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The Effect of 1064 nm Laser Incidence Angle on The Damage
Properties of HfO, Thin Film Materials

ZHANG Kairong, SU Junhong , WU Shenjiang
(School of Optoelectronic Engineering, Xi’an Technological University, Xi’an 710021, China)

Abstract Pulsed laser parameters and mode of action with the matter are crucial to the damage process and
damage identification of thin film materials. The effect of changing the incidence angle of a pulsed laser with a
wavelength of 1064 nm and a pulse width of 10 ns on the damage morphology of single-layer HfO, film was
studied. The COMSOL was used to simulate the changes in the temperature field and the spot shape of the film
surface when the laser interacted with the film at different incidence angles. The 1-on-1 measurement method was
selected, and the incidence angles of 0°, 30°, 45° and 60° were selected to test the sample film, and the damage
morphology of the film at various incident angles was obtained, which was characterized by an optical microscope.
After analyzing and comparing the experimental observation results with the simulation results, it can be seen that
under the same laser power condition, with the increase of the laser incident angle, the light spot image on the
surface of the film gradually becomes elliptical spot, the maximum temperature of the spot center decreases, and the
longitudinal and transverse sizes of the damage spot become larger, the transverse dimensions change especially
rapidly, the damage area of the film becomes larger, the maximum depth of the damage becomes shallow, the laser
damage threshold increases, and the anti-laser damage becomes stronger.
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Tab. 1 Material parameters

Material parameters/units HfO,
absorption coefficient/m 3.15x10°
density/kg-m 4230
specific heat/J-kg'm 480
refractive index 1.985
*k2 BEERBH
Tab. 2 Basic parameters
Name Expression Quantitative value Description
10 10/ns 1310 /s pulse width
10 10/Hz 10/Hz repetition rate
70 1/f0 0.1/s period
P-laser 100/mJ 0.1 single pulse energy
d0 0.8/mm 8x10*/m spot diameter
a 3.15x10%m! 3.15x10’m"  absorption coefficient
R f 0.114 0.114 reflection coefficient
o 45/deg 0.7854/rad angle of incidence
Peak P-laser*f0 /W peak power
Bi 10/T0 1x10° duty ratio

10 P-laserlpi*(d0/2)*2 3.9789x10°/J-m” laser intensity
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Fig. 1 Schematic diagram of the phenomenon and causes of the deviation of the damage point from the center. (a) The schematic dia-

gram of laser normal incidence, (b) the schematic diagram of laser oblique incidence, (c) the simulation diagram of laser

oblique incidence
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Fig. 2 Plot of the distribution of laser spot on the surface of HfO, thin film varies with the change of the incident angle of the laser.

(a) The distribution of laser spot on the surface of the film when the incident angle of the laser is 0°, (b) the distribution of laser

spot on the surface of the film when the incident angle of the laser is 30°, (c) the distribution of laser spot on the surface of the

film when the incident angle of the laser is 45°, (d) the distribution of laser spot on the surface of the film when the incident an-

gle of the laser is 60°, (e) the distribution of light spots on the surface of the film when the incident angle of the laser is 80°
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Fig. 3 Plot of the light field distribution inside the HfO, film along with the change of the incident angle of the laser. (a) The distribu-

tion of light field inside the film when the incident angle of the laser is 0°, (b) the distribution of light field inside the film when

the incident angle of the laser is 30°, (c) the distribution of light field inside the film when the incident angle of the laser is 45°,

(d) the distribution of light field inside the film when the incident angle of the laser is 60°, (e) the distribution of light field in-

side the film when the incident angle of the laser is 80°
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Tab. 3 Laser parameters

laser beam wavelength/nm laser mode pulse width/ns spot diameter/mm maximum energy/mJ laser frequency/Hz
1064 TEM,, 10 0.8 200 10
energy meter CCD

1064 nm&10 ns  @mplification
system

Nd: YAG —--:
laser

diaphragm

lens
attenuator

. beam splitter

computer

sample table
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Fig. 5 Schematic of laser-induced film element damage test device
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Fig. 6 Detection of the surface damage morphology on the thin

films. (a) Physical picture of the optical microscope,

(b) injury point view of the laser action on the surface of

the element
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Fig. 7 Plot of the surface damage morphology of the film under the action of a laser beam at an incident angle of 60° as a function of

laser energy variation. (a) The damage morphology on the surface of the film when the laser energy is 40 mJ, (b) the damage

morphology on the surface of the film when the laser energy is 60 mJ, (c) the damage morphology on the surface of the film

when the laser energy is 80 mJ, (d) the damage morphology on the surface of the film when the laser energy is 100 mJ
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Fig. 8 Plot of the surface damage morphology of the film with the change of the incident angle of the laser when the laser beam with

energy of 100 mJ interacts with the film. (a) The surface damage morphology of the film at the incident angle of the laser is

30°, (b) the surface damage morphology of the film at the incident angle of the laser is 45°, (c) the surface damage morphology

of the film at the incident angle of the laser is 60°
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