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Abstract The present work discusses about the synthesis

of alumina thin films, which have applications in current

and next-generation solid-state electronic devices due to

their attractive properties. Alumina thin films were syn-

thesized by pulsed laser deposition at different oxygen

pressures and substrate temperatures. The dependence of

substrate temperature, oxygen pressure, and the deposition

time on the properties of the films has been observed by

growing three series of alumina thin films on Si (100). The

first films are synthesized using substrate temperatures

ranging from room temperature to 780 �C at 0.01 mbar of

O2. The second series was realized at a fixed substrate

temperature of 760 �C and varied oxygen pressure (from

0.005 to 0.05 mbar). The third set of series was elaborated

at different deposition times (from 15 to 60 min) while the

oxygen pressure and the substrate temperature were fixed

at 0.01 mbar and 760 �C, respectively. The films were

characterized using X-ray diffractometer (XRD) for struc-

tural analysis, a scanning electron microscope for mor-

phological analysis, a nano-indenter for mechanical

analysis (hardness and Young’s modulus), and Rutherford

backscattering spectroscopy for thickness and stoichiome-

try measurements. Using optical emission spectroscopy,

plasma diagnostic was carried out both in the vacuum and

in the presence of oxygen with a pressure ranging from

0.01 to 0.05 mbar. Several neutral, ionic, and molecular

species were identified such as Al, Al?, and Al?? in vac-

uum and in oxygen ambiance, O and AlO molecular bands

in oxygen-ambient atmosphere. The spatiotemporal evo-

lution of the most relevant species was achieved and their

velocities were estimated. The highest amount of crystal-

lized alumina in c-phase was found in the films elaborated

under 0.01 mbar of O2, at a substrate temperature of

780 �C, and a deposition time of 60 min.

1 Introduction

Pulsed laser deposition (PLD) is one of the promising tech-

niques for the deposition of thin films with complex stoi-

chiometry. It is a flexible, simple, fast, and controllable

method for making high-quality thin films, even though the

processes involved during laser ablation and film growth are

not completely understood. Different materials can be syn-

thesized by PLD such as metallic oxides, high Tc supercon-

ductors, ferroelectrics metals, metal compounds, polymers,

and biological materials [1, 2]. Alumina is one of these kinds

of materials, which has drawn attention due to its interesting

properties. It is hard, stable, insulating, and transparent,

which allow it to be used for applications in many areas. It

owes those properties due to its polymorphism. It can exist in

a number of crystalline phases (polymorphs) for instance the

gamma series c, g, h (metastable structures), and the alpha

series j (metastable) and a (stable). Among these phases, the

c alumina is one of the most important active alumina. It can

be found in low temperature and have other technological

applications due to its thermal stability [3].

Compared to other alumina film synthesis techniques,

such as chemical vapor deposition [4], pulsed direct
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magnetron sputtering [5], plasma spraying [6, 7], PLD

exhibits several advantages such as the possibility to

deposit multi-component films and using low gas pressure.

This latter controls the kinetic energy of the particles,

which determines the structural and morphological prop-

erties of the films. PLD allows also to control the number

of particles arriving at the substrate with a specific laser

frequency and fluence. Using PLD, alumina thin films have

been synthesized under different conditions, using different

targets: Al [8, 9], Al2O3 target [10–32], Al2O3-doped

Erbium [26] or Al2O3-doped Europium [27], in different

ambiances: oxygen [8–24, 26–31], in vacuum [25] or argon

[32], and at different substrate’s temperatures [24–31] or

have been annealed [10, 11, 31]. The films were synthe-

sized in oxygen ambiance at high substrate temperature

[24–31] or were annealed after a deposition at room tem-

perature [10, 11]. The most cited works in the literature

refer to alumina films in a-, c- or b-phases [10–12, 25–30]
or amorphous [8, 9, 13–21, 31, 32].

For thin film deposition process, plasma study is vital to

identify the ablated species, their origin (from laser–target

interaction or plasma–gas), and to evaluate their kinetic

energy. Several works investigated optical emission spec-

troscopy diagnostic for aluminum and alumina plasma

[8, 23–43]. The effect of laser wavelength has been exam-

ined by some authors [34, 38], while others studied the effect

of laser fluence at 355 nm [39]. Some works dealt with the

effect of oxygen gas [37]. The origin of AlO molecule for-

mation in aluminum and alumina plume induced by laser has

been achieved by some authors [35, 41, 42], since this

molecule is a precursor to alumina thin film formation.

In our previous work [43], the alumina thin film depo-

sition has not been achieved after the dynamic of alumina

plasma study. This is due to alumina target’s small size

which induces deep drilling of the target and the no con-

servation of the ablation condition, when using high sub-

strate temperature and long deposition time, required for

Al2O3 thin film synthesis.

In the present work, a new target with large size and

high purity of 99.99% has been used for this task. An

optimization of the experimental conditions, such as gas

pressure, substrate temperature, and deposition time is

investigated for alumina thin films. Two applications of the

synthesized alumina thin films were targeted; to be used as

a buffer layer for its catalytic property (c phase) and pro-

tective layer for its mechanical properties. The substrate

temperature and the kinetic energy of the species are the

key parameters to synthesize thin films with the cited

properties (c phase and mechanical properties) but the

substrate heating system in the laboratory has a limitation

of 800 �C. For this reason, a relatively high laser fluence is

used as a supplementary substrate heating source, where

the energetic species will impinge the substrate and

increase the surface substrate mobility. The elaborated

films from polycrystalline a-Al2O3 target ablated by a KrF

laser at 10 J/cm2 were characterized by X-ray diffrac-

tometer (XRD) for structural analysis. We used a scanning

electron microscope (SEM) for morphological analysis,

nano-indenter for mechanical analysis, and RBS for

thickness measurements and stoichiometry. Moreover,

alumina plasma emission spectroscopy has been conducted

in different oxygen pressures and the molecular AlO for-

mation has been discussed. A correlation between the

nature of the films and the species velocities was also

investigated.

2 Experimental setup

PLD experiments were performed using a KrF excimer

(Lambda Physik COMPex 102) laser (k = 248 nm and

s = 25 ns) which was focused on a rotating polycrystalline

ceramic a-alumina target (/ = 60 mm, 99.99% purity

acquired from Goodfellow and more pure than that used in

our previous paper (89.54%) [43]). We report in Fig. 1 the

structural and optical properties of the target.

The schematic experimental setup can be found elsewhere

[47]. For the structural and crystallinity of the films, XRD

(Bruker D8 Advance) has been used in grazing incidence

geometries. The surface morphology of the films was

examined with a SEM (Jeol JSM-6360 LV). The mechanical

measurements were carried out with nano-indenter (CSM

instruments) which is equipped with a Berkovich diamond

indenter tip. The RBS experiments were performed using a

beam of 2 MeVHe? particles, delivered by theVan deGraff

3.75 MV accelerator of the CRNA (Centre de Recherche

Nucléaire d’Alger). The backscattered particles were

detected at 160� scattering angle.

3 Results and discussion

3.1 The choice of laser fluence

The major problem encountered in thin film synthesis by

PLD is the presence of droplets at higher laser fluence.

These droplets are formed due to phase explosion phe-

nomenon [2, 44–47], recoil pressure [2], hydrodynamical

instabilities, and exfoliation [48]. For this reason, a detailed

study has been carried out by varying ablated mass versus

laser fluence. The choice of relatively high laser fluence is

limited by the laser fluence threshold where the phase

explosion mechanism occurs.

Notice that the variation of the ablated mass versus laser

fluence for the first alumina target [43] is different from that
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of the present target [47]. Depending upon laser fluence

range themechanisms of ablation are different. The choice of

the laser fluence at 10 J/cm2 permits an important ablation

rate and energetic species below the phase explosion. The

energetic species can enhance the surface mobility as well as

the sticking and nucleation rate at the substrate surface [49]

to compensate the limited heating system in temperature.

3.2 Film deposition

At 4 cm from the target, several thin films of Al2O3 were

deposited on Si (100) for different oxygen pressures

(0.05–0.005 mbar), different substrate temperatures (from

room temperature to 780 �C), and different deposition time

(15–60 min).

3.2.1 XRD analysis

The effect of the substrate temperature on the microstruc-

tural properties of alumina films at 0.01 mbar of O2 with a

deposition time of 15 min is also investigated. Generally,

the appropriate pressure for oxide thin films deposition by

PLD is around this value. Figure 2 shows the XRD patterns

of Al2O3 thin films carried out at a substrate temperature

ranging from 600 to 780 �C. The films were amorphous for

a substrate temperature below 600 �C. Their crystallization
began from a substrate temperature higher than 650 �C.
The identified peaks at 45.87� and 66.89� (2h) correspond
to reflections from (400) and (440) planes, respectively.

Those peaks match well with the cubic structure of c-phase
of alumina. As the substrate temperature increases, the

integrated intensity of the peak at 66.89� (440) also

increases, indicating more crystallized films.

To show the effect of O2 pressure on the crystallinity of

alumina films, we have fixed the substrate temperature at

760 �C and deposition time to 15 min and varied O2

pressure from 0.005 to 0.05 mbar. The films were amor-

phous for 0.05 mbar and crystallized below this value. The

highest integrated intensity of the peak at (440) was

obtained for 0.01 mbar (see Fig. 3).

Pillonnet et al. have obtained crystallized alumina films

at 0.001 mbar of O2, at a substrate temperature of 790 �C,
and a fluence of 3 J/cm2 using a KrF laser [24]. For the

same laser fluence, Cibert et al. have synthesized Al2O3

films in c phase at 800 �C in vacuum [25]. Balakrishnan

et al. found crystallized Al2O3 at 700 �C and 0.003 mbar of

O2 pressure [26, 28–30]. The crystallinity of their films

deposited on Si (100) matches with the c-phase structure.

All the authors observed peaks corresponding to the

reflection of (400) and (440). In addition, Pillonnet et al.

[24] and Cibert et al. [25] observed a supplementary peak

due to the reflection of (311). Furthermore, the reflection of

(511) was observed by Cibert et al.

Pillonnet et al. and Cibert et al. using the same mode of

heating (halogen lamp) also found that the substrate tem-

perature to get a detectable crystallite is 790 �C [24] and
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Fig. 1 Characterization of the alumina target. a XRD analysis,

b spectrophotometer analysis
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Fig. 2 XRD patterns of Al2O3 thin films deposited on Si (100) at

0.01 mbar and different substrate temperatures

Growth of c-alumina thin films by pulsed laser deposition and plasma diagnostic Page 3 of 11 464

123



800 �C [25], respectively, whereas Balakrishnan et al.

observed crystallinity at 700 �C [26, 28–30]. The authors

reported [24, 26, 28–30] that the intensities of their peaks

increased with decreasing gas pressure.

In the present work, for a fluence of 10 J/cm2, the

beginning of crystallization onto the c-phase is observed

for a substrate temperature of 650 �C for peaks at 45.87�
and 66.89� (2h), with a deposition time of 15 min less

than that used by Pillonnet et al. (45 min) and Balakr-

ishnan et al. (60 min). As reported by the authors

[24, 26, 28–30], the films became more crystallized when

the processing gas pressure decreases. Moreover, the

optimum pressure of O2 was found at 0.003 mbar

[26, 28–30] and 0.001 mbar [24] for 3 J/cm2. In this

study, the crystallized films were obtained at 0.01 mbar.

In fact, the kinetic energy of the ablated species increases

with laser fluence, while a decrease is observed with the

gas pressure increase. It, also, enhances the surface

mobility, the sticking, and nucleation rate at the substrate

surface [48]. This explains the increase in the optimum of

O2 pressure in the present work.

To study the effect of deposition time on the structure

of Al2O3, several films were deposited on Si (100)

varying from 15 to 60 min. The substrate temperature

and O2 pressure were fixed at 760 �C and 0.01 mbar,

respectively. Figure 4 shows the XRD patterns of the

films at different deposition times. The intensities of the

peaks related to the reflection of (400) and (440) plans

increase with increasing the deposition time. Other peaks

from the reflections of (311) and (511) planes started to

be visible at 30 min and also their intensities was found

to increase with deposition time. By increasing the

deposition time, the amount of crystallized matter

increases too.

3.2.2 SEM analysis

The SEM analysis has been performed to show the mor-

phology of alumina films under several substrate temper-

atures and 0.01 mbar of O2 (Fig. 5). At 500 and 600 �C,
where the films are amorphous, their surfaces seem to be

granular with the presence of dispersed droplets. In addi-

tion, as the substrate temperature increases, the films are

crystallized and their surfaces exhibit the presence of island

growths. Their numbers increased with the rise in substrate

temperature possessing sizes between 100 nm and 1 lm.

The reason could be the increase in temperature (growth

mechanism) rather than laser–target interaction. The

growth mode could be the Stranski–Krastanov mode [50]

which is defined as a mixed growth from layer and islands.

The latter have a conical shape, different from the droplets

(spherical).

However, the observed droplets in amorphous films

were assigned to splashing, exfoliation or hydrodynamical

instabilities as reported in our previous contribution [47]

and the articles therein; they are due to laser–target

interaction.

As reported in previous work [47] droplets and islands

favor the thermoluminescent (TL) response of the films

[19] which can be used as UV or beta-detectors [18].

At a laser fluence of 3 J/cm2, Balakrishnan et al. [30]

observed a smooth and structureless morphology of alu-

mina films deposited on Si (100) with some droplets

assigned to exfoliation and surface boiling.

3.2.3 RBS analysis

RBS analysis has been conducted for the crystalline films

prepared at 760 �C and an oxygen pressure ranging from

45 50 55 60 65 70 75
0

200

400

Si

(400)

0,05 mbar

0,03 mbar

0,02 mbar

0,01 mbar

0,008 mbar

In
te

ns
ity

 (a
.u

)

2 Theta (°)

0,005 mbar

(440)

Fig. 3 XRD spectrum of Al2O3 thin films deposited on Si (100) at

substrate temperature of 760 �C and different O2 pressures

30 40 50 60 70 80

0

200

400

600

800

1000

1200

(511)

(440)(400)

60 min

45 min

30 min

In
te

ni
st

y 
(a

.u
)

2 Theta (°)

15 min

(220)

(311)

Fig. 4 XRD patterns of Al2O3 thin films deposited on Si (100) at

P(O2) = 0.01 mbar, substrate temperature of 760 �C, and different

deposition times

464 Page 4 of 11 K. Yahiaoui et al.

123



0.005 to 0.03 mbar. In Fig. 6, we report the typical RBS

spectra which have been used to fit the composition and the

thickness of the films assuming a density of 3.6 g/cm3 for c
phase [24]. The simulation of the spectra was achieved

using the SIMNRA program [51]. The chemical ratio O/Al

for each pressure is presented in Fig. 7. All the film com-

positions are oxygen richness with a particularity for the

films at 0.02 mbar which have a composition close to the

stoichiometry of alumina (1.5). Pillonnet et al. and Cibert

et al. found a stoichiometry of 1.5 (Al2O3) for their films at

790 �C with specific oxygen pressure [24] and in vacuum

at RT [25]. A slight excess in oxygen is also observed for

800 �C [25].

The thickness variation as function of oxygen pressure

can be observed from Fig. 8. Taking into account the

estimated error bars, the maximum thickness is obtained

Fig. 5 SEM images of Al2O3

thin films for

P(O2) = 0.01 mbar and

different substrate temperatures
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for 0.01 and 0.02 mbar, where the plasma confinement and

geometry are at their optimum. The results suggest that the

film thicknesses are governed not only by the fluence of the

ablating laser pulse, but also by the interaction between the

plasma constituents and the reactive gas. The O2 pressure

strongly affects the laser plasma plume dynamics such as

expansion velocity, species distributions in the plume, and

dissociation process which influence the films properties.

Notice that the error bar of the thickness is estimated

from the statistical error of the counting and the error bar

on the ratio (O/Al) is estimated from the sum of the sta-

tistical errors calculated from the areas (counts) of the

peaks of O and Al, in the RBS spectrum.

3.2.4 Nanoindentation study

Nanoindentation measurements were carried out to find the

nano-hardness and elastic modulus of Al2O3 films

deposited at 0.01 mbar of O2 and at different substrate

temperatures as reported in Fig. 9.

The results showed that the increase of the substrate

temperature induces an increase in the nano-hardness and

the Young modulus of the films (Fig. 9). Nath et al. [31]

corroborate these results where the nano-hardness and the

Young modulus increase with temperature and reached a

maximum of 21 and 28 GPa, respectively, at an annealing

temperature of 1000 �C. Others [29] found a nano-hardness
of about 20.8 and 24.7 GPa for RT and 700 �C, respec-
tively. In this work, the nano-hardness varies from 13.6 to

27.7 GPa and the Young’s modulus varies from 119.73 to

173.22 GPa between 500 and 780 �C. With such a nano-

hardness order of magnitude, alumina films have potential

application in hard and wear-resistant coatings.

Moreover, from XRD patterns we have calculated the

crystallite size using the Scherrer equation from the (400)

reflection for different thin films:

D ¼ Kk
Dð2hÞ cosðhÞ ; ð1Þ

where D is the crystallite size, K is a dimensionless shape

factor of 0.9, k is the instrument wavelength of

0.15406 nm, D(2h) is the line broadening at half the

maximum intensity (FWHM) in radians, and h is the Bragg

diffraction angle.

The crystallite size was 10.53, 8.54, and 7.44 nm for

650, 688, and 780 �C, respectively. Balakrishnan et al. [29]

found a crystallite size of 10 nm for 700 �C and

0.035 mbar of O2. We noticed that the substrate tempera-

ture is inversely proportional to the crystallite size.

Thereby, the nano-hardness is also inversely proportional

to crystallite size. In bulk material, it is well known that the

decrease of crystallite size increases the presence of joints

in the material causing an increase of micro-hardness

[52, 53].
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3.3 Optical emission spectroscopy analysis

To understand the physico-chemical process involved in

the interaction between alumina plasma and oxygen gas

(excitation, dissociation, and recombination), optical

emission spectroscopy has been conducted. More precisely,

OES spectroscopy has been performed to identify the

excited species in the plume, which are precursors for
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alumina film growth. The origin of the species can be

deduced from their spatiotemporal evolution (from the

target surface or formed in gas phase) and an estimation of

their kinetic energy can inform us on the kinetic energy

range that favors the formation c-Al2O3 phase.

To identify the excited species constituting the plasma,

integrated plasma emission spectra were recorded between

200 and 780 nm, at 3 mm from the target surface in vac-

uum and under different oxygen gas pressure from 0.01 to

5 mbar.

The most important lines presented in the plasma plume

have been identified using the NIST database [54]. The

spectra show several atomic and ionic emission lines Al I,

Al II, and Al III in vacuum. The strongest emission from Al

I lines occurred at 396.15 nm and 309.27 nm, while the

most intense emissions from Al II were observed at 281.61,

466.30, and 358.65 nm. A weak emission of Al III species

appeared at a wavelength of 318.01 nm.

In oxygen ambiance, in addition to aluminum lines

emissions, emission of the AlO molecular band was

recorded for the sequence Dm = 0 and Dm = 1 with a

threshold pressure of 0.02 and 0.05 mbar, respectively. The

emission of the triplet lines of neutral oxygen was also

observed at 777.19, 777.41, and 777.53 nm. As the oxygen

pressure increases, the intensity of all the species in the

plume increases, indicating more excitation and thus more

interaction of the plasma species with the surrounding gas

molecules as shown in Fig. 10.

Optical times of flight (TOF) profiles of Al III, Al II, Al

I, O I, and the (0,0) band head of AlO at respective

wavelengths 318.01, 281.65, 396.15, 777.19, and

484.21 nm were investigated in vacuum and in O2 gas

pressure of 0.01, 0.02, and 0.05 mbar, to obtain their spa-

tiotemporal evolution as reported in Fig. 11. In Table 1, we

report the species velocities in the different ambiance,

which decrease with O2 pressure increasing. At 0.01 mbar

of O2 no oxygen excited species were recorded in the

spectrum. For 0.02 and 0.05 mbar, neutral oxygen appears

and follows the spatiotemporal evolution of Al I species.

The fastest species evolved in the plasma were the ions of

aluminum, viz., Al?? and the Al? followed by Al and O.

The slowest species was molecular band head AlO.

The evolution of the Al line intensities as function of

distance for different O2 pressures is illustrated in Fig. 12.
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Fig. 11 Spatial–temporal

evolution of Al III, Al II, Al I, O

I, and AlO in vacuum and under

0.01, 0.02, and 0.05 mbar of O2

Table 1 Linear velocities of plasma species in vacuum and under

0.01, 0.02 and 0.05 mbar in the early stages of expansion

Species V (106 cm/s)

Al I Al II Al III O I AlO

Pressure (mbar)

2 9 10-5 1.66 2.57 4.41

0.01 1.58 2.47 4.02 1.054

0.02 1.46 2.43 3.91 1.54 1.91 0.817

0.05 1.27 2.25 3.54 1.47 1.87 0.799
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For each pressure, the line intensity of Al species increased

during their expansion in the plasma, showing re-excitation

under collisions. Besides, as the oxygen pressure increased,

the Al intensity increased showing a more excited species

due to pressure confinement.

From the spatiotemporal evolution, we notice that the

AlO is originated from the laser–target interaction, since

they are the slowest species. In vacuum, the AlO molecule

is probably present, may be too weak to be detected.

However, Salik et al. [38] recorded the emission of AlO

band head in vacuum using a visible and infrared laser. In

fact, the plasma is more heated and the species are more

excited due to the Bremsstrahlung inverse process which is

more efficient in plasma induced with infrared than UV

laser. This can explain why AlO is not observed in our

study in vacuum and low O2 pressure.

To study the dynamics of plasma, we have chosen the

most intense species of plasma for oxygen pressure ranging

from 0.01 to 5 mbar. The spatiotemporal evolution of Al I

(396.15 nm) is reported in Fig. 13. Two models are used:

the first is the drag model, where the position of the plasma

R can be estimated using the following relation

R = R0(1 - e-bt), where R0 is the stopping distance and b
is the slowing coefficient [33, 55]. The second is the shock

wave model. It follows the form n0(E0/q0) t
2/5, where n0

depends on the specific heat capacity denoted c. The shock
model describes the explosive release of energy E0 from

the plasma plume through a background gas density q0
[55]. These models have been used when an injected sur-

rounding gas interacts with the plume. The Al(I) species

expand freely in vacuum. But in the presence of oxygen at

early stages of expansion, the species expands freely as in

vacuum followed by a shockwave expansion model. At

later stages, the species expansion is described by the drag

model. The fit with drag and shock wave model is repre-

sented in Fig. 13.

From the drag model, the stopping distance of the

Al(I) species is determined. This is useful when choosing

the substrate–target distance. But this latter is always taken

from the stopping distance of the plasma front (for more

details refer the article [43]) than from the neutral Al which

is not the farthest species in the plume. Notice that even if

the excited ionized Al?? and Al? do not reach a far dis-

tance in their expansion when compared to the excited

neutral Al I (Fig. 11) but when using a Langmuir probe in a

previous work [47], the ions have achieved a distance of

14 cm of these species in vacuum. Furthermore, the drag

model is more suitable to describe the expansion of the

plasma for intermediate and high gas pressure (above

0.1 mbar). In this case, the estimated stopping distances are

more reliable than those for lower pressure (below

0.01 mbar). The drag model does not fit well the expansion

for the lower pressure (below 0.1 mbar), for this reason the

estimated stopping distances are not accurate.

We report in Table 2 the stopping distances and the

ejected velocities for Al I (396.15 nm) derived from the

drag model fit for 5, 2, 1, 0.1, 0.5, 0.05, 0.02, and

0.01 mbar.

The most relevant result is: as the pressure increases the

species velocities decrease. Two parameters are responsi-

ble for this increase: the laser fluence and the gas pressure.

For the adopted laser fluence (10 J/cm2), the crystallized

films were obtained with a pressure 0.01 mbar of O2, while

in the other literature it is found with different parameters

such as using laser fluence about times lesser than ours, i.e.,

3 J/cm2, 0.001 mbar pressure and temperature 700 �C
[24–26]. Our laser fluence is three times higher. We are
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Fig. 12 The evolution of Al I intensity as function of distance from

the target for different O2 pressures
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Fig. 13 Spatiotemporal evolution of Al I (396.15 nm) in vacuum and

for different oxygen gas pressures: red and green dashed lines

represent the fit with drag and shock wave models, respectively, and

the blue line represents the linear fit
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expecting that the crystallization would begin at substrate

temperature lower than 650 �C when increasing deposition

time (more than 15 mn). The results show a shift in the

substrate temperature and gas pressure due to the choice of

a relatively high laser fluence of 10 J/cm2. The increase in

laser fluence increases ablation rate and the kinetic energy

of ions and atoms arriving at the substrate surface. The

sticking and nucleation rate as well as the surface mobility

then increase, favoring the crystallization at lower substrate

temperature and deposition time. The substrate tempera-

ture, the oxygen pressure, and the laser fluence are

important parameters that determine alumina films’

crystallinity.

4 Conclusion

In contrast to the past literature experimental conditions

[24, 25], crystallized films are formed using higher laser

fluence 10 J/cm2 and less heating of the substrate. The film

morphology and nano-hardness are found to be different

and it mainly depends on the fluence parameter. The

optimum for crystallized films in c-phase was found to be

at a higher oxygen pressure and a lower substrate tem-

perature compared to films at lower laser fluence.

The XRD analysis data show that the peak intensities and

their integrals are significant for an optimum O2 pressure of

0.01 mbar and the substrate temperature of 780 �C.
Alumina thin film morphology shows a difference

between amorphous and crystallized films. For this latter,

the appearance of islands growing from the film surface is

observed much clearly.

The RBS analysis shows that all the films possess

oxygen richness except the films at 0.02 mbar which have a

stoichiometry close to the Al2O3. The nanoindentation tests

indicate that as the substrate temperature increases, the

nano-hardness and Young’s modulus also increase, reach-

ing a value of 27.7 and 173 GPa, respectively, for 780 �C.
The optical emission spectroscopy diagnostic of the plume

at different oxygen pressures allowed us to have a range of

kinetic energy values that favors the films’ crystallization

for the chosen laser fluence.
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10. B. Hirschauer, S. Söderholm, J. Paul, A.S. Flodström, Appl. Surf.

Sci. 99, 285 (1996)
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