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CLAIMS 

 

1.  A processing method comprising: 

(a) providing a substrate with a substrate surface having at least one feature 

extending into the substrate from the substrate surface, the feature having a 

bottom and sidewalls, the substrate comprising a first material, a metal oxide 

pillar is positioned within the feature and extends out of the feature to a top 

surface of the metal oxide pillar; 

(b) forming a second film on the substrate so that the  top surface of the metal oxide 

pillar is exposed; 

(c) recessing the metal oxide pillar to form gaps in the second film; 

(d) depositing a metal film on the recessed metal oxide pillar so that the metal film 

fills the feature in the substrate and the gap through the second film; 

(e) volumetrically expanding the metal film to form a metal oxide pillar extending 

from a top of the second film;  

(f) repeating steps (b) through (e) a predetermined number of times; 

(g) repeating step (b); and 

(h) removing the metal oxide pillar to leave an empty feature in the substrate and 

passage through the second film. 

 

2. The method of claim 1, wherein providing the substrate in (a) comprises providing a 

structured substrate with features having a metal film therein and volumetrically expanding 

the metal film to form the metal oxide pillar. 

 

3. The method of claim 2, wherein volumetrically expanding the metal film forms a metal 

oxide pillar extending straight up from the substrate surface. 

 

4. The method of claim 1, wherein forming a second film on the substrate so that the top 

surface of the metal oxide pillar is exposed in (b) comprises depositing the second film so 

that the second film covers the substrate surface and the top surface of the metal oxide pillar, 
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and removing a portion of the second film to expose the top surface of the metal oxide pillar 

by a chemical-mechanical planarization process. 

 

5. The method of claim 1, wherein recessing the metal oxide pillar in (c) comprises etching 

the metal oxide pillar. 

 

6. The method of claim 5, wherein etching the metal oxide pillar comprises exposing the 

metal oxide pillar to a metal halide compound. 

 

7. The method of claim 6, wherein the metal halide compound has a different metal than the 

metal oxide pillar. 

 

8. A processing method comprising: 

providing a substrate with a substrate surface; 

forming at least one feature in the substrate, the at least one feature extending into 

the substrate from the substrate surface, the feature having a bottom and sidewalls; 

forming a metal oxide pillar in the feature comprising depositing a metal film in the 

feature and volumetrically expanding the metal film to extend out of the feature to a metal 

oxide pillar top, the metal oxide pillar extending orthogonally from the substrate surface;  

depositing a second film on the substrate surface so that the second film covers the 

substrate surface and the metal oxide pillar; 

removing the second film by chemical-mechanical planarization to expose the 

metal oxide pillar top through the second film; 

etching the metal oxide pillar by exposing the metal oxide pillar to a metal halide 

compound to leave an empty feature in the substrate and a passage through the second film. 


