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CLAIMS 

What is claimed is: 

1. A method of forming a memory cell material, comprising: 

forming a first portion of a dielectric nitride material over a substrate by atomic layer deposition; 

forming discrete, substantially uniformly spaced conductive particles on the first portion of the 

dielectric material by atomic layer deposition; and

forming a second portion of the dielectric nitride material on and between the discrete, substantially 

uniformly spaced conductive particles by atomic layer deposition;  

forming additional discrete, substantially uniformly spaced conductive particles on the second 

portion of the dielectric nitride material by atomic layer deposition, at least some of the 

additional discrete, substantially uniformly spaced conductive particles exhibiting 

substantially the same size as at least some of the discrete, substantially uniformly spaced 

conductive particles most proximate thereto but completely laterally offset from the at least 

some of the discrete, substantially uniformly spaced conductive particles; and 

forming a third portion of the dielectric nitride material on and between the additional discrete, 

substantially uniformly spaced conductive particles by atomic layer deposition  

2. The method of claim 1, wherein forming a first portion of a dielectric nitride 

material over a substrate by atomic layer deposition comprises:  

adsorbing a dielectric nitride material precursor to a surface of the substrate to form a monolayer of 

the dielectric nitride material precursor; and 

exposing the monolayer of the dielectric nitride material precursor to at least one reactant to convert 

the monolayer of the dielectric nitride material precursor into a monolayer of the dielectric 

nitride material. 

3. The method of claim 2, further comprising forming at least one additional 

monolayer of the dielectric nitride material over the monolayer of the dielectric nitride material 

before forming the discrete, substantially uniformly sized conductive particles.  
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4. The method of claim 1, wherein forming discrete, substantially uniformly spaced 

conductive particles on the first portion of the dielectric nitride material by atomic layer deposition 

comprises: 

adsorbing a conductive material precursor to a surface of the first portion of the dielectric nitride 

material; and 

exposing the adsorbed conductive material precursor to an least one of a reactant and additional 

conductive material precursor to convert the adsorbed conductive material precursor into the 

discrete, substantially uniformly spaced conductive particles.   

5. The method of claim 4, wherein adsorbing a conductive material precursor to a 

surface of the first portion of the dielectric material comprises chemisorbing at least one of  

ethylcyclopentadienyldicarbonyl ruthenium, tetrakis(dimethylamido) tantalum, cupric 

hexafluoroacetylacetonate, cupric (N,N� diisopropyl 2-dimethylamine amidinate), 

tris-hexmethyldisilazane aluminum, diethyl aluminum chloride, dimethylaluminum hydride, and 

tetrakis(dimethylamido) aluminum to the surface of the first portion of the dielectric nitride 

material.  

6. The method of claim 1, further comprising modifying at least one of an average 

particle size and a distribution density of the discrete, substantially uniformly spaced  conductive 

particles prior to the forming the additional discrete, substantially uniformly spaced conductive 

particles. 

7. The method of claim 6, wherein modifying at least one of an average particle size 

and a distribution density of the discrete, substantially uniformly spaced conductive particles 

comprises exposing the discrete, substantially uniformly spaced conductive particles to conductive 

material precursor prior to forming the additional discrete, substantially uniformly spaced 

conductive particles.     
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8. The method of claim 7, further comprising exposing the discrete, substantially 

uniformly spaced conductive particles to at least one reactant after exposing the discrete, 

substantially uniformly spaced conductive particles to the conductive material precursor.    

9. The method of claim 1, wherein forming a second portion of the dielectric nitride 

material on and between the discrete, substantially uniformly spaced conductive particles by atomic 

layer deposition comprises: 

adsorbing a dielectric nitride material precursor to the discrete, substantially uniformly spaced 

conductive particles and to exposed portions of the surface of the first portion of the 

dielectric material to form a monolayer of the dielectric nitride material precursor; and 

exposing the monolayer of the dielectric nitride material precursor to at least one reactant to convert 

the monolayer of the dielectric nitride material precursor into a monolayer of the dielectric 

nitride material. 

10. The method of claim 9, further comprising forming at least one additional 

monolayer of the dielectric nitride material over the monolayer of the dielectric nitride material. 

11. The method of claim 1, wherein forming additional discrete, substantially uniformly 

spaced conductive particles on the second portion of the dielectric nitride material by atomic layer 

deposition comprises forming the additional discrete, substantially uniformly spaced conductive 

particles to exhibit at least one of a different material composition and a different distribution 

density than the discrete, substantially uniformly spaced conductive particles.  

12. The method of claim 11, wherein forming the additional discrete, substantially 

uniformly spaced conductive particles to exhibit at least one of a different material composition and 

a different distribution density than the discrete, substantially uniformly spaced conductive particles 

comprises forming the additional discrete, substantially uniformly spaced conductive particles to 

comprise a different metal material than the discrete, substantially uniformly spaced conductive 

particles.   
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13. A method of forming a semiconductor device structure, comprising:  

forming a memory cell material on a substrate by atomic layer deposition to comprise discrete, 

substantially uniformly sized conductive particles interposed between at least two vertically 

adjacent portions of a dielectric material,  

a first portion of the discrete, substantially uniformly sized conductive particles adsorbed to 

a first of the at least two vertically adjacent portions of the dielectric material, and  

a second portion of the discrete, substantially uniformly sized conductive particles adsorbed 

to a second of the at least two vertically adjacent portions of the dielectric material, 

none of the discrete, substantially uniformly sized conductive particles of the second 

portion substantially laterally overlapping any of the discrete, substantially 

uniformly sized conductive particles of the first portion. 

14. The method of claim 13, wherein forming memory cell material comprising discrete 

conductive particles interposed between at least two vertically adjacent portions of a dielectric 

material comprises forming the first portion of the discrete conductive particles to comprise a 

different metal material than the second portion of the discrete, substantially uniformly sized 

conductive particles.   

15. The method of claim 13, wherein forming a memory cell material on a substrate by 

atomic layer deposition comprises forming the discrete, substantially uniformly sized conductive 

particles on at least one surface of the at least two vertically adjacent portions of the dielectric 

material by a non-plasma-assisted atomic layer deposition process.   

16. The method of claim 13, wherein forming a memory cell material on a substrate by 

atomic layer deposition comprises performing a least one plasma treatment process to form the 

discrete, substantially uniformly sized conductive particles on at least one surface of the at least two 

vertically adjacent portions of the dielectric material.   
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17. The method of claim 13, wherein forming a memory cell material on a substrate by 

atomic layer deposition comprises forming the discrete, substantially uniformly sized conductive 

particles to be substantially free of oxygen.  

18. The method of claim 13, wherein forming a memory cell material on a substrate by 

atomic layer deposition comprises:  

forming a first of the at least two vertically adjacent portions of the dielectric material on a surface 

of the substrate; 

exposing the first of the at least two vertically adjacent portions of the dielectric material to a 

conductive material precursor comprising a metal and at least one ligand to form a 

monolayer of the conductive material precursor; 

exposing the monolayer of the conductive material precursor to a reducing reactant to form the 

discrete, substantially uniformly sized conductive particles; and 

forming a second of the at least two vertically adjacent portions of the dielectric material on exposed 

surfaces of the discrete, substantially uniformly sized conductive particles.  

19. A memory cell material, comprising: 

a first portion of a dielectric material over a substrate; 

discrete, substantially uniformly spaced conductive particles over the first portion of the dielectric 

material, at least a portion of the discrete, substantially uniformly spaced conductive 

particles adsorbed to a surface of the first portion of the dielectric material;  

a second portion of a dielectric material on and between the at least a portion of the discrete, 

substantially uniformly spaced conductive particles;  

additional discrete, substantially uniformly spaced conductive particles over the second portion of 

the dielectric material, at least some of the additional discrete, substantially uniformly 

spaced conductive particles exhibiting substantially the same size as at least some of the 

discrete, substantially uniformly spaced conductive particles most proximate thereto but 

completely laterally offset from the at least some of the discrete, substantially uniformly 

spaced conductive particles; and 
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a third portion of the dielectric material on and between the additional discrete, substantially 

uniformly spaced conductive particles. 

20. The memory cell material of claim 19, wherein the discrete, substantially uniformly 

spaced conductive particles are heterogeneously distributed over the first portion of the dielectric 

material. 

21. The memory cell material of claim 19, wherein the first portion of the discrete, 

substantially uniformly spaced conductive particles exhibits a different distribution density than the 

second portion of the discrete, substantially uniformly spaced conductive particles. 

22. The memory cell material of claim 19, wherein the first portion of the discrete, 

substantially uniformly spaced conductive particles comprises a metal selected from the group 

consisting of platinum, tantalum, ruthenium, rhodium, copper, aluminum, and cobalt, and wherein 

the second portion of the discrete, substantially uniformly spaced conductive particles comprises a 

different metal selected from the group consisting of platinum, tantalum, ruthenium, rhodium, 

copper, aluminum, and cobalt. 

23. The memory cell material of claim 19, wherein the dielectric material comprises at 

least one of silicon dioxide and silicon nitride. 

24. The memory cell material of claim 19, wherein at least one of the first portion of the 

dielectric material and the second portion of the dielectric material comprises at least one dielectric 

oxide film and at least one dielectric nitride film.  

25. The memory cell material of claim 19, wherein the second portion of the dielectric 

material comprises a dielectric nitride film on and between the at least a portion of the discrete 

conductive particles and a dielectric oxide film on the dielectric nitride film.  
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26. A semiconductor device structure, comprising: 

a memory cell material on a substrate and comprising: 

at least two vertically adjacent portions of a dielectric material; and 

discrete, substantially uniformly sized conductive particles interposed between each of the at 

least two vertically adjacent portions of the dielectric material,  

a first portion of the discrete, substantially uniformly sized conductive particles 

adsorbed to a first of the at least two vertically adjacent portions of the 

dielectric material, and 

a second portion of the discrete, substantially uniformly sized conductive particles 

adsorbed to a second of the at least two vertically adjacent portions of the 

dielectric material, none of the discrete, substantially uniformly sized 

conductive particles of the second portion substantially laterally overlapping 

any of the discrete, substantially uniformly sized conductive particles of the 

first portion.  

27. The semiconductor device structure of claim 26, wherein the at least two vertically 

adjacent portions of the dielectric material comprise different material compositions than one 

another. 

28. The semiconductor device structure of claim 26, wherein the at least two vertically 

adjacent portions of the dielectric material comprise substantially the same material composition as 

one another.  

29. The semiconductor device structure of claim 26, wherein  the first portion of the 

discrete, substantially uniformly sized conductive particles comprises a different material 

composition than the second portion of the discrete, substantially uniformly sized conductive 

particles. 
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30. The semiconductor device structure of claim 26, wherein at least one portion of the 

discrete, substantially uniformly sized conductive particles comprises substantially the same 

material composition as at least one other portion of the discrete, substantially uniformly sized 

conductive particles. 


