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CLAIMS 

 

1. A method of forming memory structures, the method comprising: 

depositing a metal film in the features of a structured substrate, the 

structured substrate comprising a plurality of features that extend into the 

substrate a depth from a surface of the substrate;  

volumetrically expanding the metal film to form a pillar that extends 

straight out of the feature; 

depositing a blanket film to a thickness less than a height of the pillars, 

the blanket film forming on a top of the pillars; 

removing the blanket film from the top of the pillars; 

reducing the height of the pillars to be lower than the thickness of the 

blanket film so that the plurality of features are at least partially reformed;  

optionally repeating depositing the metal film, forming pillars, depositing 

the blanket film, removing the blanket film from the top of the pillars and 

reducing the height of the pillars to grow a structure of a predetermined height; 

and 

removing all of the pillars from the features of the structured substrate.   

 

2. The method of claim 1, wherein depositing the metal film in the 

features comprises forming a conformal metal film in the features an on the 

substrate surface and removing the metal film from the substrate surface. 
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3. The method of claim 2, wherein removing the metal film from the 

substrate surface comprises one or more of chemical-mechanical planarization 

(CMP) or metal selective etching. 

 

4. The method of claim 1, wherein volumetrically expanding the 

metal film comprises one or more of oxidizing or nitriding the metal film.  

 

5. The method of claim 4, wherein the metal film comprises 

tungsten and the pillars comprise tungsten oxide. 

 

6. The method of claim 1, wherein the blanket film comprises a 

plurality of alternating layers. 

 

7. The method of claim 6, wherein the alternating layers comprise 

oxide layers and metal layers or nitride layers. 

 

8. The method of claim 6, wherein the blanket film is deposited by a 

non-conformal deposition. 

 

9. The method of claim 1, wherein removing the blanket film from 

the top of the pillars comprises one or more of chemical-mechanical 

planarization (CMP) or a selective etching process. 
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10. The method of claim 9, wherein the height of the pillars is 

reduced at the same time as removing the blanket film from the top of the 

pillars. 

 

11. The method of claim 1, wherein reducing the height of the pillars 

comprises exposing the pillars to an etchant.  

 

12. The method of claim 11, wherein the etchant comprises a metal 

halide. 

 

13. The method of claim 1, wherein removing all of the pillars from 

the features of the structured substrate comprises exposing the pillars to a 

metal halide etchant to selectively remove the pillars without substantially 

affecting the blanket film or the substrate. 

 

14. A method of forming memory structures, the method comprising: 

providing a structured substrate having a surface with a plurality of 

features formed therein, the features extending a depth from the surface of the 

substrate; 

depositing a conformal metal film in the features of the structured 

substrate and forming an overburden on the surface of the structured substrate; 

removing the overburden from the surface of the substrate so that the 

metal film remains substantially only within the features; 
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oxidizing the method film in the features of the substrate to form pillars 

that extends straight out of the features, the pillars having a height and a top; 

depositing a blanket film comprising alternating oxide layers and nitride 

layers, the blanket film deposited to a thickness less than the height of the 

pillars, the blanket film forming on a top of the pillars; 

removing the blanket film from the top of the pillars; 

reducing the height of the pillars to be lower than the thickness of the 

blanket film so that the top of the pillar is below the surface of the blanket film 

and at least partially reforming the features;  

optionally repeating depositing the metal film, forming pillars, depositing 

the blanket film, removing the blanket film from the top of the pillars and 

reducing the height of the pillars to grow a structure of a predetermined height; 

and 

removing all of the pillars from the features of the structured substrate.   

 

15. A method of forming memory structures, the method comprising: 

(a) providing a structured substrate having a surface with a plurality 

of features formed therein, the features extending a depth from the surface of 

the substrate; 

(b) depositing a conformal metal film in the features of the structured 

substrate and forming an overburden on the surface of the structured substrate; 

(c) removing the overburden from the surface of the substrate so 

that the metal film remains substantially only within the features; 
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(d) oxidizing the method film in the features of the substrate to form 

pillars that extends straight out of the features, the pillars having a height and a 

top; 

(e) depositing a blanket film comprising alternating oxide layers and 

nitride layers, the blanket film deposited to a thickness less than the height of 

the pillars, the blanket film forming on a top of the pillars; 

(f) removing the blanket film from the top of the pillars; 

(g) reducing the height of the pillars to be lower than the thickness 

of the blanket film so that the top of the pillar is below the surface of the blanket 

film and at least partially reforming the features;  

(h) optionally repeating (b) through (g) to grow a structure of a 

predetermined height; and 

(i) removing all of the pillars from the features of the structured 

substrate. 

 


