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Nanoparticle size distribution in the dispersion ink
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Fig. S1: The particle size dependence of particle number (%) in the prepared yttria nanoparticle dispersion ink.



Table S1 Process conditions and properties of the yttria films.

Process Thickness / um Dielectric strength / MV/cm Breakdown voltage / kV Max. Process Temp / °C Ref.
AD 10 1.57 1.57 25 S1
ALD 0.02 6.1 0.0122 300 S2
ALD 0.06 5.75 0.0345 225 S3
ALD 0.03 5 0.015 280 S4
MOCVD 0.04 8 0.032 450 S5
MOCVD 0.04 8 0.032 350 S6
MOCVD 0.24 11 0.0264 600 S7
MOCVD 0.5 2.4 0.12 400 S8
PLD 0.02 6.5 0.013 600 S9
Sputtering 0.017 1.33 0.00227 800 S10
Sputtering 0.13 3.85 0.0501 190 Si11
Sputtering 0.0648 1.97 0.0128 300 S12
Sputtering 0.077 4.85 0.0373 200 S12
CsD 0.015 5 0.0075 450 S13
CsD 0.1 35 0.035 500 Si4
CsD 0.06 5 0.03 400 S15
Plasma Spray 30 0.4 1.2 25 S16
Plasma Spray 100 0.144 1.44 25 S17
Plasma Spray 231 0.167 3.86 25 S18
Plasma Spray 521 0.173 9.01 25 S19
Plasma Spray 554 0.144 7.98 25 S19
Plasma Spray 531 0.116 6.16 25 S19
IBAD 0.318 39 0.124 25 S20
EBE 0.1 4 0.04 25 s21
EBE 0.08 2 0.016 625 S22
MBE 0.014 6 0.0084 200 S23
PCSD 0.16 6.45 0.101 400 This work
PCSD 0.37 7.37 0.275 400 This work
PCSD 0.87 125 1.09 400 This work
PCSD 1.43 12.7 1.82 400 This work



Transmittance spectrum for the precursor yttria film

The transmittance spectrum for the precursor yttria film before the excimer laser irradiation is shown in Fig.
S2. The transparency at 248 nm (KrF) and 193 nm (ArF) were 67.5% and 40.6%, respectively.
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Fig. S2: The transmittance spectrum for the precursor yttria film prepared on a silica glass substrate before the excimer laser
irradiation.

Instantaneous photothermal heating simulations for the precursor yttria film

Temperature variations during laser irradiation were simulated by the heat diffusion equation simplified for one-
dimensional heat flow:
aT  3°T
PpC—=Kk—:+ al(zt)

where T is the temperature function at time t and depth z, p,, is the mass density, C is the specific heat capacity, o is
the optical absorption coefficient, kis the thermal conductivity, and /(z,t) is the laser power density. The laser power
I(z,t) is given by:

I(z,t) = 1,(t)-(1- R) - exp(—cz) (E2)

where R is the reflectance. In the calculation, a contribution of incremental absorbance for the films due to the
reflectance at substrate surface was also included to the laser power distribution. /y(t) is described as a smooth pulse
approximated by:

Y t
I,(t)=1, (—] ~exp(ﬂ(l ——D (E3)
T T

where Iy is the incident pulse power density, 7is the pulse duration, and f determines the temporal pulse shape. We
carried out numerical simulations for the temperature variation for the excimer laser irradiation process using a
difference approximation based on the above equations. The boundary conditions used were T=300 °Catt =0 s (the
initial substrate temperature), T=300 °C at the bottom of the substrate, and k(0T/0z) = 0 at the interfaces (adiabatic
condition). The thermal and physical properties for the numerical simulations are listed in Table S2, according to Refs.



S24 and S25. The properties of precursor Y,03 were partly used in place of crystallized Y,0s. It should be noted that
this thermal simulation does not account for the heat shielding effect of elliptical pores as air layers, which may result
in a quantitative underestimation.5® However, this does not affect relative comparisons between KrF and ArF or
among different fluences.

Table S2 Thermal and physical properties for the numerical simulations.s4525

Materials o (cm) R K (W cmK1) p(gcm?3) C(Jg'K?)
Y,05 (248 nm, KrF) 56148.9 0.08
0.13 4.85 0.456
Y,03 (193 nm, KrF) 128771.7 0.09

The optical absorption coefficient and reflectance were measured for the precursor film, while the thermal conductivity and specific heat were obtained
from literature values for the crystalline phase. The density was calculated based on the theoretical density, adjusted for the measured porosity.
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Fig. $3: The transmittance spectrum for the precursor yttria film prepared on a silica glass substrate before the excimer laser
irradiation.




Elliptical pore formation and densification during the multiple coating process
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Fig. S4: The schematic illustration for the formations of elliptical pores during the multiple coating process.




Hard cracks in the YP prepared by nanoparticles deposition without laser irradiation
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Fig. S5: The photographs of YP and Y4.




Surface morphology

The effects of laser fluence intensity on surface morphology and surface roughness were evaluated using a
laser microscope (OPTELICS Hybrid*, Lasertec) and FESEM.
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Fig. S6: (a) The surface morphology taken by laser microscope for Y2, Y7 and Y8. (b) The laser fluence dependence of (b) R, and
Rs and (c) line profiles of height for the yttria films (Y2 and Y5-Y8). (d) The surface FESEM images for Y2, Y7 and Y8.




Fig. S7: The surface FESEM image of Y1.
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