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 1 

CLAIMS 2 

What is claimed is 3 

 4 

1.  A method for improving reliability of catalyst influenced chemical etching, the method 5 

comprising: 6 

patterning a catalyst layer on a surface of a semiconducting material, wherein said catalyst 7 

layer comprises a plurality of features and lithographic links between two or more of the 8 

plurality of features; 9 

exposing said patterned catalyst layer on said surface of said semiconducting material to an 10 

etchant, wherein said patterned catalyst layer causes etching of said semiconducting 11 

material to form fabricated structures corresponding to the plurality of features and gaps 12 

corresponding to the links; and 13 

depositing material sufficient to fill said gaps. 14 

2. The method as recited in claim 1, wherein said lithographic links have connecting lines that join 15 

substantially isolated nodes of said catalyst layer. 16 

3. The method as recited in claim 1, wherein said lithographic links in said patterned catalyst layer 17 

result in missing portions of high aspect ratio structures, and the method further comprises 18 

filling the missing portions with SiO2, SiN, epitaxial Si, W, TiN, or carbon. 19 

4. The method as recited in claim 1, wherein the material is one of the following: 20 

single crystal bulk silicon wafer, a layer of polysilicon of thickness greater than 100nm 21 

deposited on a substrate, a layer of amorphous silicon of thickness greater than 100nm 22 

deposited on a substrate, an SOI (silicon on insulator) wafer, or a layer of epitaxial silicon 23 

of thickness greater than 100nm on a substrate. 24 

5. The method as recited in claim 1, wherein the material comprises alternating layers of 25 

semiconductor materials of varying doping levels and dopants, highly doped silicon and lightly 26 

doped silicon, undoped silicon and doped silicon or germanium, Silicon and SixGe1-x, 27 

differently doped silicon and/or SixGe1-x, differently doped silicon and/or Ge, or Si and Ge. 28 

6. The method as recited in claim 5, wherein the fabricated structures have periodic variations in 29 

at least one of porosity, pore size, pore orientation, etch rate, or thermal processing rates. 30 

7. The method as recited in claim 5, wherein a thickness of each alternating layer is between 1nm 31 

and 100nm. 32 
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8. The method as recited in claim 5, wherein at least one of the alternating layers is selectively 1 

removed. 2 

9. The method as recited in claim 8, wherein SixGe1-x layers are removed by HCl to create Si 3 

nanosheets and/or lateral nanowires. 4 

10. The method as recited in claim 5, wherein one of the doped layers of silicon becomes porous 5 

in the presence of the etchant used in CICE. 6 

11. The method as recited in claim 10, wherein the porous Si layers are removed using HF, HF 7 

vapor, HF and a weak oxidant, KOH or TMAH. 8 

12. The method as recited in claim 1, wherein said catalyst layer sinks into the semiconducting 9 

material in the presence of an etchant. 10 

13. The method as recited in claim 1, wherein said etchant comprises at least two of the following:  11 

fluoride species containing chemicals HF or NH4F;  12 

oxidants H2O2, KMnO4, or dissolved oxygen; 13 

alcohols ethanol, isopropyl alcohol, or ethylene glycol; or  14 

protic, aprotic, polar and non-polar solvents such as DI water, or dimethyl sulfoxide (DMSO). 15 

14. The method of claim 1, wherein the semiconducting material can be Ge, GaAs, GaN, Si, SiC, 16 

SiGe, InGaAs, and other Group IV, III-V, II-V elements or compounds. 17 

15. The method of claim 1, wherein the catalyst layer comprises one or more of the following: Au, 18 

Pt, Pd, Ru, Ag, Cu, Ni, W, TiN, TaN, RuO2, IrO2, or Graphene. 19 

16. The method as recited in claim 1, wherein the fabricated structures have at least one lateral 20 

dimension that is less than 100nm; and an aspect ratio of height of features to minimum lateral 21 

dimension that is at least 5:1.  22 

17. The method as recited in claim 1, wherein a time varying electric field is used to produce 23 

alternating layers of etched nanostructures wherein at least one of the alternating layers is 24 

porous. 25 

18. The method as recited in claim 17, wherein the fabricated structures have periodic variations 26 

in at least one of the following: porosity, pore size, pore orientation, etch rate and thermal 27 

processing rates. 28 

19. The method as recited in claim 17, wherein the porous Si layers are removed using HF, HF 29 

vapor, HF and a weak oxidant, KOH or TMAH. 30 

20. The method in claim 1, wherein the resulting structures after modifying the connecting links 31 

are used for subsequent formation of finFETs, lateral nanowire FETs or nanosheet FETs. 32 

21. The method in claim 20, wherein a dielectric is deposited and a timed chemical etch is used 33 

to create a shallow trench isolation for bulk finFETs or nanosheet FETs. 34 
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22. The method as recited in claim 1, wherein said semiconducting structures are used to make 1 

DRAM cells. 2 

23. The method as recited in claim 1, wherein said semiconducting structures are used to make 3 

3D NAND Flash. 4 

24. A method for improving reliability of catalyst influenced chemical etching, the method 5 

comprising: 6 

patterning a catalyst layer on a surface of a semiconducting material, wherein said catalyst 7 

layer comprises a plurality of features; 8 

exposing said patterned catalyst layer on said surface of said semiconducting material to a 9 

preprocessing step, wherein the preprocessing step is used to modify surface properties 10 

of the catalyst surface, the semiconductor surface, and the interface between the 11 

catalyst and the semiconductor surface; and 12 

exposing said preprocessed substrate to an etchant, wherein said patterned catalyst layer 13 

causes etching of said semiconducting material to form structures corresponding to the 14 

plurality of features. 15 

25. The method of claim 24, wherein the preprocessing step comprises exposing the surfaces to 16 

one or more of the following chemicals in various dilutions: Vapor HF, Piranha solution, 17 

Buffered Oxide Etch, Hydrofluoric acid, Acetone, or Ethanol. 18 

26. The method of claim 24, wherein the preprocessing step comprises exposing the surfaces to 19 

a plasma such as oxygen plasma, carbon dioxide plasma, hydrogen plasma, argon or helium 20 

plasma. 21 

27. The method of claim 24, wherein the surface properties include surface energy, surface 22 

wettability measured by contact angle, interfacial energy.  23 

28. The method of claim 24, wherein the preprocessing step improves the uniformity of the etch 24 

by improving surface energy of the catalyst and semiconductor interface. 25 
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