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0.532-µm laser conditioning of HfO2/SiO2 third harmonic

separator fabricated by electron-beam evaporation
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The 0.532-µm laser conditioning of HfO2/SiO2 third harmonic separator fabricated by electron-beam
evaporation (EBE) was studied. The laser induced damage threshold (LIDT) of the separator determined
by 1-on-1 test is 9.1 J/cm2 and it is 15.2 J/cm2 after laser conditioning determined by raster scanning.
Two kinds of damage morphologies, taper pits and flat bottom pits, are found on the sample surface and
they show different damage behaviors. The damage onset of taper pits does not change obviously and
the laser conditioning effect is contributed to the flat bottom pits, which limits the application of laser
conditioning.

OCIS codes: 140.3330, 310.6870.

A significant limitation on operating fluence of high peak
power lasers is laser induced damage threshold (LIDT) of
optical thin films. In laser systems with frequency con-
version, multiple wavelengths will be present on some op-
tical components, such as harmonic separators and third
harmonic separators, so these components are suscepti-
ble to damage especially. In recent years some methods
have been presented to enhance the laser resistance of
optical films, and one of them is laser conditioning[1−4].
Although many experiment results have been reported
and a number of mechanisms[5−9] have been proposed
as being responsible for the observed laser conditioning
effect, we are still lack of a complete physical explana-
tion for it. To understand the laser conditioning effect
on HfO2/SiO2 separator and enhance its laser resistance
capability better, this letter investigated the 0.532-µm
laser conditioning of HfO2/SiO2 third harmonic separa-
tor prepared by electron-beam evaporation (EBE).

The samples were prepared by EBE on K9 glass sub-
strates and the coating design was HL(H2L)15, where
H denoted high index material HfO2 with one quarter-
wavelength optical thickness (QWOT) and L denoted
low index material SiO2 with one QWOT.

The experimental setup was built according to ISO-
11254[10,11] as shown schematically in Fig. 1. The
Nd:YAG laser system outputted pulses at 0.532 µm with

Fig. 1. Experimental setup for damage and laser condition-
ing.

pulse-width of 10 ns. The laser beam was focused on the
target plane normally with Gaussian diameter (1/e2) of
0.5 mm by a non-spherical lens of 400-mm focal length.
The attenuator comprised of a half wavelength plate and
a polarizer was employed to adjust the pulse energy ir-
radiating the sample. The sample was mounted nor-
mal to the beam in a step motor, which was used to
position different test sites. The online imaging sys-
tem of 200×magnifications comprised of microscope and
charge-coupled device (CCD) was used to observe the test
area and check whether the damage occurred. Damage
was defined as any visual change in the sample after laser
irradiation.

1-on-1 damage test[10] was done firstly. Twenty sites
on the sample surface were exposed to the same pulse
energy and the fraction of damage was recorded. The
procedure was repeated for different pulse energies until
it was sufficiently broad to include points of both zero
and 100% damage probabilities. The damage data were
linearly extrapolated to the zero damage probability and
the LIDT was obtained as 9.1 J/cm2.

Laser conditioning was conducted by raster scanning
which had been described by Sheehan[12]

et al.. In sum-
mary, the sample was translated past a stationary laser
beam to raster scan the entire surface of the sample. By
defining the step size between pulses to equal the laser
beam diameter at 90% of the peak energy density, the
entire surface was exposed to the 90% peak laser energy
density. In the next scanning the pulse energy was en-
hanced. Here the starting pulse energy density was 20%
of the 1-on-1 LIDT, and the increment is 10% of it, which
is shown in Fig. 2. During raster scanning, the laser pulse
energy density was 15.2 J/cm2 when damage occurred.

There were two damage morphologies found on the
sample surface after damage test and raster scanning.
Atomic force microscopy (AFM) images are shown in
Fig. 3. One of them was taper pit as Fig. 3(a) with about
5-µm diameter at the sample surface and depth varying
from 0.4 to 1.1 µm. The other one was flat bottom pit
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Fig. 2. n-step raster scanning.

Fig. 3. AFM micrographs of damage morphologies. (a) Taper
pits; (b) flat bottom pits.

as shown in Fig. 3(b). They had a typical cylindrical
shape with diameter about 3 µm and depth about 0.2
µm. Generally there were several such pits linked to-
gether. In a lot of cases, a small melted zone was obvious
at the center of the damage.

The formation of taper pits was studied and it was
thought to be caused by nodular defects[13−15]. The
nodular defects formed during film deposition were un-
stable and during laser pulse irradiation they were heated
until ejection and taper pits were formed finally. From
the experiments, the results show that the pulse energy
density is 15.2 J/cm2 for both the 1-on-1 test and raster
scanning when taper pits emerges, so the damage onset
of the nodular defects does not change obviously after
raster scanning. As to the flat bottom pits, Dijon[16]

thought that they were initiated by some invisible ab-
sorbing centers and he proposed four steps leading to the
flat bottom pits:

1) The small center strongly absorbs the light and
reaches a very high temperature. The heat deposited
in the inclusion allows to melt a tiny cavity around the
center.

2) With the irradiation of laser pulse, the cavity gets
hotter and hotter and radiates ultraviolet energy which
is linearly absorbed by the materials around the cavity
and allows injection of electrons.

3) The electrons in the materials are strongly absorbing
and transfer part of the energy to the lattice which could
heat the film to a temperature higher than the melting
point.

4) The flat bottom pit is formed after the buckling of
the outer layers due to the thermomechanical effect.

In 1-on-1 test the flat bottom pits appeared when the
pulse energy density was 9.1 J/cm2. But during raster
scanning we found them only when the pulse energy den-
sity was more than 16.0 J/cm2. This suggests that raster
scanning enhances the laser resistance capability of this
kind of defect.

In summary, two kinds of damage morphologies, ta-
per pit and flat bottom pit, are found on the surface
of HfO2/SiO2 third harmonic separator and they are
thought to be initiated by nodular defects and absorbing
centers respectively. Laser conditioning effect is observed
for the absorbing centers, but the LIDT of the nodular
defects does not change obviously after raster scanning,
which limits the application of laser conditioning.

D. Li’s e-mail address is dawei 510@yahoo.com.cn.
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