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Abstract. In order to investigate the diffusion of indiutm)(when an In thin film is coated
with a copper (Cu) thin film, thin In/Cu films weggown on a silicon dioxide (Sipsubstrate.
Both the In and the Cu layers were grown by electbream evaporation. The temperature
during evaporation of the films ranged between 8@ 88 °C. The In films (500 A) were
coated with Cu films (500 A and 1000 A). The filmsre characterized with X-ray diffraction
(XRD) and Auger electron spectroscopy (AES). TheéCin layers interdiffused during
evaporation and formed intermetallic Culand Cuyilng phases. The In layer completely
reacted with the Cu layers during the depositioocess. The In layer was effectively coated
with a Cu layer (1000 A). The In (500 A)/Cu (1000 #ims were annealed at temperatures
ranging between 150 and 300 °C for 49 min. Thératifion data of the annealed films
showed peaks for Cu, CylnCuslng and Cuin. The AES depth profiles illustrate phase
formation and segregation of the In to the surfafctne films. The results of this work provide
insight information towards the In doping of Cu stgls at temperatures higher than the
melting point of In (156.6 °C).

1. Introduction

Due to copper’'s excellent electrical propertiesisitwidely used in the electronic industry and it
appears to be a promising material for integratemiit interconnections. However, Cu cannot form a
self-passivation layer under oxidizing conditiom&l adheres poorly to glass. Experimental studies
[1, 2] have shown that In on a Cu surface of Cthin films improves the adhesion of Cu on glass and
provide Cu with a self-passivation layer under @iy conditions. Thus making Cu/In thin films a
potential material for application in thin-film wsistor liquid-crystal display (TFT-LCD) and in ralt
large-scale integrated (ULSI) devices.

Previous studies on the Cu/In system focused moréhe reaction and formation of intermetallic
compounds in Cu/In thin films at room temperatyr€/]. In these studies, it was shown that the firs
compound (Culy) that formed, formed directly from the startingtede (In and Cu), the second
compound (Culng) that formed, formed through a reaction of thetftompound with the excess of
the high-melting metal (Cu).
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Each time the compound that has formed will redth the excess high melting point metal forming
the next meta-stable compound, this process wiltiocoe until the final stable compound is formed.
This phenomenon is a promising phenomenon to beinse method to dope Cu (a high melting point
metal) crystals with In (very low melting point raét

This project focused on In/Cu films that were grown SiQ substrate by electron-beam
evaporation and the intermetallic phases that fdrcheing annealing.

2. Experimental details

SiO, substrates were prepared by wet oxidation at P@@r 1 hour. The substrate was cooled to
room temperature and a In film of 500 A was growrtlee SiQ substrate by means of electron beam
evaporation. The In films were then coated with fllms that range in thickness from 500 A to
1000 A as shown in figure 1 (the insert). The Omd were also grown by means of electron beam
evaporation. During evaporation of the films thas® pressure in the vacuum chamber was
2.5x10°Torr. The temperature of the substrate duringperation was between 27 °C and 38 °C.
The films thicknesses were monitored during theyevation with an Inficon Leybold Heraeus XTC
thin film monitor.

The In films coated with a 500 A and 1000 A Cu rayere annealed in a vacuum tube furnace
with a base pressure of 8.0x1Torr. The annealing temperatures were, 150 °C,°20®50 °C and
300 °C for 49 minutes.

X-Ray diffraction (XRD) measurements were used hlaracterize the samples after evaporation,
annealing and indentifying the compounds that fatmeéuger electron spectroscopy (AES) depth
profiles were also obtained for each sample utiizhr’ ion etching with a 2.0 keV ion beam with an
ion current density of 0.113 AimThe AES measurements were performed with a 1&Odtectron
beam with a beam current of 4.8.

3. Results and Discussion

Figure 1 shows the XRD data of the as-preparedaturealed) films for both the 500 A and 1000 A
Cu cover layers. From the XRD data it is cleat tha phases namely Cuyland Cuyilng form at
room temperature (between 27 °C and 38 °C) duhiegeivaporation. The XRD peaks corresponding
to the two phases are shown in figure 1. The ftionaf the two phases (Cuyland Culng) at a low
temperature is consistent with observation foundit@rature [8]. According to Keppner [8] Culn
form at low temperatures and is only stable bel®® IC. For the un-annealed sample with the
1000 A Cu layer, a larger Cu peak is seen at 43.#6# indicates that more unreacted Cu is left for
the thicker Cu layer after the formation of the Guand Cyilng phases, as expected. For both
samples there are no In peaks visible in the spestiggesting that all pure metallic In was conslime
in the phase formation process. This has beenroosdi by the Auger depth profiles (Figure 3).

The standard XRD peak positiongddor Cu, In, Culp, Cu4lng and Culn are summarised in
table 1. The XRD standards for Cu, In,;@u, Cwln are from the Joint Committee on Powder
Diffraction Standards (JCPDS) data files numbei0836, 05-0642, 41-0883, 42-1475 respectively
while Culr, XRD data are those used by Keppdeal. [8] and Baol et al. [9].



Table 1. The values of 2 obtained from figure 1 and 2. The phases indézdtie data are shown
with JCPDS data (intensities are in parentheses).

Obtained data JCPDS data
Cu In Culn Cupilng Cwln
26 (degrees) 20 (degrees) 26 (degrees) 260 (degrees) 260 (degrees) 26 (degrees)
33.453 - - - 32.979 (80) -
33.641 - - - 32.979 (80) -
34.455 - - 34.454 (100) - -
41.796 - - - 41.478 (100) -
42.142 - - - - 42.160 (100)
43.262 43.297 (100) - - - -
54.399 - - - 54.983 (50) -
56.171 - - - 57.256 (60) -
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Figure 1. XRD data of the as-prepared In/Cu thin films on Ss@bstrate.
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Figure 2. XRD data of the annealed In (500/Cu (1000 A) thin films for 49ninutes

The XRD data of the annealed In (500 A)/Cu (100aHW films are shown ini§ure z. The thin
films were annealed for 49 minutes150 °C, 200 °C, 250 °C and 300 °GVhen annealing the th
film at 150 °C for 49 minutes th@uln, peak at 34.455 ° disappeariedm the XRD spectrum whil
the 41.796 ° peak of Giing increasd relative to the 43.262 ° peak of Cu. Thateoappeared new
peaks at 33.453 °, 33.64154.399° and 56.171 ° corresponding to the, Iy phase. Annealing tt
thin film at 200 °Cfor 49 minutes all thiCuy;Ing peaks grew in size relative the 43262 ° peak of
Cu. A new peak at 42.142 dppeaed in the spectrum for the thin filmnnealedat 250 °C for
49 minutes. This new peak corresps to the 42.160 ° peak of the ffuphase.

Figure 3 shows thAES depth profiles of «prepared (un-annealed) (a) asthealec((b) to (e))
In/Cu thin films. From thedeptt profile of the In (500 A)/Cu (1000 A) uamnealedfilm it is
noticeable that the Cliave diffused through ttin layer. This is in agreement with the X, where
no pure metallic In peaks weraeasure. It can be seen frorthe film annealed al50 °C for
49 minutes that the In have diffasdeeper into the Cu layer. This is cleasBen by looking at th
5% In concentration markeFor the urannealed sample the marker is at 440while for the
annealed (150 °C) sample the karis @ 300 A clearlyshowing that In diffused deeperto the Cu
layer.

When the samples were anneale200 °Cfor 49 minutes the In diffused throughout the layer.
But instead of having classical diffusion shape tdepth profile had two plato regieindicating the
formation of a nevphase. This is in agreement with the XRD ancphase waglentified asCuy4lns.



For the samples that were annealed at 250 °C abd@0for 49 minutes the plato regions grew
more prominently and clearly indicating the forroatiof more phases. It was also clear from the
200 °C, 250 °C and 300 °C AES depth profiles thawas enriched on the surface. This suggests that
In segregated from a Cu matrix during a heat treatm
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Figure 3. AES depth profiles of the as-prepared (a) ancaled (b-e) thin films.



4. Conclusion

The In layer reacted with the Cu layer during dion to form two intermetallic phases namely
Culn, and Cuylng. The XRD data of the annealed thin films showrat in the temperature range
between 150 and 300 °C the phases that formed, @ehs followed by Cuyjlng and lastly the
formation of Cyln. AES depth profiles also showed that In segexjdo the surface, enriching the
surface with In. This suggests that In will segtegeom a Cu matrix during a heat treatment.
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