
11

X-RAY REFLECTOMETRY FOR ELECTROCHROMIC THIN FILM 
CHARACTERIZATION: WO3 AS AN EXAMPLE

Brandon FACEIRA1, Yves MÉNESGUEN2, Marie-Christine LÉPY2 and Aline ROUGIER1 

1 Université de Bordeaux, CNRS, BxINP, UMR5026, F-33600 Pessac, France
2 Université Paris-Saclay, CEA, LIST, Laboratoire National Henri Becquerel (LNE-LNHB), F-91120, Palaiseau, France

brandon.faceira@icmcb.cnrs.fr

1



22

Electrochromism : ability of a material to change 

its optical properties under an applied voltage. 
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WO3(Sputtering)

WO3(Powder based films)

Electrochromism : ability of a material to change 

its optical properties under an applied voltage. 
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Electrochromic Devices

Optical battery

C.G. Granqvist, Handbook of Inorganic Electrochromic Materials, Elsevier, 1995

Danine and al. ACS Appl. Mater. Interfaces 2019, 11, 34030−34038
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C.G. Granqvist, Handbook of Inorganic Electrochromic Materials, Elsevier, 1995

Electrochromic materials
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Experimental conditions:

Target: WO3

Power: 50W, 75W ➔ 75W

Ar+O2 plasma : 0.5% to 15% ➔ 2%

Total Pressure: 0.5Pa to 4Pa ➔ 1, 2 and 4 Pa

No intentional heating of ITO substrate

Radio Frequency magnetron sputtering of WO3 thin films
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Electrochemical characterization

Different electrochemical signature

depending on the total pressure

At 1 Pa: 

irreversible blue coloration

WO3/LiTFSI in EMIMTFSI(1:9%mol.)/Pt vs SCE 20mV/s 1st cycle

𝐖𝟔+𝐎𝟑 + 𝐱𝐋𝐢+ + 𝐱𝐞− ↔ 𝐋𝐢𝐱𝐖𝟏−𝐱
𝟔+ 𝐖𝐱

𝟓+𝐎𝟑

+1V

-1V
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Optical contrast of WO3:
8

𝐖𝟔+𝐎𝟑 + 𝐱𝐋𝐢+ + 𝐱𝐞− ↔ 𝐋𝐢𝐱𝐖𝟏−𝐱
𝟔+ 𝐖𝐱

𝟓+𝐎𝟑
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-1V +1V

Switching times:

tcoloration/bleaching (2 Pa) > tc/b (4 Pa)

→More difficult to extract Li 

in 2 Pa film.

Switching times

Time required to reach 90% of full contrast ΔT at a particular wavelength (550nm here). 

9

W𝐎𝟑 + 𝐱𝐋𝐢+ + 𝐱𝐞− ↔ 𝐋𝐢𝐱𝐖𝐎𝟑
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Memory effect measurements
10
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After coloration(LixWO3):

Storage in a climatic chamber

25°C 50% R.H 48h

→ “Air” simulated environment

Memory effect measurements
11
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After coloration(LixWO3):

Storage in a climatic chamber

25°C 50% R.H 48h

→ “Air” simulated environment

2 Pa: memory effect

4 Pa: poor memory effect

ΔT48h(2 Pa) < ΔT48h(4 Pa) 

Memory effect measurements
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Input Output

sample Total pressure (Pa) PO2 (%) Power (W) ΔT48h (%) reversibility persistence global score

1 0.5 2 75 9.8 0.24 0.85 0.20

2 1 2 75 10.5 0.24 0.84 0.20

3 2 2 75 15.8 0.94 0.75 0.71

4 3 2 75 60.4 0.92 0.6 0.05

5 4 2 75 61.1 0.94 0.5 0.05

6 2 0.5 75 43.6 0.94 0.32 0.30

7 2 1 75 38.1 0.93 0.41 0.38

8 2 5 75 15.4 0.92 0.76 0.70

9 2 10 75 32.2 0.83 0.50 0.41

10 2 15 75 35.6 0.77 0.45 0.34

11 2 2 50 64.2 0.92 0 0

12 3 2 50 58.0 0.93 0.10 0.09

13 1 5 75 4.2 0.23 0.93 0.21

14 1 2 50 4.1 0.31 0.94 0.29

Combination of experimental and machine learning
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Input Output

sample Total pressure (Pa) PO2 (%) Power (W) ΔT48h (%) reversibility persistence global score

1 0.5 2 75 9.8 0.24 0.85 0.20

2 1 2 75 10.5 0.24 0.84 0.20

3 2 2 75 15.8 0.94 0.75 0.71

4 3 2 75 60.4 0.92 0.6 0.05

5 4 2 75 61.1 0.94 0.5 0.05

6 2 0.5 75 43.6 0.94 0.32 0.30

7 2 1 75 38.1 0.93 0.41 0.38

8 2 5 75 15.4 0.92 0.76 0.70

9 2 10 75 32.2 0.83 0.50 0.41

10 2 15 75 35.6 0.77 0.45 0.34

11 2 2 50 64.2 0.92 0 0

12 3 2 50 58.0 0.93 0.10 0.09

13 1 5 75 4.2 0.23 0.93 0.21

14 1 2 50 4.1 0.31 0.94 0.29

Persistence score = 1 −
∆T48h
∆T48h

max

1 → High retention of colour

0→ Low retention of colour

Combination of experimental and machine learning
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Colour persistence

Combination of experimental and machine learning
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Colour persistence

Reversibility

B. Faceira, L. Teulé-Gay, G.-M. Rignanese, and

A. Rougier, J Phys Chem Lett. 13 8111 (2022).

Combination of experimental and machine learning
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Colour persistence

Reversibility

Global score

X

=

B. Faceira, L. Teulé-Gay, G.-M. Rignanese, and

A. Rougier, J Phys Chem Lett. 13 8111 (2022).

Combination of experimental and machine learning
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Colour persistence

Reversibility

Global score

X

=

2 Pa: Colour persistence

AND

electrochemical reversibility

➔ Memory effect

B. Faceira, L. Teulé-Gay, G.-M. Rignanese, and

A. Rougier, J Phys Chem Lett. 13 8111 (2022).

Combination of experimental and machine learning
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𝑥 =
𝑄.𝑀(𝑊𝑂3)

𝐹. ρ. 𝑡

Estimation of the Li content in LixWO3

Electrochemical capacity Q: 
׬ 𝑗.𝑑𝑉

𝑠
mC/cm²

Density of the film: ρ
Thickness: t

➔ X-Ray Reflectometry (XRR)

Focus on 2 Pa film :

Oxidation

Reduction

𝐖𝟔+𝐎𝟑 + 𝐱𝐋𝐢+ + 𝐱𝐞− ↔ 𝐋𝐢𝐱𝐖𝟏−𝐱
𝟔+ 𝐖𝐱

𝟓+𝐎𝟑
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CASTOR device

X-ray Reflectometry + Grazing-Incidence X-ray Fluorescence 

XRR

GIXRF

@Metrology beamline

-Mass density

-Thickness 

- Interfaces roughness

Elemental distribution

Y. Ménesguen and M.-C. Lépy, Physica Status Solidi (a) 219, 2100423 (2022).
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CASTOR device

X-ray Reflectometry

XRR

GIXRF

-Mass density

-Thickness 

- Interfaces roughness

Elemental distribution

Fit with EliXir software

Y. Ménesguen and M.-C. Lépy, Physica Status Solidi (a) 219, 2100423 (2022).

@Metrology beamline
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Substrate

θ < θcrit

θ

Substrate

θ > θcrit

θ

X-ray Reflectometry

Surface 

roughness

Thickness

Density

E=8 keV

@Metrology beamline
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WO3

SiO2

Si

X-ray Reflectometry of WO3 film

Density: 6.16 g.cm-3
→86% dense

Roughness: 1.5 nm

Thickness: 91 nm

x=
𝑄.𝑀(𝑊𝑂

3
)

𝐹.ρ.𝑡
≈ 0.36𝑾𝐎𝟑 + 𝐱𝐋𝐢+ + 𝐱𝐞− ↔ 𝐋𝐢𝐱𝐖𝐎𝟑
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Conclusion

Memory effect: retention of the colored state in open circuit conditions.

This phenomena should be reversible.

24

Adjustable memory effect property:

→ Mapping in function of different sputtering conditions 
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XRR: determination of layers thickness, density and 

interfacial roughness. Non destructive technique.

Adjustable memory effect property:

→ Mapping in function of different sputtering conditions 

Conclusion

Memory effect: retention of the colored state in open circuit conditions.

This phenomena should be reversible.

25
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XRR: determination of layers thickness, density and 

interfacial roughness. Non destructive technique.

Conclusion

Memory effect: retention of the colored state in open circuit conditions.

This phenomena should be reversible.

26

Combination of XRR and electrochemistry allows to 

estimate x value in our LixWO3 films.

𝐖𝟔+𝐎𝟑 + 𝐱𝐋𝐢+ + 𝐱𝐞− ↔ 𝐋𝐢𝐱𝐖𝟏−𝐱
𝟔+ 𝐖𝐱

𝟓+𝐎𝟑

Adjustable memory effect property:

→ Mapping in function of different sputtering conditions 
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Irreversible (1Pa) Memory effect (2Pa) No memory effect (4Pa)

Surface morphology of as-deposited WO3-y thin films
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Compact surface Compact surface Surface with cracks

100nm 100nm 100nm



3030

30

ITO Substrate

V2O5+substrate

XRR on others electrochromic materials and substrates:


