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Figure S1: XPS intensity (using the Si 2p core level) of the Si** intensity versus it’s corresponding binding energy
position.

Prior to sample removal from vacuum, the Si/SiO2/Alumina interface was monitored by XPS
via acquisition of the Si 2p. The intensity of the silicon oxide is plotted against its
corresponding binding energy position in Figure S1. The Si 2p was fitted with two components
— one that represents the silicon bulk (Si®) and the other representing Si**. The data was shifted
so that the Si® peak occurs at 99.4 eV. For simplicity, silicon sub oxides were not included in
the fit. The intensities of the Si’ and Si*" in the Si 2p XPS spectra were also used in accordance

with literature for an approximation of the SiO; interlayer thickness.[1]

The PEALD process results in a slight increase of Si*", with the peak shifting to a lower binding
energy. The growth in oxide may be attributed to the plasma dosing which results in the slight
growth of the oxide, while the lower binding energy can be recognized as a consequence to
aluminium silicates forming a thin interfacial layer between the Si and Al oxides.[2,3] The final

thickness of this Si*" interlayer was calculated as 0.6 nm.



The silicon undergoes more processing steps during the VPI process, with an initial growth of
Si*" observed in the P2VP film prior to VPI processing, attributed to the piranha acid treatment.
A shift to lower binding energy is then observed during the VPI process prior to the plasma
treatment (pre O2) which suggests Si-O-Al bonding as in the PEALD film. Unlike in the
PEALD process, no growth of the oxide was observed here however as no oxygen was present
in this stage. However, significant growth and shifting to lower binding energy is observed for
the polymer removal/metal oxidation step, with the VPI process containing significantly more
of an Si oxide interlayer with potentially more Al silicates when compared to the PEALD
approach. As is the case with the rest of the photoemission analysis, the different VPI
temperatures behave consistently with respect to each other — all thicknesses of this interlayer

were approximately 0.7 nm.
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Figure S2: (a) XPS survey spectrum segment covering the Al 2p — Si 2s region. The PEALD process required only 16
ALD cycles for the film’s Al 2p/Si 2p ratio to closely match that of the VPI alumina films.

The conclusions drawn from the ellipsometry, EDX and TEM results correlate with what was
observed via XPS. The in-situ capabilities of the FlexAl — XPS system allows for the
acquisition of ALD films of a specific thickness without the need to remove the sample from
vacuum. By scanning a silicon substrate after a small number of PEALD cycles, it was found
that a 16 cycle recipe produced alumina films with an Al 2p/Si 2p ratio that was almost identical
to the films produced via a 100 °C, 200 °C and 250 °C VPI process, as observed in Figure S2.
As XPS is a semiquantitative technique, the results from Figure S2 suggest that similar amounts
of aluminium are present in the 16 cycle PEALD and VPI films. However, as the TEM showed,
a further 19 cycles of TMA PEALD are required for the film to be of roughly equal thickness
to the VPI films. This provides further confirmation that the VVPI films are less dense with a

higher degree of porosity
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Figure S3: HAXPES spectra of the O 1s, with the binding energy positions of the spectra maxima labelled. The FWHM of
the entire spectra is also displayed.

The O 1s spectra in Figure S3 consists of a combination of Si-O (from the SiO; interlayer) and
Al-O bonds. SiO> bonds are expected to occur at approximately 533 eV, slightly higher than
reported positions of Al,O3 which range from 530 eV to 532 eV.[4] The higher binding energy
position of the peak maxima for the PEALD sample (532.1 eV) compared to the VPI samples
(531.9 eV) is attributed to changes in the alumina film and the SiO; interface resulting from
the different growth process. This has a secondary effect of decreasing the total full width half

maximum (FWHM) of the spectra as the Si-O and Al-O components overlap more.
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Figure S4: GA-FTIR spectra comparing VPI and PEALD made alumina films.

Grazing angle, attenuated total reflection Fourier transform infrared spectroscopy (GA-FTIR)
was performed using a Nicolet iS50 FTIR Spectrometer with a Harrick VariGATR attachment.
Absorbance spectra of the alumina films in Figure S4 exhibit almost identical spectral
characteristics, with each sample containing significant amounts of OH in the film. The notable
shoulder at approximately 3400 cm™ is well known to represent OH stretching.[5] The peak at
1648 cm’! is attributed to corresponding H,O bending,[6,7] while the peak at 1460 cm™ is
potentially associated to AI-O-H stretching.[6,8] Adventitious carbon growth due to sample
exposure to atmosphere are linked to the absorption bands at 879 cm™ and 2919 cm™!, which
are associated with C-H bending and stretching respectively[9]. The peak at 1231 cm™ is linked

with C-O stretching.[10]
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Figure S5: Sample IV sweeps for the 4 types of alumina samples analysed. Sweeps from 2 sites for each sample are shown.

A sudden increase in current is determined as point of breakdown.

Sample 1V sweeps are shown in figure S5. This measurement was repeated multiple times,
with the average breakdown voltage recorded as 5.5V, -3.9 V, -3.7 V and -7.2 V for the 100
°C VPI, 200 VPI °C, 250 °C VPl and PEALD films. These values were converted to breakdown

field and underwent Weibull statistics to yield the distributions displayed in figure 2 of the

main file for a more accurate assessment of the breakdown behaviour.
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