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a b s t r a c t

We report the enhancement of adhesion and reduction of stress of MgO thin films by using vapour
chopping technique. Vapour chopped (VC) and nonchopped (NC) magnesium oxide thin films (thick-
ness ∼ 600 nm) have been prepared by thermal oxidation (in air) of vacuum evaporated magnesium
films. The effect of oxidation temperature of 573, 623 and 673 K and duration 90 and 180 min on the
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adhesion and intrinsic stress of MgO thin films due to vapour chopping were studied. Adhesion and
stress was investigated by direct pull off method and interferometric method respectively. Adhesion was
in the range 27–54.8 × 104 N/m2 for vapour chopped thin films, as compared to 20.1–41.9 × 104 N/m2 of
nonchopped MgO thin films. Intrinsic stress was found to decrease from 70.07 to 22.86 × 107 N/m2 for
nonchopped and to 45.63 to 11.83 × 107 N/m2 for vapour chopped MgO thin films.
echanical properties
-ray diffraction

. Introduction

Magnesium oxide is an interesting candidate for its application
n recent advanced fields due to the high transparency [1], refractive
ndex nearer to glass [2], high secondary electron emission property
3,4] and high density [5]. MgO plays an important role as protecting
ayer in ac plasma display panel (PDP). The exposure of the protect-
ng layer to the discharge space has an influence on the discharge
haracteristic and lifetime of PDP; this layer has to be durable. Num-
er of workers have studied magnesium oxide thin films deposited
y magnetron sputtering [3,5], ion beam assisted deposition [2],
pray pyrolysis [1] etc. Number of reports are available of MgO thin
lm as substrate for the deposition of perovskites thin film of oxide

erroelectric material [6] and for optical waveguide application [7].
The mechanical stability, durability and strong adhesion to the

ubstrate are essential qualities of thin films for their device appli-
ations. The study of thin film adhesion is fundamental and of
ractical interest because it is related to the nature and the strength
f the binding forces at the interface between the two materials
n contact with each other. Stress of thin film is also well known,

riginated in thin films mainly due to dislocations, cracks and voids
ormation, impurities present in thin film or due to lattice mismatch
nd difference in thermal expansion of film–substrate interface.
here is a need to study adhesion and stress of thin films while
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using the films for optoelectronics device fabrication e.g. plasma
display panel. These are the fundamental microstructural proper-
ties on which the performance and lifetime of device depends. The
adhesion and stress are interrelated to each other, so there is a
need to investigate both the aspects simultaneously for improving
the adhesion and reducing the stress in order to achieve a better
device lifetime and performance.

Vapour chopping technique (with substrate at room tempera-
ture) developed at our laboratory has been reported to improve
the adhesion of thin film coatings, it has given promising results
for ZnS [8], bismuth oxide [9] and polymer thin films [10]. To the
authors knowledge there are no reports available to date on the
adhesion and intrinsic stress aspect of thermally evaporated mag-
nesium oxide thin films deposited on glass substrate using vapour
chopping technique. The aim of this work is to study the adhesion
and stress of MgO thin films and the effect of vapour chopping on
them.

2. Experimental

For obtaining vapour chopped (VC) and nonchopped (NC) magnesium oxide
thin films, initially vapour chopped and nonchopped magnesium films (99.98%, Alfa
Aesar) were deposited on glass substrates under vacuum of 10−5 mbar. Magnesium
oxide thin films were obtained by thermal oxidation (in air) of nonchopped and

vapour chopped magnesium thin films at different oxidation temperatures 573, 623
and 673 K and duration 90 and 180 min.

The vapour chopping technique [8] consists of a chopper which is a circular alu-
minum metal sheet of 10 cm diameter having a V-cut (155◦) shape. This thin circular
vane was fixed to a light aluminum rod attached to a motor. The rate of chopping in
this study was 6 rot/s. As the chopper rotated, the filaments were exposed to the sub-
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Fig. 1. Schematic diagram of direct p

trates. The vane was at the height of 10.5 cm from the source. The distance between
ource and substrate was 12.5 cm. Vapour chopping allows more time for the evap-
rated adatoms to settle on the substrate than the continuous arrival of evaporated
datoms on the nonchopped thin film. A decrease in the number of voids due to
ateral surface diffusion of depositing particles in the film is obtained due to this.

The thickness of the films was 600 nm, as measured by Tolansky interferometric
ethod. The structural analysis was carried out with a Philips diffractometer (Philips

W 3710) and surface morphology was inspected by SEM (JSM-6360 JEOL, Japan).
dhesion was measured by direct pull-off (DPO) method [8]. DPO method consist
f two aluminium studs of 0.5 cm diameter and 5 cm length, movable and fixed
ard metal chucks aligned along the direction of the axis, spring balance having
aximum capacity 50 kg, pulling mechanism as shown in Fig. 1. Aluminium stud
as attached to the front side of the film and back side of the substrate by using

dhesive “Araldite”. They were aligned properly by placing inside the special stud
xture and measurement was taken after 24 h.

Movable metal chuck was attached to the spring balance and the spring arm of
he balance was attached to the pulling mechanism by flexible metal wire. The film
ttached with aluminium stud was placed in the metal chucks and pulled by using
ulling arrangement. The adhesion of the film was calculated by measuring the load
n the spring balance at the time of breaking off the film–substrate interface. The
alue of adhesion was calculated by using formula

= g × F

A

here g is the force, F is the load in kg, A is the area of stud. The accuracy of this
ethod is ±9.81 kgf/m2.

The stress of thin films was measured by interferometric method [8]. In this
ethod the substrates were soda lime cover slips of diameter 1.9 cm and 0.022 cm

hickness. This method works on the principle of Newton’s ring. The stress was
alculated by measuring the variation in diameter of Newton’s ring before and after
eposition. The stress was measured by the equation

= Yh2(Kx − Ky)
6t(1 − �)

(1)

here Y is the Young’s modulus, � is the Poisson’s ration, t is the film thickness, h is
.022 cm (substrate thickness), Kx , Ky are the slope difference of plot n�/2 vs radius
ewton’s ring of before and after deposition.

Thermal stress develops because of the difference between the thermal expan-
ion of the film and the substrate. The thermal stress was calculated by equation

11],

th = (˛f − ˛s)Yf(Td − Tm) (2)

here ˛f is the thermal coefficient of film, ˛S is the thermal coefficient of substrate,
f is the Young’s modulus for the film, Td is the oxidation temperature, Tm is the
emperature at the time of stress measurement (room temperature ∼300 K).
method for adhesion measurement.

The intrinsic stress occurs due to defects, microstructural variation, mate-
rial phase transformation, voids formation during deposition or lattice mismatch
between thin film–substrate interfaces. The intrinsic stress was obtained from equa-
tion [11],

Sin = S − Sth (3)

3. Results and discussion

3.1. Structural

Fig. 2 shows the X-ray diffraction patterns of the vapour chopped
and nonchopped magnesium oxide thin films oxidized at 673 K
for 180 min. The broad peak between 20 and 30 (degrees) repre-
sents the hump of amorphous glass substrate. The dominant cubic
(2 0 0) and (2 2 0) phase was observed in both chopped and non-
chopped thin film. The peaks in vapour chopped films were more
intense than those in nonchopped films. It was observed that the
vapour chopped films were more crystalline than the nonchopped
thin films. The increased intensity with reducing broadening of
peak can be attributed to the improved crystallinity and more stoi-
chiometric structure. No characteristic peaks of impurity and other
phases were observed. The XRD patterns did not show evidence of
the presence of magnesium metal, indicating complete oxidation
of magnesium thin films to magnesium oxide thin films.

SEM of vapour chopped and nonchopped MgO thin films oxi-
dized for 623 K for 90 min is shown in Fig. 3. The vapour chopped
films show more uniform surface morphology as compared to the
nonchopped films i.e. uniformity of thin film increases due to chop-
ping. The film appears close packed due to vapour chopping. It
is also seen that, the porosity of MgO thin films increases with
increase in oxidation temperature. This might be due to evapora-
tion of magnesium at higher temperature.
Fig. 4 shows the vertical crosssection of vapour chopped and
nonchopped MgO thin films. It shows the vapour chopped thin films
have uniform growth with minimum voids whereas nonchopped
thin films showed clear columnar growth with larger cracks and
voids.
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Fig. 2. XRD spectra of vapour chopped and nonchopped MgO thin films.
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Fig. 3. Surface morphology of vapour chopped (VC)

.2. Adhesion

Fig. 5 shows the adhesion of vapour chopped and nonchopped
agnesium oxide thin films due to oxidation temperature and
ime. The adhesion of the MgO thin films on glass is quite high. It
ncreases with increase in oxidation temperature and duration. Due
o heating, mobility of adatoms as well as nucleation site increases
nd elimination of trapped excess vacancies occur which results in
ncreased adhesion [9].

Fig. 4. Vertical crosssection SEM of (a) vapour chopped (VC) an
onchopped (NC) MgO thin films oxidized at 623 K.

The adhesion depends to a large degree on the interface layer
formed between the substrate and film. Good adhesion in vapour
chopped thin films is promoted by improvement in crystal struc-
ture, low defect density and reduction of voids in the thin film.

The vacuum evaporated thin films possess columnar structure. In
nonchopped films, due to continuous arrival of adatoms, columnar
growth of the film takes place (Fig. 4) and number of void increases
which may further absorbs moisture from atmosphere. The over-
all effect is to decrease the adhesion of the film. Vapour chopping

d (b) nonchopped (NC) MgO thin film oxidized at 623 K.
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Fig. 5. Adhesion of vapour chopped (VC) and nonchopped (NC) MgO thin films for
different temperatures and durations.
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ig. 6. Intrinsic stress of vapour chopped (VC) and nonchopped (NC) MgO thin films
or different temperatures and durations.

llows more time for the adatom to settle and also increases num-
er of nucleation sites. Decrease in the number of voids due to

ateral surface diffusion of depositing particles in the film also take
lace which results in the increased adhesion [8,10]. Due to chop-
ing a flux growth interruption takes place due to which columnar
rowth is interrupted (Fig. 4).

.3. Intrinsic stress

Fig. 6 shows that intrinsic stress variation of vacuum evaporated
apour chopped and nonchopped magnesium oxide thin films.
hese are the values obtained by subtraction of thermal stress from
otal stress measured by interferometric method. Vapour chopped
lms showed less intrinsic stress than the nonchopped MgO thin
lms. Stress is related to crystal disorder, dislocations, voids [12]
nd density of thin films [13]. Vapour chopping technique helps in
mproving crystallinity and density of film and decrease in crystal-
ite size, lattice disorder and voids in thin films resulting in decrease
n intrinsic stress. At lower densities the stress distribution at the
nterface is sufficient to deform individual particles and affect the

ncrement in intrinsic stress [14]. The dense vapour chopped MgO
hin film with less voids showed lesser intrinsic stress than non-
hopped thin films.

The calculated thermal stress from Eq. (2) [11] of vapour
hopped and nonchopped MgO thin film is found to be 33.10, 22.40,

[
[
[
[
[
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and 12.97 × 107 N/m2 for 673–573 K oxidation temperature respec-
tively. For higher oxidation temperature thermal stress is higher.
The vapour chopped and nonchopped thin films were oxidized
simultaneously at the same temperature conditions for various oxi-
dation temperatures, so the thermal stress at a certain oxidation
temperature remains the same for both vapour chopped and non-
chopped thin films, because it mainly depends on the difference
between thermal expansion coefficient of the thin film material
and substrate material. The changes in total stress might be due to
the microstructural variations i.e. due to intrinsic stress originating
during the thin film growth.

Adhesion and stress properties are interrelated with each other.
Films having lower stress have higher adhesion whereas higher
stress of thin film causes the reduction in adhesion. Figs. 5 and 6
show vapour chopped thin films have lower stress as well as higher
adhesion. Simultaneously, during thermal oxidation, mobility of
adatoms as well as nucleation sites increases due to heating and
eliminating the trapped excess vacancies which increases the crys-
tallinity and grain size. This growth of crystallinity and grain size
creates more contact points at the film–substrate interface. The
atomic volume and thermal expansion properties also changes due
to heating. Adhesion is directly related to the interface contact
point concentration, whereas atomic volume changes and ther-
mal expansion leads to the stress due to cracks and void formation
into the thin film. Higher adhesion prevents the crack formation
while increase in cracks and voids reducing film–substrate interface
contact points.

4. Conclusion

MgO thin films were successfully prepared by thermal oxida-
tion in air of vacuum evaporated vapour chopped and nonchopped
magnesium thin films. Vapour chopping technique increases the
adhesion and decreases the stress of MgO thin films. The cost
effective vapour chopping technique, can be used to obtain highly
adherent thin film with lesser stress to improve the device perfor-
mance and durability.
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