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Synopsis :

Two techniques for improving electromigration (EM) resistance of AlICu,/Tin lines were
develpoed by controlling the microstructrue of aluminum aoolys. One is control of Cu
atom distribution in AlCu films by aging at 250°C for 10h after the wafer process Cu
atom segregation to grain boundaries after aging was observed indicating importance of
segregated Cu for EM resistance. The other is control of crystalline orientation of Al in
AlCu,Tin lines. Deterioration of crystalline orientation was found in metallization
process to form tungsten-plug contact,”via. Removal of sulfurfluorine atoms from the

TiN surface on which AlCu films are to be deposited privented the deterioration.
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Two techniques for improving electromigration (EM) resistance of AlCu/TiN lines were developed by controlling the
microstructure of aluminum alloys. One is control of Cu atom distribution in AlCu films by aging at 250°C for 10h after

" the wafer process. Cu atom segregation to grain boundaries after aging was observed indicating importance of segregated
Cu for EM resistance. The other is control of crystalline orientation of Al in AICu/TiN lines. Deterioration of crystalline
orientation was found in metallization process to form tungsten-plug contact/via. Removal of sulfur/fluorine atoms from

the TiN surface on which A!Cu films are to be deposited privented the deterioration.
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Fig. 1 Factors influencing EM resistance
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(@) TiN/Ti sputtering (b)) W-CVD

(c} W etch-back (d) AlCu sputtering

Fig. 2 Process flow preparing AlCu/TiN lines with W-CVD filling contact
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Fig. 3 Al (111) rocking curve profiles
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Fig. 4 Comparision of EM failure time distribution between
the TiN/AlICu/eb-TiN and TiN/AlCu/sp-TiN lines
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Fig. 5 AES profiles of TiN surface
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(b} After W etchback process {eb-TiN)

AFM images of TiN surface

2.4 ToFRiy2¥A-UEERZE

Loy Fly s FA-DERLTARMET 7L EN Al FRD
MU E D fE S HME & TINRTOS, FOLE, ME Rk
Tablel iZAid, ArA A 2/%y ¥, TrexThRLEELIT-
2 bt Al she (LD ES A b L 7o v ik, ROELT2
FHiLLi, —¥, S, FidAr /5w &, T &2 7TlARME T
FTELFUBENTEHRETE L 272, TORTE, Al m
DD EFEARREE =%, Ll MEET 227
EARMEO AL Ar Z/ 50 FTURTELL o7, LEO#HR

Table I TiN surface treatiments and their effects on the TiN surface conditions and the crystalline orientation
Sample Al (111} erystalline orientation| S, F on TiN surface Roughness
{a) Ar ion sputtering 110 Keps nomn rough
(b)) Ammonium hydogen peroxide wet treatment 125 Keps non smaooth
(c) Organi'; wet treatment 15 Keps present rough
{d) W-etchback damaged TiN 23 Keps present rough
- 13 — SRR Vol 26 No. 2 1994
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Fig. 6 EM failure time distribution for the non-aged and the
aged lines for variable time
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Fig. 8 EDX intensity ratic of Cu atoms at grain boundaries
to inside grain as a function of the aging time
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Fig. 10 Schematic of the aging mechanism
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