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EFFECT OF RF MAGNETRON SPUTTERING 
CONDITIONS ON MICROSTRUCTURE AND X-RAY 

CHARACTERISTICS OF YTTRIA-STABILIZED 
ZIRCONIA THIN FILMS 

Henryk T o m a s z e w s k i Johan H a e m e r s N ico D e R o o Roge r De Gryse 

Zirconia thin films were deposited on glass substrates by rf magnetron sputtering direc-
tly from an oxide target. It was found, that zirconia growth is strongly dependent on 
sputtering power and pressure. At low power and high pressure, zirconia grows prefe-
rentially in the (200) direction with columnar microstructure. On the contrary high po-
wer and low sputtering pressures promote the growth of randomly oriented, polyciystalline 
zirconia. Increasing the argon flow at constant power and sputtering pressure again fa-
vours preferential growth of the zirconia layers however not in the (200) direction as 
before, but in the (111) direction. 

1. INTRODUCTION 

As is genera l ly k n o w n , g rowing of high qual i ty Y B C O thin f i l m s on d i f f e ren t 
subs t ra tes requires the use of in termedia te bu f f e r layers. T h e b u f f e r layer mus t be 
latt ice m a t c h e d with both subst ra te mater ia l and Y B C O , and be chemica l ly s table up 
to the process ing t empera tu res of Y B C O thin f i lms . These condi t ions are fu l f i l ed by 
yt t r ia-s tabi l ized z i rconia (YSZ) . Epi taxial Y S Z is g rown by d i f f e ren t t echn iques such 
as sput ter depos i t ion , e lec t ron b e a m deposi t ion, pulsed laser depos i t ion and d i f f e ren t 
C V D me thods . In the D e p a r t m e n t of Solid State Sc iences of the Univers i ty of Gen t , 
rf m a g n e t r o n sput ter depos i t ion techniques fo r the d i f fe ren t target mater ia l s are 
deve loped . 

A s it was descr ibed ear l ie r [1], in the case of a meta l l ic target and reac t ive rf 
m a g n e t r o n sput ter ing, t rans lucent cubic z i rconia layers g row preferen t ia l ly in the 
(200) d i rec t ion with c o l u m n a r micros t ruc ture independent ly on the o x y g e n f l o w . 

" Instytut Technologii Materiałów Elektronicznych 
ul. Wólczyńska 133, 01-919 Warszawa 
Laboratory of Solid State Physics, University of Gent 
Krijgslaan 281/Sl, B-9000 Gent, Belgium 

32 
http://rcin.org.pl



M. Toinaszewski, J. Haeincrs, N. De Roo, R. De Cirysc 

substra te mater ia l , argon to oxygen f low ratios and almost the who le range of 
sput ter ing pressures s tudied. The heat ing of the substrate dcjes not change the crystal-
lographic s t ructure of zirconia, but strongly affects its or ientat ion. Wi th increas ing 
tempera ture , the z i rconia crys ta l lographic orientation changes f r o m a preferent ia l 
(200) direct ion to a r andom orientat ion typical for a polycrystal l ine state. 

In this s tudy, an yttria stabilized zirconia target was used. Because of its h igher 
mel t ing point and bond ing energy as compared to the metal l ic target , the argon ions 
in rf p lasma require more energy to sputter effect ively the target mater ia l . Accord ing 
to the resul ts of Liu et al. [2], the mean argon ion bombardmen t energy in an rf 
p lasma increases l inearly with increasing rf power and for a given power decreases 
with increasing sput ter ing pressure because of the increasing n u m b e r of col l is ions in 
the sheath. In relat ion to these conclus ions , the main subject of this work was to 
de te rmine the in f luence of the sput ter ing pressure and the rf power on the deposi t ion 
speed and on the phase composi t ion and microstructure of the g rown Y S Z layers. 

2. EXPERIMENTAL 

For the deposit ion of Y S Z thin f i lms an rf magnetron sputter deposi t ion system 
was used [1]. The magnet ron sputtering source was an US "Inc .2" sputtergun. As a 
target , an oxide (ZrO^+T mol .% Y , 0 , ) disc with a diameter of 50 m m and a thickness 
of 6 mm (produced by Institute of Electronic Materials Technology, Warsaw, Poland) 
was used. The sputtering source was driven by a 13.56 MHz rf power supply (Hutt in-
ger PFG 600RF) . Glass microsl ides were used as substrates. The substrate was m o u n -
ted on a rotatable substrate holder equipped with a resistive heater. Before deposi t ion 
the system was pumped down to a base pressure of 1x10^ Pa. T h e pressure was 
measured at the bot tom of the system by respectively Pirani and Penning pressure 
gauges. Argon as a sputtering gas was introduced through a stainless steel tube at the 
bottom of the system and the f low was controlled by a standard mass f low controller. 

The typical condi t ions dur ing sputter deposit ion are summar ized in table 1. 

Table 1. Typical sputtering conditions. 

Argoi flow 2.0 seem 

Sputtering pressure O. l lPa 

rf po^^'cr 50W 

D C b a s ~10V 

Target-substrate distance 50mm 

Subst-ate temperature 0-530"C 
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Exper imen t s with d i f ferent sputter ing pressures (0.1-3.0 Pa) and argon f lows (5-
22 seem) were realized. 

T h e deposi t ion speed of the Y S Z layers was determined by measur ing both the 
th ickness (Talys tep-Rank Taylor Hobson) of the deposi ted layers and the correspon-
ding deposi t ion t ime. 

T h e phase composi t ion of z irconia was measured by X-ray d i f f rac t ion (Siemens 
d i f f r ac tomete r Kristal loflex D 5000) . The measurements were c a n i e d out in the 2 9 
angle range 20-65° at 293K using monochromat i zed CuK^, radiat ion in steps of 0 .06 
deg min '. 

T h e f ree and f rac tured surfaces were examined by scanning electron microscopy 
(Zeiss DS 962). 

T o moni tor the degree of oxidat ion of zirconia f i lms XPS (Perk in-Elmer PHI 
5 5 0 0 E S C A system) and RBS were used. RBS measurements were made with a 
2 M e V beam produced by the Van der Graaf accelerator of the Institute of 
Elect ronic Mater ials Technology (Warsaw, Poland) . The Hê "̂  probe has a cross-
sect ion of approximate ly 0.5 m m - ( (j)=0.8 m m ) at a working pressure of 1.33x10 ""Pa. 
Backsca t te red particles were counted by a solid state detector (Ortec type) at an 
angle of 165° with a 15 keV resolution. 

T h e optical t ransmit tance of the layers was measured by a 8451A Diode Array 
Spec t ropho tomete r (Hewlet t Packard) . 

3. RESULTS AND DISCUSSION 

A s can be seen f r o m F i g . l , the deposi t ion speed of Y S Z layers is s t rongly 
dependen t on the sputtering pressure. At the higher pressures (> 0.7 Pa) , resul t ing in 
smal le r mean f ree path lengths of the sputtered a toms, more scat ter ing of the sputte-
red species occurs and consequent ly a decrease of the deposi t ion speed is observed . 
On the contrary, a decrease of the sputter ing pressure d o w n to 0.11 Pa, f avours an 
increase of the mean argon ion bombardmen t energy, yie lding a con t inuous increa.se 
of the deposi t ion speed. The m a x i m u m speed of deposi t ion occurs fo r the lowest 
poss ib le pressure compat ib le with a sustained plasma. Surpr is ingly the highest speed 
of z i rconia deposi t ion cor responds with the lowest dc bias value (F ig . l ) . In the whole 
range of sputtering pressures , dc bias values are inversely propor t ional to the va lues 
of deposi t ion speed. 

Independent of the sputtering pressure, translucent, good adhering and ful ly oxidi-
zed zirconia layers were obtained without any additional oxygen supply to the system. 
X-ray diffract ion measurements showed that zirconia is in the cubic form, but its 
orientation is related to the sputtering pressure used. Similarly to earlier results, at 
higher sputtering pressures (> 0.7 Pa) zirconia grows with a prefered (200) orientation 
(table 2). However , decreasing the pressure leads to a change in crystal lographic 
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Fig.l. Deposition speed of YSZ layer and DC bias as a function of sputtering pressure (argon 
flow: 2 seem, rf power used: 50 W). 

or ien ation of the zirconia layers. The lower the sputtering pressure, the more intensive 
the (! 11) peak of zirconia can be observed. At a pressure of 0.15 Pa, the (111) peak 
becomes the mos t intensive diffract ion peak, however the corresponding X-ray d i f f rac -
tion diagram of the layer is getting completely random in character , typical for 
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Table 2. Effect of sputtering pressure on X-ray characteristics of YSZ layers (argon flow: 2 seem, 
power: 50 W). 

Sputtering 
pressure. Pa 

Intensities of main c-ZrO, peaks Sputtering 
pressure. Pa 

(111) (200) (220) (311) 

1.0 0 100 0 0 

0.7 0 100 0 0 

0.4 53.6 100 48.7 24.3 

0.25 52.0 100 64.0 28.0 

0.20 87.5 100 62.5 50.0 

0.15 100 55.5 51.8 29.6 

0.11 100 41.8 46.5 27.9 

In tens i t ies fo r 
theore t ica l r andom 

or ien ta t ion 

100 17 32 16 

polycrystal l ine material . Together with the change of X-ray characterist ics of the layers 
prepared at a decreasing sputtering pressure, a change of the microst ructure is also 
observed. F rom a co lumnar type of growth, typical for the preferential ly oriented layers 
obtained at pressures of 0.7 Pa and higher, the microstructure of zirconia changes to a 
polycrystal l ine one when the sputtering pressure is decreased (Fig. 2). 

YSZ layer 

aoicu amm 
U e - M o i o l i u r s l a 

(A) (B) 
Fig.2. SEM micrograph of a cross-section of an YSZ layer on a glass substrate prepared at a 
sputtering pressure of 0.7 Pa (A) and 0.11 Pa (B) (argon flow: 2 seem, rf power used: 50 W). 
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X - r a y resul ts of the layers show that low energy argon ions and sput tered a toms , 
typ ica l fo r the higher sput ter ing pressures promote lower densi ty (200) z i rconia 
p lane . On the contrary at lower pressures where higher energy spieces are avai lable , 
the e n e r g y is used to recrystal l ize the grown layer into r a n d o m or iented polycrys ta l -
line mate r ia l . 

Fig. 3. SEM micrograph of 
the zirconia target surface 
after 300 h deposition 
experiments (black part) -
magnification: 2500x. 

Dur ing deposit ion of the Y S Z layers (at 2 seem argon How) a change of the target 
sur face colour was observed. Originally yellowish in colour, f rom one deposi t ion to 
another the target was getting more and more brown and black in colour. This effect 
points in the direction of preferential oxygen sputtering f rom the target surface. The 
thickness of the reduced surface layer is estimated as about 0.5 m m . The surface of the 
oxide target af ter about 300 h deposition experiments is shown in Fig.3. 

Table 3. Effect of substrate heating on X-ray characteristics of YSZ layers and (Zr+Y)/0 ra-
tio (RBS measurements) for two different sputtering pressures (rf power: SOW, argon 
flow: 2 seem). 

Spun. Substr. Intensities o f n i a i n c-ZrO. peaks ( Z r f Y ) / 0 
pressure. Pa leitip., "C 

(111) (200) (220) (311) 
ratio 

0.7 t ' loaling 
temp. 

0 100 0 0 0.500 

530 100 15.1 0 3.0 0.585 

0.11 l-loaling 
temp. 

100 41.8 46.5 27.9 0.500 

530 100 33.3 0 -1 .0 0.541 
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Fig.4. SEM micrograph of a cross-section of an YSZ layer on a glass substrate prepared at a 
substrate temperature of 530 °C and sputtering pressures: 0.7 Pa(A) and 0.11 Pa(B) (argon flow: 
2 seem, rf power used: 50 W). 

I r respect ive the sput ter ing pressure (energy of sput tered part icles) , hea t ing of the 
substra te leads to a change of X- ray character is t ics and micros t ruc ture of the z i rconia 
layers ( table 3 and Fig.4) . X-ray d i f f rac t ion d iag rams of the layers b e c o m e comple -

tely randoin in charac ter , 
typical for polycrys ta l l i -
ne material (table 3). Tliis 
is also c o n f i r m e d by ob-
serving the mic ros t ruc tu -
re of the layers (Fig.4) . 
A s c a n be s e e n f r o m 
Fig .4A, a z i rconia layer 
prepared at 0 .7 Pa s e e m s 
to be f iner g ra ined than a 
cor responding layer pre-
pared at 0.11 Pa. Th i s e f -
fec t needs fu r the r inve-
s t i g a t i o n a n d m u s t be 
ascribed either to the spe-
ed of depos i t ion o r to the 
number of oxygen vacan-
cies present in the lay-
ers. Paral le l wi th the de-
scr ibed c h a n g e of X- ray 

300 400 600 500 

Wavelength, nm 
Fig.5. Optical transmittance spectra as a function of substrate 
temperature: (A) floating temperature, (B) 530°C, for an YSZ 
layers prepared at a sputtering pressure of 0.11 Pa, argon flow: 
2 seem and rf power used: 50 W. 

700 
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d i f f rac t ion character is t ics , the colour aspect of the dcp'Osited layers is also chang ing . 
T h e or ig inal ly t ransparent water- l ike layers obtained with a f loa t ing subst ra te t empe-
rature are get t ing more and more greenish and brcvvnish in co lour at enhanced 
substra te t empera tures , as is seen f rom the oplical t ransmit tance spectra (Fig.5) . Tlie 
R B S m e a s u r e m e n t s listed in table 3, show that the colour aspect and the decrease of 
optical t r ansmi t tance of the layers is due to oxygen def ic iency of z i rconia crea ted 
dur ing sput ter ing. 

T h e impor t ance of the mean argon ion bombardment energy and the energy of 
the sput tered a toms in the growth of zirconia layers is c o n f i r m e d by expe r imen t s 
m a d e at a cons tan t sputter ing pressure but at increasing sput ter ing power . 

As can be seen f rom table 4 and 5, an increase of rf power not only increases the 

Table 4. Effect of sputtering power on the deposition speed (nm/min) of an YSZ layers for 
different sputtering pressures. 

Sputtering power, W 30 50 75 100 

speed at 
pres.sures.l'a 

0.1 1 0.16 0.96 1.14 2.22 
speed at 

pres.sures.l'a 0.7 0.16 0.24 0.51 -

Table 5. Effect of sputtering power on X-ray charucteristics of YSZ layers (sputtering pressu-
re: 0.11 Pa, argon flow: 2 seem). 

Sputtering 
power, W 

Intensities of main c-ZrO, peaks Sputtering 
power, W 

(111) (200) (220) (311) 

30 37.8 100 34.4 20.6 

50 100 41.8 46.5 27.9 

75 100 44.4 73.7 24.0 

100 100 31.4 48,8 25.6 

speed of deposi t ion but also inlluences the X-ray characteristics of the layers. Similarly 
to exper iments with decreasing sputtering pressure at constant power , low energy 
particles lead to (200) preferential zirconia growth, while higher energy particles build 
more and more randomly oriented, polycrystalHne type YSZ layers. These results are 
also con f imied by microscopic observations of the layer cross-sections. 

A s t rong e f fec t of argon f low was observed on the zirconia deposi t ion speed and 
on the X-ray character is t ics of the deposited layers (table 6 and 7). An increase of 
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Table 6. Effect of argon flow rate on a deposition speed of YSZ layers (sputtering pressure: 
0.11 Pa, power: 50 W). 

Argon f low 
rate, seem 

2.0 5.0 10.0 15.0 20.0 22.0 

Deposit , 
speed, 

nm/min 

0.96 1.1 1.35 1.42 1.50 1.42 

Table 7. Effect of argon flow rate on X-ray characteristics of YSZ layers (sputtering pressure: 
0.11 Pa, rf power: 50 W). 

Argon flow 
rate, scorn 

Intensities of main c-ZrO, peaks Argon flow 
rate, scorn 

(111) (200) (220) (311) 

2.0 100 41.8 46.5 27.9 

5.0 100 17.2 27.5 17.2 

10.0 100 0 17.5 6.8 

15.0 100 0 10.5 2.5 

20.0 100 0 lO.O 0 

22.0 100 0 10.0 0 

the argon f low rate, up to 20 seem, is accompanied by a continous increase of the 
deposit ion speed. The observed increase in deposition speed (sputtering pressure was 
kept constant) can be interpreted as being due to an increase of the degree of argon 
ionization in plasma. As a result, this leads to an increase of argon ions bombarding 
the oxide target which in turn increases the speed of deposit ion. Parallel with the 
described changes of deposit ion speed, the X-ray characteristics of the layers are also 
changing with argon f low. 

As can be seen f r o m table 7, the intensity of the (200) zirconia peak decreases 
systematically and becomes zero at an argon f low rate of 10 seem. It means that an 
increase of argon f low changes the zirconia layer growth f rom a random, polycrystal-
line growth into a preferential ly (111) oriented growth. Similar changes in micro-
structure of the layers are also observed. For higher argon f low rates, the microstruc-
ture of zirconia becomes again co lumnar in aspect, but (111) oriented. This result is 
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not unders tood f o r the m o m e n t and requires further invest igat ion. 

4. CONCLUSIONS 

As was shown zirconia layers prepared by rf magnetron sputtering f rom an oxide 
target are translucent, fully oxidized without using additional oxygen in the plasma. The 
deposited layers have a cubic crystallographic structure independently on power and 
sputtering pressure. However these two parameters (power and pressure) strongly influ-
ence the X-ray characteristics and microstructure of the zirconia layers. At a constant 
power, higher sputtering pressures favour preferential (200) directed columnar zirconia 
growth while the lower pressures give rise to a random, polycrystalline microstructure. 

A s imilar e f f ec t of the sputter ing power on the zirconia or ien ta t ion was observed . 
Preferen t ia l (200) or iented growth is typical for the lower p o w e r levels. H ighe r 
sput ter ing power changes the z i rconia crystallographic or ien ta t ion into a r a n d o m 
or ienta t ion typical f o r a polycrysta l l ine state. 

Increase of a rgon f low, at a constant power and sputtering pressure , p romotes the 
g rowth of z i rconia into a preferent ial (111) direction. 
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WPŁYW WARUNKÓW SPUTERINGU MAGNETRONOWEGO NA 
MIKROSTRUKTURĘ I CHARAKTERYSTYKĘ RENTGENOWSKĄ 
CIENKICH WARSTW DWUTLENKU CYRKONU 
STABILIZOWANEGO TLRNKIEM ITRU 

Streszczenie 

Cienkie wars twy dwut lenku cyrkonu osadzano na pod łożach szk lanych m e t o d ą rf 
sput ter ingu m a g n e t r o n o w e g o bezpoś redn io z t l enkowego targetu. Z a k ł a d a się, iż 
wzros t , wars tw ZrO^ jes t si lnie za leżny od m o c y i c iśnienia sput ter ingu. P rzy niskich 
m o c a c h i wysok ich c iśnieniach, dwut l enek cyrkonu wzras ta w sposób up rzywi l e jo -
wany w kierunku (200) wy twarza jąc mikros t rukturę typu k o l u m n o w e g o . W z r o s t prze-
p ływu argonu przy stałej m o c y i c iśnieniu ponownie sprzy ja u k i e r u n k o w a n e m u 
wzros towi wars tw dwut lenku cyrkonu , j e d n a k nie w k ie runku (200) j a k pop rzedn io , 
lecz w k ierunku (111) . 

BJIHHHHE yCJIOBHił PO) MArHETPOHHOrO HAnblJIEHHH 
HA MHKPOCTPYKTypy TOHKHX CJIOEB OKCH îA 
OHPKOHHfl CTABHJIH3HPOBAHHOrO OKCH t̂OM HTTPHfl 

KpaTKoe coAep>KaHHe 

ToHKHe cjioH OKCHfla uHpKOHMa HaH0cn.nH n a cTeKjiaHHbie noano>KKM MeTO-
/ l O M MarHeTpoHHoro H a n b i J i e u H a c o k c h a h o m m m u j c h h . OKaaa j i ocb , h t o p o c i 
CJIOeB OKCHM CMJIbHO 3aBHCHT OT MOLUHOCTH H MBJieHHH OpH HanbI.neHHH. J \ m 
HH3KHX MOlitHOCTeii H BblCOKHX AaBJieHHH OKCM^ UMpKOHHa paCTeT TJiaBHblM 
05pa30M B HanpaBjieHHH (200) c MroubnaTOM MHKpocTpyKTypoii. J},nf{ BbicoKMx 
MOUtHOCTeH M HM3KHX ^aBJieHHH Ha6.nK)AaeTCH pOCT nOJlHKpHCTa.nJIHHeCKOrO 
O K C H / i a . 

YBCJiHHeHHe noTOKa a p r o n a n p w n0CT0HHHbix m o u i h o c t m h a a B n e H H H Bbi3bi-
BaCT pOCT OKCH^a UHpKOHHa B OCHOBHOM B HanpaBJieHHH ( 1 1 1 ) . 
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