UNIVERSITE
DE LORRAINE

!
T 9
.
- - - . — e - ) - W
: ) N ‘ A . '~'
) s nd e V' : ~
Y, : 2 OF
s - : N
- ) ’ . " v
) L) ’ ~
i 5 . / » r
’ . K
v / y - - ’ v N
& . - L -
o

A simple approach to transpose the deposition conditions in two ORRAL,

i; ;:jgg’;'[};;m different magnetron sputtering chambers: a case study of oxidation of :

sputter-deposited VN films

A.C. Garcia-Wong, D. Pilloud, F. Capon, J.F. Pierson
Institut Jean Lamour, UMR CNRS 7198, Université de Lorraine, 2 allée André Guinier, 54011 Nancy Cedex, France.

Introduction Theoretical criterion \

= Magnetron sputtering is a vacuum coating technique characterized by high purity films, high deposition rates, = The criterion for comparing films obtained in different sputtering chambers is based on strong
outstanding uniformity on large-area substrates, and remarkably high adhesion of films. These peculiarities render this approximations. It will not be considered:

technique suitable for several applications, such as hard and wear-resistant coatings, decorative coatings, electronic thin - the difference in volume between the deposition chambers,

films [1]. - the different pumping speeds in each machine,

- the size of the magnetron,

= lLarge-scale sputtering chambers are employed to make possible these industrial applications. They differ from standard
- the difference in the flow of sputtered atoms to reach the substrate in each deposition chamber.

laboratory sputtering reactors in numerous attributes like volume, cathode dimension, pumping speed, among others.
= |tis assumed that the fundamental parameter that governs the growth of thin films is the energy at which the

" This work presents a simple approach to compare the deposition parameters between two different sputtering reactors: sputtered atoms arrive on the substrate. Hence, the criterion to form analogous films from both machines is that

a semi-industrial and a laboratory-scale one. the sputtered atoms coming from the target arrive with the same energy at the substrate.

= A comparison of VN deposition conditions and afterward oxidation of the as-deposited films in a furnace under n m<Ef>
atmospheric pressure at 550 °C for up to 3.5 minutes is carried out to test the criterion. Er = (E — ks g)e T kpTy 2ErE CF LR e ariivie gl tie il sUriaes [ 2]
* The oxidation of the VN films obtained in the semi-industrial machine revealed that the best thermochromic behavior E¢ my Mg , _ .
JY=1=-2 5 » average ratio of energy of the sputtered particle after a collision [4]
occurred when the samples were completely oxidized (550 °C for 3.5 minutes) [2]. E; (mg + mS)
= Raman spectrometry, SEM and infrared camera analysis are employed to compare the results obtained from the e umber o salidens befere readiing e sulbsiie e firae oat of e spuiered wemde
oxidized films of the lab-scale machine with the ones from the semi-industrial. d kBTg
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VN oxidized films from the lab-scale machine
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Raman shift (cm™) Raman shift (cm™) Raman shift (cm™)

Cathode size 330x50x6 Substrate Si Si
mm? dlameter Working pressure (Pa) 1 0.22, 0.56, 0.83 Mixture of phases, VN and VO, are  Mixture of phases, VN and VO,  The Si band is the more intense
Deposition chamber =350 L =70L Target-substrate distance (cm) 5 9 the predominant phases. are the predominant phases. band in all the films (no VN
volume Deposition temperature (°C) No intentional heating None of the oxidized films present The intensity of the Si band festelue] el
Target-substrate fixedto5cm 9-19cm V target current (A) 15 0.5 the Si vibration band (VN residual (520.7cm?)  increases  with  V,O: is the only oxide phase
distance (d) ' ' layer). oxidation time. detected.
Ar flow rate (sccm) 30 30 . . . . _ .
N, flow rate (sccm) 5 5 VO, is the predominant oxide VO, is the predominant oxide

phase. phase.
P X d (Pa cm) 5 1.98, 5.04, 7.47

Morphology and optical properties of the oxidized VN films (lab scale machine) AN

Cross-section images for the oxidized films during 3.5 min Emissivity switch (Ag) analysis performed with an IR camera (7.5 — 13 um)
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Continuous VN layer on top of the Discontinuous VN layer on top Film completely oxidized, no sign of — A 530_2.5
Si substrate. of the Si substrate. VN. i »! A 530_3
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VO, layer on top of the remaining Large grains of V,0O.. . : : . . . . . : : : . . ; :
VN layer. 20 40 60 80 100 120 20 40 60 80 100 120 20 40 60 80 100 120
sample temperature T4 (°C) sample temperature T4 (°C) sample temperature T¢ (°C)
The cross-section images validate the results of Raman spectrometry No thermochromic behavior, Thermochromic behavior No thermochromic behavior,
important VN residual layer. (characteristic  hysteresis V,O0. is the only phase
loops). detected.
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