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Table S1: Deposition temperatures (Td), atomic O/Al ratios, proportion of aluminum coordinated units, chemical shift
distribution (ACS), and standard deviation of the EFG tensor elements’ distribution (7(C_Q)) for the three CVD techniques. Values
for evaporation-CVD (e-CVD) ATI are from [1].

e-CVD ATI
T4 o/al | MOs | AIOs | AIOs | ACSAIOs ACS AlOs ACS AlO, Lo AlOg Lo A0S Lo a0,
(°c) (at.%) | (at.%) | (at.%) (ppm) (ppm) (ppm) (MHz) (MHz) (MHz)
360 | 2.00 | 262 | 409 | 329 7.6 9.2 10.2 6.3 8.1 6.3
420 | 1.68 | 115 | 429 | 456 8.5 10.7 11.6 6.0 8.8 6.0
480 | 1.52 4.6 41.8 | 536 10.1 11.6 14.6 6.0 9.2 6.0
550 | 1.50 7.5 392 | 533 10.2 12.2 15.0 7.3 9.2 7.3
600 | 1.50 | 159 | 37.6 | 465 9.0 11.0 13.3 5.8 9.1 5.8
700 | 1.49 | 59.2 12.2 28.6 9.3 9.5 11.6 5.8 8.5 5.8
DLI-CVD ATI
Ty o/al | AOs | AlOs | A0, | ACSAIOg ACS AlOs ACS AlO, Co alog Co AlO, Co AlO,
(°c) (at.%%) | (at.%) | (at.%) (ppm) (ppm) (ppm) (MHz) (MHz) (MHz)
300 - 343 | 335 32.2 7.0 8.5 10.0 5.7 6.8 8.7
360 | 212 | 22.1 | 405 37.4 7.6 9.6 11.0 5.9 7.8 9.6
420 | 1.80 | 205 | 41.7 37.8 7.2 9.5 10.5 5.8 8.3 103
490 | 1.54 | 147 | 39.7 | 456 8.2 11.4 12.8 5.3 8.8 11.0
560 | 1.57 | 175 | 39.1 | 43.4 8.8 11.8 13.5 5.5 8.8 10.6
600 | 1.56 - - - - - - _ R R
DLI-CVD DMAI H,0
T4 o/al | MOs | AIOs | A0, | ACSAIO; | ACSAIOs ACS AlO, Co Alog Co Alos Co a0,
(°c) (at.%) | (at.%) | (at.%) (ppm) (ppm) (ppm) (MHz) (MHz) (MHz)
150 | 1.81 | 12.9 | 445 | 426 9.0 10.0 11.0 5.6 7.3 9.4
200 | 167 | 101 | 456 | 443 9.5 11.5 12.5 6.3 7.7 9.7
250 | 1.53 6.1 45.4 | 485 9.6 11.5 13.2 6.0 8.1 10.1
300 | 1.50 | 5.7 44.3 50.0 10.5 12.5 13.5 6.1 8.0 10.2
350 | 1.51 6.5 457 | 47.8 9.9 12.7 13.9 6.7 8.3 10.2
400 | 1.53 6.8 471 | 461 10.1 13.1 14.9 6.5 8.5 9.5
450 | 1.53 7.2 46.8 | 46.0 9.7 13.2 14.9 5.6 8.5 9.7
DLI-CVD DMAI O,
I, aOs | A0s | A0, | A0 | 2SS ACS ACS ACS o ) Co Co
os o/Al @5 | @t | @to | @eoy | Ao AlOs Ao, | AO,C)s | AIOs | AlOs | AlO, | AI(O,C)s
(ppm) | (ppm) | (ppm) (ppm) | (MHz) | (MHz) | (MHz) | (MHz)
500 | 1.48 | 5.1 | 455 | 493 0.0 11.5 14.1 14.7 6.0 8.3 9.9
600 | 1.25 | 6.6 | 36.2 | 47.0 10.2 11.4 13.5 15.3 16.7 6.8 8.2 10.0 135
700 | 1.10 | 84 | 220 | 398 29.8 12.2 13.6 15.2 16.7 5.2 8.1 10.0 14.0
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Figure S1: SEM cross-sections of alumina films deposited onto Si substrates using (a) evaporated ATl in N, at 520 °C, and DLI CVD
of (b) ATl at 480 °C, (c) DMAI at 200 °C in the presence of H,0 and (d) DMAI at 600 °C in the presence of O,.
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Figure S2: High resolution Al2p and C1s X-ray photoelectron spectra of DLI DMAI+O, alumina thin films deposited from 500 to 700°C. The

decomposition of the spectra into the assigned chemical species is shown for each core level.
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The Al2p signal clearly show the presence of intensity at the locations expected for AI** in an 0% environment with Al2p binding energy of
about 74.4 eV and O1s binding energy near 531.5 eV [1,2]. Moreover, the signals observed at about 73.2 eV in Al2p and near 282.0 eV in
C1s can be attributed to aluminum oxycarbides or aluminum carbides. The Al2p binding energy of aluminum (oxy)carbide is lower than that
measured for Al,05 since C is less electronegative (more electropositive) than O, hence Al in aluminum carbide is more effectively reduced
and measured at a lower binding energy. Similarly, the Cls binding energy of the carbide is significantly more negative than that of
adventitious C-C bonds as Al is more electropositive than C.
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Figure S3: Crystal structures and NMR parameters (Cq and ng) of Al,C;3 and Al,0,4C calculated from
correspond respectively to aluminum, carbon and oxygen in the structure.
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Al,C;
Ca
Site Biso AIC, Na
(ppm) (MHz2)
Al-1 | 9852 | 14.66 | 0.00
Al-2 | 112.02 | 16.34 | 0.00
Al,0,C
5i Ca
Site AlO5C Na
(ppm) (MHz2)
Al-1 | 11418 | 18.78 | 0.41
Al-2 | 101.45 | 10.64 | 0.03
Al-3 | 97.47 | 11.14 | 0.23

From G. A. Jeffrey and M. Slaughter, Acta Crystallogr., 1963, 16, 177-184.



