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Characteristic of Zr(Si)N film as a diffusion barrier between Cu metal
and Si substrate
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Abstract We have studied Zr(S))N film as a diffusion barrier between Cu metal and Si substrate for application of
interconnection metal in ULSI circuits. Zr(Si)N film was deposited with reactive DC magnetron sputtering system using Ar/
N, mixed gas. The value of the resistivity was the lowest for the ZrN film using 29:1 of Ar:N, reactant gas ratio at
room temperature and decreased with increasing of Si substrate temperature. As the value of ZrN film resistivity was
decreased, the direction of crystal growth was toward to (002) plane. The barrier property of ZrN film added with Si was
improved. But Si was added too much in ZrN film, the barrier property was degraded. The adhesive property was
improved with increasing of Si in ZrN. For the analysis of the film, XRD, Optical microscopy, Scretch tester, so on were
used.
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Fig. 1. Resistivity of ZrN film deposited at room temperature
as a function of N, fas flow rate.
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Fig. 2. X-ray diffraction patterns of ZrN films deposited at
room temperature with various N, flow rate.
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Fig. 3. Resistivity of ZrN film as a function of Si substrate
temperature.
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Fig. 4. X-ray diffraction patterns of ZrN films deposited at
150°C, 300°C, 450°C Si substrate temperatures.
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Fig. 5. Resistivity of ZrSiN film as a function of Si amount in
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Fig. 6. Optical microscopy ZrN surface image of Cu(8000 Ay
ZrN(450 AY/Si structure annealed at 600°C and after Cu etch-
ing (x1000).

Fig. 7. Optical microscopy ZeSiN(Si: 12.6 at%) surface 1mage
of Cu(8000 A)/ZrSlN(450 A)/Si structure annealed at 650°C and
after Cu etching (x1000). ) ‘ (b)

Fig. 9. Surface morpologies of scratch test: (a) Cu(8000 A)/
ZIN(450 A)/Si, (b) Cu(8000 A)/ZrSlN(450A Si: 12.6 at%)/Si,
(c) Cu(8000 A)/ZrSlN(450A Si: 18.4 at%)/S.

Fig. 8. Optical microscopy ZrSiN(Si: 84 at%) surface lmage
of Cu(8000 AY/ZrSiN(450 AYSi structure annealed at 650°C and
afteretching (x1000).
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