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CLAIMS 

 

1. A method of filling a feature on a substrate, the method comprising: 

providing the substrate comprising the feature to a process chamber, the feature 5 

comprising a feature opening and sidewall topography, the sidewall topography 

comprising stubs on the sidewall of the feature; 

depositing a first amount of silicon oxide for a duration insufficient to fill the feature 

using a silicon-containing precursor and an oxidant;  

exposing the first amount of the silicon oxide to an etchant to etch at least some of the 10 

first amount of the silicon oxide; and 

after etching the first amount of the silicon oxide, depositing a second amount of the 

silicon oxide over the etched first amount of the silicon oxide. 

2. The method of claim 1, wherein the stubs have a dimension perpendicular to a planar 

surface of the sidewall of between 100 Å and about 300 Å. 15 

3. The method of claim 1, wherein the duration insufficient to deposit the first amount of 

silicon oxide into the feature forms an overburden of silicon oxide on a field surface of 

the substrate. 

4. The method of claim 3, wherein exposing the first amount of the silicon oxide to the 

etchant comprises etching the at least some of the first amount of the silicon oxide at or 20 

near the feature opening relative to the inside of the feature. 

5. The method of claim 1, wherein the second amount of the silicon oxide is deposited by 

plasma-enhanced chemical vapor deposition. 

6. The method of claim 5, further comprising after depositing the second amount of the 

silicon oxide, exposing the second amount of the silicon oxide to the etchant for a 25 

duration longer than the duration used for exposing the first amount of the silicon oxide 

to the etchant. 

7. The method of claim 1, wherein the sidewalls of the feature comprise two or more 

materials layered in a stack. 
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8. The method of claim 1, wherein the depositing of the first amount of the silicon oxide 

and the exposing of the first amount of the silicon oxide to the etchant are performed 

without breaking vacuum. 

9. The method of claim 1, wherein the exposing of the first amount of the silicon oxide to 

the etchant and the depositing of the second amount of the silicon oxide are performed 5 

without breaking vacuum. 

10. The method of any of claims 1-9, wherein the first amount of the silicon oxide is 

deposited by one or more cycles of atomic layer deposition, each cycle of atomic layer 

deposition comprising alternating pulses of the oxidant and the silicon-containing 

precursor. 10 

11. The method of claim 10, wherein a plasma is ignited during pulses of the oxidant. 

12. The method of any of claims 1-9, wherein the etchant is selected from the group 

consisting of nitrogen trifluoride, fluoroform (CHF3), octafluorocyclobutane (C4F8), 

tetrafluoromethane (CF4), and combinations thereof. 

13. The method of any of claims 1-9, wherein the feature has a depth of at least 5 microns. 15 

14. The method of any of claims 1-9, wherein the feature has an aspect ratio of at least 15:1. 

15. A method of filling a feature on a substrate, the method comprising: 

providing the substrate comprising the feature to a process chamber, the feature 

comprising a feature opening and sidewall topography, the sidewall topography 

comprising stubs on the sidewall of the feature; 20 

depositing a first amount of silicon oxide for a duration insufficient to fill the feature 

using a silicon-containing precursor and an oxidant;  

after depositing the first amount of silicon oxide and prior to exposing the first amount of 

silicon oxide to an etchant, depositing a sacrificial helmet forming an overburden on 

a field surface of the substrate; 25 

exposing the substrate to the etchant to etch at least some of the first amount of the 

silicon oxide; and 

after etching the first amount of the silicon oxide, depositing a second amount of the 

oxide over the etched first amount of the silicon oxide to at least partially fill the 

feature. 30 
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16. The method of claim 15, wherein sacrificial helmet is deposited by plasma enhanced 

chemical vapor deposition. 

17. The method of any of claims 15 and 16, wherein the sacrificial helmet comprises silicon 

nitride. 

18. The method of any of claims 15 and 16, wherein the sacrificial helmet comprises silicon 5 

oxide. 

19. A method of filling a feature on a substrate, the method comprising: 

providing the substrate comprising the feature to a process chamber, the feature 

comprising a feature opening and sidewalls having one or more reentrant surfaces; 

depositing a first amount of a material for a duration insufficient to fill the feature;  10 

exposing the first amount of the material to an etchant to etch at least some of the first 

amount of the material within the feature; and 

after etching the first amount of the material, depositing a second amount of the material 

over the etched first amount of the material, 

wherein the material is selected from the group consisting of silicon carbide, silicon 15 

nitride, silicon, tungsten, ruthenium, copper, cobalt, and molybdenum. 

20. The method of claim 19, wherein the duration sufficient to deposit the first amount of the 

material into the feature forms an overburden of the material on a field surface of the 

substrate. 

21. The method of claim 20, wherein exposing the first amount of the material to the etchant 20 

comprises etching the at least some of the first amount of the material at or near the 

feature opening relative to the inside of the feature. 

22. The method of claim 21, wherein the second amount of the material is deposited by 

plasma-enhanced chemical vapor deposition. 

23. The method of claim 22, further comprising after depositing the second amount of the 25 

material, exposing the second amount of the material to the etchant for a duration longer 

than the duration used for exposing the first amount of the material to the etchant. 

24. The method of any of claims 19-23, wherein the sidewalls of the feature comprise two or 

more materials layered in a stack. 
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25. The method of any of claims 19-23, wherein the depositing of the first amount of the 

material and the exposing of the first amount of the material to the etchant are performed 

without breaking vacuum. 

26. The method of any of claims 19-23, wherein the exposing of the first amount of the 

material to the etchant and the depositing of the second amount of the material are 5 

performed without breaking vacuum. 

27. A method of filling a feature on a substrate, the method comprising: 

providing the substrate comprising the feature to a process chamber, the feature 

comprising a feature opening and sidewall topography, the sidewall topography 

comprising stubs on the sidewall of the feature; 10 

depositing a first amount of a first material for a duration insufficient to fill the feature;  

after depositing the first amount of a first material and prior to exposing the first amount 

of the first material to an etchant, depositing a sacrificial helmet forming an 

overburden on a field surface of the substrate, the sacrificial helmet comprising a 

second material; 15 

exposing the substrate to the etchant to etch at least some of the first amount of the first 

material; and 

after etching the first amount of the first material, depositing a second amount of the 

material over the etched first amount of the first material to at least partially fill the 

feature. 20 

28. The method of claim 27, wherein the first material is different from the second material. 

29. The method of claim 27, wherein the first material is compositionally the same as the 

second material. 

30. An apparatus for processing a semiconductor substrate, the apparatus comprising:  

(a) at least one process chamber, the at least one process chamber comprising a pedestal 25 

for holding the semiconductor substrate;  

(b) at least one outlet for coupling to a vacuum;  

(c) one or more process gas inlets coupled to one or more process gas sources; and  

(d) a controller for controlling operations in the apparatus, comprising machine-readable 

instructions for:  30 

(i) causing introduction of a silicon-containing precursor and an oxidant to deposit a 
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first amount of silicon oxide on the semiconductor substrate for a duration 

insufficient to fill a feature on the semiconductor substrate, the feature having a 

feature opening and sidewall topography, the sidewall topography having stubs 

on the sidewall of the feature;  

(ii) causing introduction of an etchant to the at least one process chamber for a 5 

duration to etch at least some of the first amount of the silicon oxide; and  

(iii) after causing introduction of the etchant to the at least one process chamber, 

causing introduction of the silicon-containing precursor and the oxidant to 

deposit a second amount of silicon oxide over the etched first amount of the 

silicon oxide. 10 

31. The apparatus of claim 30, wherein the controller further comprises machine-readable 

instructions for causing the duration of (iii) to be longer than the duration of (i).   

32. The apparatus of claim 30, wherein the controller further comprises machine-readable 

instructions for causing performance of (i) and (ii) without breaking vacuum. 

33. The apparatus of claim 30, further comprising a plasma generator for generating a 15 

plasma.   

34. The apparatus of claim 30, wherein the controller further comprises instructions for 

causing generation of a plasma when the oxidant is introduced. 

35. An apparatus for processing a semiconductor substrate, the apparatus comprising:  

(a) at least one process chamber, the at least one process chamber comprising a pedestal 20 

for holding the semiconductor substrate;  

(b) at least one outlet for coupling to a vacuum;  

(c) one or more process gas inlets coupled to one or more process gas sources; and  

(d) a controller for controlling operations in the apparatus, comprising machine-readable 

instructions for:  25 

(i) causing introduction of a silicon-containing precursor and an oxidant to deposit a 

first amount of silicon oxide on the semiconductor substrate for a duration 

insufficient to fill a feature on the semiconductor substrate, the feature having a 

feature opening and sidewall topography, the sidewall topography having stubs 

on the sidewall of the feature;  30 

(ii) causing introduction of one or more process gases for depositing a sacrificial 
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helmet forming an overburden on a field surface of the semiconductor substrate;  

(iii) causing introduction of an etchant to the at least one process chamber for a 

duration to etch at least some of the first amount of the silicon oxide; and  

(iv) after causing introduction of the etchant to the at least one process chamber, 

causing introduction of the silicon-containing precursor and the oxidant to 5 

deposit a second amount of silicon oxide over the etched first amount of the 

silicon oxide. 

36. The apparatus of claim 35, wherein the controller includes instructions for causing 

delivery of a second silicon-containing precursor and a nitrogen-containing reactant 

during (ii) to deposit the sacrificial helmet, the sacrificial helmet comprising silicon 10 

nitride. 
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