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High compressive stress is one of the main drawbacks of ion beam sputtered coatings by deteriorating the flat-
ness of optical components. Mixtures of high refractive index metal oxides with SiO2 allow one to increase the laser 
induced damage threshold of multilayer stacks. Study of optical, surface roughness and stress properties of HfO2–
Al2O3, Sc2O3–Al2O3, HfO2–Sc2O3 binary mixtures using a broad range of post-deposition thermal annealing up to 
900°C is presented. Admixing Al2O3 in moderate concentrations to HfO2 and Sc2O3 allows one to sustain a low surface 
roughness, to decrease the extinction of layers during thermal treatment, while obtaining –360…–560 MPa tensile 
stress after annealing to 500°C, depending on the particular mixture. The obtained data allow one to point out possi-
ble candidates – HfO2(56%)–Al2O3(44%), Sc2O3(70%)–Al2O3(30%), HfO2(~70%)–Sc2O3(~30%) – and the 500–600°C 
annealing temperature range for the design of stress compensated multilayer coatings for the UV spectral range with 
potentially increased laser induced damage threshold.
Keywords: ion beam sputtering, coating stress, material mixtures, UV range 

1. Introduction

Ion beam sputtering (IBS) allows the  deposition 
of complex multilayer optical coatings with low 
optical losses, precise and environmentally stable 
spectral characteristics. This technology is often 
preferred for manufacturing of optical components 
for the  state-of-the-art laser systems, complex in-
struments like gravitational wave detectors, cavity 
ring-down spectrometers, etc.  [1–3]. High com-
pressive stress is a  well-known drawback of IBS 
coatings [4–7] leading to the degradation of surface 
flatness [8], aberrations, and laser pulse wavefront 
distortion [9]. Thermal post-deposition treatment 
at optimized temperatures is one of the  most ef-
fective technique to solve this problem. It might 
reduce stress close to zero value [8, 10–12], but it 
is not applicable to all or particularly temperature-
sensitive substrates. Also it might induce crystal-

lization of some coating materials and, respectively, 
increased roughness and optical scatter loss  [13–
15]. Recently, Steinecke et al. also demonstrated 
the reduction of IBS thick film stress using in situ 
heating [16]. The deposition of the backside coat-
ing (usually SiO2 layer) of calculated thickness also 
might compensate for  the stress of front side coat-
ing. Added manufacturing costs by the extra coat-
ing process are the main shortcoming in this case. 
Ex situ stress reducing methods are not suitable 
for very thin (sub-milimetre thickness) substrates, 
since high stresses can break down the  substrates 
during the coating process. Therefore, in situ tech-
niques were also investigated. The  adjustment of 
assisting beam parameters in the  dual ion beam 
sputtering (DIBS) process results in smaller stress 
within a growing film [17]. For example, the argon 
and oxygen ion (550 eV) mixture assistance result-
ed in stress decrease from ~230 to ~120 MPa [18]. 
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Other studies revealed a  considerable change of 
film stress, if using different process parameter val-
ues, such as partial oxygen pressure, the voltage of 
a primary ion source or substrate temperature [19, 
20]. Using material mixtures also allows one to tune 
the  stress of IBS optical coatings  [21, 22], which 
could also be successfully combined with the ther-
mal annealing procedure [8, 23]. The application of 
material mixtures also gives the tuning possibility 
of other important film properties like the refrac-
tive index, optical losses, band gap and laser dam-
age performance [14, 24–30].

The choice of materials for IBS coatings for 
the  ultraviolet (UV) spectral range is limited to 
mainly oxide materials HfO2, Sc2O3 and Al2O3 as 
high refractive index (H) materials and SiO2 as 
a low refractive index (L) material. Sputtered layers 
of these oxides also have high compressive stresses. 
For example, SiO2 has ~550 MPa compressive stress 
which could be reduced after annealing [8]. HfO2 
films possess even higher 750  MPa compressive 
stress which also decreases after annealing  [10]. 
Annealing of hafnia to high (>850°C) temperatures 
resulted in the change from compressive to tensile 
(≤400  MPa) stress  [31]. Sc2O3 films also possess 
the initial compressive stress of 550–1300 MPa, de-
pending on the process parameters [19]. Alumina 
films have compressive stresses of 390 MPa [32].

The thin film treatment using high temperatures 
for stress reduction could trigger its crystallization, 
which might induce scatter losses [15]. This is even 
more crucial for shorter wavelengths at the  UV 
range. Several studies revealed the  transition of 
hafnia films from the amorphous to polycrystalline 
phase after annealing to 500°C [10, 33–35] or using 
a considerably longer treatment time at 475°C [11], 
while amorphous Al2O3 turned polycrystalline at 
higher than 800°C temperatures  [36, 37]. Mixing 
materials which have different crystallization tem-
peratures might increase the  resistance of a  new 
mixture structure to crystallization during anneal-
ing [2, 12, 38, 39]. For example, the binary mixtures 
of HfO2, Sc2O3 and Al2O3 might remain amorphous 
after high temperature annealing, having low scat-
ter losses compared to their pure constituents. 
Moreover, using such mixtures within multilayer 
stacks might lead to the  increased laser induced 
damage threshold (LIDT) of optical coatings to 
ultrashort pulses due to the  increased mixture 
bandgap, as it was shown in the study of Mangote 

et al.  [25]. The  investigation of high and medium 
refractive index material mixture properties might 
lead to the identification of possible combinations 
for the  design of stress compensated high LIDT 
multilayer coatings for the UV spectral range.

In this paper, the  investigation of optical, sur-
face and stress properties of binary HfO2, Sc2O3 and 
Al2O3 mixtures of different mixing ratios including 
thermal annealing up to 900°C is presented. Pos-
sible applications for designing stress compensated 
low surface roughness, amorphous multilayer coat-
ings for the UV spectral range are discussed.

2. Methods

Fused silica (FS) substrates (25.4  mm diameter 
and 1  mm thickness) were cleaned in alkali so-
lution, followed by tap water, then by deionized 
water and dried in 50°C air before the  coating 
process. Coatings were prepared using an IBS 
coating plant Navigator 900 (Cutting Edge Coat-
ings GmbH) equipped with an Ar+ ion source and 
a zone target. Three metal targets of 200 × 200 mm 
size – Hf, Sc and Al – were used for making rel-
evant oxide layers and corresponding binary mix-
ture layers. The position of the combined binary 
metal target (400 × 200 mm) centre with respect to 
the bombarding Ar+ ion beam determined the fi-
nal mixture composition. Exposed different mate-
rial areas were sputtered simultaneously, resulting 
in a mixture layer. Accelerating voltage of 1200 V 
was used for the extraction of Ar+ ions. A neutral-
izer was used to supply electrons for the suppres-
sion of charge build up in the chamber.

O2 gas was introduced into a  vacuum chamber 
to ensure the  oxidation of a  growing layer. Differ-
ent metals needed different optimal oxygen flows 
for proper oxidation (Hf 7 sccm, Sc 10 sccm, Al 30 
sccm). The  deposition control software was using 
linearly interpolated oxygen flow values while mak-
ing mixture layers, depending on the target position 
and the  used oxygen flow values of pure material. 
The  samples were rotated at 30  rpm and no addi-
tional sample heating during the process was used. 
The typical deposition rates were from 0.6 to 1 Å/s.

The optical thickness of 7 quarter wavelength 
at 355 nm was chosen for making mixture films. 
Optical thicknesses of growing films were moni-
tored by comparing the  in situ measured 400–
1000 nm spectrum using an integrated broadband 
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spectrometer with a  synthetic spectrum. Since 
the refractive index was different for each mixture 
case, this resulted in different physical thicknesses 
between 290 and 360 nm. The prepared samples 
were annealed in air at 300, 500, 600, 700, 800 and 
900°C using a  SNOL 8.2/1100 heating furnace. 
Target temperatures were achieved using a  heat-
ing rate of 1°C/min, and then the  samples were 
baked for one hour. Cooling down occurred by 
turning off the  furnace heating. The  film thick-
ness, the dispersion of the index of refraction, and 
the extinction coefficient were determined by fit-
ting the measured transmittance spectrum (Lamb-
da 950, Perkin Elmer) with the OptiChar software. 
Good agreement between the measured and mod-
el spectra was observed in all cases. The volumet-
ric fractions of materials in the mixture films were 
estimated by modelling transmittance spectra in 
a low absorption spectral zone with OptiChar and 
using Bruggemann’s formula in effective medium 
theory [40]. Volumetric fractions for HfO2–Sc2O3 
mixtures were not calculated because the similar-
ity of refractive indices of those materials resulted 
in almost identical transmittance spectra even for 
different mixture cases. The  deposition rates of 
hafnia and scandia were similar, so the zone target 
position was used for the rough volumetric frac-
tion estimation, as presented in Table 1.

For the sake of simplicity, only the percentage 
of higher n material within the mixture is further 
denoted. For example, taking the  HfO2–Sc2O3 
case, only an approximate hafnia fraction will be 
indicated. Stoney’s formula  [41] was applied to 
calculate the residual stress of films using the un-

coated and coated substrate curvature measure-
ment average for two perpendicular directions by 
a Dektak 150 profilometer (Veeco). Tensile stress 
was considered as a  negative and compressive 
stress as a  positive one. Film surface roughness 
was investigated using a Dimension Edge (Veeco) 
atomic force microscope (AFM) in the  tapping 
mode. Three 20  ×  20  μm size areas at different 
places were scanned and the  average calculated 
values were used for the analysis.

3. Results and analysis

3.1. Surface properties

Ion beam sputtered layers are amorphous, but can 
change their phase to the polycrystalline one after 
annealing to higher temperatures [10, 30]. Many 
studies demonstrated that the surface roughness of 
a crystalline thin film is considerably higher com-
pared to the amorphous one [42–46]. The evolu-
tion of the  surface roughness root mean square 
(RMS) after each annealing step of the  samples 

Fig. 1. Surface roughness evolution of HfO2, Al2O3 and Sc2O3 and their binary mixture films after thermal an-
nealing at chosen temperatures.
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Table 1. Approximate volumetric fractions of HfO2–
Sc2O3 mixtures.

Target position, 
mm

HfO2 fraction, 
%

Sc2O3 fraction, 
%

15 100 0
100 70 30
130 50 50
160 30 70
250 0 100
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was analyzed. The phase change for HfO2 and HfO2 
(98%) mixture layers appeared in the  500–600°C 
range, though annealing at 500°C already resulted in 
a  slight RMS increase from initial 0.54 to 0.78 nm 
(Fig. 1(a)). The surface roughness of Al2O3 showed 
a  big increase to 6.4 nm after annealing at 900°C, 
while it remained almost unchanged from initial 
0.52 to 0.6 nm after the T = 700°C treatment. A sur-
prising and interesting fact is that admixing just 4% 
HfO2 material, which is much more sensitive to an-
nealing-induced crystallization, resulted in the crys-
tallization resistant mixture up to the  T  =  900°C 
treatment (RMS  =  0.6  nm) layer (cyan curve in 
Fig. 1(a)). Other intermediate hafnia–alumina mix-
tures layers (HfO2(56%) and HfO2(25%)) retained 
the initial surface roughness after T = 800°C anneal-
ing. These results are in line with investigations of 
hafnium aluminate and its observed crystallization 
temperature, exceeding 900°C, though in that work, 
films were less than 100 nm thick and prepared by 
pulsed laser deposition [47].

Scandia underwent phase transition in the 500–
600°C range (Fig.  1(b)). Adding 5% of Al2O3 to 
scandia shifted the  transition point to even lower 
temperature (300–500°C range), while other inter-

mediate Sc2O3–Al2O3 mixtures (Sc2O3(70%) and 
Sc2O3(33%)) did not change their surface roughness 
even after annealing at 900°C (0.55 and 0.62 nm, 
respectively). It is clearly seen that for both cases 
adding Al2O3 in the range from 30 to 75% allows 
the suppression of crystallization and the extension 
of possible annealing temperatures up to 900°C.

The HfO2(70%)–Sc2O3 mixture already had 
a higher initial roughness of 1.3 nm, which may in-
dicate a polycrystalline structure. Its surface rough-
ness slightly increased with the  increase of an-
nealing temperature. Other HfO2–Sc2O3 mixtures 
demonstrated phase transition temperatures in 
ranges of 300° ≤ T ≤ 500°C and 500° ≤ T ≤ 600°C. 
Overall, they are much less stable under the influ-
ence of medium temperature annealing, compared 
to other binary mixtures with Al2O3.

3.2. Optical properties

The refractive indices of binary mixtures were de-
pendent on volumetric fractions. They increased 
with the  increase of the  fraction of higher refrac-
tive index material (HfO2 or Sc2O3) within the mix-
ture (Fig. 1(a, b)). Several material mixture-related 

Fig. 2. Refractive index (a, b, c) and extinction coefficient (e, f, g) dispersions of HfO2, Al2O3, Sc2O3 and their 
binary mixture films.
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studies also reported similar trends while combin-
ing higher and lower refractive index materials [14, 
26, 27]. The refractive indices of all hafnia–scandia 
mixtures were very close, since both pure materials 
have very similar optical properties. Extinction coef-
ficients of the HfO2(98%), HfO2(56%) and mixture 
layers were higher than for the pure HfO2 (Fig. 2(d)). 
Hafnia is very sensitive to backfill oxygen flow during 
the sputtering process. Also, the optimal amounts of 
oxygen are different for alumina and scandia. For all 
mixtures deposition oxygen flow values were calcu-
lated using a simple interpolation between the val-
ues of respective pure materials and most likely were 
not optimal. On the other hand, the optimization of 
mixtures extinction was not the scope of this work. 
This could be investigated and optimized in future 
research. Extinction decreased for the Sc2O3–Al2O3 
mixtures with the increased fraction of less absorb-
ing Al2O3 material (Fig. 2(e)). As for the HfO2–Sc2O3 
mixtures, their extinctions were close to Sc2O3, ex-
cept the HfO2(~30%)–Sc2O3 sample (Fig. 2(f)).

Figure  3(a, b, c) shows the  changes in the  re-
fractive indices at 355 nm and the wavelength λ0.001 

values after annealing. This wavelength is defined 
for which material extinction is k = 0.001. The de-
crease of λ0.001 values means that layer extinction de-
creases and it becomes more transparent in the UV 
spectral range. The  refractive indices of hafnia 
and HfO2(98%) mixture (Fig. 3(a)) constantly de-
creased under annealing. Intermediate mixtures 
after a slight 1.5% decrease of refractive indices be-
cause of 500°C annealing more or less did not suffer 
further changes up to 800°C, while after the 900°C 
treatment, the  refractive indices returned to their 
initial values. The extinction of pure hafnia and its 
mixtures (98 and 56%) was constantly decreasing 
while annealing up to 500°C (Fig. 3(d)). This could 
be attributed to the increased oxidation and the im-
proved stoichiometry of deposited layers  [33, 48, 
49]. Annealing further at 600°C increased the ex-
tinction of HfO2 and HfO2 (98%), which most likely 
is the result of increased optical scatter after crystal-
lization that is accompanied by strongly increased 
layers surface RMS (Fig. 1(a)). All other hafnia–alu-
mina mixtures demonstrated a smaller, slightly de-
creasing or constant extinction throughout the all 

Fig. 3. Refractive index and λ (k = 0.001) after the thermal annealing of HfO2–Al2O3 (a, d), Sc2O3–Al2O3 (b, e) 
and HfO2–Sc2O3 (c, f) mixture films. Legends in bottom graphs are similar for the corresponding top graphs.
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annealing range. Pure Al2O3 suffered a drastically 
increased extinction after annealing in 900°C, due 
to the phase change to a crystalline structure, as it 
was also reported in several works [36, 37].

The refractive index n of Sc2O3 decreased af-
ter initial annealing. After the  crystallization at 
500°  ≤  T  ≤  600°C, it increased and then a  slight 
decrease was further observed. n of other Sc2O3–
Al2O3 mixtures followed the same trend as scandia, 
except the mixture with 5% of alumina, the refrac-
tive index of which had a  constantly decreasing 
trend. The  extinction k of Sc2O3 decreased after 
each annealing step, even after the crystallization. 
That might mean that small crystallites were pre-
sent within the polycrystalline material and did not 
contribute to optical loss, which dramatically rose 
after annealing at 900°C. However, the  observed 
phenomenon needs additional material structural 
analysis. The Sc2O3(95%) mixture underwent phase 
change after treating at 500°C, and the extinction 
constantly increased while annealing at higher 
temperatures. The  intermediate mixtures (70, 33, 
5%) demonstrated a  constantly decreasing or un-
changed extinction.

The refractive indices of HfO2–Sc2O3 mix-
tures followed intermediate trends between 
their pure counterpart materials until 500°C an-
nealing. However, using 700°C annealing, n of 
HfO2(~70%)–Sc2O3 slightly exceeded (by 1.5%) 
the  value of HfO2. The  extinction of composite 
films was bigger than those of hafnia or scan-
dia. After annealing to 600°C, the  extinction of 
HfO2(~30%)–Sc2O3 became the smallest one of all 
samples. The HfO2(~50%)–Sc2O3 mixture suffered 

phase change and an extremely increased surface 
roughness up to 50 nm (Fig. 1(c)) after the 500°C 
treatment, leading to high optical losses. Due to 
this, there are no extinction data points presented 
for this mixture above 300°C. Annealing at 900°C 
increased k for all samples, and this could not be 
related just due to scatter losses, because rough-
ness remained almost unchanged or even reduced 
for the HfO2(~70%)–Sc2O3 case (Fig. 1(c)).

3.3. Stress properties

The residual stresses of deposited and post-an-
nealed samples are presented in Fig. 4. The pure 
hafnia and hafnia mixture with the  2% alumina 
content demonstrated a  rapid decrease of initial 
stress by Δσ = 860 MPa, after annealing at 500°C 
reaching tensile stresses of ~ –560 MPa (Fig. 4(a)). 
The most interesting behaviour was observed for 
the as-deposited HfO2(56%) and HfO2(25%) mix-
ture films. Their initial stresses were bigger by 
Δσ  =  170  MPa and Δσ  =  90  MPa, respectively, 
than those of HfO2 or Al2O3. The stresses turned 
to tensile after annealing at 500°C. Even more, 
after next two baking steps (600 and 700°C), 
the  tensile stresses further increased, especially 
for the  HfO2(56%) mixture. Peculiar changes in 
the stress amplitude are clearly seen after anneal-
ing at 900°C, with HfO2(56%) reaching –1300 MPa 
and HfO2(25%) reaching –1090 MPa. It is impor-
tant to note that these two mixtures after the treat-
ments in the 700–900°C range act differently and 
possess bigger tensile stresses than their constitu-
ents – HfO2 and Al2O3.

Fig. 4. HfO2–Al2O3 (a), Sc2O3–Al2O3 (b) and HfO2–Sc2O3 (c) mixture film stress evolution with the increase of 
annealing temperature.
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The stress values of deposited Sc2O3–Al2O3 
mixtures (Fig.  4(b)) were distributed between 
the stress values of pure materials. After annealing 
at 500°C, the  stresses of scandia and Sc2O3(95%) 
mixture films became tensile. However, after bak-
ing at 600°C, the values shifted back towards zero. 
This could be attributed to the stress relief due to 
coating cracking, which was observed by an opti-
cal microscope. Other mixtures also demonstrated 
change from compressive to tensile stresses after 
Tc = 500°C, which increased further after the high-
er temperature treatment. The highest Δσ was ob-
served for the Sc2O3(70%) mixture which reached 
–1580 MPa after the 900°C treatment.

All deposited HfO2–Sc2O3 mixtures show high-
er compressive stresses than constituent materials. 
They were reduced after initial annealing stages, 
but after treating to T > 600°C, further changes in 
tensile stress values remained small.

The changes of ion beam sputtered SiO2 film 
stress after annealing are presented in the Kičas 
et al. work  [8]. Annealed SiO2 layers obtain 
the  following compressive stresses: ~380  MPa 
(400°C) and ~225 MPa (500°C). Low-n SiO2 lay-
ers are thicker than high-n layers in the standard 
Bragg dielectric mirror stack. The actual differ-
ence in physical thicknesses depends on the re-
fractive index contrast between the  stack mate-
rials. In order to obtain the  total coating stress 
close to zero by thermal treatment, high-n mate-
rial should have a higher tensile stress than SiO2 
compressive stress. For more complex multilayer 
coatings, like filters, polarizers, and narrow re-
flectance band mirrors, the total thickness of SiO2 
layers might be even much greater than those of 
the high refractive index material layers. In such 
case, higher annealing temperatures might be 
necessary or higher tensile stress of other stack 
material should be achieved. The  following 
high-n binary mixtures are presented in Table 2 
as potential candidates for designing of stress-
compensated multilayer IBS coatings for the UV 

spectral range. It should also be noted that using 
a hafnia–alumina or scandia–alumina mixture in 
multilayer coating would also result in higher re-
sistance to high power laser pulses due to a high-
er bandgap of mixture material compared with 
pure hafnia or scandia, as was demonstrated in 
other research [50]. The hafnia–scandia mixture 
stands out with the  highest refractive index of 
all listed candidates but it also has slightly high-
er extinction values and a  considerably higher 
film surface roughness. In general, all these se-
lected binary mixes (Table  2) should be treated 
as a  starting point for further tuning and opti-
mization experiments changing mixture ratios 
and process parameters like oxygen flow in or-
der to decrease extinction and surface roughness 
(for the  hafnia–scandia mixture case). It is also 
important to understand that precise annealing 
temperatures for obtaining the zero net stress of 
the multilayer stack with SiO2 would be depend-
ent on the  ratio of the chosen mixture material 
and SiO2 thickness. They should lie in the range of  
400° ≤ T ≤ 600°C.

4. Conclusions

Binary HfO2, Sc2O3 and Al2O3 mixtures of differ-
ent ratios were prepared by the IBS coating process. 
Optical, surface and stress properties using thermal 
post deposition annealing up to 900°C were ana-
lyzed. HfO2–Al2O3 mixtures demonstrated higher 
extinction than their pure components, so its mini-
mization is the task for the future process optimiza-
tion. Annealing helped to decrease the extinction of 
the most mixture layers with the higher content of 
HfO2 or Sc2O3, while further changes using higher 
than 600°C treatments were not significant. The re-
fractive indices of mentioned mixtures remained 
more or less unchanged, while the pure HfO2 and 
Sc2O3 layers demonstrated a  constant decrease of 
the refractive index with the increase of annealing 
temperatures. 

Table 2. Potential binary mixtures for designing stress compensated coatings for the UV spectral range.

Binary mixture Annealing temperature 
range, °C Stress, MPa n, 355 nm Surface roughness 

RMS, nm
HfO2(56%)–Al2O3(44%) 500–600 –360…–790 1.884 0.57
Sc2O3(70%)–Al2O3(30%) 500–600 –560…–850 1.919–1.95 0.51–0.61

HfO2(~70%)–Sc2O3(~30%) 500–600 –295…–380 2.036–2.058 1.28–1.42
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Admixing Al2O3 to HfO2 and Sc2O3 also al-
lowed one to keep an initial low surface roughness 
after annealing even to 800–900°C temperatures 
which suggest a remaining amorphous structure of 
the layers.

Several high-n binary mixtures  –  HfO2(56%)–
Al2O3(44%), Sc2O3(70%)–Al2O3(30%) and HfO2 
(~70%)–Sc2O3(~30%) – were identified which did 
not show the increase of surface roughness and ex-
tinction in the UV spectral range even after anneal-
ing at temperatures as high as 800–900°C. Moreover, 
these mixtures respectively possess tensile stress val-
ues of –360, –560 and –295 MPa if using 500°C an-
nealing. Compressive stresses of low refractive index 
SiO2 layers within the multilayer stack could be com-
pensated by mixture layers by choosing annealing 
temperature in a range of 400° ≤ T ≤ 600°C depend-
ing on the physical thickness ratio between both ma-
terials within the  coating stack. For real cases, ad-
ditional experiments would be needed to determine 
required optimal annealing temperatures. The  ob-
tained results show good perspectives designing and 
obtaining stress balanced and potentially enhanced 
LIDT multilayer IBS coatings for the  UV spectral 
range, employing selected HfO2–Al2O3, Sc2O3–Al2O3 
and HfO2–Sc2O3 mixtures as high refractive index 
materials and post-deposition thermal annealing at 
optimized temperatures.
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JONAPLUOŠČIO DULKINIMO BŪDU SUFORMUOTŲ IR ATKAITINTŲ IKI 
AUKŠTŲ TEMPERATŪRŲ HfO2, Sc2O3 IR Al2O3 MIŠINIŲ SLUOKSNIŲ ĮTEMPIŲ, 

OPTINIŲ IR PAVIRŠINIŲ SAVYBIŲ TYRIMAS

G. Abromavičius

Fizinių ir technologijos mokslų centro Optinių dangų laboratorija, Vilnius, Lietuva

Santrauka
Dideli vidiniai įtempiai yra vienas didžiausių jona-

pluoščio dulkinimo būdu suformuotų optinių dangų 
trūkumų, mažinančių optinių komponentų plokštiš-
kumą. Aukšto lūžio rodiklio metalų oksidų mišiniai su 
SiO2 leidžia padidinti daugiasluoksnių dangų lazerio 
indukuotos pažaidos slenkstį. Tyrime pateikiama HfO2-
Al2O3, Sc2O3-Al2O3, HfO2-Sc2O3 mišinių sluoksnių 
įtempių, optinių ir paviršinių savybių analizė, taikant 
terminį atkaitinimą plačiame temperatūrų ruože – nuo 
300 iki 900  °C. Suformavus HfO2 ir Sc2O3 sluoksnius, 
pasižyminčius vidutinio dydžio Al2O3 frakcijomis, gali-

ma išlaikyti žemą pradinį sluoksnių paviršiaus šiurkštu-
mą, mažėjančią ekstinkciją, taikant terminį atkaitinimą 
iki aukštų temperatūrų. Šie mišiniai taip pat pasižymi 
–360...–560  MPa tempiamaisiais įtempiais po kaitini-
mo iki 500  °C. Gauti duomenys leidžia identifikuoti 
perspektyvius HfO2(56  %)-Al2O3(44  %), Sc2O3(70  %)-
Al2O3(30  %), HfO2(~70  %)-Sc2O3(~30  %) mišinius ir 
500–600  °C atkaitinimo temperatūrų ruožą, tinkamus 
daugiasluoksnių UV optinių dangų projektavimui su 
kompensuotais įtempiais bei potencialiai didesniu laze-
rinės pažaidos slenksčiu.


	OLE_LINK23
	OLE_LINK24
	OLE_LINK25
	OLE_LINK42
	OLE_LINK30
	OLE_LINK36
	OLE_LINK76
	OLE_LINK77
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_ENREF_30
	_ENREF_31
	_ENREF_32
	_ENREF_33
	_ENREF_34
	_ENREF_35
	_ENREF_36
	_ENREF_37
	_ENREF_38
	_ENREF_39
	_ENREF_40
	_ENREF_41
	_ENREF_42
	_ENREF_43
	_ENREF_44
	_ENREF_45
	_ENREF_46
	_ENREF_47
	_ENREF_48
	_ENREF_49
	_ENREF_50

