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&5 H9foll A TN KAl Si0, BA| Afolo] Fgdgh Tabdeldo] vh5 ¥ dct

Abstract — We have investigated the formation techniques of copper thin films which would be useful
for sub-quarter-micron integrated circuits. A chemical vapor deposition technology has been tried for the
better side wall formation of the thin films, and a metal organic compound, named (hfac)Cu(VTMS)
(hexafluoroacetylacetonate vinyltrimethylsilane copper(l)) was used as the precursors. We have deposited
the copper thin films on TiN and SiO, substrates. The film resistivity and deposition selectivity have
been measured as functions of substrate temperature and chamber pressure. Best electrical properties
were obtained at 180°C of substrate temperature and 0.6 Torr of chamber pressure. Under the optimun
deposition conditions, polycrystalline copper structures were observed to be grown, and the deposition
rate of 120 nm/min was measured. The electrical resistivity as low as 2.5 p€2-cm, and the surface rough-
ness of 15.5 nm were also measured. These are the suitable electrical and material properties required in
the sub-quarter-micron device fabrication. Also, in the substrate temperature range of 140-250°C, high
deposition selectivity was observed between TiN and SiO..
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Table 1. Chemical data of precursor used in the present
experiment

chemical name hexafluoro acetylacetonate vinyltrim-

ethylsilane copper(I)

synonyms (hfac)Cu(VTMS)
chemical family  organometallic copper(I)
formula C,H.:0,CuFSi
appearance dark green liquid at 25°C
boiling point 50°C

molecular weight  370.6 g
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Fig. 1. Schematic diagram of Cu-CVD apparatus.
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Fig. 2. Resistivity variation of Cu thin films on TiN as
a function of substrate temperature at 0.6 Torr.

Table 2. Metallization design rule for ULSI

i
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Fig. 3. SEM morphology of Cu thin films at substrate
temperatures of (a) 160°C, (b) 240°C.

classification 256M DRAM

minimum feature size 0.25 um

resistivity 3.0 u Qcm

step coverage 80% at aspect ratio 2.0
roughness 5% at 500 nm

selectivity 20 at SiO,

filling 0.4 um at aspect ratio 2.0

4G DRAM

0.13 um

2.0p Qcm

90% at aspect ratio 4.0
5% at 500 nm

20 at SiO,

0.2 um at aspect ratio 4.0
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Fig. 4. Cu grain size as a function of substrate tem-
perature with (hfac)Cu(VTMS) at 0.6 Torr.
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