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The role of oxygen to argon gas flow ratio on the durability of sputter-deposited electrochromic tungsten oxide films

✓to clarify the effects of the oxygen-argon gas flow ratio during sputter deposition on the durability of
electrochromic WO3 films

➢Electrochromic (EC) materials are characterized by the ability to sustain persistent and reversible
changes of their optical properties under the action of an electrical stimulus.
➢High optical transmittance modulation and long service lifetime are obvious requirement for EC

devices to be used in smart windows technology.
➢Durability is an ability to sustain charge transport between the EC film and electrolyte -or between

the two EC films in a device- for many hundred cycles without any major changes in the performance
such as optical modulation, inserted-extracted charges etc.
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Parameter Value

Target W (99.95%)

Base pressure 8 × 10−5 Pa

Operating pressure 30 mTorr

Ar gas flow rate 50 ml/min

O2 flow rates (ml/min) 7.5, 15.0, 22.5 and 45.0

O2 to Ar gas flow rate 0.15, 0.30, 0.45 and 0.90

Temperature Room

DC power 200 W

Film thickness 300 ± 10 nm

✓Electrochemical measurements:
➢cyclic voltammetry (CV)
➢three-electrode arrangement with a computer-

controlled BioLogic Science Instruments SP-200
electrochemical interface.
➢Working electrode : W oxide films
➢Counter & reference electrode: Li foils
➢Electrolyte : 1M LiClO4-PC.

✓The encircled areas of the voltammograms shrink under CV cycling, implying that the charge capacity drops, and the high-potential value for the onset of electrochromism became lower upon cycling. T

✓The bleached-state transmittance remained constant at 92–96% irrespective of Γ whereas the dark-state transmittance, which was 18–22% for the first CV cycle, increased during extended cycling at a rate that
was somewhat lowered as Γ was increased.

✓Q drops monotonically from a value of 23–25 mC/cm2 at the initial CV cycle to 13–15 mC/cm2 after 500 cycles for 0.15 ≤ ptot ≤ 0.45 whereas a somewhat larger final value is seen for ptot = 0.90.

✓Optical modulation shows that data for 0.15 ≤ ptot ≤ 0.45 gives consistent results and ΔT drops from ~74% to 56–58% after 500 CV cycles. The decline of optical modulation is considerably slower for ptot = 0.90,
and ΔT is seen to drop from ~76% to 65% during CV cycling.
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Figure 1.(a1)–(d1) Cyclic voltammograms for the indicated number of cycles and (a2)–(d2) corresponding results on optical transmittance at 528
nm for ~300-nm-thick films of W oxide prepared by sputtering at the shown values of O2/Ar gas flow ratio in the sputter plasma Γ, total pressure
of the sputter plasma ptot, and sputtering power Ps. Arrows denote voltage sweep direction. Data were taken in an electrolyte of LiClO4 in PC at a
voltage scan rate of 20 mV/s.

0 100 200 300 400 500

12

14

16

18

20

22

24

26

28

C
h
a
rg

e
 c

a
p
a
c
it
y
 (

m
C

/c
m

2
)

Cycle number

ptot=30 mTorr, Ps=200 W

             G=0.15

 Inserted charge

 Extracted charge

(a1)

0 100 200 300 400 500

12

14

16

18

20

22

24

26

28

C
h

a
rg

e
 c

a
p

a
c
it
y
 (

m
C

/c
m

2
)

Cycle number

ptot=30 mTorr, Ps=200 W

             G=0.30

 Inserted charge

 Extracted charge

(a2)

0 100 200 300 400 500

12

14

16

18

20

22

24

26

28

C
h

a
rg

e
 c

a
p

a
c
it
y
 (

m
C

/c
m

2
)

Cycle number

ptot=30 mTorr, Ps=200 W

             G=0.45

 Inserted charge

 Extracted charge

(a3)

0 100 200 300 400 500

12

14

16

18

20

22

24

26

28

C
h

a
rg

e
 c

a
p

a
c
it
y
 (

m
C

/c
m

2
)

Cycle number

ptot=30 mTorr, Ps=200 W

             G=0.90

 Inserted charge

 Extracted charge

(a4)

0 100 200 300 400 500

40

50

60

70

80

90

C
o
lo

ra
ti
o
n
 e

ff
ic

ie
n
c
y
 (

c
m

2
/C

)

Cycle number

ptot=30 mTorr, Ps=200 W

            G

     0.15

     0.30

     0.45

     0.90(b)

0 100 200 300 400 500
0

10

20

30

40

50

60

70

80

90

100

O
p

ti
c
a

l 
m

o
d

u
la

ti
o

n
 r

a
n

g
e

 (
%

)

Cycle number

ptot=30 mTorr, Ps=200 W

             G

     0.15

     0.30

     0.45

     0.90(c)

✓CV data were obtained for up to 500 cycles between 2.0 and 4.0 V vs. Li/Li+ at a scan rate of 20 mV/s.
✓Concurrent recordings of optical transmittance were carried out in-situ during electrochemical cycling using

a light-emitting diode at a wavelength of 528 nm.

Figure 2. (a1)–(a4) Capacity of inserted and extracted charge,
(b) coloration efficiency, and (c) optical modulation range for
~300-nm-thick films of W oxide prepared by sputtering at the
shown values of O2/Ar gas flow ratio in the sputter plasma Γ,
total pressure of the sputter plasma ptot, and sputtering
power Ps. Data were taken for four values of Γ during
continuous voltammetric cycling in an electrolyte of LiClO4 in
PC at a voltage scan rate of 20 mV/s. Measured data are
indicated by symbols which are joined by straight lines for
clarity.

∆𝑇 = 𝑇𝑏 − 𝑇𝑐
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