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To understand and optimize the

electrochromic behavior of mixed
metal oxides deposited by reactive
sputtering.
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;i We prepared thin films of mixed [Titanium Oxide
v and Molybdenum Trioxide (TiO2-MoO3) &
~

(Titanium, Tin) Oxide (TiO2-SnO2) and (Tungsten,
Molybdenum) Trioxide (WO3-MoO3)] mixed layers
on glass by reactive DC magnetron sputtering and

determined the optimal composition for

electrochromic purposes. We mapped (composition

and thickness) maps and optical parameters by

using Spectroscopic Ellipsometry (f).



Reactive DC

magnetron

Preparation sputtering
methods

bpic Ellipsometry (SE),
Rutherford Backscattering
,:‘,’ Spectrometry (RBS), Transmission
Electron Microscopy (TEM),
Scanning Electron Microscopy
(SEM) with Energy-Dispersive X-

ray Spectroscopy (EDS).



350 mm

Power: 4 kW l |

arrangements of the two targets in

closer position (35 cm from each other); the
chamber for DC magnetron sputtering device after air

vacuumed. Blue light is from the Ar-O2z plasma gas
mixture.



The main standard of the EC device performance is

Coloration Efficiency ( , the change of light

transmission for the same electric charge) of mixed

metal oxides (T102-Mo0O3) has been determined in a
transmission electrochemical cell, see Fig. -, Is given
by following equation :

where IS the electronic charge Inserted into the
electrochromic material per unit area, AOD is the
change of optical density, Tb Is the transmittance In
the bleached state, and Tc Is the transmittance in the
colored state. The unit of the Coloration Efficiency Is
cm?/C see Fig.



T102-Mo00Os3, ITO- covered glass and Si-probes
on a glass substrate, before-electrochromic-experiments,
the Ti-rich in the left side and the Mo-rich in the right
side .




T102-MoOs3 after-electrochromic-experiments.
Thermal shock can be seen in the Ti-rich side (see sticker)




electrochromic-
determine CE In a
lectrochemical cell.




Electrochromic measurements have been
performed to optimize the composition of (TiO2-
MoO3) mixed layers.

The mixed oxide film was deposited onto the
Indium-Tin-Oxide surface ( ) covered glass.

Optical parameters and composition have been
determined and mapped by using Spectroscopic
Ellipsometry (- - ). Scanning Electron Microscopy
(SEM) with Energy-Dispersive X-ray
Spectroscopy ( ) has been used to check the SE
results see Fig.
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Figure (5) SEM micrograph from the TiO2-MoOQOs surface

Ti-rich-side, Polycrystalline structure can be seen caused

by thermal shock.



\ |-

HV curr det mode mag = WD HFW use case PW tilt — T
10.00kV | 1.6 nA ETD SE 20000 x | 7.0 mm | 6.35 pym | OptiTilt | 4.13 nm 0.0° EK MFA

Figure (6) SEM micrograph from the TiO2-MoQOs surface

Mo-rich-side, it Is remained amorphous (or




Ti-Mo ratio [%]
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Ti1/Mo ratio measured on the Si-probes by SEM-
EDS. The accuracy of the Ti/Mo ratio iIs 2 %, while the
precision of the position is 1 mm.




Coloration Efficiency vs. Mo%
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Figure (8) 3D diagram of the Coloration Efficiency data of
T102-M00a3. vs. Mo % for wavelengths from (400-800) nm
visible spectral range.
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For (TiO2-Sn02), the selection between the suitable
optical models (2-Tauc-Lorentz oscillator vs. BEMA)
models depending on the process parameters, if one

has more than one * ” in the
“sublayers’, can be used. If one has an
, the is better

(more precise) for this type of layer structure. We are
satisfied that we have best match between the
model and the experiment, and we have a fast and
non-destructive method to determine the thickness
and compositions of our combinatorial samples
when we measure the optimal electrochromic
behavior of these samples. We have shown that the
optimal composition is at [(30%)TiO2-(70%)SnOz].



MSE vs. Position

MSE vs. Position
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Figure (9) Comparison of MSE (a) EMA and
(b) 2TL modelling TiO2-SnO2- 4inch-ref-Si.

MSE is the highest in the case of EMA-model, 2TL-
model Is better!



EMA % (Mat 2) vs. Position Amp1 vs. Position Amp2 vs. Position

Figure (9) Comparison of (c) Volume fraction % by
EMA and (d) Ampl and Amp2 by 2TL modelling
of TiIO2-SnO2- 4inch-ref-Si.



Total Thickness in nm vs. Position Total Thickness in nm vs. Position

Figure (9) Comparison of Total Thickness by (e) EMA
and (f) 2TL modelling TiO2-SnO2- 4inch-ref-Si.



Conclusions

By using this combinatorial process, all the compositions (from 0 to
100%) were achieved. The oxides showed better EC
properties than the , because the -electrochromic
effectiveness can be higher in mixed metal-oxide layers and mixing
metal atoms with different diameters in the layers can enhance the
CE.

The Two peaks can be explained by the microstructure difference
on the two sides of the curves, Ti-rich side was at significantly
higher temperature during the deposition process, so the Ti-rich
oxide is polycrystalline compared to the Mo-rich side where the
oxide remains amorphous or nanocrystalline. The maximum value

of the IS at the wavelength nm at
TiI-Mo ratio on the Ti-rich polycrystalline material, while CE Is
at the wavelength nm at Ti-Mo ratio

on the Mo-rich amorphous (or nanocrystalline) material.



leachinoe activity

1- | have a new publication, Authors: Noor Taha Ismaeel, Zoltan Labadi,
Petrik Peter and Miklos Fried. Title: (Combinatorial Preparation and
Electrochromic Investigation of Metal Oxide Mixtures), Symposium on
Materials Science 2023 Bp, Hungary : Obuda University (2024) pp. 15-
19., 5p., ISBN:9789634493532 https://real.mtak.nu/195797/

2- We re-submitted the article manuscript to the Acta Polytechnica
Hungarica Journal after we answered all the questions and suggestions
of the Referees (including changing the title) in April 2024. (First
submittion was on 14 of December 2023.) Authors: Noor Taha Ismaeel,
Zoltan Labadi and Miklos Fried. Title: Investigation of Combinatorial
T102- MoO3 Mixed Layers to Enhance the Coloration Efficiency.
Number: 6540. You can access it via the Actal034 EasyChair Web
page: https://easychair.org/conferences/?conf=actal034

3- We try to submit a Review manuscript to the ACS Omega Journal.
Title: Electrochromic efficiency in AxB1-xOy type mixed metal-oxide
alloys.

4- 1 continued the investigations and my efforts were divided into two
parts: the publications and starting to write my thesis.




Further investigation of
stoichiometric and sub-
stoichiometric oxides for gas
Sensorics purposes see Fig.
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