Thermal stability of a Ti-Si-N diffusion barrier in contact
with a Ti adhesion layer for Au metallization
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Depth profiling by backscattering spectrometry, x-ray photoelectron spectroscopy and
diffractometry, scanning electron microscopy, and sheet resistance measurements were used to
study the thermal stability of ternary ;}8i,gNs5 films as diffusion barriers between a gold overlayer

and substrates of aluminum nitride, silicon oxide, ghsilicon carbide when thin titanium films are

added on either side of the barrier to enhance adhesion. It is shown that titanium and gold
interdiffuse upon 30 min annealing in vacuum at 400 °C and above, which raises the sheet resistance
of the gold layer by factors that increase with the amount of titanium present. For the same
annealing ambient and duration, nitrogen begins to diffuse at 600 °C from {}&i,dNs3 layer into

the titanium layer, releasing silicon. This silicon reacts eutectoidally with the gold, leading to
breakup of the barrier. €999 American Vacuum Sociefa0734-211X99)00301-7

[. INTRODUCTION pieces, degreased in organic solvents in an ultrasonic bath

Ti-Si-N belongs to a class of ternary films of the type (trichloroethylene, acetong, and methanol sequepliauy
TM-Si-N (TM=Ti, Ta, Mo or W). These films stand out by !owed by 10 s of a water-diluted HF etch before being loaded
their excellent performance as barrier materials, preventindt© the deposition chamber. _ _
the interdiffusion or reaction between Al, Cu or Au and All the films in this study were deposited by rf sputtering
Si1-12For example, a 100-nm-thick Ti-Si-N film effectively with a planar magnetron cathode 7.5 cm in diameter. The
blocks the interdiffusion between Si and Cu up to 850 °C forSubstrate plate was placed 7 cm below the target and was
a 30 min annealing in vacuufrHowever, chemical inertness neither cooled nor heated externally. The sputtering system
is often associated with poor adhesion. It is therefore comiS equipped with a cryopump and a cryogenic baffle that
mon practice to include a layer of a reactive element, e.g., TiProvides a background pressure o0’ Torr before
to promote the adhesion of a metal film to an inert substratéputter deposition. The different layers were deposited se-
or layer, such as SiQor SN, in the belief that a reaction quentially in the same chamber without breaking vacuum.
with these materials favors good adhesion. An attempt washey were all deposited at 10 mTorr total pressure, 300 W
also made to achieve good adhesion of a Widrrier with ~ rms forward sputtering power and without dc substrate bias.
an Al overlayer by introducing a Ti filly> However, it was  The Ti layers and the Au overlayers were deposited in Ar
found that the Ti layer reduces Wb W upon annealing to  discharges. Ti-Si-N films were deposited from gSlij target
550 °C and that this reaction promotes Al diffusion into W.in Ar/N, gas mixture discharges. The flow ratio of d Ar
Thus, it is important to clarify to what extent thin films of (0.036 and the total gas pressuf®0 mTor) were adjusted
reactive metals, such as Ti, actually improve or degrade thby mass flow controllers and monitored by a capacitive ma-
performance of a barrier layer. nometer in a feedback loop.

In this article we examine the thermal stability of a Four sets of samples of the configuration
Ti,7Si,gNs3 barrier layer with adjoining layers of Ti between AIN/Ti/Ti 57-5Sixg+1N53+4/Ti(X)/Au were prepared. The Ti
a Au overlayer and substrates of AIN, Si@ndB-SiC. The  adhesion layer between the Ti-Si-N and the AIN substrate
results are similar for all three substrates. We present onlywas 20 nm thick for all sets. The thicknesses of the other
the data for AIN. The particular choice of the barrier com-adhesion layefdenoted Tik)] between the Ti-Si-N and the
position T,SioNs3 for this study was suggested by the re- Au were set at 10, 20, 30, and 40 nm with the intention of
sults of Sunet al,'?> where it is shown that the optimum finding the thickness that would optimize both adhesion and
composition range for a conducting, yet atomically opaquestability. The thicknesses of the Ti-Si-N barrier lay@00

Ti-Si-N barrier is near that composition. nm) and the Au overlaye(230 nn) were identical for all
sets. One sample of each thickness group was kept as a ref-
Il. EXPERIMENTAL PROCEDURES erence. Other samples of each group were annealed for 30
i min at one of seven temperatur@0, 500, 600, 700, 750,
A. Sample preparation 800 or 850°C in an evacuated tube furnace (5

Polished AIN plates with a surface roughness of less than<10~’ Torr). To eliminate a possible role of the substrate,
20 nm obtained from The Carborundum Company were usethe same sequence of layers with X)i€ 20 nm was also
as substrates. The substrates were cut into &@®mm  deposited on thermally oxidized Si and @ASIC samples.

To study nitrogen diffusion, a set of fodfl11) Si sub-
3Electronic mail: shalish@eng.tau.ac.il strates covered with thermally grown Si@ere degreased
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with organic solvents in an ultrasonic bath and sputter depos A
ited under the same conditions described above. A 125-nm
thick Ti layer was deposited on the Si@nd subsequently 7 hrr 7/

) Lo 77 it
covered with a 100-nm-thick Ti-Si-N overlayer. One of these a_;:)':fi‘ed L ; :;?;5;;’,’:’,{{{%5{{[[4%%‘”’”
was kept as a reference, while the others were annealed fc f """"::::'Zgggéfgll”,lzl
30 min in vacuum at 500, 600, and 700 °C. |
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B. Sample characterization

Before and after thermal annealing, the samples were
characterized by 2.0 MeVHe' " backscattering spectrom- annealed |_

etry (BS) to determine the atomic composition profiles and to 600 *C

monitor the interdiffusion or reactions in the samples.

Debye—Scherrer x-ray diffractometry with a glancing angle 7

of beam incidencé10°), Co K« radiation(\=1.79 A), and e IIIII 7
an Inel position-sensitive detector was used for phase iden / IIIIIIII
tification. Scanning electron microscop$EM) and energy ed Z ”';;;}I”IIIIIIIIIIIII
dispersive analysis of x ray&DAX) were used on selected “;},‘;fig ol = ?:’,é‘;',’;’f,%é‘{{ﬂ{lll[[””
samples to examine surface morphology and to obtain : """33:225221,'
chemical information. e

The redistribution of nitrogen in theSi)/SiO, /Ti/
Tip7+2Skhg+1Ns3+4 Structure upon thermal treatment was
tracked by x-ray photoelectron spectroscdpypS or elec-
tron spectroscopy for chemical analy$ESCA) combined
with depth profiling. The measurements were carried out indezzsned
ultrahigh vacuum (%10 *° Torr) using a Phi 5600 muilti-
technique system with a spherical capacitance analyzer and A1 Sputtering 30 >
monochromatized AK « radiation hv=1486.6 eV) source Cycle 394
.usmg a spectrometer pass_energy of 117 .ev with an gnerg';{G_ 1. Evolution of x-ray photoelectron spectra of Mjlvs sputtering
'nttervsl of 0.50 th' Sfp;]:fr'gg Vk\:as dct)tne' with 4 Ike\I/ Atr :joq_s cycle for four (Si)/SiO, /Ti/TiSIN samples: as deposited, and annealed in
at a beam current o . Eacn sputtering cycle laste vacuum for 30 min at 500, 600, and 700 °C. The 100 sputtering cycles
min, except for the first 12 cycles where a longer duration, Shown correspond to the depth of the two topmost layer&l 25 nm)/TiSiN
min, was used. To improve the uniformity of layer removal, (100 nm).
the samples were rotated during Ar irradiation and the ion
beam was rastered over an area of3mn¥. Photoelectron

spectra were acquired over a 4f-diam spot in alteration  js observed starting at 600 °C and increasing with the anneal-
with the sputtering. ing temperature. A sharp drop of the N{)1peak in the as-
The compositions of the Ti-Si-N layers were calculateddeposited sample indicates the transition from the top
from the relative signal heights of the elements in the back=|-i275i20N53 layer to the underlying Ti layer. Nitrogen is uni-
scattering spectra of the same films on graphite substrateﬁ)rmw distributed throughout the iSi,Ns3 layer and is
The as-deposited FiSi,Ns3 films also generally contained 2 pelow XPS resolution in the Ti layer. No significant change
at. % Ar and 4-6 at. % oxygen. The thicknesses of singlgs observed after annealing at 500 (milar changes in the
element layers were estimated with a typical errortaf%  top layer thickness were observed in the depth profiles of Ti
from elemental bulk densities and energy losses in the backgng sj, eliminating the possibility of diffusion at this tem-
scattering spectra. The thickness of the Ti-Si-N layers Waperaturg. At 600 °C, the N(5) peak in the Ti layer in-
determined from a cross-sectional SEM micrograph of a&reases close to the interface, along with a corresponding

typical sample, whereas the other samples were comparggwering of the peak in the 3jSi,Ns3 layer. The extent of
with the SEM sample using energy losses in the backscattethis change grows with annealing temperature.

398 Binding

396 Energy
[eV]

ing spectra. The penetration of nitrogen into the Ti layer is accompa-
nied by a consequent release of Si from the Ti-Si-N layer
lll. RESULTS close to the interface. Figure 2 shows the evolution of the

Si(2p) peak with the sputtering cycle for the same set of
samples as in Fig. 1. In the spectra of the as-deposited
Figure 1 shows the evolution of the Ng)l peak versus sample, the Si(@) peak is observed at a binding energy
sputtering cycle and binding energy for an as-depositedBE) of 102.1 eV throughout the Ti-Si-N layer. This BE is

(SHISIO, ITiTi»;Si,gNs3 sample and samples of the samewithin the reported range for silicon nitridé401.5-102.2
layer scheme annealed in vacuumx 10 7 Torr) at 500, eV).}* At the interface with the Ti layer, an additional rela-
600, and 700 °C for 30 min. A redistribution of the nitrogen tively weak peak is noticed at BE of 99.3 eV, typical of pure

A. X-ray photoelectron spectroscopy
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annealed | Fic. 3. 2 MeV “He™™ backscattering spectra of the second group
500 °C AIN/Ti (20 nm)/Ti»;SiyNs3 (100 nm)/Ti (40 nm/Au (230 nn)  before and
after annealing at 700 °C. After annealing an additional Au peak occurs in
the spectrum just below the low-energy edge of the Au signal. The change
of its intensity according to the thickness of theXji(ayer is displayed in
the zoomed circle.
as main component is centered at BE of 101.6 eV, typical of
deposited | 90 SisN,,** while the two minor components are centered at
99.3+0.1 eV, typical of pure St* and 102.4:0.4 eV, attrib-
uted to SiN,O." The full width at half maximum(FWHM)

Sputter. O of the Ti(2p3) in the Ti-Si-N layer is 1.4 eV, in agreement

Cycle Binding with reported values for Tily'® while the FWHM of the
Energy SizN, component of Si(R) is 2.0 eV, which is much wider
[eV] compared to reported values for crystallingNgi'® The
Fic. 2. Evolution of x-ray photoelectron spectra of Si2vs sputtering chqnges of the above listed parameters after anneallng at
cycle for four (Si)/SiO, /Ti/TiSIN samples: as-deposited, and annealed in Various temperatures are below measurement resolution.
vacuum for 30 min at 500, 600, and 700 °C. The 100 sputtering cyclesThese results indicate that,}$i,gNs3 is composed mainly of
shown correspond to the depth of the two topmost layers(1Z6 nm)/ crystalline TiN and less ordered ;8i,, as well as small
TiSiN(100 nm). - . . ”

quantities of Si and §N,O, and that this composition does

not change upon annealing in vacuum up to 700 °C.

Si (98.8-99.4 eVY.!* An increase of this pure Si peak is .
observed only after annealing at 600 °C, and is made promP' Backscattering spectrometry
nent after annealing at 700 °C. Two types of interactions involving the Au layer were

A reaction also takes place between the Ti layer and thebserved by backscattering. One type is an apparent interac-
SiO, substrate. It is noticed starting at 600 °C as a minottion between the T¥) layer and its overlying Au layer. It is
diffusion of Si from the Si@into the Ti layer. This reaction evidenced by a smearing of the high-energy edge of the Ti
is known to occur at about 600 “€ However, this reaction signal in spectra of the annealed samples. Corresponding
yields TiO, and TiSj, and therefore it is unlikely to take changes in the Au signal are observed as well but are more
part in the development of the pure Si peak. pronounced in spectra of thick &) layer samples. The

In order to identify phases in the J8Bi,0Ns3 layer,  change consists of a slight lowering of the Au signal, mostly
Ti(2p3) and Si(P) peaks were analyzed for a sequenceat its low-energy edge.
of 10 sputtering cycles around the center of this layer. The A second type of interaction is observed after annealing at
resulting parameters were averaged. The pigd peak temperatures above 600 °C. It is evident as a new peak ap-
in the as-deposited Ti-Si-N layer comprises two Gaussiampearing just below the low-energy edge of the Au signal.
peaks in a typical satellite arrangement. The main peak agnitial changes of this type appear on samples withx)i(
pears at BE of 455.1 e\standard deviations of less than 0.1 =30 and 40 nm after annealing at 600 °C. Annealing at 700
eV are omitted) matching reported values in TiN**®while  and 750 °C produces this change in all the samples. Figure 3,
the satellite peak appears at BE of 457@2eV. The for example, displays 2 MeVHe' " backscattering spectra
Si(2p) peak resolves into three Gaussian components. Thef the sample with TiX) =40 nm before and after annealing
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Fic. 4. 15° glancing angle x-ray diffractiofCo K«) spectrum of an as- . N
deposited AIN/TI/TISIN/Ti/Au sample. Fic. 5. SEM micrograph of the surface of an AIN/Ti/TiSIN/Ti/Au sample

with Ti(x) =30 nm before and after 30 min annealing at 700 °C.

at 700 °C. A peak just below the low-energy edge of the Au

signal appears, by coincidence, at the surface energy of Teayse. The composition of the center of the droplet was ex-
Backscattering from the same sample tilted against the inCigmined by EDAX and was found to consist mainly of Au,
dent beam showed a shift of this peak to lower energiésyhereas Si and Au were the main constituents in the border
identifying it as Au. The depth of this additional Au peak greas of the droplet. Annealing of a sample from the same
was calculated to be located approximately under theyroup at 850 °C results in a similar droplet picture. However,
Tiz7SipoNs3 layer, suggesting that some Au diffuses througheach of the droplets is now surrounded with distinct margins
that layer during annealing. The ;f$ixNs; layer itself is  [Fig. 7(a)]. Si and Au were detected by EDAX at these mar-
still identifiable as a distinct ent|ty after the 700 °C anneal'gins [Flg 7(b)] A cross-sectional micrograph of the same
ing, as the Ti signal between 1.1 and 1.2 MeV attests to. Thgnnealed sampléFig. 8 reveals a columnar structure of the

inset in Fig. 3 compares the intensity of the additional AuTj-sj-N layer with a lateral period of about 60 nm.
peak for the various TK) layer thicknesses. The intensity

increases with the thickness of the X)i(layer.

C. X-ray diffraction

TiN(200) and TiN(220) peaks were identified in x-ray dif-
fraction spectra of as-deposited samples, together with peak
of Au and hexagonal AINFig. 4). No difference was ob-
served between samples of variousxyithicknesses. Poly-
crystalline TiN is commonly observed in ttig11) preferred
orientation. However, a high flow of nitrogen during growth
is known to switch the orientation t200),2°?! which may
well be the case for our Ti-Si-N lay€b3 at. % nitrogen

D. Scanning electron microscopy

The surfaces of the samples were examined with a scan
ning electron microscope before and after annealing. Up tcj|
750 °C the continuity of the Au layer is preserved, although
the formation of hillocks and holes is observed as Weij. k.
5). These are commonly observed on surfaces of heat treate = Au, Si
Ti/Au metallizations and are usually ascribed to relief of §©
stresses resulting from different thermal expansion
coefficients?? Solidified Au droplets were observed on the = e :
surface of the samples after annealing at 800 °C or above e Au,Si,Ti,N
Droplet formation was observezhly in samples incorporat- 3 & :
ing a Ti(x) layer. Figure €a) shows Au droplets formed on a
sample with TIQ_():J'O nm _u_pon annealing in vacuum at Fic. 6. SEM micrograph of droplets formed on a sample withxJi(
800 °C for 30 min. The positive contact angle of the droplet_ ;0 nm upon 30 min of annealing at 800 ¢ and the composition of one
[Fig. 6(b)] eliminates solid state dewetting as a possibledroplet(b).
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Relative Change in Sheet Resistance
4r Vs.
Annealing Temperature

30 min in vacuum
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Fic. 9. Relative changes in sheet resistance vs annealing temperature for
different thicknesses of Ti.

ivities  [pay=2.2 #Q cm, p1i=41.67uQ cm>  prisin
=110/1800u0 cn?¥]. In the case of the annealed samples,
shown previously, interactions between layers change their
composition. The dominance of the overall conductance by
the Au layer(by factors of 100 and 100@ver these of TiX)
and Tp,Si,oNs3 is so large, however, that one can safely
ignore the presence of the latter even after interaction be-
tween the layers. We therefore assume that the measured
Fic. 7. SEM micrograph of droplets formed on a sample withx)Yi( sheet resistance values reflect the sheet resistance of the top
=10 nm upon 30 min of annealing at 850 1@ and of the margins of a A |ayer.
droplet (b). The initial resistivity of the Au overlayer in all the as-
deposited samples, calculated from the sheet resistance and
the Au thickness, is (9:20.2) uQ) cm. This value is over
E. Sheet resistance four times that of pure Au2.2 u{) cm). In a consecutive
experiment, we have found that by using a lower Ar pressure

as-deposited samples does not show any dependence on 91uermg the Au layer depositiof8 instead of the 10 mTorr

Ti(x) layer thickness. Values from different as-depositedmentioned in Sec. Il Aresults in films with resistivities of
samples vary insignificantly within the experimental only 1._8 times that of pure Au as weII_ as a lower conf[en_t_of
error. This means that layers other than the top Au layef\- It is commonly observed that thin films have signifi-
do not affect the sheet resistance of as-deposited samplé@ntly higher resistances than bulk samples of the same ma-

The same conclusion may be reached by comparing the sheléfial, for various reasorfs:*

resistanced0.1 /01 for Au, 10.4 Q/0 for Ti (40 nm), The relative change in the sheet resistance of the annealed

and 11-180Q/01 for Ti-Si-N] of the various layers ex- samples with respect to their as-deposited values is given in

pected from their thicknesses and the respective bulk resiskig. 9 as a function of the annealing temperature. Each data
point represents a distinct sample annealed to only one tem-
perature. All samples annealed at temperatures below 750 °C
show an increase in their sheet resistance. For the same tem-

The sheet resistance of 040.01Q /0 measured on the

perature the increase is higher for thickerxpi(ayers. This
_;?“ increase reaches its maximum value at 600(Z5-4.5
Ti-Si-N times the initial valug Annealing at 700 °C results in a
= value that is less than that a maximum, and after 750 °C the
AIN sheet resistance falls below its initial value. The values at
750 °C do not show a dependence on th)thickness and

Fic. 8. SEM micrograph of a cross section of an AIN/TiTISIN/Ti/Au Va&ly a_round a value that is about 60% of the initiak-
sample showing a columnar structure of thg,;$i,(Ns; barrier layer. depOSIteOi value.
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IV. DISCUSSION the same temperatufé00 °Q at which the sheet resistance
peaks. Although the Au layer has reacted with thexYi(

Two major opposing trends characterize the changes ifims at the lower temperatures, we surmise from the concur-
sheet resistance after annealisgen in Fig. 9 One, already rence of the two phenomena that a similar process takes
effective at low temperatures, increases the resistance withiace here too. Heat of formation values for all constituents
annealing temperature. The other sets in somewhat belogre unavailable, but it is plausible that TiN plus Au-Si for-
600 °C and opposes the first. Their superposition results in gation is favored over Ti-Au phases and Ti-Si-N. A reaction
maximum at 600 °C. At 750° C the two trends cancel eaclhetween Ti and Ti-Si-N is also supported by the Ti-Si-N
other. The role of Ti is evident through the correlation be'ternary phase diagram, where no tie lines exist between Ti
tween the Tik) layer thickness and the magnitude of the 3nq TiN or SiN,.%® Assuming that the formation of the
sheet resistance increase after annealing. If the presence of fiLay phases can be reversed, the sheet resistance at 750 °C
is solely responsible for that increase, then no such increasg,ouid pe expected to be roughly similar for samples with or
;hould be expected ip its absenc_e. C_:onfirmation of that i§iinout a Ti(x) layer. This is indeed seen in Fig. 9. In the
indeed found in the TK) =0 curve in Fig. 9. N absence of Ti-Au reaction, the most probable mechanism

The resistance of thin films s sensitive 10 gy4japle that would influence the sheet resistance would be
contaminatiorf® In our case, the measured layer is Au, into Au grain growth. Narrowing of the Au peaks in x-ray dif-
which contaminants can penetrate either from its underlayeg,tion spectra was indeed observed after annealing, provid-
or from the ambient. As the latter is not evident in back-j,, some support for that possibility, although several other
scattering spectra, it seems reasonable to assume that an W +s could also result in such narrowig.

teraction of the Au layer with the underlying ki is the At 800 °C, a new phenomenon is observed. Solidified Au

main cause of the observed changes. Hence, the extent &?oplets evident by SEM after annealing at 800 and at
which the resistance increases should be expected to corr i

8§50 °C[Figs. 6a) and 7a) for Ti(x) of 10 nm|, suggest that
late with the quantity of Ti that penetrates the Au. This in I . ' .
turn should depend on the original quantity of [ITi(x) a eutectic reaction involving Au occurs. The only possible

: or ;i H o 38 q;
thicknes$ minus the part of Ti lost for concurrent reactions. eutectic up to 850 °C is that of Si and Au at 363 °C.~ S,

Other than with Au, Tik) may react with the other adjoining 'éj(eb)n tg;eddlbgg]EElfxO?Estr:ﬁisma;g;?;”ic;f tk}risi,se g{?ﬁ:ﬁ?gﬁi’ i
layer, Ti-Si-N. These two reactions will therefore be dis- » Supp P Y. 9

nate from the Ti-Si-N layer. The reaction of Ti with
cussed next. Ti,-Si,gNz3 indicates that Si becomes available to react with
The Ti-Au reaction has been at the focus of severaIA27 2|° 5% 600 °C. Therefore. it is likelv that the
studies?227-35|n most of these it is found that Ti reacts with “ 4 0Ny above - 'heretore, 1L1S Tikely that the forma-

both the substrate and the ambient as well as with Aulion Of the Si-Au eutectic and of the Ti-N phases is domi-

vacuum annealings were used by Poateal?® and by nated by grain boundary processes, which are local and pro-
Hieber®! In general, when the Au layer is thicker than the ceed at locally varying rates. Ultimately, the,BiNs
underlying Ti layer, Ti diffuses into Au faster than vice barrier fails locally, and allows penetration of Au below the

versa, producing Au-rich compounds. Hieber shows that thgarrier, as was observed by backscattering at temperature_s of
sheet resistance of a T50 nm/Au (500 nm bilayer first 600-750 °C. Only a local process can be _conS|stent with
decreases upon annealing to about 60% of its initial valudN€Se backscattering spectra. The result of Fig. 6 would pre-
due to Au recovery. A following increase of sheet resistancéUmably occur at temperatures lower than 800 °C for anneal-
is found to correlate with the onset of Ti-Au reaction atNg durations longer than 30 min. _
207 °C3! A decrease to about 60% of the initial value is also A columnar structure, as observed in Fig. 8, may explain
observed in the present work when thexJi(ayer is absent the local nature of the reaction. According to Senal,
[Ti(x)=0]. An evident correlation of that decrease with a Ti-Si-N favors a structure composed of TiN-like nanograins
narrowing of the Au peaks seen by x-ray diffraction suggest&mbedded in a g,-like amorphous material. This means
Au grain growth as a plausible cause. ForxJit0 Ti-Au  that TiN and SN, phases segregate during the formation of
interaction in the annealed samples is observed by backli-Si-N. Order and crystallinity have been found to increase
scattering(see, for example, Fig.)30n the other hand, no with nitrogen concentration. Columnar grain structure, typi-
conclusive evidence for the presence of Ti-Au phases i§al of TiN, was observed in the case where the nitrogen
found in XRD spectra, possibly because of the limitedconcentration was the highest ¢33i15Ns,). Nevertheless,
amount of Tik). These findings indicate that, when ax)i(  this layer was found to prevent the interdiffusion of Cu and
layer is present between the Au and the Ti-Si-N layers, théSiO, up to 30 min of annealing at 850 “€The composition
increase in the Au sheet resistance upon annealing is caus&é/SigNs3 used in this work is also very close to the
by Ti penetrating the Au layer. TiN-SigN, tie line in the Ti-Si-N ternary phase diagrafh,

At temperatures equal to or higher than 600 °C, the Ti-Auand it also shows a columnar grain struct(feg. 8). X-ray
reaction is no longer exclusive since concurrent reactionphotoelectron spectroscopy of as-deposited samples reveals
take place. Evidence of Ti interaction with the Ti-Si-N bar- that Ti in Ti,7Si,oNs3 takes the form of TiN, while Si is
rier layer is provided by the XPS depth profiles in Figs. 1 andmostly found as SN, together with some pure Si and ox-
2. Nitrogen diffusion from the Ti-Si-N layer to the adjoining ynitrides. X-ray photoelectron spectroscopy studies giSi
Ti layer is first observed after annealing at 600 °C. That ishave shown a typical Si(® FWHM of 1.15 eV for stoichio-
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metric SgN,. The much larger FWHM in our cag@.0 e\) ACKNOWLEDGMENTS
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port is also found in other studies of similar Ti-Si-N layers

using XRD and transmission electron microscopy. These

studies have identified crystalline TiN together with an
amorphous component thought to bg\gi***°On the other
hand, the TiN in our TjSi,oNs3 yields a narrow crystalline
peak in XPS, a preferre@00) orientation in XRD, and a
columnar grain structure in SEM, all of which are commonly
observed in TiN film$! However, despite its columnar
structure and the similarity to TiN, FiSi,gNs3 still seems
impenetrable to Au up to at least 800 °C when axTifayer

is absenf? This could suggest that the columnar grain
boundaries are initially “stuffed,” presumably with the
amorphous SN, phase. Alternatively, it could be that Ti

only enhances penetration of the barrier by the Au and tha

penetration might also have been observed without &)Ti(
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