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Claims:

1. A method of cleaning a surface of a substrate, comprising:

providing a hydrogen containing gas to a first chamber having a plurality of
filaments disposed therein;

flowing a current through the plurality of filaments to raise g/temperature of
the plurality of flaments to a process temperature sufficient to gécompose at least
some of the hydrogen containing gas; and

cleaning the surface of the substrate by exposing thé substrate to hydrogen
atoms formed from the decomposed hydrogen containing/gas.

2. The method of claim 1, wherein the hydpogen containing gas comprises
hydrogen (Hz), hydrogen (Hz) and nitrogen (Nz), 2r ammonia (NHs).

3. The method of claim 1, further comprising one of:
preheating the substrate in a prei@at chamber prior to cleaning the surface of
the substrate in a cleaning chamber different than the preheat chamber; or
preheating the substrate in & cleaning chamber prior to cleaning the surface
of the substrate in the cleaning ghamber.

4. The method of any/of claims 1 to 3, wherein the first chamber is the same
chamber where the sulgstrate surface is cleaned, or wherein the first chamber is a
different chamber théan where the substrate surface is cleaned and the hydrogen
atoms formed in/the first chamber are provided to the chamber in which the

substrate surfage is cleaned.

5. The method of any of claims 1 to 3, further comprising, prior to providing the
hydrogén containing gas to the first chamber, pre-treating the plurality of filaments

providing a hydrogen containing pre-treat gas to the first chamber;
heating the plurality of filaments to a first pre-treat temperature; and
cooling the plurality of filaments to a second pre-treat temperature.
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6. The method of claim 5, wherein the hydrogen containing pre-treat gas

comprises hydrogen (H) gas, hydrogen (Hz) and nitrogen (N3), or ammonia {MHs).

7. The method of claim 5, further comprising:
repeatedly heating the plurality of filaments to the first pre-treat temperature

and cooling the plurality of filaments to the second pre-treat temperature.

8. A substrate cleaning system, comprising:

a process chamber having an internal volume;

a substrate support disposed in the internal volyme of the process chamber
to support a substrate to be cleaned in the process chyamber;

an atomic hydrogen source configured to/provide atomic hydrogen to the
surface of the substrate during operation, the atomic hydrogen source comprising a
plurality of filaments and a terminal to couplé the plurality of filaments to a power
source to heat the plurality of filaments to & temperature sufficient to produce atomic
hydrogen from a hydrogen gas; and

a hydrogen gas source coupled to the atomic hydrogen source o provide
hydrogen gas to the atomic hydrogén source.

9. The substrate cleaning’system of claim 8, further comprising:

a gas distribution pfate disposed between the atomic hydrogen source and
the internal volume of tHe process chamber such that atomic hydrogen provided by
the atomic hydrogery’source passes through the gas distribution plate to reach the
internal volume ofAhe process chamber.

10. The slbstrate cleaning system of claim 8, wherein the atomic hydrogen

source is geparate from the process chamber.

The substrate cleaning system of claim 8, wherein the atomic hydrogen
rce is disposed within the process chamber.
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12. The substrate cleaning system of claim 8, wherein the atomic hydrog
source is integrated into a process chamber lid that is removably coupleable tg/'the

process chamber.

13.  The substrate cleaning system of claim 12, wherein the process/Chamber lid
COMprises.

a body having a recess formed in a lower surface of the gody, wherein the
plurality of flaments are disposed within the recess;

a gas inlet disposed above the plurality of filaments i@ provide the hydrogen
gas to the plurality of filaments; and

a gas distribution plate coupled to the body beneath the plurality of filaments,
the gas distribution plate having a plurality of holes tg/fluidly couple the recess to the

internal volume.

14.  The substrate cleaning system of clajh 13, wherein the process chamber lid
further comprises a liner disposed on the ipiner surface of the recess.

16.  The substrate cleaning systerh of claim 8, wherein the plurality of filaments
comprise tantalum (Ta), tungstery (W), or iridium (Ir), and optionally a sificon (Si)
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Claims:

1. A method of cleaning a surface of a substrate, comprising:
pre-treating a plurality of filaments disposed in a first chamber by:
providing a hydrogen containing pre-treat gas to the first chamber;
heating the plurality of filaments to a first pre-treat temperature;
cooling the plurality of filaments to a second pre-treat temperature;

wherein the hydrogen containing pre-treat gas comprises hydrogen (H) gas,
hydrogen (Hz) and nitrogen (N), or ammonia {(NH3);

providing a hydrogen containing gas to the first chamber;

flowing a current through the plurality of filaments o raise a temperature of
the plurality of filaments to a process temperature sufficient to decompose at least
some of the hydrogen containing gas; and

cleaning the surface of the substrate by exposing the substrate to hydrogen
atoms formed from the decomposed hydrogen containing gas.

22



