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Era of interest in energy-saving applications =
enhanced number of papers on thermochromic coatings,

predominantly based on VO,(M1) < VO,(R)
=68°C
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Necessary crystallinity and VO, stoichiometry (only one of
many possible stoichiometries) = challenging preparation
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Even at guaranteed crystallinity and stoichiometry, the desired
thermochromic phase VO,(M1 = R) is only one of many
polymorphs (especially at low preparation temperature)
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[J. Houska et al., Appl.
Surf. Sci. 421, 529 (2017)]

Nevertheless, thermochromic VO,(M1 <= R) can be prepared
(see below) = strong modulation of free charge carrier
concentration and all related properties
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Smart energy-saving windows
* transmittance modulation in the infrared
» preserved transmittance in the visible

(advantage over market-available electrochromic coatings)
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= thermochromic transition temperature T,
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= thermochromic transition temperature T,
» refractive index n(A) and extinction coefficient k(A)
(thickness-independent)
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modulation of integral quantities, most importantly

AT =T (To<Te)-T (Tm<Tux)

modulation at a single A, often AT ¢, (less useful than AT_,))
resistivity p and its modulation (Alogp rather than Ap)

color (coordinates in color space such as L*a*b*)

maximum temperature T, during deposition and annealing
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For energy-saving smart windows (not the only application)

= luminous transmittance T\ym = 60%
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substrate holder or
mass spectrometer
at the same position

Pressure
Sensor (par + Po,)

Only one deposition technique
previously fulfilled all the key
requirements (T, ATy, Ty To)

Let's see the core of this
technique: full utilization of

the advantages of HIPIMS
(not just using HIPIMS) of VO,
with pulsed O , flow control

[J. Vicek et al., J. Phys. D Appl. Phys. 50, 38LT01 (2017)]
[J. Vicek et al., J. Phys. D Appl. Phys. 52, 025205 (2019)]
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1 S -06- | i80ks o 4960 Wom® | G
= = | 2400 Wem = . . -
RIEE s delivered into films
Pressure 0 50 100 150 200 250 300 0 10 20 30 40 50 60

Sensor (P + po,) Time (us) lon energy (eV) an d h |g h er [O]/ [V]

ratio at shorter t,
g 107
<
? 10°
§ 10
S5 10 100 SN
% 80 ——————————————
5 704 40us (h) J
£ £ 60 T,=57°C
8 50 us ,
W 50+
% 404 80 pus i
£ 30- : \
g 201 - [J. Vicek et al., J. Phys. D Appl. Phys. 50, 38LT01 (2017)]
J100ps N ]
eI . S A M ° s [J. Vicek et al., J. Phys. D Appl. Phys. 52, 025205 (2019)]
10 2'0 3'0 4‘0 5'0 6'0 70 20'3'0'4'0'5'0‘65'7'0'8'0‘9'0'100
2 (degree) Temperature, 7, (°C)
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ki
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Temperature, 7 _ (°C)
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80—
70-

60
50-
40
30-
20
104
0

L B L B L B
20 30 40 50 60 70 80 90 100

Temperature, 7, (°C)

Two main control
parameters

(1) voltage pulse
duration, t,,

higher energy
delivered into films
and higher [O]/[V]
ratio at shorter t,
(2) critical O , partial
pressure’ (p ox)cr
narrow (= £10%)
(Poy)er Window at

proper t ., closes to
zero at improper t,,
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1
T
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2.4

N
w
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©

Optical band gap energy E_/ eV

-
[0+
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(c)

Dopant Group Reported T, gradients Source

. papers dealing with
W VI B '1 3 tO '22 C/at% sputtering13’19’25*3g'40
w VI B -19 to -27 °Clat.% ab-initio calculations®®

literature overview
w VI B -7 to -35 °Clat.%
° (focused on W)®

Mo VI B -6 to -23 °Cl/at.%
Cr VI B +1 °Clat.%
Nb VB -8 °Clat.% literature overview
Ti IV B 0 °Clat.% (broad)®’
Mg A -2 to -3 °C/at.%
F VII A -11 °Clat.%

[M.K. Dietrich gt al., Appl. Phys. Lett. 110, 141907 (2017)]

Two reasons to dope VO,

(1) shift T, from 68°C (bulk) or =60°C (films) to =20°C

= disorder by large atoms + one extra electron = W, Mo
= linear dependence between [W] and T,
= however, various gradients (our data -15 to -19 °C/at.%)
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\
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\
)
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(b) y (c) Dopant Group Reported T, gradients Source
23 3 w VIB 13 10 -22 °Clat.% z;‘stet:i:;i',ﬂ%s‘ﬁ';?o
- 2.2 ,©
5 w VI B 19 to -27 °Clat.% ab-initio calculations®
— 2.1 ¢
a . literature overview
[ s g, w VI B -7 to -35 °Clat.% (focused on W)
S Mo VI B -6 to -23 °Clat.%
08 Cr  VIB +1 °Clat.%
© Nb VB -8 °Clat.% literature overview
Ti IV B 0 °Clat.% (broad)®’
Mg Il A 210 -3 °Clat.%
1 F VIl A 11 °Clat.%

[M.K. Dietrich gt al., Appl. Phys.|Lett. 110, 141907 (2017)]

Two reasons o dope VO,

(1) shift T, frgm 68°C (bulk) or =60°C (films) to =20°C
by large atoms + one extra electron = W,
pendence between [W] and T,

= disorder
= [inear de

‘Mo

= howevel, various gradients (our data -15 to -19 °C/at.%)

(2) manipulate transmittance and color
» widening of optical gap by Mg (large gradient), Ca, Sr, Ba

= doping on O sublattice by F (CH;F or CF, in plasma)
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(a) Example of coating design®

roughness (5nm) -

V W 02 : n550_low_Tm = 292

1-x X

Nsso high m = 2.65 h
e T
ZrO,: n,, =2.15 h,

glass : n,|= 1.53

Bottom layer = antireflection = N550 Close to V(Nss0 vo2XNss0 glass)
= template further improving the VO, crystallinity
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(a) Example of coating design®

roughness (5nm) -

V - W 02 : n550_low_Tm = 292 h
n550_high_Tm = 265

Bottom layer = antireflection = ngg, close to V(Nssg yvo2XNssg glass)
= template further improving the VO, crystallinity

Top layer = antireflection = n, close to V(Nggg \vor*Nssg air)
» hard protective layer
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(a) Example of coating design®

roughness (5 nm)

(b) Materials of AR-layers

V1-xWx02 : n550_low_Tm = 292
n550_high_Tm = 265

Z2rO, . n,,=2.15

glass : n,, = 1.53

N 55 a.IIowi_ng Potential as N 550 a_llowi_ng Protective Wide
A functionality . functionality because band gap
h Material crystalline .
t of bottom template of top harder guaranteeing
AR-layer P AR-layer than VO, low kg5
ZrO, yes yes yes yes yes
h . irrelevant
SiO, too low due 10 155, yes no yes
irrelevant
............. AlO, too low due 10 1 s5o yes comparable yes
high but
C
h, 20 yes yes acceptable yes no
Sn0O, yes yes yes no no
. . . irrelevant
TiO, too high excellent too high due 1o N e really no

Bottom layer = antireflection + template

Top layer

= antireflection + protective

Complementary (dis)advantages, including (non)zero extinction

coeffcient, of various candidate oxides and other materials
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£ 200

Top AR-layer, A,

Glass/ZrO/V, W O,/ZrO, Glass/Cr,0,/V, W O,/SiO, Glass/TiO,/V, W O,/ALO,

[J. Houska, Sol. Energy Mater.
Sol. Cells 191, 365 (2019)]

1st-order and 2"d-order maxima of T, for 3 different designs
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Glass/ZrO/V, W O,/ZrO, Glass/Cr,0,/V, W O,/SiO, Glass/TiO,/V, W O,/ALO,

59.7
56.7
53.6
50.6
47.6
446
41.5
38.5
35.5

_’.

40 80 120 160 200
Bottom AR-layer, /4, (nm) _’I

Top AR-layer, A (nm)

40 80 120 160 200 240

Bottom AR-layer, /4, (nm)

[J. Houska, Sol. Energy Mater.
Sol. Cells 191, 365 (2019)]

1st-order and 2"d-order maxima of T, for 3 different designs

= Angle of incidence AOI = 45° instead of 0°:
refraction toward normal = only slight shift
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Glass/ZrO/V, W O,/ZrO, Glass/Cr,0,/V, W O,/SiO, Glass/TiO,/V, W O,/ALO,

[J. Houska, Sol. Energy Mater.
Sol. Cells 191, 365 (2019)]

0
20
> x >
(f) h=50 nm
TiO, with >0
’ :

120 160 200

0 0
0 40 80 120 160 200 240 O 40 80 120 160 200 240

Bottom AR-layer, /4, (nm)

1st-order and 2"d-order maxima of T, for 3 different designs

* Angle of incidence AOI = 45° instead of O°:
refraction toward normal = only slight shift
» Realistic k;;, > 0 of Cr,05 & TiO,:

2"d-order maxima of T, are lower
10/15



Top AR-layer, A (nm)

Glass/ZrO/V, W O,/ZrO, Glass/Cr,0,/V, W O,/SiO, Glass/TiO/V, W O,/AlO,

Bottom AR-layer, /4, (nm)

80 120 160 200 240
Bottom AR-layer, /4, (nm)

VO, thickness h = 80 nm instead of h = 50 nm

= Zr0,, SIO,, Al,O4 (ngg, far from VO,):
weak effect on optimum AR-layer thickness

[J. Houska, Sol. Energy Mater.
Sol. Cells 191, 365 (2019)]
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Top AR-layer, A (nm)

Glass/ZrO/V, W O,/ZrO, Glass/Cr,0,/V, W O,/SiO, Glass/TiO/V, W O,/AlO,

[J. Houska, Sol. Energy Mater.
Sol. Cells 191, 365 (2019)]

b () /1= 50 nm
Tio, with k> 0
-)

0
40 80 120 160 200 240 0 40 80 120 160 200 240

0 0
40 80 120 160 200 240 O 40 80 120 160 200 240 O
Bottom AR-layer, /4, (nm)

VO, thickness h = 80 nm instead of h = 50 nm

= Zr0,, SIO,, Al,O4 (ngg, far from VO,):
weak effect on optimum AR-layer thickness
* Cr,04, TIO, (N, closer to VO,):

negative correlation with optimum AR-layer thickness
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Glass/ZrO/V, W O,/ZrO, Glass/Cr,0,/V, W O,/SiO, Glass/TiO/V, W O,/ALO,

O
o

(b) =50 nm
0

120 160 200 240 O
320

)

0
4 80 120 160 200 240
320
4

0
23 i
0 80

— (e) =50 nm
g AOI = 45° Cr,0, with k> 0
<~ o o
[,
o 0
& 0 40 80 120 160 200 240 0 120 160 200 240
2 240 320
% 200
P < B
2 160
F 120 8(g) =80 nm 1604l (h) /= 80 nm

80

80 -
40
0 0
0 40 80 120 160 200 240 0 40 120 160 200 240
240 320

200
160
120
80
40

240

0

0
0 40 80 120 160 200 240 O 80 120 160 200 240 O 40 80
Bottom AR-layer, A, (nm)

= ]st.order maxima in the visible:

[J. Houska, Sol. Energy Mater.
Sol. Cells 191, 365 (2019)]

nothing special in the infrared, high T, ., but low AT
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Top AR-layer, A (nm)

Glass/ZrO/V, W O,/ZrO, Glass/Cr,0,/V, W O,/SiO, Glass/TiO/V, W O,/ALO,

80 120 160 200 240

i

m o 43

0 0
120 160 200 240 O 40 80 120 160 200 240 O 40
Bottom AR-layer, A, (nm)

= ]st-order maxima in the visible:
nothing special in the infrared, high T,,,, but low AT,
= 2"d-order maxima in the visible:
1st-order maxima in the infrared, high T, and high AT,

ol

[J. Houska, Sol. Energy Mater.
Sol. Cells 191, 365 (2019)]

10/15



Outline

V.

V.

VI.

Introduction and background
Quantities of interest and criteria of success
Properties and sputtering of thermochromic VO,

Ways to improve the coating characteristics
A. Suitable doping elements

B. Suitable materials of antireflection layers

C. Design of multilayers with optimized AT, and T
D. Design of multilayers with optimized AT, and color

E. Designs based on layers containing VO, nanoparticles
F. Decreasing the coating emissivity in the infrared

Sputtering of high-performance VO,-based multilayers
Summary and outlook

lum




Top AR-layer, A (nm)

Top AR-layer, A (nm)

(@) T (%) (e) T at optimized T,,, and AT,

- —_1° shown for

éo% 7T >T -1.0% ZrOZ (ht)

Eo, \ o, 1o Vl-xWxOZ (h)
0.0+ By e 0.0 zzr(:)z (r]b)

500 1000 1500 2000 2500

h =50 nm
If not stated
otherwise

50 100 150 200 250 300 [J. Houska, Sol. Energy
Bottom AR-layer, £, (nm) Mater. Sol. Cells
230, 111210 (2021)]

High T, & ATy, at h,, =180 nm
2"d-order maxima of T(A) in the visible =
1st-order maxima of T(A) in the infrared
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Top AR-layer, A (nm)

Top AR-layer, A (nm)

(@) T, (%) (c) Color at L* = 100 (chromaticity) (e) T at optimized T, and AT,

3004 " . L L 300 0s ™ . . .
— 1] {15
£ 250, - shown for
= O T.<T,
<7 2004 white at 8 069 —~
o h,=128 nm c 1 1.0 Zro
2 h =134 £ '\ PR = 2 t
& 1504 gl = Rt 044 | X LT T S =
1 \ - m 1 S o (D
o @ t 8. ~ =
E =%V, W.0, (h)
a = 0.2 -
50 S 504 . Py 1-x X2
0 T T T T T 0.0+~ LSS 0.0 Zro (h )
50 100 150 200 250 300 0 50 100 150 200 250 300 500 1000 1500 2000 2500 2 b
(b) AT, (%) (d) Color at calculated L* (f) T at optimized color and AT,
300 L L L L 1 T . T r 200
E 250 061 T< T, h - 50 nm
-~ < 4150
8 o if not state
o h =128 nm c \ ~
5 b &04q 1\ 7m0 s f t t t d
5150_ /ht=134”m E \\\ -1002’\’5
x 2] RN £ -
< 1007 c ~ 5 th
: Eo2y [ un 1o < Qlnerwise
~ 504
: ; T : ! 0 r y y . Y 0.0 T v . 0
50 100 150 200 250 300 0 50 100 150 200 250 300 500 1000 1500 2000 2500 [J. Houska, Sol. Energy
Bottom AR-layer, A (nm) Bottom AR-layer, A (nm Wavelength (nm)
b yer. f, (nm) Mater. Sol. Cells

230, 111210 (2021)]

High T, & ATy, at h,, =180 nm
2"d-order maxima of T(A) in the visible =
1st-order maxima of T(A) in the infrared

White chromaticity at h,, = 130 nm
at a cost of minimum T(A) in the visible
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Top AR-layer, A (nm)

Top AR-layer, A (nm)

(@) Tum (%) (c) Color at L* = 100 (chromaticity) (e) T at optimized T,,,, and AT,

AT (%)

300 : : : :
0.8 1
2 L —__1* shown for
E: 200 white at L \é/ 0.6+ i n —
o =128 nm s 4 1.0%
;%‘ 1504 /1 =134nm L E 04f | v //7:m_>\7::\\\ % Zroz (ht)
< 100 - : et os 3 ( )
S 50 IS 9u ° Vl-xWxOZ h
50 100 150 200 250 300 T T T TR s s so 100 3800 2000 300 ZrOZ (hb)
(b) AT, (%) (d) Color at calculated L* (f) T at optimized color and AT,
300 T . . . . 200
E 250 08 T< T, h — 50 nm
£ z 4150
‘Q:ZOO grey at L g . Phe ;‘ ~ .
%150_ /77:);:@?:2 %0'4- AV AN T R \\\\ _100;\? If not Stated
: l. ¢ otherwise
© 501 E
0 50 100 150 200 250 300 T T o w0 oo s a0 1000 1800 2000 2300 [J. Houska, Sol. Energy
Bottom AR-layer, /1, (nm) Bottom AR-layer, £, (nm) Wavelength (nm) Mater. Sol. Cells
(9) Chromaticity distance from white (-) 230 ]:112:i.o (2021)]
Chromaticity distance from white, V(a*2+b*2)
3 . KKk .
In L*a*b* space, independent of T, & AT,
— complicated space of properties.
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(@) T (%)

Top AR-layer, A (nm)

(b) A7-50| (%)

Top AR-layer, A (nm)

0 T T T T t
0 50 100 150 200 250 300

Bottom AR-layer, A (nm)

(9) Chromaticity distance from white (-)

300

(c) Color at L* = 100 (chromaticity)

white at
A =128 nm
/h( =134 nm

0 50
(d) Color at calculated L*

T T T T
100 150 200 250 300

300
2504
" 2004 grey at
A, =128 nm
1504 /ht=134nm
1004
504
0 T T T T T
0 50 100 150 200 250 300

Bottom AR-layer, /1, (nm)

Transmittance (-)

Transmittance (-)

o
@
2

o
o
1

o
N
1

o
N

o
o

200
0.6 7, < 1T,
4150
LTS
044 |\/ \\// > 7, N
\\\ B 100:\0\
0.2 Prum 450
0.0

(e) T at optimized T, and AT,

T T T T
500 1000 1500 2000 2500

(f) T at optimized color and AT,

0
560 1 0|00 1 5l00 20I00 2500
Wavelength (nm)

415

h 40.5

o, (GW/mM?)

0.0

shown for
210, (hy)
Vl-xWxOZ (h)
210,  (hy)

h =50 nm
If not stated
otherwise

[J. Houska, Sol. Energy
Mater. Sol. Cells
230, 111210 (2021)]

Chromaticity distance from white, v(a*2+b*?)
In L*a*b* space, independent of T,,,, & AT,
— complicated space of properties.

At gived thickness of V, W, O,

= tradeoff between T,,,, and color
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Top AR-layer, A (nm)

Top AR-layer, A (nm)

(@) T, (%) (c) Color at L* = 100 (chromaticity) (e) T at optimized T, and AT,
300 1 1 1 L L 1 1 L - r -
300 0s ™ Tus h f
gzso- . _— S OWﬂ Or
< 200 : o 0.6- "o _
o 00 ‘/A7Ihl=te123nm 2 4 1.0”E Zro (h )
[ 4 © £
& 150 7= 134nm £ o4 7L 3 2 t
- g 0]
Z 1003 2 B P
<ct)_ © 40.5 98
|2 504 =02 (psol 1-X X 2
03 004 . ; ; 00 ZI’O (h )
50 100 150 200 250 300 0 50 100 150 200 250 300 500 1000 1500 2000 2500 2 b
(b) AT, (%) (d) Color at calculated L* (f) T at optimized color and AT,
0.6 h = 50 nm
g, 8 :
= nm \
go41 [ If not stated
e '€
go2 otherwise
T T T T T T T T T T OO T T T T 0
50 100 150 200 250 300 0 50 100 150 200 250 300 500 1000 1500 2000 2500 [J. Houska, Sol. Energy
Bottom AR-layer, A (nm) Bottom AR-layer, /1, (nm) Wavelength (nm)

Mater. Sol. Cells
230, 111210 (2021)]

(9) Chromaticity distance from white (-)

Chromaticity distance from white, v(a*2+b*?)
In L*a*b* space, independent of T,,,, & AT,
— complicated space of properties.

At gived thickness of V, W, O,
= tradeoff between T,,,, and color
* no tradeoff between AT, and color

sol
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Top AR-layer, A (nm)

Top AR-layer, A (nm)

(@) T (%)

(b) AT, (%)

0

150 200 250

100
Bottom AR-layer, A, (nm)

50

300

(9) Chromaticity distance from white (-)

41.4
36.7
32.0
27.3
22.6
17.9

13.2
8.50

300 L L 1 L
E 2501
£
<7200 white at
!G_J hb=128nm
T 150 7= 134nm
Z 1003
s
~ 50
0 TYT Y[ YT Ty s vyt rpro oy
0 50 100 150 200 250 300
(d) Color at calculated L*
300 1 1 1 L '
E 2501
£
<2004 grey at
[y h =128 nm
[0) b
E‘ 1504 /ht=134nm
Z 100
&
~ 50
0 T T T T T
0 50 100 150 200 250 300

Chromaticity coordinate y (-)

o
™
1

N e
IS )
1 2

o
N
)

0.0 T T T T T T T
00 01 02 03 04 05 06 07 08

(c) Color at L* = 100 (chromaticity)

Bottom AR-layer, /1, (nm)

(h) Achievable chromaticity

> optimized 7, and AT,
jum sol |

4 optimized color and A7_,

Chromaticity coordinate x (-)

T.. and AT,

Transmittance (-)
o o o
P o ®

o
S

g
=}

(f) T at optimized color and AT,

(e) T at optimized T, ol
. . .
415
<7
! P
f 41.0
J < T ST S.
I’ b P con ‘ R 9
X 05 3
=3
(Psol
N
T T T T 00
500 1000 1500 2000 2500

200
064 7,<1T,
< 4150
8 /"\\
% 044 [\ / \\// 7:ﬂ> 7: RN
= N 4 100
£ S
2] N
o2 ¢ )
|: - lum 450
0.0 T T T T 0
500 1000 1500 2000 2500

Wavelength (nm)

(=]
=

£
]
S

shown for
210, (hy)
Vl-xWxOZ (h)
210,  (hy)

h =50 nm
If not stated
otherwise

[J. Houska, Sol. Energy
Mater. Sol. Cells
230, 111210 (2021)]

In parallel, the coating color depends on V, W, O, thickness
= at optimized T,
= at optimized color
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Top AR-layer, A (nm)

Top AR-layer, A (nm)

sol

AT (%)

(@) T (%)

(b) AT, (%)

50 100 150 200 250 300
Bottom AR-layer, A, (nm)

(9) Chromaticity distance from white (-)
41.4

. 36.7

3 32.0

- 27.3

22.6
17.9

13.2
8.50
3.80

* Tradeoff between T, and AT

(c) Color at L* = 100 (chromaticity)

2504

Top AR-layer, A (nm)

white at
A =128 nm

/h( =134 nm

50 100 150 200 250 300
(d) Color at calculated L*

2504

Top AR-layer, A (nm)

grey at
A, =128 nm

/ht =134 nm

50 100 150 200 250 300

Bottom AR-layer, /1, (nm)

(h) Achievable chromaticity

(_

e
)
2

Chromaticity coordinate y (-)

0.0

0.4-\ h=30 nm\Tcﬁ‘ff‘th

o opt'imize'd ﬁum'and AT
4 optimized color and A7_,

sol

00

T T T T T T T
01 02 03 04 05 06 07

Chromaticity coordinate x (-)

0.8

(e) T at optimized T, and AT,

lum sol

] 1 shown for

w06 | "o _

N e ozio,  (hy
504- ”‘ il //,’rm>7'r\\\\\ 5

§0_2_ ’ 1 o 105 & Vl-XWXOZ (h)

g
=}

560 1OIOO 15l00 20I00 250%0 Z r O 2 ( h b)

(f) T at optimized color and AT,

ol

T T T T 200

o — h=50nm

- s

e Moo L, if not stated
1. ¢ otherwise
MO0 0w 800 2000 2500 [J. Houska, Sol. Energy

Wavelength (nm)
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(a) SEM of sputtered™'” VO,-SiO, (b) EDX of sputtered®'” VO,-SiO, (green V) VO ( based)
% 3 2\-
| nanoparticles in
dielectric matrix

[C.G. Granqgvist and G.A. Niklasson,
Buildings 7, 3 (2017)]
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(a) SEM of sputtered™'” VO,-SiO, (b) EDX of sputtered™'” VO,-SiO, (green V)
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[C.G. Granqgvist and G.A. Niklasson,
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(b) EDX of sputtered™'” VO,-SiO, (green V)

(d) Optical properties of sputtered® V, W0,
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(a) SEM of sputtered™'” VO,-SiO, (b) EDX of sputtered™'” VO,-SiO, (green V)

(d) Optical properties of sputtered® V, W0,
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(c) Experimental reflectance in the infrared™

10 | | | | | | |
09 b= ED—— . .
- i Si,N, | VO, | Ag | Si,N, ]
U.g i Low temperature 7
S pef High temperature i
© E
® 05F _
2 - Si,N, | VO, | Si,N,

0.3
0.2

0.1

0.0

5.0 75 100 125 150 175 20.0
Wavelength [um]

[B. Baloukas, S. Loquai, and L. Martinu, Sol.
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Thin Ag layers (low-emissivity glass, in itself widely used)
can be combined with VO,-based thermochomic layers
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Thin Ag layers (low-emissivity glass, in itself widely used)
can be combined with VO,-based thermochomic layers

Few nm Ag: only slightly lower T, .., even slightly higher AT
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Summary and outlook [J. Houska, J. Appl. Phys. 131, 110901 (2022)]

Reactively sputtered VO ,-based thermochromic coatings

= very interesting from the perspective of fundamental research

= competitive performance (UWB: T,,,=50%, AT, ,=10%, T,=20°C, T,=330°C)
= can be prepared under industry-friendly conditions

= show an enormous potential for near future applications
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= competitive performance (UWB: T,,,=50%, AT, ,=10%, T,=20°C, T,=330°C)
= can be prepared under industry-friendly conditions

= show an enormous potential for near future applications

The following is recommended to be kept in mind

= all main quantities should be optimized in parallel
(energy saving windows: T,,,, AT, Ty To)

* increasing importance of color, shape of hysteresis loop, environmental
stability, emissivity, realistic beam angles, absorption in realistic substrates

= each improvement should be explained: distinguish reproducible benefits
of an innovative coating design from e.g. slight compositional changes.
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Reactively sputtered VO ,-based thermochromic coatings

= very interesting from the perspective of fundamental research

= competitive performance (UWB: T,,,=50%, AT, ,=10%, T,=20°C, T,=330°C)
= can be prepared under industry-friendly conditions

= show an enormous potential for near future applications

The following is recommended to be kept in mind

= all main quantities should be optimized in parallel
(energy saving windows: T,,,, AT, Ty To)

* increasing importance of color, shape of hysteresis loop, environmental
stability, emissivity, realistic beam angles, absorption in realistic substrates

= each improvement should be explained: distinguish reproducible benefits
of an innovative coating design from e.g. slight compositional changes.

Main ideas how to improve the coating properties
» energetic bombardment using controlled reactive HIPIMS
= doping (W, Mg, ...) using techniques which do not harm other properties
= T(A) modulation in the visible by slight changes of [V]/[O] ratio
= second order antireflection layers
» |ocalized surface plasmon resonance
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