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Tf e technology of hard coatings based on stoichiometric titanium nitride thin films has been 
inovated since the past few years in order to fulfill the demands for better performance and 
lower processing cost put by the large x a l e  industrial users. The different strategies used 
to  improve the performance consist in (i) modifying the coating composition by introducing 
otlier elements than T i  and N in the film (multicomponent coatings), (ii) modifying the 
c ~ ~ t t i n g  structure by using multilayered composites, and (iii) altering the coating density 
an3 porosity by using plasma and ion beam assisted processes. A11 these different strate- 
gies bring about new materials which have to  be characterized as an essential part of the 
refearch and development work. In the present article the use of ion beam analyses is 
de jcribed (mainly Rutherford backscattering and nuclear reaction analyses) to  character- 
ize the thickness, composition, depth profile, contamination and structure of new thin film 
protective coating materials based on titaniun nitride. 

I. Introduction 

The improvement of the wear, friction and corro- 

sion performaice of steel engineering components by 

means of protective coatings based on stoichiometric 

titanium nitride thin films is well established since 

over fifteen yoars. I t  became available for any user 

of steel-made cutting and drilling tools, moulds, dies 

and several oi#her metallic items, as comn~ercial ser- 

vices for titan.um nitride coating deposition set up a11 

over the world. Many plants making massive quan- 

tities of r e leva t  metallic products, like in the auto- 

mobile, aerospace and plastic injection industries have 

their own titanium nitride deposition services. Tita- 

nium nitride t,echnology is finding also an increasing 

number of applications in decorative coatings and in 

the glass industry. Even in Brasil there are already two 

cornrnercial services of titanium nitride coatings and 

several other companies having their indoor deposition 

facilities. 

From the very beginning it was clearly established 

that the so called "titanium nitride technology" could 

be accomplish~d through different thin film deposition 

techniques. Wr will mention here the ones more oftenly 

used for industrial purposes: reactive electron beam 

evaporation, i 'm plating, arc discharge, reactive sput- 

tering and cheinical vapour deposition. Some other 

common characteristics of the titanium nitride thin 

films used in industry are worth mentioning here: film 

thicknesses range from 2 to  6 p m  in most cases; the 

most a.cknowledged stoichiometry is TiN, which has a 

characteristic gold color; the Knoop hardnesses range 

from 2200 to  4000, and the Vickers hardnesses range 

from 1000 to  3000. 

The results obta.ined in the reduction of wear, fric- 

tion and corrosion have fully justified from the econom- 

ical side the large scale use of titanium nitride coatings 

even if the processing cost was and still is rather high. 

More recently, in the last five years, new trends have 

appeared in this technology aiming to  reduce the pro- 

cessing cost and improving the performance of the coat- 

ings. These aims cai1 be achieved by reducing the coat- 

ing thicknesses (and consequently processing time), by 

increasing their adherence to  the substrates, by produc- 

ing far more dense and pore-free titanium nitride films, 

by reducing the interface stresses, and by increasing the 

hardness and elastic modulus of the coatings. These 

new trends are based on different strategies concerning 

the thin film coating deposition methods and the cor- 

responding film composition and structure, which have 

effectively improved enormously the performance of ti- 

tanium nitride technology as well as reduced consider- 



ably the cost of it. In the last major conference of this 

area (the Plasma in Surface Engineering Conference, 

Garmisch, ~ e r m a n ~ , ' ~ o v e m b e r  1992) it was made clear 

by many companies and research laboratories that there 

are still many directions of development to follow in ti- 

tanium nitride technology demanding a great deal of 

research[lI. The search for new rnaterials was and still is 

decisive for the development of the technology as well as 

in making it accessible for industrial use. The titanium 

nitride film thiclmesses, the depth profile of the N/Ti 

stoichiometric ratio, the film composition and contam- 

ination among severa1 other characteristics of the coat- 

ing can be rather nicely accessed by ion beam analyses 

(IBA). We have addressed the titanium nitride tech- 

nology with IBA for the first time in 1988, within the 

framework of the PUC/RJ-Porto Alegre cooperation: 

RBS of a-particles and (a, a )  nuclear resonant scatter- 

ing were used to  determine the film thickness and the ni- 

trogen depth profiles in titanium nitride films deposited 

by ion plating and by reactive magnetron sputtering[']. 

After that first exploratory work a continuous and in- 

tensive research program was developed by the cooper- 

ation between the PUC-Rio and UFRGS- Porto Alegre 

in this field and many of the results presented here were 

obtained in this research program. 

In this article we present the main results of the 

characterization of new titanium nitride-based thin film 

coatings using IBA methods with the facilities avail- 

able in the Van de Graaff Laboratory at PUC-Rio, 

the Ion Implantation Laboratory at the Instituto de 

Física-Porto Alegre, the Laboratory for Material Anal- 

yses with Ion Beams (LAMFI) at USP-São Paulo and 

the Groupe de Physique des Solides at Jussieu-Paris. 

The performance achievements of these new materi- 

als are illustrated with hardness, wear and corrosion 

tests made at UFRGS-Porto Alegre and at the Univer- 

sity of Heidelberg (Germany). In the following session 

we present the bases of the new trends in titanium ni- 

tride technology and their purposes. In Section 111 we 

present a summary of the ion beam analyses methods 

that were used in the present work. Sections IV to VI 

contain the experimental results and the discussion of 

them and in Section VI1 we present the conclusions and 

some prospects for future investigation. 

11. New Tiends in Titanium Nitride Technology 

The modifications introduced in the titanium ni- 

tride - based coatings in respect to lower processing 

cost a.nd performance improvement can be classified 

in three major groups: i) multicomponent thin films, 

which means to improve the mechanical characteristics 

of the coating by introducing other elements than Ti 

and N (like C,  Cr, A1 and others) in the film, producing 

compound (or n~ulticom~onent) coatings like the now 

widely used Ti(C,N) and (Ti,Al)N; ii) multilayered thin 

film structures (like Ti/TiN and TiN/AlN multilayers), 

which can eliminate interface stresses and reduce ap- 

preciably the film porosity; and iii) plasma or ion beam 

assistance to the deposition process, which can lead to  

better adherence of the coating to  the steel substrate, 

relaxation of the film-substrate interface stresses, in- 

creasing of the film density and decreasing of its poros- 

ity. 

We have studied the structure and composition of 

new titanium riitride-based coatings belonging to the 

three above mentioned groups. In group i) we have 

analysed the composition of titanium-aluminium ni- 

tride films deposited by reactive co-sputtering deposi- 

tion; in group ii) we have determined the composition 

and wavelength of many different multilayered struc- 

tures deposited by different methods; and in group iii) 

we analysed the modifications in structure and compo- 

sition of titanium nitride films prepared by ion beam 

assisted deposition (IBAD). 

111. Ion Beam Analyses Methods 

The methods used to analyse the titanium nitride- 

based filnis of the present work were: 

i) Rutherford backscattering spectroscopy (RBS) of 

a-particles with energies between 0.76 and 2.5 MeV, 

which allow the determination of the thickness of the 

films, the wavelengths of multilayers, and the composi- 

tion and depth profiles by means of simulations and 

fitting of the experimental spectra using the RUMP 

progr ãm[31; 

ii) 14N(d ,~ )  and 14N(d,a) nuclear reactions (NRA) 

induced by a deuteron beam a t  energies around 0.61 
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Figure 1: To01 manufacturer drill tests in Cr-W steel (Ieft) and in grey cast iron (right) made with HSS cutting steel uncoated, 
coated with Ti V and coated with (Ti,Al)N. The drilling parameters and the number of drilled holes in each case are indicated 
in the figure (f-orn Reference 6). 

and 1.6 MeV, respectively, which allow the determina- 

tion of the to,al concentration of nitrogen in the films 

by comparisoii with adequate standardsi4]; 

iii) 1 4 ~ ( p , y )  and 27Al(p,y) nuclear resonances, in- 

duced by protms of energies between 276 and 330 KeV, 

which allow tl- e determination of the concentration ver- 

sus depth profiles of nitrogen and aluminum in the 

fi1ms[5~. 

IV. (Ti,Al) :V Thin Films 

The use of the ternary system Ti-AI-N as a base for 

a new hard coating material is one of the most success- 

ful new trends in titanium nitride technology. Many 

recent reports from industry as well as research labora- 

tories have shown the improvements made on cutting 

and drilling 1 fetime versus speed performance, wear 

and friction reduction and corrosion resistance when 

these materials are used in the coating of tools. In Fig- 

ure 1 we give some results from industrial uses of Ti- 

A1-N coatings which illustrate the kind of improvement 

they give with respect to  TiN coatingsL6]. A11 these im- 

provements wttre seen to depend rather strongly on the 

composition and structure of the titanium-aluminium 

nitride ~ o a t i n p [ ~ I .  

We have analysed titanium-aluminium nitride thin 

films depositetl by reactive magnetron co-sputtering de- 

position, using pure Ti and pure A1 targets and a ro- 

tating substrate holder. The filrns for ion beam anal- 

yses were deposited onto silicon wafers and polyimide 

films 25 pin thick. The films deposited onto silicon were 

analysed by the resonant nuclear reactions 14N(p,y)150 

and 27Al(p,y)28Si and by RBS with 2 MeV a-particles, 

while the films deposited onto polyimide were analysed 

by RBS with 0.76 MeV a-particles. In Fig. 2 we show 

the y-ray spectra from the (p,y) reactions in 14N and 

27Al which were used to determine the concentrations 

of N and A1 in the titanium-aluminium nitride films 

by comparison with silicon nitride and pure aluminium 

standards, respectively. In Fig. 3 we show the RBS 
spectra at 0.76 MeV incident a-particle energy for sam- 

ples deposited at various A1 cathode rf powers while 

maintaining the Ti cathode dc power and the Ar and 

N2 partia1 pressures constant. A similar study made 

with much thicker films deposited on silicon substrates 

was made with RBS at 2 MeV, and typical results are 

shown in Fig. 4. The combination of the nuclear reac- 

tion measurements of the N and A1 concentrations and 

the Ti concentration as measured by RBS alIowed the 

determination of the N/(Al + Ti) and Al/Ti stoichio- 

metric ratios as a function of the AI cathode power for 

different Ti-cathode powers and d?fferent nitrogen par- 

tia1 pressures in the deposition chamber. The results of 

the present analyses are summarized in Fig. 5. 
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Figure 2: Energy windows in the y-ray spectra resulting 
from the nuclear resonances (a) 2 7 ~ l ( p ,  y) (resonance en- 
ergy ( E ~ = 3 2 6  KeV, resonance width I'R = 1 KeV, y-ray 
energies E,=7.6, 7.2 and 6.2 MeV) and the (b) y) 
ER=278 KeV, rR=1.6 KeV, E,=6.82 and 6.14 MeV) used 
to determine the concentrations of aluminum and nitrogen 
a t  various depths in the (Ti,Al)N films. 

Figure 3: Rutherford backscattering spectra of 0.76 MeV 
incident a-particles (normal incidence, 165' detection) from 
thin titanium-aluminium nitride films (thicknesses around 
40 nm) deposited by reactive cos-puttering deposifion onto 
polymide substrates. The  different spectra correspond to 
different rf power in the Al sputtering target keeping the 
dc potver in the Ti  target constant a t  220 W. The nitrogen 

O 647 1073 
Energy [keV] 

Figure 4: Rutherford backscattering spectra of 2.0 MeV in- 
cident a-particles (normal incidence, 165' detection) from 
thick titanium-aluniinium nitride fims deposited by reactive 
co-sputtering deposition onto silicon substrates. The  spec- 
t ra  were simulated with the RUMP program (solid lines) 
using the following parameters: (a) thickness 3000 nm, sto- 
ichiometry TiAl0.3N1.2; (b) thickness 625 nm, stoichiometry 
TiAlo.~Nl.3;  (c) thickness 677 nm, stoichiometry TiA&N& 
The arrows indicate the energy edges of Ti,  A1 and N a t  the 
outermost surface and the energy edge of Si a t  the  nitride- 
silicon interface. The stoichiometries used in the simulations 
are consistent with the ones determined by complementary 
RBS and NRA analyses as explained in the text. 

partial pressure during reactive sputtering deposition was 
0.02 Pa and the argon partial pressure was 0.3 Pa. 
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Figure 5: Dependence of the Al/Ti ratio of the films on the 
aluminum targct rf power for samples deposited by reactive 
co-sputtering (,L) under different titanium target dc powers 
(220 and 280 V) and constant partial pressures (P~,=0.03 
Pa and P,vz=O 02 Pa); (b) under different nitrogen partial 
pressures (0.02 and 0.04 Pa) and constant PA, (0.3 Pa) and 
dc power in thj: Ti sputtering target (220 W) (C) Depen- 
dente of the N/(Al+Tl) ratio on the aluminum target rf 
power for the s tme samples as in (b). 

Based on the:;e results it was possible to investigate 

the correlatioiis between the co-sputtering deposition 

parameters ar d the tribological and corrosional per- 

formance of c;teels coated with titanium-aluminium 

nitridesL81. Co nplementary analyses with X-ray diffrac- 

tion allowed the determinatioil of the phases of the 

Ti-AI-N systein that were formed and the respective 

tex ture~[~I .  

V. T i N / T i  and TiN/AlN Multilayers 

The use of nultilayered thin film composite coatings 

is also a very succesful innovation in titanium nitride 

tecnology. Thcmy can overcome severa1 of the difficulties 

in producing an adherent, stress free and fully dense 

coating a t  a r:duced cost. The idea of using TiN/Ti 

multilayers derives from the already well established 

procedure of introducing a Ti  intermediate layer be- 

tween the steel substrate and the TiN coating in order 

to improvc tlie adlierence, as well as wear and corrosion 

protection. It is expected that a TiN/Ti multilayered 

coating will have considerably lower porosity since open 

structures reaching from the surface to the substrate in 

the TiN layers might be interrupted by the Ti  interme- 

diate films in the n~ultilayer. Furthermore, corrosion 

or oxidation processes will oxidize Ti to titanium ox- 

ide, which has a higher volume than Ti,  adding one 

more contribution to the partial closing of the micro- 

pores. By using multilayered coatings it is also possi- 

ble to relieve interface stresses if couples that develop 

tensile and compressive stresses are involved, as in the 

case of TiN and Ti  couples. In this case, the relative 

thicknesses of the two different individual layers play a 

decisive role in the minimization of interface s t r e s ~ e s [ ~ ~ I .  

We have used the RBS of 2 MeV a-particles to  de- 

termine the composition and the wavelength of the mul- 

tilayers in TiN/Ti and TiN/AlN structures deposited 

by reactive magnetron sputtering and IBAD. The sto- 

ichiometry of the titanium nitride and aluminium ni- 

tride individual layers were determined in independent 

experiments of NRA by calibrating against silicon ni- 

tride and titanium nitride standards. In Fig. 6 we show 

typical spectra that result from the (d,p) nuclear reac- 

tion induced by 0.61 MeV deuterons and from the (d,a)  

nuclear reaction induced by 1.6 MeV deuterons in 14N 

nuclei in a TiN thin film. In Fig. 7 we show the RBS 

analysis of a 85/20 nm TiN/Ti multilayer. The sim- 

ulation was performed with the RUMP program using 

the 1/1 Ti/N ratio determined by independent RBS and 

NRA in TiN single layers. The study of the composition 

and structure of similar multilayered structures and the 

tests of the aqueous corrosion behaviour of carbon steels 

coated with them has allowed the determination of the 

optimum TiN to Ti  thickness ratio for corrosion pro- 

tection. In Fig. 8 the critica1 current density for iron 

dissolution (which is proportional to the amount of cor- 

rosion) is plotted as function of the Ti/TiN thickness 

ratio as obtained from RBS analyses[ll]. In a similar 

study of the corrosion behaviour of TiN/AlN multilay- 

ers as a function of thickness ratio we have also analysed 



I. J .  R. Baumvol 

the n~ultilayers by NRA and RBS. A typical RBS spec- 

t rum for a 64/36 n m  TiN/AIN multilayer is shown in 

Fig. 9, where the Ti/N and AC/N ratios determined by 

RBS and NRA in TiN and A1N single layers were used 

for the  simulations with the  RUMP program. 

100 150 200 

CHANNEL ( E p )  

Figure 6: (Top)- Proton spectra from (d,p) nuclear reac- 
tions in 14N, 160 and 12C resulting of the incidence of 0.61 
MeV deuterons in a TiN film deposited by reactive sput- 
tering onto a silicon substrate; (Bottom)- the a o  peak (at 
an energy of 9 MeV) that results from the I4N(d,a) nuclear 
reaction produced by 1.6 MeV deuterons in a TiN film de- 
posited by reactive sputtering onto a silicon substrate. The 
severa1 peaks on the Iow energy side of the spectrum are 
other a-particle and proton groups resulting from nuclear 
reactions in 14N and 28Si. 
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Figure 7 Rutherford backscattering of 2.0 MeV a-particles 
(normal incidence, 165' detection) from a 80/25 nm TiN/Ti 
multilayer deposited by reactive sputtering on an oxidized 
silicon substrate. Tlie solid line corresponds to the sim- 
ulation made with the RUMP program using the above 
TiN and Ti thicknesses and a 111 N/Ti stoichiometric ratio 
as determined by combined Rutherford backscattering and 
14N(d,a) nuclear reaction in independent experiments with 
a TiN single layered film deposited in the same conditions as 
the individual TiN layers of the multilayered sample. The 
arrows indicate the energy edges for Ti in the outermost 
TiN and Ti layers, for N in the outermost TiN layer and for 
Si a t  the Si01 substrate-nitride interface. 

ratio TifliN 

Fignre 8: The critica1 current density for iron dissolution (a 
measurement of the amount of corrosion) in saturated acetic 
acid solution for carbon steel samples coated with different 
TíN/Ti multilayers, as a function of the thickness ratio be- 
tween the individual TiN and Ti layers. The thickness ratios 
of the TiN/Ti multilayers were determined by fitting the 
RUMP simulations of the Rutherford backscattering spec- 
tra using the 111 N/Ti stoichiometric ratio as determined 
by nuclear reaction analyses (from Reference 11). 
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Figure 9: Rutherford backscattering spectrum of 2.0 MeV 
incident a-particles (normal incidence, 165" detection) from 
a 65/40 nm TiN/AlN multilayer deposited by reactive sput- 
tering onto silicon substrate. The  solid line is the simulation 
of the spectrurn with the RUMP program using the TiN and 
AlN thickness2s given above and the 111 N/Ti and N/Al 
ratios as measured by combined Rutherford backscattering 
and I4N(d,a)  :iuclear reaction. T h e  arrows indicate the en- 
ergy edges of T i  and N in the outermost TiN layer, A1 and N 
in the outermcst AlN layer and of Si in the  silicon substrate. 

VI. Ion Beain Assisted Deposition Coatings 

The  use oi' energetic heavy ion beams to bombard the 

growing film simultaneously to  reactive titanium nitride de- 

position, whici is usually called ion beam assisted deposi- 

tion (IBAD), represents another emerging method to irn- 

prove the periòrmance of the coatings in  titanium nitride 

technology. The  ion beam (usually Art or Nt of energies 

in the typical range of 1 to 20 keV) is used initially for 

sputter cleaniiig of the substrate prior to  evaporation; af- 

terwards the dectron-beam evaporation is started and the 

film grows un~le r  partial or continuous bombardment with 

ions[12~13]. Th4: effect of IBAD on the adhesion of titanium 

nitride coat inl ;~ is shown in Fig. 10 by comparison with 

conventional ~ o a t i n ~ s [ ' ~ ] .  The  development of sources for 

intense large-area ion beams has brought IBAD into a stage 

of industrial use and severa1 companies making fine metal- 

lurgical compc nents are already using this coating method. 

Figure 10: Adhesion measurements made by pull-off test 
(I) and scratch test (11) of TiN film coatings on steel: (full 
line bars)- evaporated films and (empty line bars)- films 
deposited by IBAD (from Reference 13). 

More recently a strong effect of the angle of incidence of 

the ion beam during IBAD on the hardness and corrosion 

properties of the coatings was found. X-ray diffraction and 

transmission electron microscopy studies have shown that  

the crystal orientation of the titanium nitride films made by 

IBAD change with the  angle of incidence of the ion beam 

and an effort is being put  forward now to optimize this angle 

for excellent hardness and corrosion protection['51. Fig. 11 

illustrates the hardness and aqueous corrosion dependence 

on the angle of impact of the ion beam. 

We have used the 14N(d,a) nuclear reaction and RBS of 

a-particles to characterize the single-layered TiN and mul- 

tilayered TiN/Ti  coatings deposited by IBAD in order to  

study the possible causes of this dependence on the impact 

angle of the performance of the coatings. Fig. 12 shows 

the RBS spectra for TiN coatings deposited a t  ion beam 

impact angles of 15' and 55" with respect t o  the substrate 

normal. Using the film thicknesses as measured by RBS 

and tallystep and the nitrogen concentrations measured by 

the 14N(d,a) nuclear reaction we have established the  Ti /N 

ratios, namely 110.9 for an incidence angle of 15' and 1/0.8 

for a n  incidence angle of 55". The  RUMP simulations of 

the RBS spectra shown in Fig. 12 are consistent with these 

stoichiometric ratios. So, from the point of view of IBA the 

main differences in the titanium nitride films deposited by 

IBAD a t  these two different bombardment angles are the  

different compositions (probably due to the dependence of 

the preferential sputtering on the bombarding angle) and 

the different film thicknesses which were unexpected since 

a deposition time compensation due to the dependence of 

the sputtering rate on the bombarding angle was tried to be  

made. A common feature which is clearly visible from the  

comparison between the experimental and simulated spec- 

t ra  is the pronounced mixing induced by the ion beam a t  
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the film-substrate interface; this mixing is certainly one of 

tlie most important reasons for the enhanced adherence of 

IBAD deposited titaniuni nitride coatings. 

Sample 

'3 ---e- TiN (Oo) + - ( O )  - 0 TiN (40°) 
.r< L 

3 -m- TiN ( S S O )  - -e - i ( S I  -- TirriN (InAD) 

Figure 11: Vickers Hardness and critica1 current densities 
for iron dissolution of carbon steel samples coated with ti- 
tanium nitride films deposited by IBAD at  several different 
incidence angles of the beam during deposition. The  
results for multilayers deposited by reactive sputtering and 
by IBAD are also shown (from Reference 15). 

tnergy (r,r~ev) 

0 4  0.6 O8 l C  1 2  1 1  
40 I I 1 I I I 

Si(TiN-Si interface) 
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Channel 

Figure 12: Rutherford backscattering spectra of 2.0 MeV in- 
cident a-particles (normal incidence, 165' detection) from 
titanium nitride films, deposited by IBAD onto silicon sub- 
strates a t  two different angles of incidence of the ArS ion 
beam during deposition (15' and 55'). The  simulations 
of the spectra (solid lines) were performed with the RUMP 
program using the 0.9 and 0.8 N/Ti ratios for 15' and 55' in- 
cidence angles, respectively, as determined by the 14N(d,cy) 
nuclear reaction and the thicknesses measurements by RBS, 
and calculating the curves without considering the strag- 
gling. Tlie arrows indicate the energy edges of T i  and Ni 
in  the  films and the Ti  and Si edges a t  the TiN-Si inter- 
face. The strong disagreement between the simulated spec- 
t ra  (solid line) and measured spectra around the TiN-Si in- 
terface reveals the pronounced intermixing that  occurs due 
to  IBAD processing. 

The  same kind of anaiyses were made in TiN/Ti multi- 

layers deposited by IBAD. The  RBS spectrum from a 50180 

mn TiN/Ti  multilayer is shown in Fig. 13. The  RUMP 

simulation shown in the figure evidences several of the con- 

sequences of IBAD deposition in this case: i)  the strong 

mixing a t  the film-substrate interface; ii) the also very pro- 

nounced mixing between the individual TiN and Ti  layers; 

and iii) the very strong departure from a 111 stoichiometry 

in the TiN layers and the strong contamination with N of 
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the pure T i  lzyers. In summary we notice from Fig. 13 

that  IBAD deposition of TiN/Ti  multilayers has originated 

a graded com 2osition material, wllich can be controlled to  

give origin to new and highly desirable properties[16]. 

Energy (l4eV) 
C.4 0.6 0.8 1 .O 1.2 ' .4 

I I I I I I 

IBAD (TiN/Ti)/Si 

Figure 13: Rutherford backscattering spectrum of 2.0 MeV 
incident a-particles (normal incidence, 165' detection) from 
an approximately 80180 nm TiN/Ti  multilayer deposited 
by IBAD. Thc  simuiation of the spectrum with the RUMP 
program was made using the above mentioned thicknesses 
for tlie indivi(lua1 TiN and T i  layers and a 111 N/Ti ra- 
tio, evidencin*; the strong departure of the actual average 
stoichiometry of the individual layers from the  one used in 
the simulatior , as well as the  strong intermixing of the in- 
dividual layer:; composing the multilayer caused by the ion 
bonibardment during deposition. 

interfaces between the individual layers in the case of mul- 

tilayers deposited by IBAD. In many of the  cases discussed 

above tlie informations obtained by ion beam analyses are 

unique in the sense of determination of the concentration 

of the elements, the resolution of the depth profiles and the 

nondestructiveness of a11 the analytical methods used here. 
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of the IBAD films by RBS and NRA has adressed not only 

the thickness, composition and wavelengths of the multilay- 

ers but  also tlie interdiffusion occurring a t  the interfaces of 

the systems, like the  film-substrate interfacc and the several 
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