Tungsten Films by Hot-Wire Enhanced ALD
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Motivation Process steps

Metallic tungsten (W) films play a crucial role in manufacturing of semiconductor devices. The traditional technologies have
some limitations in terms of achieving good film uniformity and step-coverage on patterned surfaces, as well as controlling
film thickness with high precision. Atomic Layer Deposition (ALD) can be a good alternative. However, thermal ALD of single- 1) Substrate 2) Amorphous Si deposition
element films such as W is difficult to achieve. As a solution, plasma-enhanced ALD (PEALD) can be utilized. Unfortunately,
lons, radicals and UV light generated by plasma and coming to the surface can deteriorate film properties. Si (5 nm

In our work, we propose an alternative method to generate radicals by means of a hot-wire (HW) instead of a plasma,
enabling a HWALD process. Molecular hydrogen (H,) can dissociate on the wire heated up to 1500-2000 °C, creating atomic
hydrogen (at-H). These at-H can efficiently reduce the tungsten precursor (WF;) pure tungsten, at a lower substrate

temperature than usually used, and make the film metallic. . N
3) W seed layer formation 4) HWALD W deposition
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Figure: XPS compositional analysis of HWALD W films
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Resistivity (Ohm-cm) vs. Position

Figure: Measuring resistivity by
four-point probe reveals 15 uQ-cm
0.000015097 with excellent uniformity across the

wafer. This means growing high-
0.000014976 guality a-phase tungsten. From
the Figure, the resistivity slightly
varies between 14.7 and 15.5 uQ
cm across the wafer.
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Figure: Area selective deposition of low-resistivity a-phase W films by HWALD from
at-H and WF at a substrate temperature of 275 °C. HWALD tungsten grows with little
or no incubation time on W, Co and Si surfaces. On the other hand, no growth is
observed on TiN, Al,O; and SIO, surfaces.
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« HWALD tungsten films have been deposited in a home- Resistivity measurements revealed a low resistivity of 15
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