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The oxides Zr02, Ta20s and Hf02were tested as coating materials with high refractive
index for laser mirrors. We prepared lossless periodic dielectric multilayer systmes
of Hf02-Si02 Zr02-Si02and Ta206-Si02 Especially, we describe some results of laser
damage experiments, realized with a Nd-YAG laser.

1. Introduction

The increasing importance of high power lasers has considerably stimulated
the interest in the behaviour of optical coatings under high energy laser radia-
tion. Usually, the optical layers represent the weak points in the laser systems
[1] . In addition to antireflecting coatings (AE) especially high reflecting multi-
layer systems (HE) will be used as resonators or deflecting mirrors of great
importance for practical applications. Beside the high reflection @ > 9999 and
high radiation resistance, high mechanical, chemical and thermal stabilities
are required. That is why, in general, only oxides are suitable coating materi-
als. High reflecting laser mirrors consist usually of A/4-coatings with alternately
high and low refractive indices. Hitherto existing investigations have shown
that Si02is a coating material with low refractive index and high laser resistance
[2] . In the present study the usefulness of oxides Zr02 TaX 5and Hi02with
high refractive indices will be tested as coating materials for laser mirrors

A= 1.06 (xm).

2. Experimental

The coatings are deposited by conventional electron beam evaporation (Si02
Hf02 Zr02 and resistance evaporation (Tad6. To obtain stoichiometric
films the evaporation process was carried out reactively at an elevated oxygen
partial pressure. In general, the usage of ionized oxygen improves the stoichio-

* This paper has been presented at the European Optical Conference (EOC'83), May
30-June 4, 1983, in Rydzyna, Poland.
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metric relations. Evaporation at higher substrate temperature and subse-
guent annealing very often improve the optical properties but decrease the laser
resistance of the films.

As a criterion for the laser resistance of optical films the damage thresh-
old of the layers is commonly used. This is the arithmetical mean value
from the highest energy fluence, where no damages occur, and the lowest energy
fluence, where damages can still be observed. For these investigations a repeti-
tively Q-switched Nd-YAG laser (A= 1.06 jan) was used with pulse width
(FWHM) of 85 ns and focal spot diameter of 15 jjm The coatings were scanned
line by line with a pulse repetition rate of 0.8 kHz, no overlapping spots, the
energy fluence being reduced from line to line. Observation of the damages
was carried out by a light microscope.

3. Results and discussion

The laser resistance of the investigated HR-systems and that of the high refract-
ing multilayer components are illustrated in F'g. 1. The occurrence of a position-
depending area of the energy fluence regitn where damages may or may not
occur (dotted line) is significant. The damage probability is at the highest applied
energy fluence given for each sample. In Fig. 2 we see this behaviour of a multi-
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Fig. 1. Laser resistance of different single films and multilayer coatings (- damage thre-
shold, — — — — energy fluence at which destroyed and nondestroyed regions were found

on the sample, % damage probability in %)
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Fig. 2. Photomicrographs of the multilayer system (25 Ay4 Hf02-Si02, Ag = 1.06 pm). Upper

row: irradiation 230 J/cm2, lower row: irradiation 290 J/cm2 Scale }—-------------- 145 pm
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Fig. 3. Computed electric field distribution of a single film with a refractive index 1.9
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layer system consisting of 25 Hf02Si02 AY4 layers irradiated with 290 J/cma
(upper line) and 230 J/cma(lower line), respectively. With the further reduction
of the energy fluence the damage rate decreases and approaches zero at the da-
mage threshold (in Fig. 1 marked by -). Thus, for the laser resistance of the
coatings, which moreover is more extensively described by the damage proba-
bility [3] the damage threshold is not only criterion, as frequently written in
scientific papers.

As follows from the experimental results (Fig. 1) the laser resistance of the
HR-systems is higher than the high refracting coating component of the systems.
This behaviour will be understood if we compare the distribution of the field
strength in the multilayer system to that in a high refracting single layer shown
in Fig. 3. In the case of a single layer an essential part of the electric field strength
penetrates into the substrate, while in a HR-system the electric field strength
decreases exponentially. The film-substrate interface, very important for the
damage, cannot be reached.

Fig. 4. Computed electric field
distribution of the multilayer
system (25 Ag/4 Hf02-Si02 Xq
= 1.06 (¢m) for the laser wave-
length X= 1.06 |xm a — with
# X2 si0aovercoating, b —without
overcoating



Fig. 5. Damage morphology of the multilayer mirror
(25 A4 Hf02-Si02 A0 = 1.06 pm). Scale }------------ 16 pm

Fig. 6. Damage morphology of the multilayer mirror

(15 A4 Hf02-Si02 A, = 1.06 pm). Scale }

15.2 pm
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An additional improvement of the laser resistance of the HR-system could
be achieved by an additional deposition of A2 Si02 coatings [4], (see Fig. 1).
The reasons for this behaviour have not yet been found, it should not be attrib-
uted to the field strength profile, as may be seen in Fig. 4.

Such a behaviour might result from certain mechanical properties (stress
behaviour and microhardness) or be due to certain protective function of the
coating concerning a possible response of the external high refracting coating
with the atmosphere.

A typical photograph of the damage morphology of a multilayer system
consisting of 25 Al4 layers Hf02Si02obtained by investigations with a scann-
ing electron microscope is shown in Fig. 5. We see the crater produced by the
laser pulse. Figure 6 shows an analogous multilayer system consisting of only
15 A4 layers and having a stronger damage resulting from a higher energy
fluence in the multilayer system.

4. Conclusions

Our investigations have demonstrated that Hf02and Zr02are very important
materials for laser mirrors. The highest laser damage level was found in Hf02
Si02 and Zr02SiOz multilayer systems.
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OnTnyeckne TOHKUE TM/IEHKN AT Na3epHbIX 3epKaJl

WcenepoBaHbl okucbl 210 2, Ta20 5m HKO2, kak rnokpbiBawLLmne mMatepuasbl C BbICOKUM KO3((pULIMEH-
TOM MpPenoMIeHNs AN nasepHbIX 3epkas. [pefnoxeHbl Nepuoavyeckue AUANeKTPUYECK1e MHOMOCI0M-
Hble cuUCTeMbI, paboTawuwme 6e3 notepb: HIO2-8K02, 7r20 2-5K02, a Take Ta2) 58H02. OnucaHsbl,
rnaBHbIM 06pa30M, HeKOTOpble Pe3y/bTaTbl WUCMbITAHWIA, MNPOBefEHHbIX MPW WCMOMb30BaHUM Nasepa
M6-YAB, KOTOpble KacatoTcs Nla3epHbIX MOBPEXAEHUIA.



