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Evepyelakég unmpeoieg

1. O1 evEPYEIAKES UTINPETIES IAPEXOVTAL ME TN ouvayn
SEA kal meptéXouv oYY Kat EKTEAEOT £pYWV EEOIKO-
vOUNoNg evEPYEAS N eQpapuoyn ouotnudtwyv AMNE/ZH-
OYA pe okomnd T BeATIwoN NG EVEPYEIAKNG anddoong,
Kabwe Kat peBodoAoyia UTTOAOYIOMOU TOU EVEPYEIAKOU
Kal OIKOVOuIKOU opéAoug. H pétpnon kat n eruBeBaiwon
TOU EVEPYELAKOU KAl OLKOVOUIKOU OPENOUG YivETAl OE TA-
KTA Xpovikd dlaotAuata onwe rnpoBAEénetal ot ZEA.

2 O1 evEPYEIAKERG UTNPEOIES TIEPIEXOUV Ui N TIEPLOOO-
TeEPES and TIC akOAOUBES KATNYopPIeq eMEUBACEWV:

a) TomoBETOoN, avrikataoTaon, PUBMION CUVONKWV
AstToupylag evepyelakou eEO0TIAIOUOU,

B) eyKATAOTAOM EVEPYEIAKA AMOJOTIKWV OUOTNUATWY
Mapaywyne evépyelag kat ouotnudtwyv ArE,

Y) EVEQYELAKN avaBdduion, MEPIKA 1) ONIKY, KTIPIAKOU
KEAUPOUG,

8) eyKaTAoTAON EVEPYEIAKA AMOSOTIKWV OUOTNHATWY
PwTIONOU,

s) gykatdotaon kat Asttoupyia OAOKANPWHEVOU OU-
OTANATOC svepye:laan étaxsnplonq

3. OL EEY prmopouv emonq va apgxouv pe Tig ZEA:

Q) EKTEVH EVEPYEIAKN EMOEWPENOT KAl EAEYXO,

B) mapox” oupBoUAWY yia HETpa BEATIWONG EVEPYEL-
akng anédoong,

y) ouvtrpnon tou EOMALoUOU,

3) e@APUOYN OUOTHUATOG EVEPYEIAKNG dlaxeiplong
otoug neAdreg ZEA (rux. katd EN16001),

€) KaTdPTION KAl EKMAISEUON TWV TEAIKWV XPNOTWV O

0éuata opBOAOYIKAG XPNONG EVEPYEIAS KAL EVEPYEIAKNG
dlaxeiplong.

4. H BeATiwon TNG EVEPYEIAKNG anddoong MOTOMOLEL-
Tal p€ow TV akGAouBwv oTadlwv EPAPUOYIG:

a) kaboplopou TG BAong ava@opds yia tn HETPNoN
Kal avAAuom NG EVEPYELAKNG KaTtavaAwong,

B) avdAuong kat didyvwong TwV MPOTEVOUEVWY Ta-
PEURACEWV KAl TOU ETIMEPOUS TEXVIKO-OLKOVOUIKOU
opéAoug,

Y) scpapuoynq oxediou pétpnong kat sna)\neeuonq
™Q nMPaypatikig BeAtiwong meg svepyelamq anddo-
ong mou €xel MPoéABeL and TNV MAPOoXN EVEPYEIAKWY
UTINPECLAV,

8) mapakoAoubnong Tng MoPEiag EPapUOyng TWV MPOo-
Tevopévav napeuBAoswy Kat Twv anoTeAEoNATwy Tou
ertuyxdavouv oto mAaioo g ZEA,

€) oUvTa&ng ekBEoswv MPoddou 0g oupPwvnuéva dia-
otuara. O1 ekBEoeig mpoddou mpénel va nephauBavouv
AemtTopepn oToxela oXeTIKA pe 1o emninedo BeATiwong
™G EVEPYEIOKNG anddoong KAl TO OIKOVOUIKO SQENOG
rou €xel eruteuxOel og oUykplon e ta opilldueva otn
2EA.
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RF-Sputtering Growth and Study
of Thermochromic VO, Thin Layers
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Introduction

In this work, we have studied the effect of the deposition temperature on the quality of the film and its

Vanadium oxide (VO,) is a ther ic material with a froma ing phase
rutile structure C52h (P21/c) 0, to a metallic phase (rutile structure D144h (P42/mnm)) at a transition
temperature Tc =68°C, according to the literature . This transformation, which is accompanied by a decrease

(single or material). VO, thin films (typical thickness of 30 — 90 nm) were deposited
by radio frequency reactive sputtering of a V-target in Ar and O, atmosphere, without any further annealing
post-treatment. A systematic study was carried out, in order to obtain the lowest possible substrate T

of the IR: isi from the point of view, in with a to

while both the of the ther

lower the

temperature and the transition hysteresis loop, is also interesting from the material science point of view.

and
the understanding of the influence of the growth parameters and the doping characteristics, on the transition

with the growth of crystalline stoichiometric VO,. Conditions of deposition were optimized,

with reference to the composition and structural characteristics of the gown layers, as they were analyzed by
XRD and Raman spectroscopy, while the transition T was also determined by temperature-dependent Raman
and electrical measurements.

Experimental Details
»>Thin film deposition using a Kurt J. Lesker RF magnetron sputtering system
>Type of target used : metallic (V)
>Substrates used : Si, SiO,, quartz, float glass, TiO,-coated glass (k-glass) and ZnO-coated glass
> Films fabricated : VO, (thermochromic)
> Deposition parameters (Ar/O, gas ratio, RF power, substrate temperature and post-annealing)
»XRD-system : Panalytical X'Pert Diffractometer
»Micro-Raman T64000 J-Y system

Deposition T Dependence

Quality of the deposited films depends on the substrate temperature (T,,):

> Higher T, yields better crystallized films.

> Lower T, gives multi-phase oxides

> The T, low-threshold for producing VO, is T=300°C (on Si-substrate).

> T,=300 °Cis not sufficient to produce single-phase VO, in glass-substrates.

F=vo,ensi(7,, =400C)

XRD-Raman spectra showing the different quality of the VO, films, deposited at different T, (300°C and 400°C)

Thermochromic Behavior

Raman for VO, film
figure) and quartz substrate (T, = 400°C — right figure ).

on Si substrate (Ty,, = 300°C — left

ESvo, ehatT,,,

Geposited at 300°C Vo, (si) ates'c 200 (@0, @uanz) aner cooling down
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” The d to-metal is observed

VO, fim on Si subsirate

near 68°C (in accordance with the literature),
where the Raman signal is lost, because of the
transition to a metallic phase.

Reversibility is observed in all cases

[+ Jnesting up

== cooling down Sheet Resistance Measurements
V02 (ceramic target)

Rs = 73688 Q (Troom)

Rs =2010 Q (T > Ttrans)

The Temperature-dependent Raman hysterisis
loop for VO, film on Si substrate grown at
Taep=400°C

VO2 (metallic target)
Rs = 1400 Q (Troom)
Rs =110 Q (Ttrans)

SEM images showing the surface of the VO, films (left film deposited at T,,, = 400°C and right one at T, = 300°C) |

Substrate Dependence

Comparison between film quality grown on Si,
float glass and k-glass substrates with the same
deposition parameters at T,,, = 400°C (top figure)
and at Ty, = 300°C (bottom figure)

Si and SiO, substrates sustain the growth of
polycrystalline stoichiometric VO, down to
T,y =300°C.

Quartz, float-glass, k-glass and ZnO substrates
sustain formation of single-phase and poly-
crystalline VO, at higher substrate
temperatures (400-500°C), (giving
multiphase / amorphous materials below
400°C).

Conclusions

» Optimum RF sputtering parameters for growing thermochromic VO, are obtained.

» Lowest T, growth of VO, is ob d at 300°C (for Si substrate).

» Siand Quartz substrates ensure better crystalline quality than other (glass) substrates.

> is observed.

» Work is in progress, towards lowering the transition temperature, closer to room temperatures
(through doping of W and Mg).
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Ev e€elifeL...

» avarnrtuén VO, oe float glass, ZnO/glass kau K-glass,
yia diepeuvnon éaptnoncg dianepatotntoc & FepUOXPWULKOTNTAG
Qo €i60UC UMTOCTPWUATOC

» eloaywyn npoouiéewv oto UAko (W & Mg) ue okono
TN BeAtiwon FepuoxpwuULlkwV LdLOTATWV Kat
Ueiwon Yepuokpaoiac evanodeong

» avarntuén vueviwv VO, ot yaunAn depuokpaaia (<150°C),
o xpron navw o€ evkaunta untootpwuata (PET,....)
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