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Interfacial reactions in Al-0.5%wtCu/Ti/SiO,/Si structure have been investigated up to the
annealing temperature of 600°C for 30 min in Argon ambient. Annealing temperature at
above 500°C, Al alloy and Ti start to react and produce Al3Ti, which was already reported.
Annealing at higher temperatures (650°C, and 600°C) made AlsTi transformed into AlsTi,,
which is thermodynamically more stable than AlsTi. The unreacted 52 nm thick Ti which
existed underneath of AlsTi, might lead to retardation of the reaction between Al;Ti, and
the underlying SiO,. Hence, the formation of ternary compound (Al,Ti,Si,) which is
believed to be detrimental to the contact metallization layers was protected. © 2000
Kluwer Academic Publishers

1. Introduction properties such as crystal orientation, roughness and
Aluminum (Al) interconnections alloyed with a few atomic composition of the sputtered Ti film.
percent of copper (Cu) have been widely used in Siin- In our Al-0.5%wt Cu/Ti/SiQ/Si structure Tiis in di-
tegrated circuit (IC) interconnect metallization for their rect contact with the overlaying Al alloy layer and reac-
high reliability against electromigration and stress-tions could occur during high temperature Al sputtering
induced migration [1]. The ease of processing, low re-or reflow. Here, Al alloy/Ti interfacial reaction plays an
sistivity, and process compatibility of this metal make itimportantrole. It was reported that the reaction products
difficult to find better alternatives. There have been sevAl3Tiand AlsTi, improve the electromigation (EM) re-
eral hypotheses on the mechanism of Cu adding effecgistance as a current bypass [10] when voids are formed
such as the modification of grain size distribution, [2]in an Al alloy interconnection. In high temperature Al
and the suppression of vacancy electromigration asputtering or reflow, temperature above S500nay ac-
grain boundaries[3, 4]. A popular explanation of this ef-tually be employed, therefore interfacial reaction stud-
fectis that Cu coats the Al grain boundaries and inhibitses at above 50@ are essential. In this work the inter-
the diffusion and hence the electromigation-inducedacial reactions in Al-0.5%wtCu/Ti/SigSi structure
transport of Al atoms along the grain boundaries [5, 6].above 500C has been investigated.

Ti has been used as a diffusion barrier/underlayer
of Al alloy in its applications to high temperature pro- 2. Experimental details
cesses such as high temperature sputtering and refloWhe Si substrates were cleaned in a dilute solution of HF
developed for via-filling [7, 8]. The Ti barrier enhances to remove native oxide. For Al-0.5%wt Cu/Ti/Si(3i
the wettability of Al alloy with underlayer materials, structure, a 300 nm thick SOlayer was deposited
and this enables complete Al filling in via holes with on Si wafer and then SKISi substrate were loaded
high aspect ratio [9]. In our present work, Ti barrier wasinto the IMP sputtering chamber for deposition of Ti
deposited by lonized Metal Plasma sputtering as a dg:L00 nm) and subsequently Al alloy (200 nm) with-
position technique. It will overcome the generic PVD out breaking the vacuum. The IMP deposition process
processing limitations such as poor step coverage withhas been described in detail elsewhere [11]. The sam-
out losing the excellent metallurgical diffusion barrier ples were then annealed in a temperature range from
properties. In addition to enhancing the step coverag@00 to 600C for 30 min in Argon ambient. The sam-
of the metal films, the IMP process also affects filmple sheet resistance was measured by the four-point
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probe method to survey the overall reaction. The re T oAl
action products were identified by X-ray diffraction o oS oTi val
analysis (XRD). Surface morphology was examinec

by Scanning Electron Microscope (SEM). Rutherfordf;‘f
Back Scattering Spectroscopy (RBS) measuremeniz
were carried out to evaluate the interaction betweer2
Al and Ti.

Inte

3. Result and discussion

The variation of the sheet resistance as a function ¢
annealing temperature for Al-0.5%wt Cu/Ti/SiSI 35 45
structure in Argon ambient for 30 minis shownin Fig. 1. Diffraction angle (20)

The measured sheet resistance is dominated by Al thin -

film since Al film (200 nm and 2.6%$2cm) is much Figure 2 The XRD spectra from Al- 0.5%wtCu/Ti/SKISI structure
thicker and has a much lower re_zsistivity than Ti _(100 nm?;fgf@(?, 3? gsi)f‘}?:r, an)nﬁe(?(;:’rgf:: ég)m:ﬁn(;)r :?n@biiht(-d o
and 42.0u$2 cm) and any reaction products. It is noted

thatthe measured sheet resistance mainly represents tlbl%w peaks at @ angles 39.1 41.95, 47.2 and 65

condition and the quality of Al alloy overlayer since the have appeared which are mainly due to the formation of
top Al alloy layer of 200 nm carries nearly all the sensorALBTi (112), (103), (200) and (204) respectively. A sig-

65 75

3gr{§Tog ge sheet resistance remained almost constarr]li icant decrease in the@2angle 62.95 Ti peak inten-

The sheet resistance increases slightly after annea} IS observed after 500 annealing. These changes

ing at 450C and increases abruptly after annealing at'® caused by acomplete intermixing of Aland Tiwhich

500°C where the interfacial reaction seems to proceed(.:OUId lead to the formation of 4T compound and the

Increase in sheet resistance is due to the combined errt_sactlon progressed drastically at 560 followed by

fects of the positive temperature coefficients of resistiv—the rapid increase in sheet resistance as shownin Fig. 1.

ity of each of the layers, interlayer diffusion, and inter- With annealing 550C and above, the new Al rich com-

facial reactions resulting in the creation of new phasegOunOI nqmely AdT'Z. trns up and becomes dominant
with higher resistivity. over AlsTi. It results in the loss of conductive Al atoms

To identify new phases formed during anneal-in the Al alloy layer, and since ATi and AlsTi, have

ing, XRD was performed for Al-0.5%wtCu/Ti/SiI5i the rgsistivity 15 ti_mes greater than Al [13] that can
structure. The XRD measurements were performe(?Xplaln the escalat_lon of sheet resistance af_650 .
with a RIGAKU model RINT2000 diffractometer using In _or_der to examine th(_a mec_hanlsm In which the In-
ay = 1° grazing incident angle geometry. The ICu te;rmlxmg occurs, X—_ray diffraction measurements with
X-ray (. = 1.542 A) detection was done frong 2= 20° different grazing incident angles from=0.5° to 1.5°

to 20 — 80° With scan speed of 4min and scan step were performed on the intermixed sample (annealed at

0.05°. The grazing incident angle of identified the 500°C). The penetration deptit)(of X-ray, perpen-

intermixing and new phases formation for the structuredICUIar to the film surface, can be determined by the

Al-0.5%WtCU/Ti/SiO/Si annealed up to 60C. Fig. 2 apsorption coefficient of the film and grazing inci-
shows the XRD spectra of the sample (a) as depositerﬁ’l,ent angley [14]. The penetration depthjs;

and (b) to (g) are annealed at 300 to B00espectively. siny

The main observed peaks are for Ti at 62.@BL0) and t=—

70.75 (103) and Al at 38.50(111), 44.73 (200) and ’

65.13 (220) for as deposited sample. The small peakrhe XRD represents the whole thickness of the Al Alloy
intensities at more than two crystallographic orientafilm in the case ofy =0.5°, andt > 200 nm in the
tions were mainly due to rougher surfaces of Al and Ti
films [12] deposited by IMP sputtering. All Al peaks
gradually decreased and disappeared completely as tl
annealing temperature increased. The major change

the XRD spectra occurred after the 5@0annealing. =
s
14 }:
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Figure 3 The XRD spectra from Al-0.5%wtCu/Ti/SiISi structure an-
Figure 1 Variation of sheetresistance in Al-0.5%wtCu/Ti/SiSi struc- nealed at 500C for 30 min in Ar ambient with different grazing incident
ture as a function of annealing temperature. angles (a) 0.5 (b) 1.0 and (c) 1.5.
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case ofy =1° and 1.5. With more than 0.5 incident  compounds such as AliySi, could be formed from
angles, the contribution comes not only from the wholeAl, Tiy and SiQ at 500C and became detrimental to
layer of 200 nm Al alloy film but also from the interface the contact metallization layers [9]. However, in our
and underneath layer. As shown in Fig. 3, the pealcase, any ternary compounds ¢, Si,) was observed
intensities of A§Ti remain more or less constant at all in XRD spectra because the unreacted Ti layer be-
grazing incidentangles. It can be concluded thaid) tween AkTi, and SiQ, which was verified by RBS and
was uniformly formed through out Al layer. will explained later, might work as a diffusion barrier

Formation of the ternary compounds such aseffectively.

Al,TiySi, was also monitored for sample annealed The surface morphology examined by SEM micro-
above 500C because it was reported that the ternarygraph of the Al-0.5%wtCu/Ti/Si@Si structure before
and after annealing was shown in Fig. 4. Any notice-
able change can not be observed until it is annealed at
the temperatures lower than 480 and pinholes were
observed thereafter. Increasing the annealing tempera-
ture to 550C results in the surface shown in Fig. 4c.
The dark areas in the image are thought to bglAl
compound. Apparently, the reaction has proceeded suf-
ficiently for Ti to consume the Al film all the way to the
surface. This is consistent with RBS results at %50
(see the following text).

Rutherford Back Scattering (RBS) spectra were
taken with 2 MeV He ions at a scattering angle of 160
using a 50 mrA Passivated Implanted Planar Silicon
(PIPS) detector of 14 keV resolution. The purpose was
to evaluate the interaction between the Al and Ti layers.
Figs 5 and 6 show the RBS spectra for the Al-0.5%wt
Cu/Ti/SiG,/Si structure after 45, 500C, 550C and
600°C annealing. The surface scattering energies of Al
and Ti have been indicated. The Si and O signals are
also markedin Fig. 5. At45QC, the RBS spectra shows
a sharp layer structure. At 500, the shape of the Ti
and Al peaks begin to change. The Ti peak moves to
higher energies and tailing of the Al is observed. This
is indicative that intermixing/reaction of Al and Ti has
started. At 550C annealing, interdiffusion between Al
and Ti proceeds and Ti is now present on the surface.
The Ti peak exhibits a high energy “shelf” with a flat
top. The Al peak has also broadened into a lower but
wider shape, again with a flat top. This is strong indi-
cation that a new AlTiy, compound has been formed.

The unreacted Ti thickness was 52 nm as determined
from the RBS spectrum. This unreacted Ti layer
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Figure 4 The SEM images of Al-0.5%wtCu/Ti/SKISi structure before  Figure 5 RBS spectra of Al-0.5%wt Cu/Ti/SiflSi structure after an-
(a) and after annealing at (b) 500, (c) 550°C for 30 minin Arambient.  nealing at 450C, 500°C and 550 C for 30 min in Ar ambient.
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formation of ternary compound (QTiySi;) which can
become a junction spiking and is believed to be detri-
mental to the contact metallization layers was protected.
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Figure 6 RBS spectra of Al-0.5%wt Cu/Ti/Si§)Si structure after an-
nealing at 550C and 600 C for 30 min in Ar ambient.

separates the compoundsAl, and SiQ layer so that
the reaction between these two is not observed. The;
properties of the compound Alli, are not yet clear.
It can be seen from the spectra that there is no change

to the O signal from the SiPlayer after the 550C 9

anneal. This indicates that O has not moved out of theio
SiO;, layer.

11.

4. Conclusion

The interfacial reactions in annealed Al-0.5%wt
Cu [Ti/SIO,/Si structure have been investigated up to
600°C. The 100 nm thick IMP-Tiwas found to be stable
up to 450°C. Annealing temperature at above 500

Al alloy and Ti start to react and producezAil In this
structure, the AJTi compound easily transformed to a
new, Al rich compound, AfTi, at annealing tempera-
ture higher than 50@. The 52 nm thick unreacted Ti
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