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A1sgdc), 'H-NMR ZEF2XE] (hfac)Cu(VTMS) (hfac=hexafluoroacetylacetonate, VTMS =vinyltrimethylsilane) 2}
(hfac)Cu(VTMOS) (VTMOS = vinyltrimethoxysilane) &+ dzo 2 A3 F¢Eolets & 8T 4 9lsled, (hfac)Cu
(ATMS) (ATMS =allylirimethylsilane) = c}& AF Aol vlsl -0 2 EobX3t HgFolep= Z& &Y = Udch. In-situ
FT-IR& o]&3le] 7|4k Eaf B¢ AF3 A (hfac)Cu(VTMS) o % 150°C 24 Cu(hfac), 240C ¥4 free
3 Alefe] hface) AAL AT = gladon, oleigh S4do) wube] 3 £x o} FA4o) u)Xe %S Faalodct. 2 oF
AFAEe 54 EQL dFeHem (hfac)Cu(ATMS) & 73§ of2E gut 7|F3lell 4 7|3 =7} 60°C e i Fg] wale] &
o] Alatgl s AL B AR = dedl, o2t S 2x s Ao 2 ok Tk ATMS 9] Zghdol o 7o 8 Azbgc),

Abstract Metal organic chemical vapor deposition (MOCVD) of copper using three Cu( 1) precursors, (hfac)Cu
(VTMS) (hfac=hexafluoroacetylacetonate, VTMS=vinyltrimethylsilane), (hfac)Cu(VTMOS) (VTMOS=vinyltri-
methoxysilane) and (hfac)Cu(ATMS) (ATMS=allyltrimethylsilane) was studied. The thermal stability and the gase-
ous phase reaction mechanism of Cu( 1) precursors were identified using 'H-, "*C-NMR and Fourier transform infra-
red spectroscopy. It was found out that thermal stability of liquid phase (hfac)Cu(V TMS) and (hfac)Cu(VTMOS) were
better than that of (hfac)Cu(ATMS) using FT- NMR. From izn-situ FT-~IR experiments, the disproportion reaction of
Cu(hfac), the decomposition reaction of Cu(hfac), and cracking of free hfac ligand were observed. Also the effect of
gaseous phase reaction on the deposition rates and film properties was investigated. The minimum temperature that
deposition of copper films from (hfac)Cu(ATMS) was as low as 60°C and such a low deposition temperature compared
with those of other Cu( 1) precursors is believed to be related with weaken Cu- ATMS bond.
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Fig. 1. Experimental apparatus for Cu MOCVD of (hfac)Cu
(ATMS).
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Fig. 2. Experimental apparatus of IR gas cell for MOCVD using
Cu( 1) precursors.
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Table 1. Data for Cu( I ) precursors from 'H- and '*C- NMR spectra.

Precursor Data from 'H-and "*C-NMR
(hfac)Cu(VTMS) '"H-NMR : 6.164ppm(singlet, 1H, hfac)
4.094ppm(multilet, 3H, CH,=CH)
-0.044ppm(singlet, 9H, Si(CH.)s)
"C-NMR : 175.48ppm(quartet, CO)
117.25ppm(quartet, CF;)
96.44ppm(singlet, CH(hfac))
87.15ppm(singlet, CHx(vinyl))
86.07ppm(singlet, CH(vinyl))
- -4.489ppm(singlet, Si(CH,),)
(hfac)Cu(VTMOS) '"H-NMR : 5.910ppm(singlet, broad, 1H, hfac)
4.506ppm(doublet, 1H, CH,=CH)
4.286ppm(doublet, 1H, CH,=CH)
4.106ppm(triplet, 1H, CH,=CH)
L 3.335ppm(singlet, 9H, Si(OCH,)s)
(hfac)Cu(ATMS) '"H-NMR : 6.239ppm(singlet, 1H, hfac)
4 636ppm(multilet, 1H, CH(vinyl))
3.557ppm(doublet, 2H, CH.(vinyl))
1.012ppm(doublet, 2H, ~-CH,-)
0.199ppm(singlet, 9H, Si(CH.))
BC-NMR : 178.80ppm(quartet, CO)
111.56ppm(quartet, CF)
107.46ppm(singlet, CH(hfac))
90.66ppm(singlet, CHy(vinyl))
80.80ppm(singlet, CH(vinyl))
25.13ppm(singlet, - CH,-)

o o -1.826ppm(singlet, Si(CH.),) L
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Fig. 3. '"H-NMR spectra of (hfac)Cu(VTMS) (300MHz, CsDs). Fig. 4. '"H- NMR spectra of (hfac)Cu(VTMOS) (300MHz, CsDs).
{(a) 257 (b) 70C (a) 25T (b) 85C

Al (hfac)Cu(VTMS), (hfac)Cu(VTMOS) % (hfac) o] #ja ¢ Table 1o fofste] Yehict. Fig. 3
Cu(ATMS) 9] 'H-NMR ~#HE3E vebdl 7lo], 2zt (a) & (hfac)Cu(VTMS) &} #3tA F+x9} 'H-NMR &
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Fig. 5. 'H-NMR spectra of (hfac)Cu( ATMS) (300MHz, CiDe).
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Fig. 6. 'H-NMR spectra of Cu( I ) precursors at different tem-
perature (300MHz, CiDs). (a) (hfac)Cu(VTMS) (b) (hfac)Cu
(VTMOS) (¢) (hfac)Cu(ATMS)
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Fig. 7. IR spectra of Cu( I ) precursors.
(a) (hfac)Cu(VTMS) (T.=60°C, T.=70°C, Ar 15sccm)
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Fig. 8. IR spectra of (hfac)Cu(VTMS) in the flow system(P=0.
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Fig. 9. The variation of C=0 band on the cell temperature of
(hfac)Cu(VTMS) in the flow system(T,=60°C, P=0.5Torr)
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Fig. 12. Auger elemental survey of deposited Cu films using
(hfac)Cu(VTMS).
(P=0.3Torr, T,=60C, Ar 50sccm)
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Fig. 13. AFM images of deposited Cu surface at different tem-
perature.
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Fig. 14. The effect of substrate temperature on the resistivity
of Cu films using

FxAHB T3 A8A A45 (1998)

(hfac)Cu(ATMS). (P=0.5Torr, Te=40C, Ar 50sccm)
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Table 2. Physical properties and film deposition results of Cu( I ) precursors.
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(green) 500scem
(hfac)Cu(ATMS) solid 40 60 unstable | unstable | 60-275 | 100-300 Ar
(yellow) 30sccm
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Fig. 15. XRD patterns of deposited Cu films using (hfac)Cu
(ATMS) at various temperatures.
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