
Appl. Phys. A 69 [Suppl.], S583–S586 (1999) / Digital Object Identifier (DOI) 10.1007/s003399900335 Applied Physics A
Materials
Science & Processing
 Springer-Verlag 1999

Thin film deposition of transparent materials by rear-side laser
ablation: a novel configuration
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(E-mail: alonso@servidor.unam.mx)

Received: 21 July 1999/Accepted: 15 September 1999/Published online: 28 December 1999

Abstract. A novel configuration for thin film deposition
by rear-side laser ablation is presented. With transparent tar-
get materials it is possible to get both front and rear surface
laser ablation. In the present workSiO2 thin films were de-
posited by rear laser ablation. In order to identify the species
in each laser plume the generated plasmas (front and rear)
were studied by Optical Emission Spectroscopy. Rear plasma
has less ionized species as opposed to the front generated
plasma. The deposited films were characterized by IR spec-
troscopy, ellipsometry and scanning electron microscopy. The
results show better stoichiometry but lower evaporation rates
for rear-side ablation than those deposited by front-side laser
ablation. A simple interference model with a partially coher-
ent source is used to account for the laser ablation process.

PACS: 81.15.Fg; 52.75.Rx; 68.55.Jk

Rear-side laser ablation has been investigated using UV and
IR laser irradiation in dielectric materials [1–3]. With IR
laser irradiation the mechanisms of front and rear-side laser
ablation are distinct [1]. In UV-irradiatedMgO the differ-
ences between front and rear-side ablation mechanisms are
more subtle [2]. However, these studies are concerned with
the ablation processes only, no reports on the deposition of
thin films using rear-side ablation are given. Concerning the
theoretical models dealing with laser ablation different pos-
sibilities have been investigated; in wide bandgap materials
impurity and absorption are supposed to play an important
role [4–6]. Furthermore in the case of calcium carbonate at
1.064µm thermal effects have been computed and found to
be negligible [5]. In the present work the preparation and
characterization ofSiO2 thin films deposited using rear and
front-side laser ablation is presented. A detailed compari-
son between the films prepared by both methods is made.
Furthermore, optical spectroscopy investigations of the cor-
responding plasmas are presented. The results are discussed
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in the frame of a simple interference model proposed to de-
scribe front and rear-side laser ablation.

1 Experimental setup

There are a number of alternatives to generate the rear
plasma, for example, by self-focusing of non-linear materials
or in a thick target by focusing the laser at the rear-side. For
thin targets two different ways are possible, either by chang-
ing the energy per pulse or increasing the optical absorption
of the back-side of the target by roughening. In the present
work to growSiO2 thin films by rear-side laser ablation, we
have used this last procedure for the thin (2 mm) SiO2 tar-
gets. The roughening process was performed mechanically
by polishing the sample with a coarse grain, and resulted in
an enhancement of the exfoliation during the rear side abla-
tion of the sample. Thin films were deposited under vacuum,
5×10−6 Torr, using the fundamental frequency of aNd:YAG
laser (λ= 1064 nm, pulse duration= 28 ns). The energy per
pulse was280 mJat a repetition rate of20 Hz.

Fig. 1. Experimental setup used for deposition of thin films by rear-side
laser ablation
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The distance between the target and the substrate was
kept at about55 mm. The substrates used were silicon(100)
wafers. A schematic diagram of the experimental setup is pre-
sented in Fig. 1.

2 Infrared spectroscopy

Figures 2a and 2b show the IR transmittance for bothSiO2
films deposited by front (conventional) and rear-side laser
ablation. Both spectra show the three major absorption
bands corresponding to stretching, bending and rocking mo-
tions of theO atoms in theSi−O−Si bridges, which for
thermally grown silicon dioxide are located at1075 cm−1,
800 cm−1 and 450 cm−1, respectively [7, 8]. In the case of
these ablated oxides the main peak (stretching mode) is
located at1033.5 cm−1 and1059.32 cm−1 for SiO2 films de-
posited by front and rear-side laser ablation, respectively.
It is well known that the shift of this main peak towards
lower wavenumbers indicates that these oxides are silicon
rich, ie. SiOx with x < 2 [9]. These results are consis-
tent with the ellipsometric measurements since the refrac-
tive index of the front ablated oxide is higher than that of

Fig. 2. a Infrared spectra of the deposited thin films by front-side laser
ablation andb rear-side laser ablation

the rear ablated oxide whose value is 1.519 and is even
higher than that for thermal oxide (1.46). Additionally, two
bands related to hydrogen containing bonds such asSi−OH
(3380–3620 cm−1) or Si−H (930–945 cm−1) [10, 11] and
a band in the region1600–1630 cm−1 associated to wa-
ter [11] are clearly observed in both IR spectra. Since wa-
ter or hydrogen is absent during the ablation process these
results indicate that both oxides are porous and under ex-
posure to the ambient moisture adsorb water. However, the
absorption peaks related with hydrogen bonds appear dimin-
ished for oxides deposited by rear-side laser ablation. This
seems to indicate that oxides deposited by rear laser abla-
tion are less porous than those deposited by front-side laser
ablation.

Concerning the surface morphology of the obtained films
in both configurations, we have observed that in rear-side
laser ablation the films exhibit a greater quantity of splashed
particles as compared to the ones grown by frontal laser ab-
lation. This is probably due to the nature of the ablation pro-
cesses at the front and back surfaces as will be proposed in the
model described below.

3 Optical emission spectroscopy

We studied the optical emission of both plasmas (front and
rear) with an Optical Multichannel Analyzer. The light was
collected by a UV-VIS fiber bundle placed at the side window
of the chamber,20 cmapart from the plasma. The exposure
time was0.5 s, working at20 Hz repetition rate of the laser;
ten shots were recorded and integrated. Comparing the spec-
tra of both plasmas from 280 to500 nmit is observed that the
rear plasma has less ionized species, whereas the front plasma
is rich in O II (391.2,413.3 nm) andSi II (333.9,413.1 nm)
ionized species as previously observed by Wolf [12] in a time
resolved spectral analysis. In the front plasma theSi II line
(290.4 nm) appears clearly while in the rear plasma this line is
not observed. Figure 3 shows two spectra, in the front plasma
theSi II line (290.4 nm) is observed and in both plasmas the
Si I (288.2 nm) is present however in the latter case its inten-
sity is small.
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Fig. 3. Optical emission spectra of front (top) and rear plasmas (bottom)
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4 Front and back ablation model

Laser ablation has been detected in the front and back surface
of transparent targets in several systems [1–3]. It is observed
that at moderate powers ablation takes place at the back sur-
face whereas as the power is increased the ablation decreases
at the back surface and increases at the front surface until it is
only observed at the front surface. Micro photographs also re-
veal that the ablation at the back surface tends to remove large
layers of the bulk material [5]. The damaged area in the back
ablation region resembles the slices that are observed in mica
and similar stratified materials.

It has been previously proposed that the phase change in
the front and back surfaces may account for different effective
laser intensities [2]. However, as Yavas et al. [1] point out, the
rear and front-side ablation seem to occur by quite different
mechanisms. Thermal effects arising from linear absorption
have been shown to be negligible in most ablation processes.
Defect centers at the surfaces and the diffraction arising from
them have also been suggested as relevant mechanisms to ex-
plain rear and front ablation [3].

A model that may possibly account for the experimental
observations is the interference that takes place between the
incident laser beam and the beam reflected from the back sur-
face of the material. The partial coherence of the involved
waves plays an important role in the explanation of the vari-
ous observations. Consider a plane wave propagating at nor-
mal incidence into the transparent target with a coherence
lengthlc. There is an initial reflection at the front surface of
the target, which generates a reflected wave in the semi-space
located before the target. The wave intensity just inside the
front surface is equal to the transmitted wave intensity rather
than the incident plus reflected wave intensities as suggested
by Ihlemann [2], since the latter do not penetrate into the ma-
terial. For this reason, this first reflection is ignored and all
that needs to be taken into account is the energy loss due to
reflection at the interface. Absorption within the material is
considered to be negligible below the ablation threshold and
very high above it. Consequently, the wave transmitted from
the first surface is equal to the wave incident on the second
surface. Upon incidence on the rear surface of the target there
is a second reflection which generates a standing wave within
the material.

- 1.4 - 1.2 - 1 - 0.8 - 0.6 - 0.4 - 0.2 0
distance

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

E
le

ct
ric

 fi
el

d 
am

pl
itu

de

Fig. 4. Electric field amplitude vs. distance (A.U.). The sample front and
rear surfaces are located at−1 and 0 respectively. The field amplitude
threshold has been set to 1

The intensity of the interference pattern formed within the
material due to the wavesE2i and E2r , propagating in thez
direction, is thenI = I2i + I2r +2

√
I2i I2rγ(z) cos(2kz) where

the intensity of thenth wave isIn = EnE∗n and the coherence
function arising from phase fluctuations in a markovian pro-
cess is given by [13]γ(z)= exp[−z/lc] where the origin of
z is placed at the reflection plane of the second surface. The
intensity at the reflection plane thus exhibits a maximum of
the interference pattern. Due to loss of correlation between
the beams, the visibility of the interference pattern decreases
as the distance from the reflection plane increases as shown
in Fig. 4. In this figure the case where only rear-side ablation
occurs is shown.

The ratio of the incident and the reflected wave amplitudes
at the rear surface for normal incidence, from the Fresnel
equations, is equal ton−1

n+1, wheren= nout
nmat

is the ratio of the
refractive index outside the material over the refractive index
of the target. The intensity within the material is then:

I = I2i
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+2
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)
e−

z
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)
the incoherent intensityI2inc is obtained from the above equa-
tion in the limit when the exponent tends to zero, whereas the
maximum intensity near the reflection planeI2max obtained
when the coherence function and the cosine term are equal to
one.

Let us assume that the coherence lengthlc is shorter than
the target optical thicknessnmat, whered is the target thick-
ness. The intensity at the front surface may then be approxi-
mated to be equal to the incoherent intensity. Whereas at the
rear surface there are maximum intensity planes separated by
half the wavelength. The ratio of these two intensities is:

I2max

I2inc
=
(

1+
(
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))2/(
1+
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)2
)

≈ 1+2
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)
Let Ith( front) be the threshold ablation intensity for the

material. This is the threshold for front- side ablation with-
out any reflection on the back surface of the target. Upon
reflection, the threshold in the back surface decreases by
a factor given by the quotient established in the above equa-
tion. The rear surface ablation threshold is thenIth(rear) ≈
Ith( front)

/ [
1+2

(
n−1
n+1

)]
.

When the incident intensity is higher thanIth(rear) but
lower thanIth( front); ablation only takes place near the back
surface. The regions where the wave amplitude is above
the rear ablation threshold depend on the angle of the in-
cident beam. Consider for simplicity normal incidence. The
ablation planes are then slices parallel to the back surface
separated by half wavelengths. Apart from the outermost
plane, ablation of material within the inner planes will have
to thrust away non-ablated material lying in the regions
where interference yields a field amplitude below threshold.
Slices of material in the bulk will then be ejected in add-
ition to plasma arising from the hotter regions. This process
would account for the increased splashing in rear ablation
as well as the sliced structure of damage on the target ob-
served by several authors. Furthermore, the plasma generated
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in the inner planes will loose some of their energy break-
ing down the material in front of them and thus lower en-
ergy plasmas are expected, which is what we observe in
optical emission spectroscopy. Once the incident intensity
reachesIth( front) ablation takes place in the front surface
only.

In order to account for ablation in both surfaces simultan-
eously, it seems necessary to include the intensity profile of
the incident beam. That is, to consider for example a Gaus-
sian beam rather than a plane wave. The center part of the
beam would then be aboveIth( front) and produce front ab-
lation whereas a surrounding ring of the beam is greater
thanIth(rear) but lower thanIth( front); producing back abla-
tion. At high intensities, most of the beam energy lies above
the front threshold and only front ablation is obtained. On
the other hand, if the rear-side roughening features become
comparable with the excitation wavelength, then a theory in-
cluding scattering from random rough surfaces must be in-
cluded [14]. Such a treatment will reveal additional effects
such as enhanced back scattering.
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