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SI Figure 1. a) ALD growth per cycle (GPC) from 1120 TDMAT/H:O cycles for as-
deposited TiO: thin films at ALD temperatures: 120 °C, 140 °C, and 160 °C. b)
Index of refraction, n, measured at 550 nm for as-deposited and post-deposition

anneal TiO; thin films at ALD temperatures: 120 °C, 140 °C, and 160 °C.

SI Figure la presents ALD growth per cycle (GPC) values for as-deposited 1120
cycle TiO; thin films. ALD deposition temperature was varied from 120 °C to 160 °C.
With increasing ALD temperature, the GPC decreased from 0.54 A to 0.44 A,
representing a decrease in total deposited thickness from 58 nm to 50 nm. SI Figure 1b
presents index of refraction, n, values measured at 550 nm for the as-deposited and
annealed films. Index of refraction increases with post-deposition annealing, supporting
transformation to the TiO;-anatase phase where refractive index is approximately equal
to 2.6 for an ALD-TiO; film deposited at 400 °C.! The refractive index for the as-
deposited, amorphous films is greater than previously reported literature values for
thermal ALD from TiCls/H>O chemistry! but similar to those previously reported for

TDMAT/H,0 ALD.?
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SI Figure 2. a) GIWAXS scans for films deposited at 140 °C: as-deposited, PDA at
200 °C for 2 h, and PDA at 200 °C for greater than 95% X(t) transformed. b)
GIWAXS scans for films deposited at 160 °C: as-deposited, PDA at 200 °C for 1 h,

and PDA at 200 °C for greater than 95% X(t) transformed.

SI SI Figure 2 presents GIWAXS scans for TiO: films deposited at ALD
temperatures 140 °C and 160 °C. The measured conditions for each set are the as-deposited
film, a film annealed in air for a short time at 200 °C, and a film annealed in air for a long
time at 200 °C resulting in > 95% crystalline area from SEM image analysis. For both ALD
temperatures, the as-deposited films are determined to be amorphous with no sharp peaks
that are indicative of crystallinity. For both ALD temperatures, the short anneals still show
broad line-shapes and so still include significant amorphous structure. However, we do
start to see emerging peaks with positions that correspond to crystalline peak positions.
Finally, films deposited at 140 °C and 160 °C and PDA in air at 200 °C to greater than 95%
phase transformation show intense peaks with average peak positions corresponding to
TiO»-anatase.>* For the crystalline film deposited at 140 °C, peak positions g (A™") include:

1.78, 2.58, 2.64, 2.67, 3.32, 3.35, 3.70, 3.75, 4.24, and 4.28. For the crystalline film



deposited at 160 °C, peak positions g (A include: 1.78, 2.58, 2.62, 3.30, 3.37, 3.68, 3.74,
and 4.22. Viewing short anneal TiO; films and comparing results to the as-deposited
amorphous and the long anneal crystalline structures enables us to confirm that the growing

crystalline phase viewed in SEM is anatase prior to us being able to detect the phase by

GIXRD.
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SI Figure 3. SEM image grid for TiO: films deposited at 120 °C and annealed at

180 °C, 200 °C, and 220 °C for the specified time duration.

SI Figure 3 shows a representative crystal growth series for films deposited at

120 °C and annealed at approximately 180 °C, 200 °C, and 220 °C.
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SI Figure 4. a) Original SEM image and b) image after processing: auto
contrast/brightness, despeckle, threshold, area count. In c¢) dark regions are

crystalline, white regions are amorphous.

SI Figure 4a presents an unprocessed SEM micrograph, b) micrograph with
despeckle and auto brightness/contrast applied, and c) thresholded micrograph. After
thresholding SI Figure 4c, the ImageJ “Analyze Particles” function is applied to the green
highlighted region to retrieve the fraction transformed value as the reported “% Area,”

which is the percent area of the dark, crystalline region, i.e. the fraction transformed.



SI Note 1: Derivation for JMAK equation to describe a two-dimensional
transforming area with continuous nucleation and growth

It is assumed that nuclei grow as two-dimensional plates. For a nuclei that grows as a circle
from time zero, the fraction transformed is described by the area:

A=nr?=mn(vt)? Equation 1
Here, zero time is t and v is the grain growth rate. For a nuclei that does not start growing
until time T, the area is:

A =1 v? (t—1)? Equation 2
For short annealing times, where the growing nuclei do not impinge, the fraction
transformed X, is:

t3 Equation 3

T
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The JMAK equation valid for short and long annealing times is:

T . .
X(t)=1-—exp (—§ Nv2t3?) Equation 4



SI Note 2: Statistical analysis for Arrhenius relationships presented in this report

Aside from checking the p-value to verify no correlation between In(v) and
1/Tppa per deposition temperature, we also checked the statistical significance with the
95% Critical Vales of the Sample Correlation Coefficient Table. In Table 1, Pearson’s r
values for each correlation in this report are calculated in OriginPro and compared to the
appropriate critical value in the table for o = 0.05. Statistical correlation is reported as

Yes or No.

Table 1. For each dataset, reported Pearson’s r value, critical values, and whether the

correlation is statistically significant.

Dataset Deposition | PDA | Pearson’s | Critical | Statistically
T (°C) T (°C) r value Values | correlation?
Inln—-|vs Int 120 180 0.994 +£0.250 | Yes
1-Xx(t)]
Inln—-|vs Int 120 200 0.996 +£0.195 | Yes
1-Xx(t)]
Inln—-|vs Int 120 220 0.995 +£0.195 | Yes
[ 1-x(t)]
Inln—-|vs Int 140 160 0.986 +£0.159 | Yes
[ 1-x(t)]
Inln—-|vs Int 140 180 0.972 +£0.250 | Yes
[ 1-x(t)]
Inln—-|vs Int 140 200 0.996 +£0.159 | Yes
[ 1-x(t)]




Table 2 (continued). For each dataset, reported Pearson’s r value, critical values, and

whether the correlation is statistically significant.

Dataset Deposition T | PDA | Pearson’s | Critical | Statistically

O T (°C) r value Values | correlated?
In :ln 1_)1(@: vs. Int 160 160 0.972 +0.232 Yes
In :ln 1_)1(@: vs. Int 160 180 0.989 +0.288 Yes
In :ln 1_)1(@: vs. Int 160 200 0.986 +0.195 Yes
In(N) vs. UTpp4 120 N/A  |-0.945 +0.288 Yes
In(N) vs. UTppa 140 N/A | -0.908 +0.423 Yes
In(N) vs. UTpp4 160 N/A | -0.964 +0.468 Yes
In(v) vs. 1/Tppy 120 N/A -0.037 +0.288 No
In(v) vs. 1/Tppy 140 N/A -0.351 +0.423 No
In(v) vs. 1/Tppy 160 N/A -0.236 +0.468 No
In(k) vs. 1/Tppy 120 N/A -0.999 +0.878 Yes
In(k) vs. 1/Tpp, 140 N/A -0.999 +0.878 Yes
In(k) vs. 1/Tpp, 160 N/A -0.999 +0.878 Yes
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