) Excess precursor and reaction by products are purged with inert carrier gas.
(f) Steps a to e are repeated until desired thickness is obtained

Deposition Technique





Ion Beam Facility at IUAC, New Delhi, India.

Source : Google
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 Synthesis of thin films by ALD have wide industrial, scientific and technological

applications and thus need a basic understanding of their material properties.

 The availability of heavy ion beams from the accelerators has brought new impetus to the field

of ion beam modification as dramatic modifications in ZnO thin films.

 Energetic ions play a important role in synthesis, modification, characterization of ZnO thin

films .

 The modifications produced in ZnO thin films depends on the structure and the ion beam

parameters (energy, fluence, mass, charge) and the nature of the target material itself.

 Both chemical composition and the related physical properties of the ZnO thin films can be

modified in a controlled way by the ion fluence.

Ion Beam Modifications in ZnO thin films 



Ion Interaction with ZnO thin films:-

The interaction of ions with surface and interface results in the

modifications of ZnO thin film .

Ion beam interact with the ZnO thin films in a two ways:

Ion implantation: Ion irradiation:

The process in which controlled amounts of foreign The process in which energy of the beam creates ion

species can be introduced into near-surface regions tracks in the material.

of film in the form of accelerated beam of ions.



Interaction of moving charged particle (ion) with 

material

 Ion may interact with the material by two types of collisions depending

upon the energy- Elastic Collision and Inelastic Collision.

 For low energy values (unto 10 keV) nuclear energy loss is maximum,

electronic energy loss is max at 106 keV

Electronic energy loss

Nuclear energy loss



SRIM-2008
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Graphs generated using Transport of Ions in Matter (TRIM) software



Ion Beam irradiation facility at IUAC , New Delhi

 Energy and ion beam used : 120 MeV Ti9+

 The electronic energy loss (Se): 7.88 (keV/nm)

 Nuclear energy loss (Sn) : 0.98 (keV/nm)

 Projected range of the ions : 18.55 µm

 Fluence Range : 5E11 to 1E13 ions/cm2

Note : The irradiation parameters indicates that Se overwhelms Sn in the samples.



ZnO
Thin films

Incident Ion
Titanium (Ti9+)

During irradiation 
the Vacuum

5.1 X10-6 mBar

Current 
1 pnA

Charge state
+9

Energy of ions
120 MeV

Substrate area 
1x1 cm2

Thin film prepared by ALD 
deposition technique  

Thin films were irradiated with 
low energy Ti9+ Ion 

Irradiated thin films were 
analyzed by AFM, XRD, UV-

Visible, XPS and PL. 

The ALD grown thin films were irradiated with SHI beam with varying fluence 5E11 

ions/cm2, 1E12 ions/cm2, 5E12 ions/cm2 and 1E13 ions/cm2.
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Interaction of moving charged particle (Ti9+) with 

ZnO thin films



Pristine 5E11 ions/cm2

5E12 ions/cm2 1E13 ions/cm2

Atomic Force Microscopy (AFM)



Pristine
5E11 ions/cm2

5E12 ions/cm2

1E13 ions/cm2



Sr. No. Sample Root mean 

Square 

Roughness (Rq)

Average 

Roughness

(Ra)

Maximum 

Roughness

(Rmax)

Grain 

Size (nm)

1. Pristine 0.389 nm 0.275 nm 13.2 nm 16 nm

2. 5E11 ions/cm2 0.328 nm 0.240 nm 14.7 nm 20 nm

3. 5E12 ions/cm2 0.275 nm 0.198 nm 11.09 nm 23 nm 

4. 1E13 ions/cm2 0.274 nm 0.183 8.08 nm 30 nm



Power spectral density (PSD)



Roughness Exponent (RE)



Photoluminescence (PL)

λexc.    =  270 nm



 328.2 nm 342.7 nm, 375.7 nm and 395.8 nm multiple peaks centred between 380 nm to 400 nm (UV

region) observed for all the samples.

 UV emission is known as a near-band-edge (NBE) emission, which originates from the recombination of

free exciton through an exciton–exciton collision process.

 The observed sharp peak at 395.8 nm is considered as a signature of the wurtzite ZnO nanocrystalline

structur and is usually attributed to the near-band-edge emission of ZnO due to annihilation of excitons.

 The major emission peaks in the visible region are centred between 400 nm to 445 nm (violet emission),

445 nm to 495 nm (blue emission) and 495 nm to 565 nm (green emission).

 The peaks centred at 404.9 nm, 420.5 nm and 438.4 nm due to exciton recombination between the

electrons localized at the zinc interstitials and holes in the valence band leads to this violet emission.

 458 nm, 468.2 nm and 479 nm corresponds to blue emission.

 501 nm and 515.7 nm corresponds to green emission.

 Also, the weak violet and strong blue bands emitted by the samples confirm that the prepared samples

contain the ZnO Nanoparticles.

 Green emission band between 513 and 540 nm, known as a deep-level emission, is related to the deep

level defect states. This green emission originates from the recombination of a photo-generated hole with

an electron, occupying the oxygen vacancy and interstitials of zinc.

 The violet emission band observed in all the samples between 423 and 448 nm is attributed to the

presence of zinc interstitials (Zni) shallow donors.



λexc.    =  325 nm

Photoluminescence (PL)



Binding Energy (B.E)

Zn 3d  =     10eV

Zn 3p   =     101eV

Zn 3s =     153eV

C 1s =     283.5eV

Zn LMM   =    499.07eV

O 1s =    532eV

O KLL       =    980.13eV

Zn 2p1/2 =     1023.2eV

Zn 2p3/2 =     1045.9eV

X-ray photoelectron spectroscopy (XPS)



Zn 2p

XPS core-level spectrum of O 1s and Zn 2p region for pristine and 

irradiated samples at fluence of 5E11 and 1E13 ions/cm2.



Conclusions 

 The crystallite size calculated from XRD is in the range of 20-50 nm for the

Monoclinic and Tetragonal phase.

 UV- Vis study shows that the decrease in the Optical band gap 4.16-3.90 eV and

the transmittance spectra lies in range of 25-70 %.

AFM results shows that as the fluence increase grain size increase and roughness

decrease except at higher fluence

 RBS simulated spectra confirm the presence of O and Zr atoms in 2:1 and the

thickness is found to be around 160nm .

 PL study shows that emission spectra obtained at peak around 415nm, 490nm

and 517nm exhibit Zr vacancies , blue region and green region respectively
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