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Abstract The theory of the reflow applied to metallization process was studied, and the factors affecting the reflow
and the relation between the reflow and the grain growth were investigated. The driving force for the metal reflow is
the difference in chemical potentials along the metal surface, and it causes the atom movement. On condition that
metal interconnect is fabricated for semiconductor devices, surface diffusion is the primary atom movement mecha-
nism. The metal reflow is influenced by reflow temperature, reflow time, reflow ambient, thin film thickness, thin
film material, underlayer material, pattern size, and aspect ratio. It is supposed that the reflow characteristic varies ac-
cording to the grain growth during the reflow, so the effect of the grain growth on the reflow should be considered.
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Fig. 1. Scheme of metal reflow. (a) before reflow (b) after re-
flow
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Fig. 2. Relation between surface profile and chemical potential.
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Fig. 3. Characteristic timescales for various transport mecha-
nisms.
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Fig. 4. Breakup and agglomeration of thin film. (a) As-deposit-
ed state (b) Thermal grooving (c) Initiation of a hole (d) Ag-
glomeration

Table 1. Filling characteristics with various underlay-
ers

underlayer ref
(filling characteristic : good > fair) ’
TiN > Si ' 20
TaSi; « MoSiz 4, WSi,, > Si 25
Si, MoSi..« > TiW 18
Al reflow
Ti, TiN > TiON,PSG 3
Ti, ECRTR-TiN > TiN 26
Ti, TiSi.. > TiN 27
Ta>W 28
Cu reflow
Mo, TiN, W > TiW, Ta 17
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Table 2. Complete filling conditions
temperature
thin film underlayer method arsap;st d;a;:;:f;n(;r . (%e) & film t(h/jnc)knesJ ref.
time(min)
Al-1%Si Si-Si0, RS 0.7 1.2 (Hole) 530 1 20
ﬁ: za TaSi, s Si0; RS 05 |2 (Hole) 480 12 25
Al-1%Si TiN/Ti RS 0.9 1.2 (Hole) 500 29
Al-5%Ge Si-Si0. RS 4 0.25 (Hole) 300 1 18
Al-1%Si-0.5%Cu | Ti RS 1.6 0.5 (Hole) 500 1 2
Al-1%Si-0.5%Cu | Si-SiO, R 2 0.45 (Hole) 550, 3 0.1 11
Al-1%Si Ti, TiN RS 1 0.5 (Hole) 500 0.5 3
Al-1%Si-0.5%Cu | TL TiSi.. R 1 1 (Hole) 430, 2 04 27
Al-1%Ge-05%Cu | Ti R 420, 3 0.5 19
Al-Si-Cu ECRTR-TiN 4 0.25 (Hole) 480, 1.5 0.5 26
Al-0.5%Cu Ti RS 4 0.35 (Hole) 400 0.6 30
Cu Ta R 25 0.2 (Trench) 450 0.7 28
Cu Mo, TiN, W R 0.83 0.6 (Trench) 450, 30 0.7 17
Cu TiN R 12 0.5 (Trench) 400, 30 0.7 31
Cu Nb, Ta - R 0.4 (Trench) 400, 30 22
Cu TiN R 33 0.15(Trench) 320, 30 0.6 21
R : Reflow RS : Reflow sputtering
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Fig. 5. Relation between thin film stability and h/D ratio. (a)
When h/D ratio is large, the thermal groove cannot reach the
underlayer. Thermal grooving stops when surface curvature be-
comes constant. (b) When h/D ratio is small, the thermal
groove can reach the underlayer. It results in the breakup and
the agglomeration of the film.
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