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Abstract Chemical vapor deposition of Cu from Cu( 1) [Cu(hfa).] on pre-deposited gold of different thickness on a Si
(100) substrate has been studied to determine the initial deposition mechanisms of nucleation and growth. Several ana-
Iytical methods were employed to determine the interdiffusion behavior at the interface. The surface morphology
changes of pre-deposited 30A thick Au film were observed during heat treatment under hydrogen ; uniform close
packed Au film change into agglomerated island formations on the surface leading to discontinuities covering only 20%
of the overall Si surface. When pre-deposited 1500A thick Au film was used as a substrate, the film at the interface
was Cu-Au compound instead of a pure Au as a result of strong interdiffusion at the interface between Au and Cu lay-
ers. The microstructural difference owing to the increase in Au film thickness is considered to the result of stress re-
laxation induced by the difference of the thermal expansion coefficient between Au film and Si substrate during the
Cu film deposition,
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Fig. 1. Schematic diagram of MOCVD system for Cu deposition.
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Table 1. Experimental conditions used for copper MOCVD from Cu(hfa),

Flow rate of Ar gas through precursor reservoir
Cu(hfa), reservoir temperature

Flow rate of Cu(hfa),

Total Pressure inside the reactor

Deposition temperature

Flow rate of hydrogen gas

20 cc/min
65-85C

0.6 - 0.9 cc/min
15Torr
290-390°C

50¢cc/min
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Fig. 2. SEM micrograph of a pre-deposited 30A Au layer (a)
before and (b) after heat treatment at 330°C in a H. flow rate of
50cc/min for 30min.
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Fig. 3. (a) Typical SEM micrograph of a Cu film deposited on a 30A thick Au/Si substrate at a deposition temperature 330°C, a pre-
cursor temperature 65°C, 15 total pressure, 50cc/min H. flow rate and 20cc/min Ar flow rate. High magnification of SEM micro-
graphs for three different configurations : (b) Cu/Au, (¢) the interface and (d) Cu/Si region.
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Fig. 4. (A) Typical SAXPS depth profile of the Cu film on a 30A thick Au/Sisubstrate, (B) XPS wide scan spectra of the film sur-
face (a) before and (b) after 5min Ar~ sputtering, (C) SAXPS depth profile spectra of Cu 2p region after 25min Ar~ sputtering, and
(D) SAXPS depth profile spectra of Si 2p 2p region. The experimental condition was identical with the deposition conditions in

Fig. 3.
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Fig. 5. XRD patterns of the Cu film on a 30A thick Au/Si sub-
strate as a function of the deposition temperature : (a) 330C
and (b) 370C.
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(c) (d)

Fig. 6. Typical SEM micrograph of a Cu film deposited on a 15004 thick Au/Si substrate as a function of the deposition time at a
deposition temperature 330°C, a precursor temperature of 65, 15 total pressure, 50cc/min H, flow rate and 20cc/min Ar flow rate
. (a) 5min, (b) 15min, (c) 20min and (d) 1h.
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Fig. 7. Typical SAXPS elemental depth profile of the Cu film
on a 1500 A thick Au/Sisubstrate. The film was deposited at a
deposition temperature 330°C, a precursor temperature of 65T,
15 total pressure, 50cc/min H, flow rate and 20cc/min Ar flow
rate for a total deposition time of 30min.
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Table 2. Summary of XRD Data and Film Resistivity (o) for the Deposited Film on a 1500 A Thick Pre-deposit-

ed Au Layer as a Function of Deposition Temperatures.

Temp 260 28,200, a(A) a*(A) Ty /Lo Thickness o (uem)
Pure Au 38.185° 44.383° 4.0786 1.92 2.35
Pure Cu 43.298° 50.434° 36151 2.17 1.67

1500A Au/Si 38.192° 44.389° 4.077 20 2.39

290TC 43.30° 50.4° 3.61 3 2700A 2.9

310C 43.30° 50.4° 3.61 3.3 2900 A 3.6

330°C 42.72° 49.8° 3.668 6.9 3200A 54

350°C 43.29° 50.4° 3.61 3.793 10.6 3500 A 57

370°C 43.29° 50.4° 3.61 3.854 11.6 3800 A 5.6

*_390“(3 43.29° 50.4° 3.61 3.915 11.9 4300 A 49

a*(A) represent the value of the lattice parameter of the strong new peak shown at 40° ~43°
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Fig. 8. XRD patterns of the Cu film on a 1500A thick Au/Si substrate as a function of the deposition temperature : (a) 310°C, (b}

330, (¢) 350°T and (d) 370°7C.
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Fig. 9. Variation of the film resistivity as a function of the depo-
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thickness: (@) 30A thick and (O) 15004 thick.
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Fig. 10. Variation of internal stress as a function of Au film
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