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Abstract 

Decorative coatings have to meet a variety of requirements such as attractive colour as well as high wear and corrosion 
resistance. Within this work, coatings were deposited onto steel and molybdenum substrates by non-reactive magnetron 
sputtering using various targets within the quasi-binary eutectic section LaBa-ZrB 2 with the goal to improve the mechanical 
properties of violet coloured LaB6-based coatings. Coating characterization was done using scanning electron microscopy, 
electron-probe microanalysis, X-ray diffraction, Vickers microhardness measurements and C1E-L a~b colorimetry. For 
sputtering from both compounds of the section LaBr-ZrB 2, violet and silver-grey crystalline films with high hardness values 
were respectively obtained. For the ZrB 2 target contents investigated within the two-phase region of the equilibrium diagram 
(25, 55, znd 75 at.% ZrB2), coatings showed a pronounced tendency to form partially or fully amorphous structures. These 
structure:; were accompanied by low hardness values and a silver-grey appearance. Although being unsuccessful with 
optimizalion of both mechanical and optical properties of ZrB:-alloyed LaB,-based coatings, complex hard coatings have a 
substantial development potential in various application fields. 
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1. Introduct ion 

Owing to their low work function for thermionic 
emissiort [1 ] and their blue to red colorations [2,3] 
the hexaborides of the rare-earth metals are potential  
candidales for the application as thin coatings on 
filaments [4-6]  as well as for decorative purposes 
[7,8]. Scweral approaches to deposit coatings mainly 
based on the purple-red lanthanum hexaboride LaB6 
are reported in the literature and include electro- 
phoretie deposition {9,10] as well as PVD techniques 
[4-8,11--13]. Although reasonable results have been 
obtained, most of the films deposited seem to suffer 
from high stresses and porosity as well as low adhesion 
limiting their applicability. These drawbacks may be 
related to the crystal structure of these compounds.  
The rare-earth hexaborides form a crystal lattice in 
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which the rare-earth atoms and boron octahedra are 
arranged in the same manner  as the CI and Cs ~ ions 
in the CsC1 structure type [14]. The structure of the 
hexaborides is dominated by strong B - B  bonds allow- 
ing wide composition ranges without significant devia- 
tions from the lattice parameter .  For example,  the 
B / L a  atomic ratio for LaB~ may vary between 6 and 
7.8 [15]; these deviations from stoichiometry are 
accommodated  by the formation of lanthanum vac- 
ancies. 

Some of the drawbacks arising from the distinct 
atomic binding structure of LAB(, may be overcome by 
alloying with suitable elements or compounds.  For 
thermodynamic reasons it is impossible to select a 
suitable transition metal  for the development  of 
LaB~,-Me coatings. The main emphasis of this in- 
vestigation is laid on sputtered coatings within the 
system LaB~-ZrB  2. This quasi-binary section of the 
ternary L a - Z r - B  system shows a simple eutectic with 
the eutectic point at 31 at.% ZrB~ and 2470°C [16]. 
The maximum solubilities for the second component  
are less than 3 at.%, resulting in a wide-range two- 
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phase region. Alloys within this system have shown 
promising thermionic properties [ 17 ]. Detailed studies 
on decorative hard coatings sputtered from the com- 
pounds LaB6 and ZrB 2 have already been published 
[18-26]. In this paper we report  on the deposition and 
fundamental properties of decorative coatings sput- 
tered non-reactively from targets with different ratios 
of LaB 6 and ZrB~. 

2. Experimental details 

V. After sputter etching the shutter was opened and 
the target was operated at a sputtering power density 
of 2.8 W cm 2. The deposition rate was measured 
using a quartz film thickness sensor and monitor at a 
target-to-substrate distance of 55 mm. For these mea- 
surements the bulk density values of the corre- 
sponding borides calculated for the given composition 
were used [27]. After film deposition the samples 
were cooled down to less than 100°C before the system 
was vented. Typical deposition parameters are summa- 
rized in Table 1. 

2.1. Film deposition 2.2. Film characterization 

Coatings with typical thicknesses of 3 to 4 /xm were 
deposited in a laboratory sputtering system employing 
non-reactive d.c. magnetron sputtering in argon atmos- 
phere. Commercially available LaB 6 and ZrB 2 disks, 
all of 150 mm diameter, approximately 6 mm thick- 
ness, and 99.5% purity, were employed as targets. 
Additional targets were manufactured by powder- 
metallurgical methods within the system LaB6±ZrB 2 
with ZrB 2 contents of 25, 55, and 75 at.%. The 
substrates employed were austenitic stainless steel 
(X 5 CrNi 1810, ground and polished to 1 # m  diamond 
paste), quenched and tempered steel (34 CrNiMo 6, 
ground and polished to 1 # m  diamond paste) and 
rolled molybdenum sheet. Before deposition they 
were ultrasonically cleaned in ethanol. 

The coating parameters systematically varied in 
deposition runs included argon pressure, substrate bias 
voltage and substrate temperature.  The substrate-to- 
target distance was 55 mm. Evacuation of the vacuum 
chamber was accomplished by a 200 1 s ~~ tur- 
bomolecular unit backed up by a 16 m 3 h -~ rotary 
pump down to 2 × 10 -2 Pa. During the final stage of 
the system pump-down the substrates were heated to 
400°C using a resistance heater  to enhance degassing. 
The substrate temperature  was measured with a NiCr -  
Ni thermocouple mounted in the back side of the 
substrate holder. Prior to film deposition the targets 
were sputter-etched in pure argon for about 2 min at a 
sputtering power density of 1.7 W cm -2 target area 
against a shutter. Immediately thereafter  the sub- 
strates were sputter-etched for 30 min at an argon 
pressure of 3 Pa. The d.c. etching voltage was - 1500 

The methods employed in analysing the films de- 
posited were the spherical abrasion method, scanning 
electron microscopy (SEM), electron-probe microanal- 
ysis (EPMA), X-ray diffraction (XRD), Vickers mi- 
crohardness measurements and quantitative 
colorimetry based on the CIE-L*a*b* method. The 
spherical abrasion method used for determining the 
film thickness was conducted on coated quenched and 
tempered steel substrates with a steel ball of '30 mm 
diameter and 1 # m  diamond paste. For the characteri- 
zation of the morphology using SEM, coated 
molybdenum sheets were broken after cooling in 
liquid nitrogen. EP MA  was performed with bulk ZrB 2 
and LaB~, standards [28], the results have been cross- 
checked and additional standards were obtained by 
nuclear methods (elastic recoil detection (ERD) and 
Rutherford backscattering (RBS)). X RD  was carried 
out with coated molybdenum sheets and Cr Ka  
radiation. Vickers microhardness measurements were 
performed on coated quenched and tempered steel 
substrates using a conventional microhardness tester at 
a load of about 98 mN (about 10 p) which was applied 
for 10 s. For the characterization of the optical 
behaviour, coated austenitic stainless steel discs were 
used. Colorimetry was carried out with a conventional 
colorimeter using a D65 light source and a d/8 
geometry, i.e. diffuse illumination and measurement of 
the reflected light at an angle of 8 ° with respect to the 
perpendicular of the surface. Under  the CIE-L*a*b* 
method used, L* represents the brightness or brilliance 
of the film, with L ~ = 100 representing white and L* = 
0 representing black; a* represents proportional red/  

Table 1 
Deposition parameters used for the targets investigated 

ZrB 2 content Sputtering power density 
(at.%) ( W e m  2) 

Total pressure 
(Pa) 

Bias voltage Substrate temperature 
( v )  (°c) 

0 2.8 
25 2.8 
55 2.8 
75 2.8 

100 2.8 

0.95 100 200 
0.95 100 250 
0.95 100 250 
0.95 100 250 
1 200 300 
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green coloration, with a* < 0  representing greenish 
tones and a* > 0 representing reddish tones; b* repre- 
sents proportional blue/yellow coloration, with b*< 0 
representing bluish tones and b* > 0  representing 
yellowish tones [29]. 

3. Results and discussion 

3.1. Deposition rate 

The deposition rates measured using the quartz film 
thickness sensor and monitor showed a maximum for 
argon pressures in the range of 0.7 to 1.2 Pa (Fig. l(a)). 
The decrease observed at low argon pressures is 
attributed to the increasing plasma impedance, which 
leads to a decreasing magnetron current and thus to a 
reduced sputtering rate at constant magnetron power. 
This redaced sputtering rate at the target due to the 
decreasing number of impinging argon ions is not 
balanced by the increased magnetron voltage because 
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Fig. 1. DeFosit ion rates measured  by the quartz film thickness sensor  
and moni tor  ((a), grounded and water-cooled sensor) and calculated 
from the final coating thickness and the corresponding deposition 
time ((b), deposit ion parameters  see Table 1) of films sputtered 
from L a B , - Z r B :  targets as a function of the argon pressure. 

of the less than linear dependence of the sputtering 
yield on the ion energy [30]. The decrease of the 
growth rate at high argon pressures is due to the 
increased number of collisions of the sputtered ener- 
getic particles with argon atoms resulting in a larger 
number of thermalized atoms [31.32] with reduced 
deposition probabilities. 

The dependence of the growth rates calculated from 
the final coating thickness using the spherical abrasion 
method and the corresponding deposition time on the 
argon pressure is shown in Fig. l(b). Despite the fact 
of the different deposition parameters used for quartz 
film thickness sensor measurements (grounded and 
water-cooled sensor) and the spherical abrasion meth- 
od (biased and heated substrates) an excellent agree- 
ment was observed for sputtering from L a B s i c h  
targets (ZrB 2 content of 25 at.% or less, compare Fig. 
l(a) and l(b)). The differences between the growth rate 
measured by the quartz film thickness sensor and the 
spherical abrasion method for sputtering from those 
targets alloyed with higher contents of ZrB~ indicate 
that the coating density is significantly lower than the 
bulk density used for the calibration of the sensor. The 
maximum deviations were observed for those targets 
alloyed with 55 and 75 at.% ZrB 2. Within the range 
investigated, no pronounced influence of the deposi- 
tion parameters bias voltage and substrate tempera- 
ture on the growth rate was observed. 

3.2. Morphology 

Fig. 2 shows SEM fracture cross-sections of coatings 
deposited onto molybdenum substrates. For those 
coatings sputtered from both the LaB6 and the ZrB 2 
target the deposition conditions showed a distinct 
influence on film growth. The dense, extremely fine- 
columnar structure shown in Fig. 2(a) was formed by 
sputtering from the LAB(, target using deposition 
conditions with moderate energetic contribution for 
film growth. In the complementary growth region, 
especially at high argon pressures, high bias voltages 
or low substrate temperatures, the structure of the 
coatings becomes extremely fine-grained to fracture- 
amorphous (Fig. 2(b)). Obviously, columnar film 
growth is not possible with the low energies of sput- 
tered target atoms (at high argon pressures) or high 
energy ion bombardment (at high bias voltages) 
[33,34]. Films deposited using the LaB6-ZrB 2 targets 
exhibited microstructures that were apparently nearly 
totally amorphous (Fig. 2(c)). Crystalline film growth 
seems to be severely inhibited by the incorporation of 
foreign atoms within films hindering diffusion pro- 
cesses [35]. 

In the case of sputtering from the LaB 6 target, 
combinations of extreme deposition parameters, e.g. 
low argon pressures and high bias voltages, result in 
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(c) 
Fig. 2. Cross-sectional SEM micrographs of films deposited onto molybdenum substrates (sputtering power density, 2.8 W cm ~): (a) ZrB,  
target (argon pressure, 2.8 Pa: bias voltage, 200 V: substrate temperature,  200°C): (b) LaB~, target (argon pressure, 1.2 Pa: bias voltage, - 100 
V: substrate temperature,  200°C): (c) LAB,, ZrB,  target (ZrB, content, 75 at.%: argon pressure, 2.8 Pa: bias voltage, 100 V: substrate 
temperature, 200°C). 
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the deposition of low adherent coatings. The most 
crucial deposition parameter with respect to the adhe- 
sion was the substrate temperature, with a maximum 
value for stable coatings of 250°C. This behaviour is 
obviously due to the differences in the binding charac- 
ter between the coating dominated by covalent boron- 
boron bonds and the metallic substrate which results 
in the formation of less pronounced coating-substrate 
interfaces [35 ]. 

3.3. Chemical composition 

The dependence of the chemical composition of the 
coatings on the ZrB 2 content of the target used is 
plotted in Fig. 3 and compared with the calculated 
target composition. The maximum deviations between 
coating and target composition yielded values of up to 
4 at.%. In general, in non-reactive sputter processes, 
stoichiometric deviations of the coating from the 
target composition are attributable to interactions of 
the sputtered target atoms with the plasma discharge 
in the Lransport phase and at the surface of the 
growing film, assuming that diffusion processes in the 
target are inhibited [36]. Therefore, the main reasons 
for the observed differences between coating and 
target composition are collisions of sputtered energetic 
particles with argon atoms as well as preferential 
resputtering and recoil implantation effects at the film 
surface. For the atoms involved in the sputtering 
process, the efficiency of the energy transfer from 
sputtere:l target atoms to argon atoms expressed by 
the energy transfer coefficient [30] shows a maximum 
for zirconium [19]. These atoms are thus rapidly 
thermalized [37] and have reduced deposition prob- 
abilities. This interpretation is suitable to explain the 
discrepancy of the zirconium content for deposited 
coatings and for the corresponding target shown in 
Fig. 3. Likewise, the boron concentration of the 
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Fig. 3. Chemical composition of coatings sputtered from LaB~-ZrB 2 
targets (deposition parameters see Table 1) with respect to the 
target composition. 

coatings, which is in almost all cases above stoichiom- 
etry, may be interpreted by the high mobility of the 
small boron atoms within the plasma discharge due to 
the small collision cross-section [8,19]. 

3.4. Crystalline phases 

Typical XRD traces of coatings deposited onto 
molybdenum substrates are shown in Fig. 4. There, the 
intensity values given in the JCPDS cards [38] for Cu 
Kc~ radiation were corrected for the Cr Kc~ source 
used in the present work by the Lorentz polarization 
factor [39]. 

The XRD spectrum of a coating sputtered from the 
LaB~ target shown in Fig. 4(a) indicates the occurrence 
of the cubic LaB6 phase having a pronounced (100) 
texture. With increasing argon pressure, the distinct 
(100) orientation of the LAB(1 phase estimated by 
texture coefficients [40,413 becomes even more domi- 
nant [8]. Simultaneously, the lattice parameter a of 
the LaB~, phase decreases from values of 4.278 
(corresponding to a distortion of + 3.01%) asymp- 
totically to the literature value of bulk LaB~, (a 4.153 
,~ [38]). Obviously, the most preferred growth direc- 
tion of the LaB6 phase at high argon pressures, i.e. 
condensation, nucleation, coalescence and crystal 
growth [42] by highly thermalized particles, is with the 
(100) planes parallel to the substrate surface resulting 
in the formation of relatively perfect crystals. The 
lattice distortions at low argon pressures are assigned 
to the effect of excess boron (see Fig. 3) [8] and 
implanted argon atoms [43] or impurities originating 
from residual gases during the deposition process 
incorporated interstitially into the LaB(~ lattice. There- 
fore, and due to the growth under distinctly non- 
equilibrium conditions without complete coalescence 
[42], a slight misorientation of the (100) planes of the 
LaB6 phase occurs. These results are in good agree- 
ment with Kinbara et al. [11] and Nakano el al. [13]. 
Within the range investigated, no pronounced influ- 
ence of the deposition parameters bias voltage (0 
t o -  200 V) and substrate temperature (150 to 250°C) 
on the results of XRD measurements was observed. 

The addition of ZrB 2 results in vanishing texture 
and intensity for the peaks of the LaB 6 phase. For the 
lowest ZrB 2 contents used (LaB~<ZrB 2 target with 25 
at.% ZrB2) the LaB 6 phase with a lattice parameter 
close to the bulk value could be detected from the 
XRD trace (Fig. 4(b)). With respect to films grown 
without ZrB 2 addition, a broadening of the peaks was 
observed (the full width at half maximum (FWHM) 
values increase from 1.7 ° to 2.2°). These results may be 
explained by the formation of films which are partially 
amorphous and partially containing small crystalline 
LaB6 crystals, where excess boron, zirconium, or 
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Fig. 4. XRD spectra of films deposited onto molybdenum substrates (sputtering power density, 2.8 W cm 2): (a) LaB 6 target (argon pressure, 
0.95 Pa; bias voltage, 100 V; substrate temperature, 200°C); (b) LaB6-ZrB 2 target (ZrB 2 content, 25 at.%; argon pressure, 0.95 Pa; bias 
voltage, - 100 V; substrate temperature, 250°C); (c) LaB,-ZrB z target (ZrB 2 content, 55 at.%; argon pressure, 0.95 Pa; bias voltage, - 100 V; 
substrate temperature, 250°C); (d) LaB6-ZrB 2 target (ZrB 2 content, 75 at.%; argon pressure, 0.95 Pa; bias voltage,- 100 V: substrate 
temperature, 250°C); (e) ZrB 2 target (argon pressure, l Pa; bias voltage, - 200 V; substrate temperature, 300°C). 

a rgon a toms causing lattice dis tor t ions  in crystal l ine 
films [43] are incorpora ted  within the amorphous  
phase. The  difference of the prefer red  growth direc- 
t ion of the LaB 6 phase in ZrB2-con ta in ing  films with 

respect  to LaB 6 coatings is in te rp re ted  by segregat ion 
processes of z i rconium and  bo r on  a toms at growing 
LaB 6 nuclei  h inder ing  coalescence and growth [42]. 
The  process pa ramete r s  argon pressure,  bias voltage 



C. Mitterer et al. / Journal of Alloys and Compounds Z~9 (1996) 183-192 189 

and substrate temperature showed no pronounced 
influence on the structure of these films. 

Films sputtered from those LaB6-ZrB  2 targets with 
ZrB 2 contents of 55 and 75 at.% showed - -  un- 
influence,] by the process parameters - -  broad fea- 
tures in the XRD traces at diffraction angles 20 of 
approximately 38 ° (see Figs. 4(c) and 4(d)) which may 
be identified as originating from a tendency to order in 
the sense that atoms are fairly tightly packed together 
and show a statistical preference for a particular 
interatomic distance within a boron-rich phase. 

In the case of sputtering from ZrB 2 targets, films 
containing the hexagonal ZrB 2 phase were deposited 
(Fig. 4(e)l. Within the range of the deposition parame- 
ters argon pressure (0.75 to 2.8 Pa), bias voltage (0 
t o -  400 V) and substrate temperature (100 to 400°C) 
investigaled, an almost random orientation of the 
ZrB 2 phase was observed. Likewise, the lattice param- 
eters of the ZrB~ phase calculated from the XRD 
traces vary without pronounced tendency in the range 
a = 3.197 to 3.209 A. and c = 3.453 to 3.458 A. These 
values correspond to lattice distortions in the a direc- 
tion of + 0.9l to + 1.30% and parallel to the c axis 
o f - 1 . 2 8  to 2.19% (compared with the literature 
values ()1' ZrB~, a = 3.168 ]k and c = 3.530 A [38]). 
These di:~tortions are, on the one hand, attributed to 
the effect of excess boron (see Fig. 3) which may be 
incorporated interstitially in the ZrB 2 lattice and, on 
the other hand. to the incorporation of argon atoms 
[43]. 

3.5. Microhardness 

The dependence of the Vickers microhardness HV 
0.01 on t~le argon pressure is plotted in Fig. 5. For the 
interpretation of the dependence of the hardness we 
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Fig. 5. D~pendence of the Vickers microhardness HV 0.01 of 
coatings sputtered from LaB, -ZrBe  targets on the argon pressure 
(deposition parameters see "Fable 1). 

have to distinguish between crystalline and amorphous 
films. For coatings with crystalline structure, a distinct 
decrease of the film hardness was observed with 
increasing argon pressure. In the case of sputtering 
from the LaB 6 target, this decrease seems to be in 
excellent agreement with the distortion of the LaB6 
lattice. In addition, the hardness values obtained at 
low pressures are in good agreement with the litera- 
ture values of bulk ZrB 2 (2300 HV 0.05 [27]) and 
LaB~, (in the range between 2150 HV 0.1 [27] and 
2600 HV 50 [ 15 ]). However,  surprisingly low hardness 
values, well below the literature values, are observed 
for those crystalline coatings deposited at high argon 
pressures, although in the case of sputtering from the 
LaB6 target the B /La  atomic ratio is close to stoi- 
chiometry (see Fig. 3) and the structure is less dis- 
torted. In general, low particle energies and low 
substrate temperatures favour the formation of low- 
strength grain boundaries due to incomplete coalesc- 
ence between growing crystals [42]. In extremely fine- 
grained to almost fracture-amorphous structures the 
well-known Hal l -Petch  relation, valid for compara- 
tively large grain sizes, may therefore be overlapped 
by the high density of grain boundaries and voids [43]. 
In addition, internal stresses can be relaxed at open- 
voided grain boundaries, thus reducing the tendency 
of the coatings to peel off. The low hardness values 
obtained at high argon pressures for sputtering from 
ZrB~ as well as LaB~, targets are therefore attributed 
to the observed extremely fine-grained to fracture- 
amorphous structure with low-strength grain 
boundaries of these films. Supporting this interpreta- 
tion, the influence of the argon pressure on the film 
hardness decreases with increasing tendency to form 
amorphous structures. 

Corresponding to the insignificant influence of bias 
voltage and substrate temperature on the film struc- 
ture, we observed no significant influence of these 
parameters on the coating hardness. 

3.6. Coloration 

The results of colorimetric measurements based on 
the CIE-L*a*b* method are presented in Fig. 6. Films 
sputtered from those targets alloyed with ZrB~ ex- 
hibited reflective silvery-grey appearances. In 
colorimetry, this is characterized by relatively high L* 
values (in the range between 62 and 74) and chromatic 
values a * and b * close to zero. (Although the positive 
values for a* and b* given in Fig. 6 represent red and 
yellow colorations respectively, the human eye is 
obviously not sufficiently sensitive to perceive the 
resulting orange chroma.) We observed no systematic 
influence of the argon pressure on the coloration of 
these films. With chromatic values a* and b* of 
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approximately 7 a n d -  10 respectively, the coloration 
of coatings sputtered from the LAB(, target corre- 
sponds, rather independently of the argon pressure, to 
a violet hue. However, owing to the marked decrease 
of the brilliance value L ~ of these coatings with 
increasing argon pressure, a change in the coloration 
with respect to human colour perception from violet 
(argon pressure 1.2 Pa or less) to almost black (argon 
pressure 1.7 Pa or greater) was observed. In general, 
the visual impression of bulk LaB~ with a more 
distinct red colour component was not achieved by the 
coatings deposited. Considering the results obtained, 
there is a good agreement with the work of McKelvy 
et al. [3] who distinguished the purple stoichiometric 
LaB6 from a blue-coloured randomly lanthanum-de- 
ficient hexaboride with composition LAB<, ~3_+() 0~- How- 
ever, it should be noted that structural defects like 
interstitials, vacancies and impurities, which are typical 
for coatings grown by low-temperature PVD pro- 
cesses, are expected to reduce the mobility and the 

relaxation time of free electrons thus affecting the 
shape of the plasma oscillation edge [44]. This plasma 
oscillation edge occurring within the visible wave- 
length spectrum is responsible for the purple-red 
coloration of the LaB~ phase [45]. Similar results on 
LaB6-based coatings have been published by other 
groups [46,47]. The marked decrease of the brilliance 
value L * with increasing argon pressure has to be 
attributed to the observed stoichiometric and structur- 
al changes. 

In the case of coatings deposited by sputtering from 
the targets alloyed with ZrB 2 the coloration was not 
influenced significantly by the bias voltage applied. In 
coatings sputtered from the LaB<~ target we observed a 
slight shift of the a' and b* values from 8 a n d -  12 
(grounded substrates) to 6 a n d - 1 0  (bias voltage, 
-200 V) respectively, whereas the brilliance value 
was nearly unaffected. Within the range investigated 
the substrate temperature showed no pronounced 
influence on the coloration. 
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3. Z Interrelationships between target composition and 
film properties 

In Fig. 7 the dependence of the Vickers microhard- 
ness HV 0.01 and the coloration expressed by the 
CIE-L~a b :' values is shown as a function of the target 
ZrB e content. There, the plotted data points indicate 
the average values measured for coatings deposited 
within the whole parameter range of argon pressure, 
bias voltage and substrate temperature investigated, 
whereas the error bars give the maximum and mini- 
mum values obtained• The Vickers microhardness of 
coatings deposited from both the pure LaB~, and ZrB,  
targets yielded values similar to those reported by 
Ordan'yan et al. [16] for bulk kaB~, and ZrB 2 samples 
(see Fig. 7(a)). However, in the region of partially 
amorphous or amorphous tilm growth, i.e. in the two- 
phase region of the quasi-binary section LaB~-ZrB 2, a 
marked difference of the hardness values for bulk 
samples and coatings was observed. Hardness values 
as low as those plotted in Fig. 7(a) have been reported 
by other authors [35,48] and arc a result of low- 
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Fig. 7. I)eFendencc of (a) the Vickers microhardness HV 0.01 and 
(b) C I E - L a  b values of coatings sputtered from LaB,--ZrB, 
targets on the target ZrB,  content (deposition parameters see Table 
1). 

0 *e'~ 
° ~  

temperature lilm growth with energetic contributions 
not sufficient for long-distance diffusion processes 
needed for phase separation• Corresponding to the 
tendency to form amorphous films within the two- 
phase region of the quasi-binary section LaB6-ZrB > 
the violet coloration of LAB{, coatings is not main- 
tained if the target is alloyed with the ZrB,  contents 
used in this investigation (see Fig. 7(b)). 

4. Conclusions 

Based on the characterization work done on decora- 
tive coatings sputtered from targets within the quasi- 
binary system LaB~-ZrB:  we draw the following 
conclusions. On the one hand, alloying with ZrB 2 is 
well suited to overcome some mechanical drawbacks 
of LaB,-based coatings due to stress relaxation. On 
the other hand, the ZrB,  contents investigated result 
in the formation of partially amorphous or amorphous 
film structures within the two-phase region of the 
eutectic LaB, -ZrBe  system. Thus, the optical prop- 
erties of these alloyed tilms are no longer related to 
those of the LaB~, phase. Looking ahead, although we 
have not succeeded optimizing both coloration and 
mechanical properties of ZrB,-alloyed LaB,-based 
coatings, complex two- or multi-phase coatings have a 
substantial potential for certain applications. Further 
work to improve LaB~-based coatings using a cosput- 
tering technique is currently underway [49]. 
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