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Effects of posttreatments on optical properties and laser
induced damage thresholds of HfO, thin films
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Abstract: HfO, thin films were prepared by electron beam evaporation technique. Two kinds of post-
treatment methods, anneal in oxygen and laser treatment, were employed to treat the samples under
the oxygen condition. The procedures of post-treatment and corresponding treatment equipment were
introduce and the optical transmittance, absorption and laser induced damage threshold of a HfO, thin
film sample at 355 nm were measured before and after the treatments. The treatment results on reduc-
ing absorption and improving the LIDT by above two post-treatment methods were compared, and
their working principles were discussed. The experiments demonstrate that laser treatment decreases
the sample absorption and improves the LIDT of HfO, thin films. With one step(50% LIDT), the
LIDT of the HfO, film at 355 nm increases from 13 J/cm® to 15 J/cm?. With two steps(50% LIDT
and 80% LIDT ), the LIDT of the HfO, film at 355 nm increases from 13 J/cm? to 17.5 J/cm?, and

the damage probability curve translates to a high flux area wholly.
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Fig. 1 Principle schematic of laser pretreatment ap-

paratus
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Fig. 2 Uniform lap scan of surface of element for the

pretreatment of the spot
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Tab.1 Absorption results of HfO; thin films before and

after annealing at 1 064 nm

Sample Absorption value before Absorption value after

number annealing(ppm) annealing(ppm)
1% 28 37
2% 42 40
3% 106 202
4% 75 146
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Tab. 2 Absorption results of HfO, thin films before and

after annealing at 532 nm

Sample Absorption value before Absorption value after

number annealing(ppm) annealing(ppm)
5% 191 280
6 196 482
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Fig. 3 Transmittance curves before and after annea-

ling of HfO, thin films
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Fig. 4  Changes of film absorption in the pretreat-

ment process at 1 064 nm

35eV 2.76 eV

=

2

; E
g

J £

% - E
9

L

(=

293 eV

= Trap states

&5 355 nm O AL B T2 Mk 52 e 1R

Fig. 5 Influence of film absorption in the pretreat-

G9831J1

ment process at 355 nm

' e RS ) I AR A5 A3 P RE

3 P 3 AESHOCTIAL BEUS S AL BRI Y
PR R A 3 A IO AL B] o iy T F 1 ik
B ol A [ S P v JEAE o P IR A A O e

RI3 ZEMMEMAEAERLAHERNERRKER

Tab. 3 Absorption results of Hfo, thin films before and

after pretreatment at 355 nm

Sample Absorption value befodbsorption value after

number pretreatment(ppm) annealing(ppm)
7% 50 11
8% 108 32
97 52 38
107 33 25
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