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Properties

» High thermal and chemical stability

» Bang gap — 5.2 eV

» Dielectric constant ~16

» Transparency in wavelength range 0.19-16 ym

Thin Gd,O,; coatings

Application of thin (>1 pm) coatings
» Microelectronics (metal oxide semiconductor field effect transistors)
» Optics (UV and deep UV laser)

Deposition methods (low-rate — less than 100 nm/h)
» Magnetron sputtering

» Molecular-beam epitaxy

» Electrolytic deposition
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Thick Gd,O, coatings

Application of thick (<1 pm) coatings
» High temperature oxidation protection
» Neutron detectors

Deposition problem

Polymorphism of Gd,O,; enhanced adhesion problem of thick coatings:

» Phase transformation occurs with an increase in coating thickness

» Significant (~ 8 %) difference in the molar volumes of Gd,O; phases

» High value of the CTE (15.5-10% C-1) and stabilization temperature
(>600 °C) of the monoclinic phase
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Deposition method

Self-heated
__—~Hollow Cathode

—Magnetic Coll

__~Heater

_Samples Holder

X

O

~Anode-crucible

Discharge current >30 A

Power density on the >0.5 W/cm?
anode-crucible surface

Magnetic induction 20 mT
(maximum)

lon current density >5 mA/cm?
Ar/O, flow rate 30/10 sccm
Samples temperature 150 — 600 °C
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Optical emission of plasma

N £
=
2 0,02 =
0,8 ] ™ 2 ’ g
= 0
~ o do 016 1 &
5061 5 = =
= =< $0,0124 o
= £ > =
(V)] 5 = c
T 0,4 - S| _| £0,008 S
< o | E = = %
E - | E| E 2 :
] 0,004 >
i ;B t 8 | -
0.2 X ,, Mol o 0 : : -
I %15 524 528 532 556 560 564
0 el J-n lLu Wavelength (nm)

400 500 600 700 800 900
Wavelength (nm)

()

HR2000 (Ocean Optics) spectrometer
Wavelength range 190-1100 nm
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Oxygen dissociation degree
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Gadolinium content
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Gadolinium ionization degree
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Magnetic focusing effect
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Gd-O coating deposition rate

Magnetic coil current
20 A
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Gd evaporation rate up to 2.6-10-° g/(s'cm?)
Gd vapor pressure up to 0.13 Pa
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Gd-O coating deposition condition

» Oxygen dissociation degree ~ 0.13
> Metal vapor ionization degree ~ 0.93
» Deposition rate ~1,6 um/h

» Ar/O pressure 0.1 Pa

» Low O, flow rate (10 sccm)

» Substrate — quartz

» Temperature range 150 — 600 °C
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Phase composition of coatings

Features of the Gd,O, coating deposited
by anodic arc evaporation method

» Low (0.1 GPa) value of intrinsic stress

150 ©C

= ¢ - cubic
b2
O

» High (up to 1 um) thickness of
monophasic cubic coating

» Strong (440) texture which appearance is
i not typical for coatings deposited by other
methods

Intensity (a.u.)

» Low temperature (150 °C) deposition of

c(440)

- & Thickness ) : _
N 0.1 um the monophasic cubic coating take place
] under low O, flow rate (10 sccm which is
| . | , | : | an order of magnitude less than in other
20 40 60 go  Mmethods)
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Intensity (a.u.)

Temperature effect
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Conclusion

» The reactive anodic arc evaporation method provides high-rate
(1,6 pm/h) deposition of the nanocrystalline Gd,O4 coating

» Low-temperature (less than 200 °C) deposition of monophasic
cubic Gd,O, coating up to 1 pm thick is provided under high Gd
lonization (=90 %) and O, dissociation (~13 %) degree and low
(10 sccm) O, flow rate

» The coatings are characterized by low level of intrinsic stress
(~0.1 GPa) which ensures their adhesive strength
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Thank you for your attention!
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