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Aim of the
Research

To understand and optimize the
electrochromic behavior of mixed

metal oxides deposited by reactive
sputtering.
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We have prepared thin films of mixed Titanium,
Tin Oxide and WO3-MoQOs mixed layers on glass-
(for electrochromic measurements) and Si-
substrates (for spectroscopic ellipsometry and RBS
- control measurements), by reactive DC magnetron \
sputtering. The deposited AxBi1-xOn type films will

be Characterized by a variety of met
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Pulsed mode reactive DC

magnetron , Biased RF

Preparation sputtering systems (see Fig. 1)
methods and Laser ablation deposition

Spectroscopic Ellipsometry,
. Rutherford Backscattering
'J,[ Spectrometry, Transmission
Electron Microscopy, Scanning
Electron Microscopy and

Atomic Force Microscopy



Figure (1) shows the DC magnetron
sputtering systems, and its control screen
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Figure (3)
Woollam M-2000DI, Wavelength range from 191-1690
nm (photon energies from 0.7-6.5 eV), Automatic scan
with a micro-focused 0.2 mm spot. Angle of incidence:
45-75 degree. Measurement time 1 sec per spot.



Figure (3) Is the data analysis screen.



The Advantages
of this device




Using spectroscopic ellipsometry, we
can obtain quickly and non-destructive
manner compositional maps if we have
appropriate optical model. In this
work, we compare the “goodness” of
different optical models depending
upon the sample preparation
conditions during magnetron sputtering,
for instance, the speed and cycle
number of the substrate motion.
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Figure (4) ¢) WO3-MoO3 combinatorial mixed layers on

glass- and Si-substrates on top of a 30x30 cm glass sheet.

The pale colored bands show the changing thicknesses
and compositions.
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Figure (5) Comparison of (a) EMA, (b) 2T-L modelling (WO3-Mo0O3).
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Figure(5) ¢) Ellipsometric thickness mapping of the
WO3/MoO3 combinatorial layer.



Figure(5) Shows the fitted parameters; d) Ampl:
Amplitude-of-T-L(WO3)—-map; €) Amp2: Amplitude-
of-T-L(MoO3)-map (the wrinkles at the center lines are
artefacts caused by the manual rotation during the SE
measurement).
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Figure (6) presented Ellipsometry mapping of the
Effective Medium Approximation EMA %

(MoO, %) Thickness (nm), MSE (fitting quality)



\We measured the WO,/MoO;samples (on Si-sam nd
fit the SE measurement by the Co e E program

“and compared the results with measurement by RBS.
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Figure (7) a) Composition-map along a line by
Rutherford Backscattering Spectrometry.
D) One Rutherford Backscattering
Spectrometry example near the center position.




Figure | and Sn oxides combinatorial
deposition. Silicon probes to measure the thickness
and composition map.
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Figure (8) b)Measured and fitted spectra at one
sample point: TiO2-SnO2-EMA-SI- stripe-right.



Roughness = 11.49 nm (fit)
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Substrate = SI_ JAW

Spectroscopic Data at X=1, Y=0

70 300
60 Psi
50 | Model 200
= 40 f 100
A 3p .
20 0
10 -
0 ? -100
200 400 600 800 1000

(as Wavelength (nm)

MSE (Mean Squared Error) = 31.6
Roughness (nm) = 11.5 £ 0.4
EMA % (Mat 2 —SnO2) = 84.1 £ 0.2
Intermix Thickness (nm) = 5.5+ 0.4

Total Thickness (nm) = 390.1 + 0.4

Roughness = 10.90 hm (1i1)
-Layer # 1 = TiO2-Sn0O2-(GenOsc)-2TL Thickness # 1 = 396.13 nm (fit)
Show Dialog
- e1 Components
Einf = 1.000
UV Pole Amp. = 142.3030 UV Pole En. = 11.000
IR Pole Amp. = 0.000
- e2 Components
Oscillator Menu: Add Delete Delete All Sort
Fit Menu: All None Amp. Br. En.
1: Type = Tauc-Lorentz Amp1 = 25.0377 (fit)
Br1=1.840 Eo1=4.180 Eg1=3.230
Type = Tauc-Lorentz Amp2 = 62.8936 (fit)
Br2 = 11.140 Eo2 = 5.570 Eg2 = 3.420 Common Eg = OFF
Intermix Thickness = 7.94 nm (fit)

Spectroscopic Data at X=1, Y=0

2:

70 300
60 Psi ;
50| | Model | | 20
= 40 ' 100 =
g 1190 2
20 0
10
¥ -100
200 400 600 800 1000 b
Wavelength (nm) ( )

Roughness (nm) = 10.6 £ 0.4

Ampl =25.0+£ 0.4 Amp2 =62.9+0.8
Intermix Thickness (nm) = 7.6 £ 0.3
Total Thickness (nm) = 396.1 £ 0.8

Figure (9) Comparison of (a) EMA and (b) 2T-L modelling (TiO2-Sn0O2)



Total Thickness in nm vs. Position
1.0

0.5

Y (cm)
=

®0o&~-90

0.5

-1.0
-2.0 -1.0 0.0 1.0 2.0

A {cm)

512.00
497.73
483.45
469.18
454 .90
440.63

. 426.35

Figure (10) T1O,-SnO,-EMA-3cm-Si-stripe-left

total Thickness.



MSE vs position

—MSE from EMA-model
—MSE from 2TL-model
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Figure (11) Comparison of EMA and 2T-L modelling (TiO2-Sn0O2).
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Figure (12) Comparison of EMA and 2T-L modelling
(TiO2-Sn0O2) by home-made Python software.
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| Figure (13) TiO2-SnO2-grad-on-3 inch-Si (circular
sample, upper) and the Si-stripe samples, lower.
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MSE vs. Position EMA % (Mat 2) vs. Position

Figure (16) ) MSE and ) Volume fraction % of
T10,-Sn0O,-3Inch-Si by EMA model.



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

Figure (16) ') Roughness and ) Thickness of
T10,-Sn0O,-3Inch-Si by EMA model.



k Amplitude vs. Time
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Figure (17) a) Imaginary part of the Refractive index (k Amplitude)
as a function of time for highly-conductive-Si in liquid-cell during
colorization (time-scan, simple Cauchy-model).

Here we can mention that from (0-4) minute’s there is low
absorption but from (4-8) minute’s there Is a growing absorption.



Fit Results

MSE = 11.760

A =2.052 + 0.006368

B =-0.00784 + 0.001943

C = 0.00832 + 0.00028127

k Amplitude = 0.14888 + 0.001320
Exponent = 0.273 = 0.0202
Thickness # 1 =47.70 £ 0.358 nm

n of Cauchy @ 632.8 nm = 1.68854
Total Thickness = 97.70 + 0.358 nm

Optical Model

-|Graded Layer Thickness # 2 = 50.00 nm
Grade Type = Simple # of Slices =5
% Inhomogeneity = 0.00

+ Material = Cauchy

+|Layer # 1 = Cauchy Thickness # 1 = 47.70 nm (fit)

Substrate = Si_JAVWV
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Figure (17) b) shows a typical example of a fitted SE spectrum
for the detalils of the model structure, SE spectra were evaluated
using a multi-layer, multi-parameter optical model applying
graded Cauchy-dispersion.







Further investigation of stoichiometric
and sub-stoichiometric oxides for gas
sensoric purposes (Fig. 18 and 19).

Comparison of MSE for EMA and 2TL
modelling T1O2-SnO2- 4inch-ref-Si and their
measurements.
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Photographs (fromAdifferent view-angle) of
Wo00,/MoO; (lower) or WoO,_,/MoO,_, (upper)
combinatorial sets on heat-able sensor chips. Left hand side
IS W-rich, right one is Mo-rich. No. 6 (middle one) is
expected to be 50-50% In both cases. The upper rows show
sub oxides (semi-transparent layers, No. 2 was broken
during tweezer handling) The bottom rows show oxides
(transparent layers).



EDS spectra of stoichiometric
oxides and sub oxides of W and Mo Semi-
guantitave analysis shows 10% oxygen
vacancy.



Conclusions

We can produce combinatorial samples on large
scale in a magnetron sputtering system. We can
choose between appropriate optical models (2-Tauc-
Lorentz oscillator vs. BEMA) models depending on
the process parameters, if one has more than one
b ” 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.
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leaclhing activity

| presented my research in the XXXVIIIl. Kandé Conference

(XXXVIII. Kando Konferencia, 3-4 November 2022), 1084

Budapest, Tavaszmezo u. 17, which held at Obuda University.

ISBN 978-963-449-299-3,
(https://konf2022.kvk.uni-obuda.hu/program) Elektronikai és
kommunikacios rendszerek - Mikroelektronika,
nanotechnologia, szenzortechnika szekcié, Noor Taha, Labadi
Zoltan, Fried Miklos: {Combinatorial Preparation and
Characterization Methods for High Throughput Study of
Advanced Functional Materials}.
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leacliung activity

| attend the Public defense of Mr. Hassanen Jaber’s
PhD dissertation in 6th of December in OE 1081.

| attended the autumn's doctoral ball, which taken In
07.10.2022. Evening of socializing, in Obuda University.

| responded to the invitation of rector Prof. Dr.
|evente Kovacs. The Mini Symposium that held on 6th of
September 2022.

| attended the academic year opening ceremony on
5th of September 2022. in Budapest, Varkert Bazar, 1013.







