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ABSTRACT

As semiconductor manufacturing approach  :deep submicron dimensions, copper
interconnection material becomes mor¢ importantfor ultralaige scale integration (ULSI) due to its
better electromigration resistance, lowet resistivity,-and higher melting temperature than those of
aluminum. However, copper atoms drift easily threugh dielectric layer to silicon substrate at low
temperature and cause degradation of the oxide quality as well as affect electrical characteristics of
the device. To overcome those drawbacks, a diffusion barrier is considered necessary for IC
(Integrated Circuit) application.

This article presents the deposition of Ti-Al by reactive RF-magnetron sputtering on silicon
substrate in various nitrogen flow rate, and carries out a ternary barrier film, Ti-Al-N, with
different characteristics. Copper films are subsequently deposited onto Ti-Al-N by PVD without a
vacuum break. After that, the samples were treated under various temperatures annealing to
investigate Cu/Ti-Al-N/Si stack films and observe the thermal stability.

The results show that Cu (111) crystallographic orientation, better resistance to
electromigration, enhanced on a barrier film having (111) orientation. From this experiment,
Ti-Al-N converts from polycrystalline to a very low resistivity amorphous structure, a-Ti-Al-N, as

well possess (111) orientation after 650°C annealing, exhibit excellent barrier ability when N,

flow is 3 sccm. Thus, Ti-Al-N barrier layer can achieve the requirement of interconnections owing

to its lower resistivity, (111) orientation, barrier ability and amorphous structure.
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As Dep. Ti-Al-N (N=0,1~)

Ti-Al-N (N=0,1~)

Various annealing

temperature
Ti-Al-N (N=0,1~) -
Si Sub. Ti-Al-N (N=0,1~)

Si Sub.

.| Various annealing
-, temperature

AN cu
® Resistivity “.
¥ iy Ti-Al-N (N=011~)
e XRD
Si Sub.
e AFM
e XTEM

® Sheet resistance

e XRD
e SIMS

e XTEM
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