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Effect of the buffer layer on the VO: properties

Raman spectroscopy analysis of 52-56 is depicted in Figure S1. Similar peaks are ob-
served for these structures, as have been reported above for the single layers.

(a) (b)

- .
3 . —354
¥oe —55
ol —S6 |,
i)
- - o
3 3
8 %
2 2
T B
5 5
E E
T T T T ¥ T T ¥
200 400 600 800 1000 1200 200 400 600 800 1000 1200
Raman 5hiﬂ{cm'1] Raman 5hil‘t{cm‘1]

Figure S1. Raman spectra of the multi-layers-based phase transition devices. (a) Raman peaks of 52
and S3, (b) Raman peaks of 54, S5, and S6 at RT.

The topographical analysis of MoOsand WOs deposited only on the glass substrate
is investigated as in Figure S2. We see that the topography of the MoO:s surface is highly
rough with bigger surface particles. While for the case of WO3, the surface become fine
with lower roughness than the MoOs surface.
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Figure S2. Topographical analysis of MoOs (a) and WO:s (b).

Spectroscopic and Optical properties

Used as support for metal oxide layers, It Is known that FTO glass is transparent at
more than 70% on the UV-visible-NIR domains. However, the optical properties are dif-
ferent according to the metal oxide layers (Figure S3). The transparency is reducing below
40% for the VO layer. However, for the Mo-O, Mo-W-0O, and W-O layers, the transpar-
ency can reach values higher than 80% up to almost 100% Mo-W-O at around 500 nm.
These results demonstrate an interaction between FTO and metal oxide layers. In this per-
spective, as predicted in strain engineering principles, the properties of samples prepared
with several oxide layers will change according to the origin of the top, bottom, and inter-
mediate layers. Despite the decimal stoichiometries, to facilitate the reading, VO2, MoOs,
WOs and Moo2WosOs have been conserved along with the text.
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Figure S3. Transmission spectra (T) of the single-layer thin films.

Especially for radiative cooling (thermochromic) applications, the optical properties
of the samples have been investigated at wavelengths from visible to infrared domains.
The goal is to have high transmittance on both domains at room temperature after heating
above MIT to keep transparency on a visible domain and stop it on the infrared domain.
Typically, the vibrational mode is excited, involving specific absorption peaks relative to
atomic bonds. The absorption peaks of metal oxides are peculiarly present at wave-
numbers below 1000 cm™ as in Figure S3a. The oxide bonds for the sample S1 are at least
Si-O (from glass support), Sn—O (from FTO coating), and V-O (from the deposition). The
FTIR spectrum of S1 presents three prominent absorption peaks at around 400, 766, and
901 cm™! (Figure S3a). Even if they are attributed to the V-O stretching mode for the lowest
wavenumber [1] and lattice vibration mode for the two others [2,3], these peaks are not



Gaussian. Thus they are probably a combination of several IR modes found with the de-
convolution process (not helpful for this work).

On the other hand, the transmittance reaches a maximum at about 1250 cm™! and
progressively decreases above this wavenumber up to 4000 cm~'. Concerning the 52 to S6,
the FTIR spectrum profile is similar to the S1 for wavenumbers below 1250 cm-1. Never-
theless, at higher values, the transmittance increases vigorously and continuously. These
results show that WOs, MoOs, and Mo002Wo.sOs thin films present in the multi-layer struc-
ture affect the VO: properties to give the ability to transmit the infrared rays, which are
responsible for radiative heating.
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Figure S4. (a) FTIR spectra of samples S1-56 at room temperature. (b) UV-Vis-NIR spectra of sam-
ples S1-56 at room temperature. (c¢,d) the refractive index and extinction coefficient of S1-S6 thin
films with wavelengths.

Subsequently, the transmittance evolution of the multi-layer structures has been in-
vestigated in the range of 300-1000 nm (UV-vis-NIR) (Figure 54b). The FTO coated glass
has the highest transmittance at about 80%, which falls to about 30% with the VO2 coating.
However, due to the strain effect of the WOs or MoO:s layers, the transmittance of VO2 can
reach values close to the support one. On the other hand, the transmittance at about 400
nm is strongly dependent on the presence of Mo in the sample since only S1 and 53 do not
show a fall down at this wavelength. As for M002Wo.s0s, which is applied as an anti-re-
flective layer for the first time, the transmittance is reduced to about 60% (55). However,
the introduction of W into the VO structure improves the transparency close to the sup-
port values. This evolution can probably be explained by two reasons, the electron density
evolution of the local crystal strain introduction within the VO: layer.

Furthermore, by using the reflectance measurements, the refractive index (n) [4-6]
and the extinction coefficient (k = aA/4m) in function with wavelength have been calculated
(Figure S4c,d). Both values present the same evolution for all samples, a sharp decrease
below 400 nm (UV domain) after a small increase (visible and near-infrared domain).
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However, the increase above 400 nm is more pronounced for S1 than the other samples.
Moreover, except for S1 above 330 nm, n values are weak below 1.1 while k values are
below 0.25. 56 presents the lowest values which are n=1 and k=0.05 at 500 nm. Regarding
S1, n>1.75 and k > 0.80 indicate the FTO’s opacity supported VO: on the whole domain.
Finally, even if its transmittance is at an intermediate level between S1 and the others, n
and k values of S5 are also low, inducing the reflectance of Mo02Wos0s deposited on the
VO: layer is greater than WOs on VOs.

Urbach tail calculations

The calculation of the Urbach energy evolution gives a clue concerning the transmit-
tance fall observed with S5 (Figure S5a,b). The Urbach tail is the exponential part along
the absorption coefficient curve and near the optical band edge. The inverse of the loga-
rithmic slope gives the Urbach energy (Ina = Inao + (hv/Eu) where a: absorption coefficient,
ao: sample dependent constant, hv: incident photon energy, Eu: Urbach Energy). Eu is vis-
ible in low crystalline, disordered or amorphous materials with localized states in the
standard bandgap due to exciton/phonon or electron/phonon interactions. Therefore the
disorder evolution of the phonon state is proportional to the evolution of the Eu [7,8]. For
S1 to S6 samples, the optical band gap changes between 3.55 to 3.90 eV, while the Urbach
energy varies from 1 to 3.5 eV. The multi-layer structure with different oxides as well as
their thickness is the reason for these critical differences. Considering the evolution do-
mains of bandgap and EU, S1 and 52 have both low bandgap and low Eu. In other words,
the MoO:s bottom layer does not strongly influence the VO: structure.

Regarding S3 and S4, the presence of WOs as the bottom or upper layer mainly affects
the electronic properties increasing the bandgap at about 3.85 eV. By introducing Mo
within the WOs structure (S5), the bandgap can decrease to 3.6 eV. However, in this case,
the disorder increases to give the highest Eu value among the present samples [9]. Finally,
the W doping of the VO: intermediate layer involves the reduction of the Eu by keeping
the bandgap below 3.6 eV. This means that with the modification of the VO structure, the
electronic transitions from band to tail and tail to tail are facilitated with probably a better
order between the layers [10]. Thus, the combination Moo2WosO3/W—-VO:/MoO:s is opti-
mum regarding the optical properties of the present materials.
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Figure S5. (a) and (b) represent the plot of (Ln a) versus photon energy and the Urbach energy
(Urbach tail) with bandgap for S1-S6 thin films, respectively.
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